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The selection of oviposition sites by aphidophagous insects is complex because of tritrophic interactions among
host plant, aphid, and natural enemies. Several factors are known to affect the choice of oviposition site by
aphidophagous hoverflies. The decisions of ovipositing females about where to lay their eggs are evenmore im-
portant in insects whose newly hatched offspring have limited dispersal ability, such as most aphidophages. In
this study, we focused on the oviposition responses of two generalist aphidophagous syrphids (Eupeodes luniger
and Episyrphus balteatus) toward host plant–aphid combinations differing in sinigrin content and the presence of
intra- and interspecific competitors. The oviposition preference of Eupeodes lunigerwas significantly influenced
in a reverse manner by the presence of intraguild competitors and also by the sinigrin content of host plants
(P b 0.0001 for both factors). Likewise, the overall proportion of eggs laid by female Episyrphus balteatus was
greater on aphids with relatively low levels of sinigrin. Our findings help in understanding the factors governing
the oviposition responses of aphidophagous predators.
© 2016 Korean Society of Applied Entomology, Taiwan Entomological Society and Malaysian Plant Protection

Society. Published by Elsevier B.V. All rights reserved.
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Introduction

Insect oviposition behaviour is a vital component of many aspects of
their biology: population dynamics, life history evolution, host specific-
ity, and their abilities in the biological control of pests (Sadeghi and
Gilbert, 2000a; Almohamad et al., 2009). One crucial aspect of oviposi-
tion behaviour is host choice, especially in those insects whose newly
hatched offspring have limited dispersal ability. For these insects, the
choices made by the mother cannot subsequently be corrected. When
searching in the habitat for hosts, the adult femalemustmake a decision
whether to oviposit on any particular host discovered, or to search for
another more suitable one. Several factors are known to affect this deci-
sion: habitat (Bell, 1990), host plant (Cortesero et al., 2000; Sadeghi and
Gilbert, 2000a; Almohamad et al., 2007), prey type (Hodek, 1993;
Sadeghi and Gilbert, 2000b; Sadeghi et al., 2014), prey availability
(Dixon, 1959; Chandler, 1968; Sutherland et al., 2001; Almohamad
et al., 2006; Amiri-Jami and Sadeghi-Namaghi, 2014), semiochemicals
(Dicke, 1999; Ninkovic et al., 2001; Francis et al., 2004; Harmel et al.,
2007; Verheggen et al., 2008; Almohamad et al., 2010), the presence
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of intra- and interspecific competitors (Hindayana et al., 2001;
Almohamad et al., 2010), female age (Sadeghi and Gilbert, 2000b;
Frechette et al., 2004), egg load and host deprivation (Sadeghi and
Gilbert, 2000c).

In the case of insect natural enemies, host plant characteristics
could affect oviposition behaviour in various ways. Plant chemistry
(allelochemicals or secondary metabolites) can affect foraging females
not only by providing cues for discovering their prey (Hopkins et al.,
2009), but also via chemically mediated effects, such as altering prey
suitability (Francis et al., 2001; Ode, 2006; Gols and Harvey, 2009; Kos
et al., 2011). The suitability of prey types is an intrinsic factor which
follows a rank-order hierarchy of preference among prey or among
prey–hostplant combinations (Courtney et al., 1989; Sadeghi and
Gilbert, 2000b, 2000c). Unsuitable prey can include toxic species
where the toxicity is obtained via the host plant (Hodek, 1993;
Nishida, 2002; Optiz and Muller, 2009; Chaplin-Kramer et al., 2011;
Kos et al., 2011), so the degree of host or prey suitability to a large extent
depends on secondary chemistry of the food plants of the prey or host.
Aphidophagous predators do not exist in isolation and are part of a
larger community within the aphidophage guild (Gilbert, 2005), so
adult females must select oviposition sites that not only provide their
offspring with sufficient resources to complete development but also
d Malaysian Plant Protection Society. Published by Elsevier B.V. All rights reserved.
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minimise the negative effects of competition suffered by their offspring
(Doumbia et al., 1998; Almohamad et al., 2010).

In view of the fact that gravid females are likely to encounter diverse
prey types when foraging for an oviposition site, each prey must either
be rejected or accepted during each encounter. According to the
hierarchy-threshold model of host choice (Courtney et al., 1989), this
decision depends on both the intrinsic suitability of the prey type
(rank order) and the current acceptance threshold of the female
(which can varywith physiological factors such as female age or ecolog-
ical factors such as competition). In insects with sedentary larvae, such
as aphidophagous syrphids, oviposition should reflect a preference for
minimising potential sources of offspring mortality, such as prey toxic-
ity (Chaplin-Kramer et al., 2011) and competition (Almohamad et al.,
2010). Some literature (e.g., Chaplin-Kramer et al., 2011; Kos et al.,
2011) have shown the toxicity effect of glucosinolate compounds on
larval performance of aphidophagous syrphids and there are also
some evidence of intraguild predation among them (e.g., Hindayana
et al., 2001). As a result, oviposition responses of gravid females have
a crucial role in relation to their offspring fate.

