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Abstract Natural enemies of insect herbivores use vola-

tile organic compounds (VOCs) released by plants to locate

suitable patches for foraging. When a plant is damaged by

herbivores, it can modify its VOC profile, enhancing

attraction of the herbivore’s natural enemies. In both nat-

ural and agricultural ecosystems, plants are usually

attacked by more than one species of herbivore, either

simultaneously or sequentially. Different herbivores, even

those with similar feeding habits, can activate different

defensive responses in the same plant and this can alter the

attraction of natural enemies. This study aimed to under-

stand how simultaneous and sequential damage to sweet

pepper, Capsicum annuum, by two aphid species, Aphis

gossypii and Myzus persicae, affects attraction of the aphid

predator Cycloneda sanguinea to plant odours. Undamaged

plants did not attract C. sanguinea, but plants damaged by

either aphid were attractive to this predator. When plants

were damaged simultaneously, the predator did not dis-

tinguish between the odours of plants damaged by both

species from those damaged by a single species. When

damage was sequential, a certain combination of damage

(A. gossypii followed by M. persicae) made the plants

more attractive than plants damaged by A. gossypii only.

Odour from plants from all other combinations of

sequential damage proved equally attractive to C. sangui-

nea as plants damaged by a single species. The study

allows us to conclude that, unlike for simultaneous dam-

age, a specific sequence of sequential damage enhances

attraction of the predator. This could potentially create

enemy-dense space on previously damaged plants.

Keywords Tritrophic interactions � Multitrophic

interactions � Induced defence � Indirect defence � Indirect

interactions � Volatile organic compounds

Introduction

Upon damage by herbivores, plants change the profile of

volatile organic compounds (VOCs) they release as part of

an induced defensive response. These changes play

important ecological roles such as repellence of herbivores

(Bernasconi et al. 1998; De Moraes et al. 2001) and

especially attraction of natural enemies of the herbivores,

who use these VOCs to locate profitable patches for for-

aging (reviewed by Hare 2011; Heil 2008). Natural ene-

mies of herbivores can respond to VOCs characteristic of

general damage released after herbivory (Hare and Sun

2011; Hoballah and Turlings 2005; Kessler and Baldwin

2001), but generally they show very strong responses to

plants damaged by herbivores that are suitable hosts or

prey (Du et al. 1996, 1998; Turlings et al. 1990). Parasit-

oids in particular have been shown to distinguish between

plants damaged by hosts and those damaged by non-host

species, even when non-host species cause similar feeding

damage to the plant (De Moraes et al. 1998; Du et al. 1996;

Moraes et al. 2005). Predators have also been shown to

have strong responses to induced plant VOCs (Gencer et al.

Handling Editor: Robert Glinwood.

M. S. Oliveira

Programa de Pós-Graduação em Entomologia, Universidade

Federal de Lavras—UFLA, Campus Universitário,

Caixa Postal 3037, Lavras, MG CEP 37200-000, Brazil

M. Pareja (&)

Departamento de Biologia Animal, Universidade Estadual de

Campinas—UNICAMP, Rua Monteiro Lobato 255,

Caixa Postal 6109, Campinas CEP 13083-862, Brazil

e-mail: martinpareja@gmail.com

123

Arthropod-Plant Interactions (2014) 8:547–555

DOI 10.1007/s11829-014-9336-x



2009; Han and Chen 2002; Ninkovic et al. 2001; Reddy

2002) and can distinguish between plant VOCs induced by

prey from those induced by non-prey (de Boer et al. 2004),

but these responses can be modified by rearing and expe-

rience (de Boer et al. 2005; Lins Jr. et al. in press). The

non-host species on the plant can also be important, since

species that cause similar damage to the plant can also

attract predators, while those that cause different damage

may not always attract (van Poecke et al. 2003). These

specific responses have been shown to be due to the inti-

mate interaction between insect feeding and plant meta-

bolic responses. Characteristics of herbivore saliva (Alborn

et al. 1997; Mattiacci et al. 1995; Musser et al. 2002)

