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Introduction 
Thirty years ago, I used a trophic web centred on aphids to illustrate the aims and scope of Chemical Ecology 
(Pasteels, 1976). The fashion in Ecology was to quantify the energy fluxes between trophic levels, whereas Chemical 
Ecology planned to investigate the chemicals controlling these fluxes. Chemical mediators appeared to act as 
negative or positive feed back loops regulating energy flow rates, sometimes passing through the proximate level to 
act on the next level. They were classified as pheromones, allomones, kairomones or synomones, according to 
whether or not the partners were the same species, and to cost-benefit criteria (e.g. Dicke and Sabelis, 1988).  
However, chemicals themselves cannot be classified univocally in this way, as the same compound released by the 
same organism would receive different labels depending on the partners and the context (Pasteels, 1982).  It is not the 
chemical signals that must be classified, but the interactions between the organisms. 

Here, I will review some of the recent advances in the understanding of how chemicals regulate interactions 
between aphids, ladybirds and ants, illustrating the astonishing refinement of some mechanisms. This review does 
not aim at being exhaustive, but lays stress on pending questions that deserve further investigation. 
 
Defence and chemical piracy 
A straightforward way to avoid being eaten is to be toxic or at least unpalatable, and chemical defence was reported in 
all trophic levels. No further comment is needed on chemical defence in plants (e.g., Arnonson et al., 2004) and ants 
(review in Leclercq et al., 2000), and only aphids and ladybirds will be considered here. 
 The siphuncular wax is the most obvious chemical defence of many aphids against parasitoids or small 
predators, including ladybird larvae (Dixon, 1958; Edwards, 1966). Other defence can be plant-derived. All aphids 
are not equally suitable as food for ladybirds (review in Hodek, 1973). It seems most unlikely that this could be the 
result of different nutrient balances in their aphid prey, but it is more likely due, at least in part, to the aphid host-plant 
secondary chemistry (e.g., Francis et al., 2000). Sequestration of plant toxins by herbivores for their own defence, 
here called chemical piracy, is widespread.  Sequestration by aphids of plant alkaloids, cardenolides or 
isothiocyanates derived from glucosinolates has been reported several times (Rothschild et al., 1970; Malcom, 1990; 
Witte et al., 1990; Wink and Witte, 1991; Mendel et al, 1992, Francis et al 2001). Spectacular adverse effects were 
observed on ladybird development, reproduction or survival, when feeding on sequestering aphids (Pasteels, 1978; 
Wink et al., 1991; Mendel et al., 1992; Francis et al., 2001). As expected, specialized aphids are more efficient pirates 
than generalists (Francis et al., 2001). Specialized aphids probably stored the plant toxins in their body, but the site of 
storage remains unknown. Even excreted plant toxins negatively affect parasitoids that feed on honeydew (Mendel et 
al 1992). The cost-benefit balance when feeding on toxic plants deserves further investigation in both specialist and 
generalist aphids. 
 Many ladybirds display warning colours and odours (i.e., pyrazines, Moore et al., 1990, also used as 
aggregation pheromone by the 7-spot ladybird, Al Abassi et al., 1998). They are protected against ants and birds by 
accumulating autogenous alkaloids in their blood, that are released by reflex bleeding when attacked (Pasteels et al., 
1973; Marples et al., 1989).  The diversity of alkaloids synthesized by ladybirds is astonishing: azaphenolenes, 
homotropanes, aliphatic and aromatic amines, pyrrolidines, piperidines, azamacrolides, macrocyclic polyamines … 
(reviews in Daloze et al., 1995; King and Meinwald, 1996).  The selective pressure, if any, leading to such diversity 
remains obscure. Possibly, different alkaloids evolved in response to different predator pressures (Dixon, 2000), but 
there are little evidence supporting this assumption.  Actually, the similarity of the alkaloids shared by different 
ladybird species appears more function of the ladybird taxonomic relatedness than of them facing the same potential 
natural enemies while living in sympatry.   
 Alkaloids do not protect ladybirds from cannibalism and indeed they should be immune to their own toxins.  
However, intraguild predation could offer a significant pressure for alkaloid diversity in species living in 
micro-sympatry.  Intraguild predation between ladybirds was reported, but with reluctance and at nutritive cost for 
the predator (Hemptinne et al.,  2000 a, and references therein). Closely related species sharing the same alkaloids are 
expected to occupy different niches with little opportunity of encounters. The possible importance of intraguild 
predation in the evolution of ladybird chemical defence is further illustrated by the observation that ladybird larvae 
are far more reluctant to feed on eggs of other species than on their own eggs.  Alkanes covering the eggs are used as 
cue to recognize conspecific eggs from those of other species (Hemptinne et al., 2000 c). Intraguild predator 
avoidance between a parasitoid and a ladybird was recently reported. The aphid parasitoid, Aphidius ervi, avoid 