There are some papers about the oviposition responses of various
aphidophages toward the presence of intra- and interspecific competi-
tors such as chrysopids (e.g., Ruzicka, 1994, 1996), coccinellids
(e.g., Agarwala et al., 2003; Michaud and Jyoti, 2007), and Aphidoletes
aphidimyza (Rondani) (Diptera:Cecidomyiidae: Ruzicka and Havelka,
1998), but little information is available for syrphids (Almohamad
et al., 2010).Many studies showhost plant chemistry effects on the suit-
ability of prey for overall performance and subsequent fecundity of
aphidophages (e.g., Francis et al., 2001; Kos et al., 2011), but again,
few are on syrphids (e.g., Vanhaelen et al., 2001; Verheggen et al.,
2008; Chaplin-Kramer et al., 2011). Aphidophagous syrphids are well-
known natural enemies that can have a significant impact on the sup-
pression of aphid populations (Chambers, 1988).

It is interesting to look at the oviposition responses of
aphidophagous syrphids to different host plants infested with the
same aphid (Vanhaelen et al., 2001; Almohamad et al., 2007). Inter-
and intraspecific competition may be an additional important factor in
the performance of aphidophagous syrphids because their larvae
share the same aphid prey and often engage in intraguild predation
(Benestad Hågvar, 1972; Branquart et al., 1997; Hindayana et al.,
2001; Frechette et al., 2007). Females should have evolved discriminat-
ing capacities that enable them to detect the presence of inter- and in-
traspecific competitors. However, the degree to which competition
shapes the oviposition decisions of syrphids is not well understood.

Glucosinolates are well-known secondary metabolites of the
Brassicaceae, with profound biological effects on phytophagous and
entomophagous insects (Francis et al., 2001; Gols and Harvey,
2009; Hopkins et al., 2009). More than 120 different glucosinolates
are known, four common ones of which are sinigrin, sinalbin,
glucobrassicanapin ,and glucobrassicin (Fahey et al., 2001).

The objective of the present study was to investigate the oviposi-
tion responses of two common generalist aphidophagous hoverflies
(Eupeodes [Metasyrphus] luniger Meigen and Episyrphus balteatus
De Geer) toward two very important factors related to mortality,
i.e., prey toxicity and resource competition. Prey toxicity in our chosen
system arises from toxin concentration in the host plant, and its effect
could be different among aphid prey (Francis et al., 2001; Kos et al.,
2011). Therefore, in our first experiment using the responses of female
Eupeodes luniger to a single aphid species (Myzus persicae Sulzer), our
experimental design consisted of two Brassica species differing in levels
of the toxin sinigrin (Black mustard Brassica nigra, a wild species with
high levels of sinigrin, and Canola Brassica napus, a cultivated species
without any sinigrin) with or without an intraguild competitor
(Episyrphus balteatus eggs or larvae). A second experiment using
Episyrphus balteatus studied responses to two different aphid species
(Myzus persicae and Brevicoryne brassicae Linneaus) associated with
the toxic Black mustard.
Material and methods

Insects and plants

Canola B. napus var. Hyola 308 (supplied from Torogh Agricultural
Research Center, Razavi Khorasan Province, Iran), and black mustard
B. nigra (supplied from Pakan-Bazr Co. Isfahan Province, Iran)
were grown in a greenhouse at 25 ± 2 °C, 60 ± 10% RH and 16 L: 8D
photoperiod. The seeds were sown in April 2014 in plastic pots
(10 cm diameter, 15 cm height filled with a 2:2:1 mixture of soil, sand
and leaf compost, respectively). Aphids supplied from laboratory
cultures of B. brassicae on B. nigra and M. persicae on B. nigra and
B. napus, respectively, which were established for several generations
on the given host-plants. Stock cultures of Episyrphus balteatus and
Eupeodes luniger were established using gravid females captured at
the campus of Ferdowsi University of Mashhad, NE Iran, in May 2014.
The stock cultures were maintained in a constant environment of 22–
23 °C under a 15 L: 9D photoperiod. The insects were provided with
cut flowers of candy tuft (Iberis sempervirens) as a pollen source, diluted
bee honey (10%), solid crystalline sugar, andwater from a soaked pad of
cotton wool in a conical flask, all placed on the floor of a net-covered
cage (100 × 70 × 70 cm). To obtain a group of larvae of the same age,
gravid females were induced to lay eggs on cut sections of broad bean
plants (Vicia faba L.) infested with black bean aphids (Aphis fabae
Scopoli). For experimental purposes, eggs laid over a period of 12 h
were selected and placed in a large Petri dish in an incubator (20 ±
1 °C, 60–70% RH and 16 L: 8D photoperiod) to hatch. These hoverfly lar-
vae were fed every other day ad libitum with A. fabae as standard diet
and after emergence of adults, they were used for preference tests.