combined with the type and timing of damage inflicted on

the plant (Hoballah and Turlings 2005) will induce unique

VOC profiles due to differential activation of plant meta-

bolic pathways. In particular, chewing damage is related to

activation of jasmonic acid (JA)-dependent responses,

while damage by phloem-feeding insects is related to

activation of salicylic acid (SA)-dependent responses

(Moran and Thompson 2001), and these signalling path-

ways often show negative crosstalk (Bostock 2005; Zarate

et al. 2007; Zhang et al. 2009, 2013), which can interfere

with direct defence against herbivores (Soler et al. 2012,

2007a). Some studies, however, have shown that some

species of parasitoids and predators do not have specific

responses and are attracted to plants damaged by non-host

herbivores (van Poecke et al. 2003). This implies that the

presence of non hosts can have negative effects on natural

enemy foraging efficiency.

Most of this knowledge has been obtained studying

systems consisting of a plant damaged by a single herbi-

vore. However, in both natural and agricultural ecosystems,

plants are usually attacked by several herbivore species

either simultaneously or in sequence. In order to gain

understanding of the evolutionary pressures structuring

multitrophic communities, we need more information on

how herbivore natural enemies deal with information from

plants damaged by more than one species of herbivore.

When two herbivores feed on the same plant, the effects on

induced VOCs are likely to be highly influenced by the

feeding guild of the herbivores. Therefore, it is expected

that multiple herbivory on the same plant should influence

attraction of carnivores, and this effect will necessarily

depend on the identity of the herbivores. Herbivores of the

same feeding guild might amplify the induction of attrac-

tive VOCs, while those of different feeding guilds could

inhibit this induction. Though appealing, evidence so far

shows these interactions are more complicated.

As for single-species damage, most studies to date have

focussed on parasitoids, and damage by multiple species can

enhance, reduce or have no effect on attraction of these natural

enemies. Studies by Shiojiri and co-workers have shown that

C. plutellae attraction to cabbage was reduced when damaged

simultaneously by its host and by a non-host caterpillar, while

attraction of C. glomerata was enhanced (Shiojiri et al. 2000,

2001). When damaged by herbivores from different feeding

guilds, we would expect greater interference in the production

of attractive VOCs. It has been demonstrated that phloem

feeders can inhibit plant VOCs induced by caterpillars (Sch-

wartzberg et al. 2011) and practically shut off volatile pro-

duction in distal parts of the plant (Pareja et al. 2012), though

we do not know if this interference affects parasitoid behav-

iour. Studies by Agbogba and Powell (2007) and Erb et al.

(2010) showed that plants damaged by herbivores from dif-

ferent feeding guilds can be equally attractive to parasitoids

when compared to host-damaged plants, while Soler et al.

(2007b) showed that some parasitoids of foliar caterpillars

may avoid plants with root herbivores, probably because there

can be a negative effect on offspring development (Soler et al.

2007a, b). Fewer studies have been carried out for predators,

despite being important source of herbivore mortality. Mul-

tiple species damage can enhance predator attraction (de Boer

et al. 2008; Lins Jr. et al. in press; Moayeri et al. 2007) but, in

one case, damage by a phloem feeder has clearly been shown

to inhibit induced VOCs attractive to predatory mites (Zhang

et al. 2009). Increased attraction to plants with multiple

damage can result in a reduction of foraging efficiency, since

within-patch behaviour can be altered upon contact with non

hosts (Bukovinszky et al. 2012). Thus, information on the

effect of non hosts during all stages of foraging behaviour is

crucial in order to understand the evolution of foraging

behaviours, and how they can be manipulated in agricultural

systems for increased efficiency of pest control.