 

alkanes in chemical trails deposited on leaf surface by both larvae and adults of Coccinella septempunctata 
(Nakashima et al., 2004). 
 Any chemical defence can be circumvented. The ladybird parasitoid, Dinocampus coccinellae, is attracted 
by the ladybird alkaloids, precoccinelline and myrrhine (Al Abassi et al.,  2001). Chemical piracy was also reported 
in ladybirds.  Cardenolides are sequestered by Coccinella 11-punctata feeding on Aphis nerii, which itself 
sequestered them from their oleander host-plant (Rothschild et al., 1973). The 7-spot ladybird sequesters from 
Senecio inaequidens, via Aphis jacobaeae, up to 4.9 mg/g fresh weight of pyrrolizidine alkaloids, which represents an 
increase of nearly fifty % of their average load of autogenous alkaloids (Witte et al., 1990). These ladybirds seem to 
tolerate some plant toxins. However, the cost-benefit balance when feeding on aphids developing on toxic plants 
remains to be assessed in ladybirds apparently able to tolerate the plant toxin.  
 
Offence 
Foraging behaviour of coccinellids has been the topic of detailed, fascinating studies (see Dixon, 2000 for an 
excellent review). The ability to locate and recognize aphids is critical for successful predation. Eggs must also be 
laid in numbers, and at times that will optimize larval survival and development by avoiding food depletion, 
cannibalism and intraguild predation since patches of prey are ephemeral and limited in size. This foraging strategy is 
partly regulated by chemical cues.   
  It is well known that honeydew induces searching behaviour in many aphidophagous species. The 7-spot 
ladybird is attracted by an aphid alarm pheromone (E)-β-farnesene, and this attraction is inhibited by 
(-)-β-caryophyllene. Both terpenes are common plant volatiles, and ladybirds would be attracted only when 
concentration of the farnesene is high relative to that of the caryophyllene, allowing the ladybirds to detect their prey 
over common plant odour background (Al Abassi et al., 2000).  Young larvae of the 2-spot ladybird attracted by the 
odour of ß-farnesene subdue large aphids by group attack (Hemptinne et al., 2000b). Chemical cues for prey 
recognition are unknown, but cuticular hydrocarbons seem obvious candidates (Dixon, 2000). In the coccidophagous 
ladybird, Cryptolaemus montrouzieri, oviposition is stimulated by wax filament produced by their prey or their 
ovisac (Merlin et al, 1966a). 
 Ovipositing female 2-spot and 7-spot ladybirds avoid aphid patches already occupied by conspecific larvae, 
limiting the risks of early patch depletion and cannibalism.  The oviposition deterrent pheromone is  a mixture of 
alkanes laid by larvae as tracks on the substrate. These pheromones are species-specific and do not prevent risk of 
intraguild predation (Doumbia et al., 1998, Hemptinne et al., 2001). A similar strategy is used by Cryptolaemus 
montrouzieri, where the oviposition deterring pheromone is present in the filament wax of their larvae (Merlin et al, 
1996b). Pheromones, that deter oviposition, are secreted also by larvae of other aphidophagous insects, i.e., Chrysopa 
spp, but these pheromones appear less species-specific (Rüzica, 1997 a and b). 
 