Chemical analysis

Fifty apterous aphids in their penultimate instar were selected from
colonies reared on each plant–aphid combination for several genera-
tions (from at least five different plants in each treatment) and pre-
served in 5 ml methanol 90% for HPLC analysis. Approximately 1 g of
fresh leaf matter from fully expanded leaves of six different plants in
each treatmentwas collected and immediately frozen in liquid nitrogen
and preserved at−80 °C until HPLC analysis. The extraction method of
sinigrin from plant and aphid samples was made according to the EEC
Regulation N1864/90. The chromatographic analyses were carried
out on an HPLC system (Knauer Corporation, Scientific Instruments,
Germany) equipped with a manager 5000, pump 1000 and UV detector
2600. Sinigrin and desulfo-sinigrin were separated on a Eurospher
(C 18) 100 A column (250 × 4.6 mm, 5 μm), at 30 °C. The data were
processed with the software EZ Chrom Elite (Shimadzu). The sinigrin
in both plants and aphids were identified and quantified in relation to
a previously purified standard (sinigrin hydrate: Sigma Ltd., Cat.
No. 85,440).

Oviposition response of Eupeodes luniger

Oviposition responses were determined in the laboratory using
females of known age. One culture of males and females of Eupeodes
luniger obtained from a cohort of same-aged larvae (supplied from lab-
oratory stock culture) were established initially. At the beginning of the
oviposition experiment, femaleswere about 2weeks old (when thema-
jority of females contained some mature eggs and were ready to lay).
Oviposition responses were assessed toward factorial combinations of
two factors: host–plant (B.nigra, B.napus) and competitor (control, pres-
ence of 5-day-old Eupeodes luniger larva, presence of a 5-day-old
Episyrphus balteatus larva, presence of two Episyrphus balteatus eggs).
Also because the age of tested females was increasing during the
experiment, we considered the effect of time as block factor, because
this factor is known to affect selectivity of females (Sadeghi and
Gilbert, 1999, 2000a; Amiri-Jami et al., 2016). In all treatments, an



0

30

60

90

120

150

180

S
in

ig
ri

n
 (

n
m

o
l p

er
 a

p
h

id
)

Brevicoryne brassicae Myzus persicae

Fig. 1. Sinigrin content (mean ± SE) in samples of Brevicoryne brassicae, and Myzus
persicae reared on Brassica nigra.

Table 1
Summary of ANOVA results for effects of sinigrin and competition on oviposition
preference of Eupeodes luniger.

Source of variation df F P

Female age 14 2.4 0.006
Sinigrin content 1 34.49 b .0001
Competition 3 34.44 b .0001
Competition × sinigrin content 3 0.48 0.7

Significant P-values (P b 0.05) are shown in bold-face type.
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Fig. 2. The mean ± SE number of eggs laid per Eupeodes luniger female per replicate
toward Myzus persicae on the zero-sinigrin Brassica napus and the high-sinigrin Brassica
nigra.
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equal number ofM. persicae (100 aphids of various instars)were used as
prey on the same-aged potted host-plants. Plants infestation with
aphids were done at least one week before introducing them to the fe-
male syrphids. Syrphid larvae were left on infested plants at least 12 h
prior to introduce them to gravid females. Based on our previous studies
(Sadeghi and Gilbert, 1999, 2000a; Amiri-Jami and Sadeghi-Namaghi,
2014), one gravid female Eupeodes luniger per treatment combination
(i.e. 8) was selected from the stock culture, deprived of oviposition op-
portunities for 12 h prior to the experiment, and then individually intro-
duced into a preference-test cage (30 × 40 × 40 cm) and allowed to lay
eggs for 90min. Then the tested femalewas removed from the cage and
the number of eggs recorded. Fifteen replicates of each treatment were
performed.

Oviposition response of Episyrphus balteatus

One culture of male and female Episyrphus balteatuswas established
initially. After 3–4 days, mating occurred and the ovaries began to
enlarge about 7–10 days after emergence. Usually, 12 days after emer-
gence, the majority of females were ready to lay eggs, but to be certain
that all females were ready, oviposition preference tests began 15 days
after eclosion with 11 females of known age. Females were initially
naive, having had no previous exposure to the test aphids. Individual
host-plants (B. nigra) were infested with either of the two tested
aphid species (M. persicae or B. brassicae) and then introduced to
singly-caged females. Great care was taken to provide equal densities
of aphids, by making sure that all potted plants were approximately
the same age and size (15–20 cm tall with 4–5 fully expanded leaves)
and infesting each with 40 aphids of various instars.

Each day, infested plants of each treatment were presented in a
randomised sequence to each female (i.e. a no-choice situation, with
only one aphid–plant combination available at any time) (cf. Singer,
1986; Courtney et al., 1989; Sadeghi and Gilbert, 2000a, 2000b, 2000c).
Each presentation of an aphid–plant combination lasted for 45 min.
The number of eggs laid was counted and then the plant was replaced
by the other treatment. Each day, both aphid–plant combinations were
offered to all test females; presentations continued for 10 successive
days encompassing most of the oviposition period of each female.