The aim of this study was to understand how damage by

herbivores of the same feeding guild affects attraction of a

predator to plant VOCs. We caused damage to sweet

pepper, Capsicum annuum (Solanaceae), with either Aphis

gossypii, Myzus persicae (Hemiptera: Aphididae) or both

aphids. We then tested the response of an aphid predator,

the ladybird Cycloneda sanguinea (Coleoptera: Coccinel-

lidae), to the odours of the damaged plant. Since aphids can

damage a plant simultaneously or in sequence, we tested

the response of C. sanguinea to plants damaged simulta-

neously or sequentially by the two aphid species. Since

both herbivores are from the same feeding guild and C.

sanguinea can prey on both species, we hypothesised that

attraction would not be affected by multiple damage.

Materials and methods

Aphid rearing

Aphis gossypii and M. persicae were reared in cages on live

plants and in Petri dishes containing leaves embedded in a
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1 cm layer of 1 % agar at 22 ± 2 �C, 70 ± 10 % relative

humidity and 12:12 h photoperiod. Aphis gossypii were

reared on cucumber plants (Cucumis sativus) (Cucurbita-

ceae), while M. persicae were reared on Nicandra physa-

loides (Solanaceae).

Cycloneda sanguinea rearing

Cycloneda sanguinea adults were collected on the campus

of the Universidade Federal de Lavras (UFLA). The

ladybirds were reared in 10 9 10 cm (height 9 diameter)

PVC cylinders lined with filter paper and covered with

transparent PVC cling film. The adult ladybirds were fed

daily with a mixture of A. gossypii and M. persicae. Eggs

were removed daily and placed in Petri dishes covered with

PVC cling film containing Ephestia (= Anagasta) kuehni-

ella eggs. After eclosion, each larva was placed individu-

ally in a 8.5 9 2.5 cm (height 9 diameter) test tube and

fed with E. kuehniella eggs and aphids during the first

instar, and with aphids only from the second instar

onwards. All C. sanguinea rearing was carried out at

25 ± 2 �C, 70 ± 10 % relative humidity and 12:12 h

photoperiod.

Plant growth and preparation

We planted sweet pepper of the Cascadura Ikeda cultivar

(Topseed Garden—Agristar do Brasil Ltda.) in compost

(Plantimax�) in a seedbed. When the seedings had two

developing leaves, they were transplanted to 300 mL

plastic pots containing a 1:1 mixture of soil and compost.

The plants were kept in a greenhouse and watered daily.

Plants were used when they had five fully expanded leaves.

Olfactory response

In order to determine C. sanguinea responses to odours of

sweet pepper, we used a 1 cm internal diameter Y-tube

olfactometer, which had a 12 cm trunk and 9 cm arms and

a 90� angle between the two arms. The Y-tube was placed

with the two arms angled upwards at a 45� to allow for the

negative geotaxis common in ladybirds (Almeida and

Ribeiro-Costa 2009) and that we observed for this species

(M. Oliveira and M. Pareja, personal observation). The

odour sources were placed in glass jars into which char-

coal-filtered air was pumped. From these jars, Teflon

(PTFE) tubes carried the odours to each arm of the Y-tube

at 750 mL/min. Cycloneda sanguinea adults were intro-

duced individually into the base of the Y-tube. If the

individual entered 2 cm into one of the arms and remained

for at least 30 s, it was considered to have made a choice,

and the bioassay was terminated. If the individual did not

make a choice after 10 min, it was considered a non

responder. After every insect tested, the Y-tube was

replaced with a clean one. After three insects tested, the

side each odour was presented was swapped. Each insect

was used only once. For each experiment, a total of 100 C.

sanguinea were tested (apart from one experiment where

101 were tested). Since there can be variation between

odour sources (plants), after ten C. sanguinea tested, the

plants that served as an odour source were changed for a

new plant or combination of plants. Before each experi-

ment, all glassware and Teflon tubing was washed with

soapy water and ethanol and dried at 100 �C. The bioassay

room was maintained at 25 �C. In order to test the olfac-

tometer setup, a preliminary bioassay with no odours was

carried out. In this bioassay, charcoal-filtered air was pre-

sented through both arms of the olfactometer.