Alliance and sneak thieves 
Plants and natural enemies of herbivores share common interests in defence or offence against herbivores.  Alliances 
between the first and third trophic levels against the second level are thus expected. There are now convincing 
evidence that plants recruit parasitoids or predators by odours induced by herbivory (e.g. Turlings and Wäckers, 
2004). Such recruitment is often specific. The specificity in the quality or quantity of volatiles emitted in response to 
different herbivores, and the specific attraction of natural enemies to these induced volatiles suggest that this indirect 
plant-defence has been shaped by a coevolutionary process among the three trophic levels, presently a very active and 
fascinating topic of research.  
  Phloem feeders usually induced smaller amounts of plant volatiles than chewing insects (Turlings et al., 
1998; W. Boland, pers. com.), but recruitment of parasitoids of aphids or mealybugs by plant-induced volatiles has 
been demonstrated. The aphid parasitoid, Aphidius ervi, is specifically attracted by 6-methyl-5-hepten-2-one, 
released by bean plant, Vicia faba, infested with the parasitoid host, Acyrthosiphon pisum. The non-host aphid, Aphis 
fabae, does not induced such indirect plant-defense (Du et al., 1998; Powell et al., 1998). Encirtid parasitoids are 
attracted by cassava plant volatiles, induced by the mealybugs, Phenacoccus manihoti and P. herreni (Souissi et al., 
1998; Bertschy et al., 2001).  
 Conflicting results were obtained with ladybirds. The 7-spot ladybird was reported being attracted by plant 
volatiles induced by aphids feeding on Hordeum vulgare or on tea shoots (Ninkovitc et al., 2001; Han and Chen, 
2002). Negative results were reported by Francis et al. (2004) with the 2-spot ladybird, which responded to crushed 
aphids releasing alarm pheromone (see above), and not to intact aphids feeding on various cruciferous plants, 
possibly because the amounts of volatiles induced in their experimental set up were too low. Possible attraction of 
ladybirds by plant-induced volatiles needs further research. Associative learning is an expected requirement for 
effective attraction of polyphagous ladybugs by aphid plant-induced volatiles (see Vet and Dicke, 1992). Such 



 

learned odours could offer useful cues for quickly selecting new suitable patches when the ladybird had to move from 
one aphid colony to another. 
 Aphid-ant interactions are usually considered as mutualistic, but see Stadler and Dixon (1999). In truly 
mutualistic association, as well as when ants exploit the aphids, alliance is expected between ants and aphids against 
aphid predators and parasitoids. Indeed it has been reported many times that ants actively protect the aphids from 
their natural enemies (e.g. Way, 1963). Parasitoid cuticular hydrocarbons are recognition cues for the ants, releasing 
aggressive behaviour toward most parasitoids. However, some parasitoids and one ladybird can avoid attacks and 
sneak into aphid colonies attended by ants. These sneaky parasitoids either mimic recognition cues present in the 
cuticular lipids of aphids or lack releasers of aggressive behaviour in ants (Dettner and Liepert, 1994). This 
demonstrates once again the importance of cuticular hydrocarbons as recognition cues at nearly all levels of the food 
web. The myrmicophilous ladybird, Coccinella magnifica, follows the trails of wood ants to reach aphid colonies 
(Sloggett et al., 1998). The ants largely ignored the larvae and eggs of the ladybird, but not the adults. Possibly 
cuticular hydrocarbons are involved in protecting ladybird’s juveniles. 
 
Conclusion 
Progresses in our understanding of how chemical communication regulates the interactions between partners in aphid 
trophic-webs have been spectacular during the past 30 years. No doubts that these interactions will prove in the near 
future to be even more complex and subtle than presently recognized, as many questions remain open. Some were 
raised above and will not be repeated here. However, two avenues of research look especially promising to me. 
 The first avenue concerns the influence of the aphid host-plant on ladybird foraging behaviour and fitness. 
Aphid-plant interactions could offer cues for ladybirds in their search and recognition of suitable food patches. 
Plant-volatiles induced by aphids could offer cues, not for primary attraction to aphid patches, but by associative 
learning for feeding on similar rewarding food sources. Plant secondary compounds excreted in the honeydew could 
provide additional cues influencing ladybird selection of appropriate resources. To what degree are ladybird 
responses to these various potential cues innate or learned? Recent experiments suggest that patch assessment by 
ladybirds is influenced by experience (Frechette et al., 2004). Besides protecting the aphids in degrees depending on 
their level of host specialisation, plant secondary-compounds can be sequestered by the ladybirds. Do they 
incorporate the plant toxins in their eggs, as do other sequestering insects? Does plant-derived defence increase in 
significant ways the diversity of chemical defence of ladybirds, and does it influence the rate of cannibalism or 
intraguild predation? Finally very little is known about how aphids and ladybirds handle plant toxins: excretion, 
detoxification, transformation, transport and storage… 
 The second avenue concerns cues used by the aphid-web partners for their mutual recognition. Cuticular 
hydrocarbons appear prominent in this role. In ladybirds, the same alkanes, but in different proportions, are used for 
mate recognition, to deter ovipositing females from preoccupied aphid patches, and to flag their eggs (Hemptinne and 
Dixon, 2000). This multiple used of alkanes was considered as an example of semiochemical parsimony. Does it 
mean that the ladybirds respond to the same signal in a context dependent way, or do they differentiate mixtures of 
alkanes in different proportions, or both? Where is the signal in a mixture and what is the discriminatory capacity of 
the ladybirds? How much are ladybirds olfactory neurones tuned for perceiving peculiar hydrocarbons, as they are for 
detecting (E)-ß–farnesene and (-)-ß-cariophyllene (Al Abassi et al., 2000)? Again to what degree are the responses to 
recognition cues innate or learned, in particular during interspecific interactions? 
 Raising questions is an easy task, biased by the author’s personal interests. But it is a privilege granted 
authors writing this type of overview. 
 