Statistical analysis

The data from Eupeodes luniger were analysed using ANOVA imple-
mented in the statistical software, SAS version 9.2 (SAS Institute, Cary
NC, USA). Data were transformed where appropriate to satisfy assump-
tions of normality and homogeneity of variance for ANOVA.We consid-
ered sinigrin content (high, absent) and competition (absent, larvae,
eggs) as main factors and female age as block factor. Since no sinigrin
content × competition interactions were found, we focused just on the
main effects. Duncan's multiple range tests (at α = 0.05) were used
to suggest where the significant differences lay.

For analysing the data from Episyrphus balteatus females, we first
tested whether any significant choice (preference) existed between
the two prey treatments. For this, a paired t-test was carried out using
SAS, with the data being the overall proportion of eggs laid on one
prey minus the proportion laid on the other, for each female. To test
for differences among individual females, and for an effect of time (fac-
tors known to affect selectivity of females: Sadeghi and Gilbert, 1999,
2000a, 2000c), because each egg was laid separately, we treated each
egg as an independent event and hence used a binomial GLM using R.
The mean selectivity for M. persicae at the start of testing was obtained
from the ‘intercept’ via back-transforming the logistic transformation.

Results

Sinigrin was detected in both aphid species reared on Brassica nigra,
but with obviously larger concentrations in the specialist (Brevicoryne
brassicae) than the generalist (Myzus persicae) (Fig. 1). High amounts
of sinigrin were found in leaf samples of B. nigra (mean ± SE 10.83 ±
0.337 μmol g−1), but in Brassica napus, sinigrin was detected neither
in the leaf samples nor from aphids reared on it.

The oviposition response of Eupeodes lunigerwas influenced signifi-
cantly by the presence of intraguild competitors and the sinigrin con-
tent of host plant but there was no interaction: oviposition preference
was also influenced by female age (Table 1). Gravid females laid signif-
icantly fewer eggs when sinigrin was present in the host-plant (Fig. 2).
They also laid fewer eggs in the presence of a competitor, differentiating
between conspecifics and heterospecifics, but not between life stages of
the heterospecific competitor (Table 2).

The oviposition preference of Episyrphus balteatus females showed a
significantly higher proportion of eggs laid on the generalist rather than



Table 2
Mean (±SE) number of eggs laid by each Eupeodes luniger female in each introduction
toward the presence of intraguild competitor and control treatment.

Treatments Mean ± SE

Control 3.77 ± 0.31 a (n = 30)
Heterospecific eggs 1.5 ± 0.21 b (n = 30)
Heterospecific larva 1.3 ± 0.19 b (n = 30)
Conspecific larva 0.8 ± 0.15 c (n = 30)

Columns with the same letter were not significantly different based on Duncan's multiple
range tests at α = 0.05.
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the specialist aphid (Figure 3a; t = 10.14, df = ⁎⁎, P b 0.0001). Prefer-
ence did not vary significantly among individuals, but females became
less choosy with time (Fig. 3b & c).

Discussion

The selection of oviposition sites by syrphids and other
aphidophagous insects is complex because of tritrophic interactions:
host plant, aphid, and natural enemies (Ode et al., 2004; Gilbert,
2005). Although some literature examines the effect of prey species
on choices made by gravid syrphids (e.g., Budenberg and Powell,
1992; Sadeghi and Gilbert, 2000a; Almohamad et al., 2007), relatively
less attention has been paid to the effect of defensive responses of
aphids (especially chemical defence). In the present study, the overall
proportion of eggs laid by Episyrphus balteatus toward the generalist
aphid (Myzus persicae) on a high-sinigrin host was significantly greater
than toward a specialist aphid (Brevicoryne brassicae) on the same host
plant. B. brassicae on black mustard sequesters sinigrin in high concen-
trations (e.g., Francis et al., 2001; Chaplin-Kramer et al., 2011; Kos et al.,
2011; Amiri-Jami et al., 2016) and, since it contains its own aphid-
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Fig. 3. (a)Mean (±SE) proportion of eggs laid on each prey per Episyrphus balteatus female ove
persicae) over time; (c) actual percentage laid on each prey type over time.
specificmyrosinase (Hopkins et al., 2009), it is able to hydrolyse the sin-
igrin in its body upon damage by predators. As a result, the performance
of predators when they fed on the brassica specialist aphid B. brassicae
was lower than when they fed on a non-sequestering generalist aphid
(Myzus persicae) reared on the same plants. Several studies, such as
Kos et al. (2011) and Amiri-Jami et al. (2016) have indicated
a decrease in the performance of the generalist aphidophagous
E. balteatus. If a generalist predator suffers a reduction in fitness when
it has a diet of prey containing detrimental plant chemicals, it would
be expected that adult females avoid selecting those kinds of prey.
Although preference declined with age, the rank order remained fixed
because polyphagous prey on high-toxin host plant was always the
more preferred prey. This consistency in oviposition preference over
time agrees with the prediction of the hierarchy threshold model of
Courtney et al. (1989) that says intrinsic suitability of prey is a fixed
factor and some other data (Sadeghi and Gilbert, 2000a, 2000b;
Vanhaelen et al., 2001).