Plants used in experiments were submitted to one of the

following damage treatments: (1) undamaged controls; (2)

damage by A. gossypii for 3 days; (3) damage by M. per-

sicae for 3 days; (4) simultaneous damage by A. gossypii

and M. persicae for 3 days; (5) sequential damage by A.

gossypii for 3 days followed by M. persicae for 3 days; (6)

sequential damage by M. persicae for 3 days followed by

A. gossypii for 3 days. The aphids used to cause the

damage were mixed second-fifth instars and adult apterae.

During the damage period, the plants were covered with

porous plastic bags. Prior to bioassays, all aphids were

removed with a paint brush, and the plant was gently wiped

with cotton tips dipped in warm water in order to remove

traces of honeydew. The same procedure was carried out

on the undamaged plants in order to control for any effect

of the manipulation. The following pairwise experiments

were carried out to test the effects of damage on attraction

of the C. sanguinea:

1. Undamaged plant against moist soil and compost.

2. Plant damaged by 50 A. gossypii against moist soil

and compost.

3. Plant damaged by 50 M. persicae against moist soil

and compost.

4. Plant damaged by 50 A. gossypii against undamaged

plant.

5. Plant damaged by 50 M. persicae against undamaged

plant.

6. Plant damaged by 50 A. gossypii against plant

damaged by 50 M. persicae.

7. Plant damaged by 100 A. gossypii against plant with

simultaneous damage by 50 A. gossypii and 50 M.

persicae.

8. Plant damaged by 100 M. persicae against plant with

simultaneous damage by 50 A. gossypii and 50 M.

persicae.
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9. Plant damaged by 50 A. gossypii against plant with

sequential damage by 50 A. gossypii followed by

50 M. persicae.

10. Plant damaged by 50 A. gossypii against plant with

sequential damage by 50 M. persicae followed by 50

A. gossypii.

11. Plant damaged by 50 M. persicae against plant with

sequential damage by 50 A. gossypii followed by

50 M. persicae.

12. Plant damaged by 50 M. persicae against plant with

sequential damage by M. persicae followed by 50 A.

gossypii.

Soil and moist compost were used as controls when only

one odour source contained a plant in order to control for

effects of soil odour and moisture that can influence bio-

assay results (Martı́nez and Hardie 2009). For the

sequential damage treatments (9–12 above), after 3 days

the first aphid was removed and the second aphid was

placed on the plant. In order to control for this manipula-

tion, we carried out a similar procedure on the single-

species damage: after 3 days, all aphids were removed and

50 individuals of the same species were placed on the

plant. Thus, the sequentially damaged and single-species

damaged plants were submitted to identical procedures,

apart from the species causing the damage.

Statistical analyses

The choice made by C. sanguinea were compared by v2

analysis, with an expected frequency of 50 % of responders

choosing each odour. Non responders were excluded from

the analysis.

Results

When C. sanguinea was tested in an odourless olfactometer

(air against air), there was no directional bias (v2 = 0.014;

P = 0.907; Fig. 1). Undamaged plants were no more

attractive than the odour of soil (v2 = 1.673; P = 0.196;

Fig. 1). When aphid-damaged plants were tested against

soil, C. sanguinea showed a preference for A. gossypii—

damaged plants (v2 = 4.878; P = 0.027), but did not show

a preference for M. persicae – damaged plants

(v2 = 2.086; P = 0.149; Fig. 1). However, when tested

against undamaged plants C. sanguinea preferred plants

damaged by A. gossypii (v2 = 5.261; P = 0.022) and

showed a similar preference when plants were damaged by

M. persicae (v2 = 7.024; P = 0.008; Fig. 1). Plants dam-

aged by A. gossypii and plants damaged by M. persicae

were equally attractive to C. sanguinea (v2 = 2.848;

P = 0.092; Fig. 2).