Our findings indicate that specialist prey could promote specializa-
tion at higher trophic levels (i.e. predators). In fact, it arises frommutual
interactions among host plant, specialist aphid and the natural enemy.
B. brassicae obviously sequestered more sinigrin than M. persicae
when both were reared on Black mustard. Our results are consistent
with some other studies (e.g., Francis et al., 2001; Chaplin-Kramer
et al., 2011; Kos et al., 2011). A high concentration of sinigrin and its hy-
drolytic products (such as isothiocyanates& nitriles: Francis et al., 2001)
in B.brassicae could act as a deterrent for gravid females, creating ovipo-
sition avoidance relative to a generalist aphid. Vanhaelen et al. (2001)
observed that Episyrphus balteatus females preferred to oviposit on
White mustard plants (Sinapis alba L., containing high glucosinolate
levels) rather than on Oilseed rape plants (Brassica napus L., containing
low levels) when both were infested with the same aphid (Myzus
(b)
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persicae). In a field experiment, Chaplin-Kramer et al. (2011) demon-
strated that aphidophagous syrphids were found at far lower densities
in Brassica nigra patches than in nearby crop plants (Brassica oleracea).
This discrepancy could be due to an oviposition preference toward a
generalist aphid on different host plants (as in the Vanhaelen et al.,
2001) study, or the same toward specialist as opposed to generalist
aphids on a high-toxin plant.

Gravid females not only respond to oviposition-site quality in rela-
tion to the suitability of prey types, but they should also consider
ecological factors such as the likelihood of intra- or interspecific compe-
tition (Branquart et al., 1997; Hindayana et al., 2001; Frechette et al.,
2007). In the present study, Eupeodes luniger females preferred to ovi-
posit on aphid-infested plants that carried no conspecific larvae. Similar
results have been reported by other studies. For example, Scholz and
Poehling (2000) on Episyrphus balteatus demonstrated that ovipositing
females avoid aphid colonies inwhich conspecific eggs are already pres-
ent, and the oviposition-deterring stimuli were still active when the
eggs were removed. Similar oviposition avoidance was shown by
E. balteatus females to the presence of conspecific larvae (Volk, 1964).
Studies by Almohamad et al. (2010) revealed that detection of intraspe-
cific competitors involves chemical cues derived from eggs, larvae, or
larval tracks. Amorós-Jiménez et al. (2015) found that odours from con-
specific immature stages had a repellent effect on oviposition choices of
Sphaerophoria rueppellii.

Ovipositing Eupeodes luniger tended to avoid laying eggs on aphid-
infested host-plants with a heterospecific competitor. Such avoidance
has been reported by other studies (e.g., Almohamad et al., 2008,
2009, 2010; Hindayana et al., 2001; Putra et al., 2009). In Almohamad
et al.'s (2008) study, the foraging and oviposition behaviour of
Episyrphus balteatus females were affected by the presence of parasit-
oids: females laid significantly fewer eggs in colonies with mummified
aphids than in unparasitised colonies, or in parasitised colonies without
mummies. There was also oviposition avoidance to the presence of
Harmonia axyridis larvae. In contrast, the oviposition choices of
Sphaerophoria rueppellii were not affected by volatiles from immature
stages of the heterospecific competitor, Adalia bipunctata (Amorós-
Jiménez et al., 2015). The cause underlying for lower intensity of the
avoidance response by females in the presence of heterospecific com-
petitor than conspecific one, is likely lower frequencies of inter- vs. in-
traspecific interactions among aphidophagous hoverflies. Several
studies have demonstrated this situation in relation to phytophagous
insects (Birch et al., 1980; Byers et al., 1984), parasitoids (Janssen
et al., 1995), and coccinellids (Honek, 1985). It is interesting also to ex-
plore for niche overlap in relation to aphidophagous syrphids. However,
as aphidophagous hoverflies generally are part of larger community
within aphidophagous guild, these predators may interact strongly
with each other, which leads to intraguild predation (Hindayana et al.,
2001; Frechette et al., 2007). Syrphid species that coexist and share
the same aphid prey resource often engage in conspecific and
heterospecific predation of eggs and larvae (Benestad Hågvar, 1972;
Hindayana et al., 2001; Frechette et al., 2007). Additionally several stud-
ies have shown that syrphid eggs and larvae are vulnerable to cannibal-
ism (e.g., Branquart et al., 1997). Therefore oviposition decision by
E. luniger females at the present study would benefit their offspring by
developing an avoidance of inter- and intraspecific competitor present
in the same colonies.

In conclusion, our findings support and complement findings on
larval performance in other study (Kos et al., 2011) and show that
specialist prey can induce specialization in a syrphid. As in several
other aphidophagous hoverflies, oviposition responses have evolved
behavioural mechanisms in response to semiochemicals emitted either
from aphids or from their association with host’plants, as well as from
the presence of intra- or interspecific competitors. The identity and
specificity of semiochemicals involved in shaping these decisions
needs further investigation, which will help to obtain a fuller under-
standing of the ability to detect and avoid intraguild predation.
Cannibalism or intraguild predation between two predatory hoverflies
E. luniger and E. balteatusmay explicate oviposition avoidance of aphid
colonies with the inrtraguild competitor. Oviposition behaviour in
aphidophagous hoverflies is a complex process that involves several
cues (visual, auditory, olfactory, and gustatory). Olfactory and gustatory
cues due to aphid honeydew of both specialist or generalist species
infested plants with or low content of sinirgin may explicate these
oviposition response. To confirm this idea, it is utile to test host plants
with aphid tracks (honeydew).
Acknowledgments

The authors are grateful to the authorities of Ferdowsi University of
Mashhad for providing research facilities.
References

Agarwala, B.K., Bardhanory, P., Yasuda, H., Takizawa, T., 2003. Effects of conspecific and
heterospecific competitors on feeding and oviposition of a predatory ladybird: a
laboratory study. Entomol. Exp. Appl. 106, 219–226.

Almohamad, R., Verheggen, F.J., Francis, F., Haubruge, E., 2006. Evaluation of hoverfly
Episyrphus balteatus DeGeer (Diptera: Syrphidae) oviposition behaviour toward
aphid-infested plants using a leaf disc system. Commun. Agric. Appl. Biol. Sci. 71,
403–412 Ghent University.

Almohamad, R., Verheggen, F.J., Francis, F., Haubruge, E., 2007. Predatory hoverflies select
their oviposition site according to aphid host plant and aphid species. Entomol. Exp.
Appl. 125 (1), 13–21.

Almohamad, R., Verheggen, F.J., Francis, F., Hance, T., Haubruge, E., 2008. Discrimination of
parasitized aphids by a hoverfly predator: effects on larval performance, foraging,
and oviposition behavior. Entomol. Exp. Appl. 128, 73–80.

Almohamad, R., Verheggen, F.J., Haubruge, E., 2009. Searching and oviposition behavior of
aphidophagous hoverflies (Diptera: Syrphidae): a review. Biotechnol. Agron. Soc.
Environ. 13 (3), 467–481.

Almohamad, R., Verheggen, F.J., Francis, F., Lognay, G., Haubruge, E., 2010. Assessment of
oviposition site quality by aphidophagous hoverflies: reaction to conspecific larvae.
Anim. Behav. 79, 589–594.

Amiri-Jami, A.R., Sadeghi-Namaghi, H., 2014. Responses of Episyrphus balteatus DeGeer
(Diptera: Syrphidae) in relation to prey density and predator size. J. Asia Pac.
Entomol. 17, 207–211.

Amiri-Jami, A.R., Sadeghi-Namaghi, H., Gilbert, F., Moravvej, G., Asoodeh, A., 2016. On the
role of sinigrin (mustard oil) in a tritrophic context: plant-aphid-aphidophagous
hoverfly. Ecol. Entomol. 41, 138–142.

Amorós-Jiménez, R., Robert, C.A.M., Marcos-Garcia, M.A., Fereres, A., Turlings, T.C.J., 2015.
A differential role of volatiles from conspecific and heterospecific competitors in the
selection of oviposition sites by the aphidophagous hoverfly Sphaerophoria rueppellii.
J. Chem. Ecol. 41 (5), 493–500.

Bell, W.J., 1990. Searching behavior patterns in insects. Annu. Rev. Entomol. 35, 447–467.
Benestad Hågvar, E., 1972. The effect of intra- and interspecific larval competition for food

(Myzus persicae) on the development at 20 °C of Syrphus ribesii and Syrphus corollae
(Diptera, Syrphidae). Entomophaga 17 (1), 71–77.

Birch, M.C., Svihra, P., Paine, T.D., Miller, J.C., 1980. Influence of chemically mediated
behavior on host tree colonization by four cohabiting species of bark beetles.
J. Chem. Ecol. 5, 395–414.

Branquart, E., Hemptinne, J.L., Bauffe, C., Benfekih, L., 1997. Cannibalism in Episyrphus
balteatus (Dipt.: Syrphidae). Entomophaga 42 (1–2), 145–152.

Budenberg, W.J., Powell, W., 1992. The role of honeydew as an ovipositional stimulant for
two species of syrphids. Entomol. Exp. Appl. 64, 57–61.

Byers, J.A., Wood, D.L., Craig, J., Hendry, L.B., 1984. Attractive and inhibitory pheromones
produced in the bark beetle, Dendroctonus brevicomis, during host colonization:
regulation of inter- and intraspecific competition. J. Chem. Ecol. 10, 861–877.

Chambers, R.J., 1988. Syrphidae. In: Minks, A.K., Harrewijn, P. (Eds.), World Crop
Pests: Aphids, Their Biology, Natural Enemies, and Control. Elsevier, Amsterdam,
pp. 259–270.

Chandler, A.E.F., 1968. Some factors influencing the occurrence and site of oviposition by
aphidophagous Syrphidae (Diptera). Ann. Appl. Biol. 61, 435–446.

Chaplin-Kramer, R., Kliebenstein, D.J., Chiem, A., Morrill, E., Mills, N.J., Kremen, C., 2011.
Chemically mediated tritrophic interactions: opposing effects of glucosinolates on a
specialist herbivore and its predators. J. Appl. Ecol. 48, 880–887.