Simultaneous damage by A. gossypii and M. persicae

had no influence on the attractiveness of pepper plants to C.

sanguinea, with responses being similar when tested

against plants damaged only by A. gossypii (v2 = 3.658;

P = 0.056) or against plants damaged only by M. persicae

(v2 = 3.200; P = 0.074; Fig. 2). Sequential damage had

different effects depending on the order of damage and the

comparison carried out. Plants damaged by A. gossypii

followed by M. persicae were more attractive than plants

damaged by A. gossypii only (v2 = 4.560; P = 0.033), but

were no more attractive than plants damaged only by

M. persicae (v2 = 1.800; P = 0.170; Fig. 3). Plants dam-

aged by M. persicae followed by A. gossypii were no more

attractive than plants damaged only by A. gossypii

(v2 = 3.048; P = 0.081) or plants damaged only by M.

persicae (v2 = 1.494; P = 0.222; Fig. 3).

Discussion

In both natural and agricultural ecosystems, plants are

usually attacked by several herbivores, each of which has a

unique interaction with the plant. Plant responses to attack

by multiple herbivores can therefore result in VOC blends

that are qualitatively or quantitatively different to those

induced by single-species damage. These differences can

have effects on the third trophic level by altering predator

foraging behaviour. We have demonstrated that damage by

two aphid species on sweet pepper does not interfere with

C. sanguinea responses to induced plant odours and,

depending on the sequence of infestation, damage by two

aphid species can enhance attraction of this ladybird. This

study was carried out with two aphid species, thus both

species were of the same feeding guild, but studies with

herbivores with different feeding guilds are returning

similar results.

Cycloneda sanguinea responded more strongly to aphid-

damaged plants than to undamaged plants, independent of

whether the damage was caused by A. gossypii or M.

persicae. Ladybirds are known to respond to many

semiochemicals associated with aphids, including induced

plant VOCs (Hatano et al. 2008; Pettersson et al. 2008), so

the response we observed was expected. The weaker

response to undamaged plants than to damaged plants is

also consistent with what has been reported in the literature

for other Coccinellidae (Hatano et al. 2008). In particular,

C. sanguinea has been shown to respond to volatile cues in

complex ways. Sarmento et al. (2008) showed that this

species was not attracted to undamaged tomato plants, but

showed a strong response to plants damaged by the aphid

Macrosiphum euphorbiae and to plants damaged by the

mite Tetranychus evansi. When directly contrasted, C.

sanguinea preferred the odour of plants damaged by the
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superior prey M. euphorbiae over that from plants dam-

aged by T. evansi (Sarmento et al. 2007). In our study, both

aphids are suitable prey, though we do not know if there is

a difference in the quality of both aphid species as prey for

C. sanguinea. This could explain the lack of preference for

plant volatiles damaged by the different aphid species.

However, in a different system based on the plant Brassica

juncea, C. sanguinea did not show responses to plant

volatiles induced by a suitable prey species, the aphid

M. persicae, nor to those induced by Plutella xylostella, a

sub-optimal prey species (J. F. França and M. Pareja,

unpublished results). Therefore, recognition of volatiles

induced by suitable and unsuitable prey species by this

predator is highly dependent on the system being studied.

We did not expect simultaneous or sequential damage

by two herbivore species from the same feeding guild to

affect the attractiveness of plants to C. sanguinea. How-

ever, induced plant responses to different species can

present subtle differences, and herbivores within the same

feeding guild can manipulate plant defences in different

Fig. 1 Response of Cycloneda sanguinea in Y-tube olfactometer

experiments (percentage of responding insects that chose each odour)

to different odours from undamaged sweet pepper and sweet pepper

damaged by a single aphid species. The clean air versus clean air

experiment was carried out to test for directional bias. Soil and

compost were used as controls for experiments where only one odour

source contained a plant. A total of 100 insects were tested (apart

from one experiment where 101 were tested) and n indicates the

number of those insects that responded choosing one of the odours.