Cortesero, A.M., Stapel, J.O., Lewis, W.J., 2000. Understanding and manipulating plant
attributes to enhance biological control. Biol. Control 17, 35–49.

Courtney, S.P., Chen, G.K., Gardner, A., 1989. A general model for individual host selection.
Oikos 55, 55–65.

Dicke, M., 1999. Are herbivore-induced plant volatiles reliable indicators of herbivore
identity to foraging carnivorous arthropods? Entomol. Exp. Appl. 91 (1), 131–142.

Dixon, T.J., 1959. Studies on behaviour of Syrphidae (Diptera). Trans. R. Entomol. Soc.
Lond. 111, 57–80.

Doumbia, M., Hemptinne, J.L., Dixon, A.F.G., 1998. Assessment of patch quality by
ladybirds: role of larval tracks. Oecologia 113, 197–202.

Fahey, J.W., Zalcmann, A.T., Talalay, P., 2001. The chemical diversity and distribution of
glucosinolates and isothiocyanates among plants. Phytochemistry 56 (1), 5–51.

http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0005
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0005
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0005
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0010
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0010
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0010
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0010
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0015
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0015
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0015
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0020
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0020
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0020
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0025
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0025
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0025
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0030
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0030
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0030
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0035
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0035
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0035
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0040
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0040
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0040
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0045
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0045
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0045
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0050
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0055
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0055
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0055
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0060
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0060
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0060
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0065
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0065
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0070
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0070
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0075
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0075
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0075
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0080
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0080
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0080
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0085
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0085
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0090
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0090
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0095
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0095
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0100
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0100
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0105
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0105
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0110
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0110
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0115
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0115
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0120
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0120


280 A.R. Amiri-Jami et al. / Journal of Asia-Pacific Entomology 19 (2016) 275–280
Francis, F., Lognay, G., Wathelet, J.P., Haubruge, E., 2001. Effects of allelochemicals from
first (Brassicaceae) and second (Myzus persicae and Brevicoryne brassicae) trophic
levels on Adalia bipunctata. J. Chem. Ecol. 27, 243–256.

Francis, F., Lognay, G., Haubruge, E., 2004. Olfactory responses to aphid and host plant
volatile releases: (E)-beta-farnesene an effective kairomone for the predator Adalia
bipunctata. J. Chem. Ecol. 30, 741–755.

Frechette, B., Dixon, A.F.G., Alauzet, C., Hemptinne, J.L., 2004. Age and experience
influence patch assessment for oviposition by an insect predator. Ecol. Entomol. 29
(5), 578–583.

Frechette, B., Rojo, S., Alomar, O., Lucas, E., 2007. Intraguild predation between syrphids
and mirids: who is the prey? Who is the predator? BioControl 52, 175–191.

Gilbert, F., 2005. Syrphid aphidophagous predators in a food-web context. Eur. J. Entomol.
102 (3), 325–333.

Gols, R., Harvey, J.A., 2009. Plant-mediated effects in the Brassicaceae on the performance
and behaviour of parasitoids. Phytochem. Rev. 8, 187–206.

Harmel, N., Almohamad, R., Fauconnier, M.L., Du Jardin, P., Verheggen, F., Marlier,
M., Haubruge, E., Francis, F., 2007. Role of terpenes from aphid-infested potato
on searching and oviposition behavior of Episyrphusbalteatus. Insect Sci. 14,
57–63.

Hindayana, D., Meyhofer, R., Scholz, D., Poehling, H.M., 2001. Intraguild predation
among the hoverfly Episyrphus balteatus De Geer (Diptera: Syrphidae) and other
aphidophagous predators. Biol. Control 20, 236–246.

Hodek, I., 1993. Habitat and food specificity in aphidophagous predators. Biocontrol Sci.
Tech. 3, 91–100.

Honek, A., 1985. Habitat preferences of aphidophagous coccinellids (Coleoptera). Biol.
Control 30, 253–264.

Hopkins, R.J., van Dam, N.M., van Loon, J.J.A., 2009. Role of glucosinolates in insect-plant
relationships and multitrophic interactions. Annu. Rev. Entomol. 54, 57–83.

Janssen, A., van Alphen, J.J.M., Sabelis, M.W., Bakker, K., 1995. Odour-mediated avoidance
of competition in Drosophila parasitoids: the ghost of competition. Oikos 73,
356–366.

Kos, M., Kabouw, P., Noordam, R., Hendriks, K., Vet, L.E.M., Van Loon, J.J.A., Dicke, M., 2011.
Prey-mediated effects of glucosinolates on aphid predators. Ecol. Entomol. 36,
377–388.

Michaud, J.P., Jyoti, J.L., 2007. Repellency of conspecific and heterospecific larval residues
to Hippodamiaconvergens (Coleoptera: Coccinellidae) ovipositing on sorghum plants.
Eur. J. Entomol. 104, 399–405.

Ninkovic, V., Al Abassi, S., Pettersson, J., 2001. The influence of aphid-induced plant
volatiles on ladybird beetle searching behavior. Biol. Control 21 (2), 191–195.

Nishida, R., 2002. Sequestration of defensive substances from plants by Lepidoptera.
Annu. Rev. Entomol. 47, 57–92.
Ode, P.J., 2006. Plant chemistry and natural enemy fitness: effects on herbivore and
natural enemy interactions. Annu. Rev. Entomol. 51, 163–185.

Ode, P.J., Berenbaum, M.R., Zangrl, A.R., Hardy, I.C.W., 2004. Host plant, host-plant chem-
istry, and the polyembryonic parasitoid Copidosoma sosares: indirect effects in a
tritrophic interaction. Oikos 104, 388–400.

Optiz, S.E.W., Muller, C., 2009. Plant chemistry and insect sequestration. Chemoecology 19
(3), 117–154.

Putra, N.S., Yasuda, H., Sat, S., 2009. Oviposition preference of two hoverfly species in
response to risk of intraguild predation. Appl. Entomol. Zool. 44, 29–36.

Ruzicka, Z., 1994. Oviposition-deterring pheromone in Chrysopa oculata (Neuroptera,
Chrysopidae). Eur. J. Entomol. 91, 361–370.

Ruzicka, Z., 1996. Oviposition-deterring pheromone in chrysopids: intra- and interspecific
effects. Eur. J. Entomol. 93, 161–166.

Ruzicka, Z., Havelka, J., 1998. Effects of oviposition-deterring pheromone and allomones
on Aphidoletesaphidimyza (Diptera: Cecidomyiidae). Eur. J. Entomol. 95, 211–216.

Sadeghi, H., Gilbert, F., 1999. Individual variation in oviposition preference and its interac-
tion with larval performance, in an insect predator. Oecologia 118 (4), 405–411.

Sadeghi, H., Gilbert, F., 2000a. Oviposition preferences of aphidophagous hoverflies. Ecol.
Entomol. 25, 91–100.

Sadeghi, H., Gilbert, F., 2000b. Aphid suitability and its relationship to oviposition
preference in predatory hoverflies. J. Anim. Ecol. 69, 771–784.

Sadeghi, H., Gilbert, F., 2000c. The effect of egg load and host deprivation on oviposition
behaviour in aphidophagous hoverflies. Ecol. Entomol. 25 (1), 101–108.

Sadeghi, H., Rotheray, G., Laska, P., Gilbert, G., 2014. Host preferences of aphidophagous
hoverflies from field distribution of their larvae. Egypt. J. Biol. 16, 1–16.

Scholz, D., Poehling, H.M., 2000. Oviposition site selection of Episyrphus balteatus.
Entomol. Exp. Appl. 94, 149–158.

Singer, M.C., 1986. The definition and measurement of oviposition preference. In: Miller,
J.R., Miller, T.A. (Eds.), Plant-feeding insect. Springer-Verlag, New York, pp. 65–94.

Sutherland, J.P., Sullivan, M.S., Poppy, G.M., 2001. Oviposition behaviour and host colony
size discrimination in Episyrphus balteatus (Diptera: Syrphidae). Bull. Entomol. Res.
91 (5), 411–418.

Vanhaelen, N., Haubruge, E., Gaspar, C., Francis, F., 2001. Oviposition preferences of
Episyrphus balteatus. Meded. Fac. Landbouwwet., Rijksuniv. Gent 66 (2a), 269–275.

Verheggen, F.J., Arnaud, L., Bartram, S., Gohy, M., Haubruge, E., 2008. Aphid and plant vol-
atiles induce oviposition in an aphidophagous hoverfly. J. Chem. Ecol. 34, 301–307.

Volk, S., 1964. Untersuchungen zur Eiablage von Syrphus corollae Fabr. (Diptera:
Syrphidae). Z. Angew. Entomol. 54, 365–386.

http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0125
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0125
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0125
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0130
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0130
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0130
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0135
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0135
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0135
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0140
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0140
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0145
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0145
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0150
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0150
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0155
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0155
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0155
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0160
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0160
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0160
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0165
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0165
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0170
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0170
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0175
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0175
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0180
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0180
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0180
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0185
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0185
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0190
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0190
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0190
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0195
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0195
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0200
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0200
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0205
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0205
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0210
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0210
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0210
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0215
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0215
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0225
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0225
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0230
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0230
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0235
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0235
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0240
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0240
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0245
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0245
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0250
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0250
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0255
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0255
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0260
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0260
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0265
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0265
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0270
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0270
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0275
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0275
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0280
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0280
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0280
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0285
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0285
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0290
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0290
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0295
http://refhub.elsevier.com/S1226-8615(15)30192-8/rf0295

	Oviposition preference of aphidophagous hoverflies toward oviposition site quality: The presence of intra-� and interspecif...
	Introduction
	Material and methods
	Insects and plants
	Chemical analysis
	Oviposition response of Eupeodes luniger
	Oviposition response of Episyrphus balteatus
	Statistical analysis

	Results
	Discussion
	Acknowledgments
	References