Analyses were carried out with v2 test with a 50 % expected

response—n.s.: not significant; *: 0.05 [ P [ 0.01; **:

0.01 [ P [ 0.001

Fig. 2 Response of Cycloneda

sanguinea in Y-tube

olfactometer experiments

(percentage of responding

insects that chose each odour) to

different odours from sweet

pepper damaged by the two

aphid species Aphis gossypii

and Myzus persicae individually

or simultaneously. A total of

100 insects were tested and

n indicates the number of those

insects that responded choosing

one of the odours. Analyses

were carried out with v2 test

with a 50 % expected

response—n.s.: not significant
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ways in order to overcome plant defences. However, nat-

ural enemies of the herbivores can often perceive these

subtle differences in induced responses since they respond

to very small changes in VOC ratios (Bruce and Pickett

2011; Pareja et al. 2009). For example, Du et al. (1996)

showed that the parasitoid A. ervi can distinguish between

induced plant responses induced by two different aphid

species. Crosstalk between plant defence pathways (Bo-

stock 2005) can alter the biosynthesis of secondary

metabolites, altering the responses of insects to plant

VOCs. This crosstalk can be used by herbivores to over-

come plant defences (Zarate et al. 2007), and even herbi-

vores with very similar feeding strategies can manipulate

the plant in different ways to their own benefit (Sarmento

et al. 2011). However, C. sanguinea did not respond dif-

ferently to plants damaged by both aphid species when

compared to those damaged by a single species. When

sequential damage was carried out, we observed a greater

attractiveness of plants damaged by A. gossypii followed

by M. persicae but only when compared to plants damaged

only by A. gossypii.

Studies on multiple damage have returned mixed results

in relation to tritrophic effects, but only a minority of

studies have demonstrated that parasitoids and predators

can distinguish host-infested plants from those infested by

more than one herbivore (de Rijk et al. 2013). There are

two factors that are likely to be the key to understanding

the tritrophic effects of multiple herbivore damage. One

that has been highlighted by several authors is how plants

respond to different types of damage from herbivores.

Insects from different feeding guilds activate different

defence responses and this is central to understanding how

damage by more than one herbivore on the same plant will

affect natural enemies. In this study, the herbivores are of

the same feeding guild, therefore it is likely that they

activate similar defence responses in plants and the com-

bined damage by both aphids could be amplifying plant

defence responses. A similar result was obtained when

cabbage was damaged by two different caterpillar species,

a host and a non host: the parasitoid Cotesia plutellae

preferred plants damaged by the host over plants with

multiple damage, while Cotesia glomerata prefered plants

with damage by both herbivores (Shiojiri et al. 2000).

Results with herbivores from different feeding guilds also

have demonstrated that they too can have neutral or posi-

tive effects on natural enemy attraction. Working with the

same plant, sweet pepper, Moayeri et al. (2007) showed

that attraction of the generalist predator Macrolophus ca-

liginosus was enhanced when the plant was damaged by

the aphid M. persicae and the mite Tetranychus urticae

when compared to plants damaged by a single herbivore

species. The authors attributed this to a benefit in obtaining

a mixed diet. However, other studies have shown enhanced

attraction to multiple damage where one species is a non-

host or non-prey. For example, Rodrı́guez-Saona et al.

(2005) demonstrated that the parasitoid Cotesia margini-

ventris, which attacks Spodoptera species, was more

attracted to plants damaged by both S. exigua and the non-

host M. euphorbiae. The same parasitoid species, C. mar-

giniventris, was shown not to be affected by dual damage

in a different system, since plants damaged by its host,

Spodoptera littoralis, and the piercing-sucking herbivore

Euscelidius variegatus were equally attractive (Erb et al.

2010). However, in some species these responses can be

modified by experience, and natural enemies can shift their

preference towards odours associated with feeding or ovi-

position (Erb et al. 2010; Lins Jr. et al. in press).

The second key factor for understanding these responses

is natural enemy specificity, which has long been consid-

ered to be important in understanding the use of plant

Fig. 3 Response of Cycloneda

sanguinea in Y-tube

olfactometer experiments

(percentage of responding

insects that chose each odour) to

different odours from sweet

pepper damaged by the two

aphid species Aphis gossypii

and Myzus persicae individually

or sequentially. A total of 100

insects were tested and

n indicates the number of those

insects that responded choosing

one of the odours. Analyses

were carried out with v2 test

with a 50 % expected

response—n.s.: not significant;

*: 0.05 [ P [ 0.01
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VOCs by predators and parasitoids (Steidle and van Loon

2003; Vet and Dicke 1992). Specialist natural enemies,

such as parasitoids, could be hypothesised to be more

affected by multiple damage than generalist predators.

Thus, in our study, since C. sanguinea can prey on both

aphid species, it might be responding to general aphid-

induced cues and not specific blends that indicate the

presence of a particular species. Though this is an

appealing hypothesis, more research is needed, since

studies with parasitoids have also returned mixed results,

with some showing that non hosts enhance attraction

(Bukovinszky et al. 2012), reduce attraction or have neutral

effects, as discussed above. Most studies in tritrophic

interactions, in particular studies on multiple species

damage, have focussed on parasitoids, and more informa-

tion is required on other herbivore natural enemies in order

to obtain a more complete picture of how multiple damage

affects tritrophic interactions. Of the studies carried out

with predators, there is evidence that multiple herbivory

can reduce (Zhang et al. 2009), enhance (de Boer et al.

2008; Lins Jr. et al. in press; Moayeri et al. 2007) or have

no effect on the attractiveness of damaged plants (Lins Jr.

et al. in press). So far, most studies have focussed on a

single species of predator or parasitoid, and studies that

focus on a suite of natural enemies could help to elucidate

how different natural enemies respond to multiple damage

in the same system. In a study with a guild of aphid pre-

dators responding to Brassica juncea VOCs, different

species showed very different behavioural responses, but

multiple herbivore damage did not interfere with the

attraction of a parasitoid, while attraction of a lacewing

species was enhanced (S. E. Silva, J. F. França and M.

Pareja, unpublished results). Thus, if we consider a guild of

predators and parasitoids, the ecological effects of multiple

herbivory could be very different depending on the domi-

nant natural enemies present.

We showed that attraction of the aphid predator C.

sanguinea to sweet pepper plants damaged by two aphid

species is not affected when compared to those plants

damaged by a single species. Furthermore, a given

sequence of damage by the two species (A. gossypii fol-

lowed by M. persicae) enhanced attraction. Therefore,

plants previously damaged by A. gossypii could possibly

constitute enemy-dense space for M. persicae. Further

studies on predation rates and consequences on M. persicae

population growth are needed to understand whether these

behavioural effects have ecological consequences. It is also

interesting that only a given sequence of sequential damage

enhanced attraction of C. sanguinea and VOC profile and

gene-expression studies on these forms of sequential

damage could elucidate how these forms of damage are

affecting the plant. These results demonstrate that herbi-

vores of the same feeding guild damaging the same plant

can have behavioural consequences on the third trophic

level. Therefore, timing of damage by different herbivores,

induced plant responses and competition between herbi-

vores can contribute towards modulating the activity of

predators on plants and their impact on herbivore com-

munities. Further studies are needed with natural enemies

with different feeding and foraging strategies, combined

with chemical and transcriptome analyses (Kessler and

Halitschke 2007) in order to elucidate how these effects

will trickle through a more complex community.
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