Acknowledgments 
J. Jacobson and J.-L. Hemptinne made valuable comments on the manuscript. 
 
References 
Al Abassi, S.; Birkett, M.A.; Petterson, J.; Pickett, J.A. and Woodcok, C.M. 1998. Ladybird beetle odour identified 

and found to be responsible for attraction between adults. Cell. Mol. Life Sci. 54: 876-879. 
Al Abassi, S.; Birkett, M.A.; Petterson, J.; Pickett, J.A.; Wadhams, L.J. and Woodcock, C.M. 2000. Response of the 

seven-spot ladybird to an alarm pheromone and an alarm pheromone inhibitor is mediated by paired olfactory 
cells. J. Chem. Ecol. 26: 1765-1771. 

Al Abassi, S.; Birkett, M.A.; Petterson, J.; Pickett, J.A.; Wadhams, L.J. and Woodcock, C.M. 2001. Response of the 
ladybird parasitoid, Dinocampus coccinellae, to toxic alkaloids from the seven-spot ladybird, Coccinella 
septempunctata. J Chem. Ecol. 27: 33-43. 



 

Arnonson, J.T.; Guillet, G. and Durst, T. 2004. Phytochemical diversity of insect defenses in tropical and temperate 
plant families. In: Advances in  Chemical Ecology, R.T. Cardé and J.C. Millar (eds). Cambridge university 
Press, Cambridge, pp. 1-20. 

Bertschy, C.; Turlings, T.C.J., Bellotti, A.C. and Dorn, S. 2001. The role of mealybug-induced cassava plant volatiles 
in the attraction of the encyrtid parasitoids Aenasius vexans and Apoanagyrus diversicornis. J. Insect Behav. 14: 
363-371. 

Daloze, D.; Braekman, J.C. and Pasteels, J.M. 1995. Ladybird defence alkaloids: structure, chemotaxonomic and 
biosynthetic aspects (Col.: Coccinellidae). Chemoecology: 5/6: 173-183. 

Dettner, K. and Liepert, C. 1994. Chemicaml mimicry and camouflage. Annu. Rev. Entomol. 39: 129-154. 
Dicke, M. and Sabelis, M.W. 1988. Infochemical terminology: based on cost-benefit analyses rather than origin of 

compounds. Funct. Ecol. 2: 131-139. 
Dixon, A.F.G. 1958.The escape responses shown by certain aphids to the presence of the coccinellid beetle Adalia 

decempunctata (L.). Trans. R. Entomol. Soc. London 110: 319-334. 
Dixon, A.F.G. 2000. Insect Predator-Prey Dynamics. Ladybird Beetles & Biological Control. Cambridg University 

Press, Cambridge. 
Doumbia, M.; Hemptinne, J.L. and Dixon, A.F.G. 1998. Assessment of patch quality by ladybirds: role of larval 

tracks. Oecologia 118: 197-202. 
Du, Y.; Poppy, G.M.; Powell, W.; Pickett, J.A.; Wadhams, L.J. and Woodcock, C.M. 1998. Identification of 

semiochemicals, released during aphid feeding, that attract parasitoid Aphidius ervi. J. Chem. Ecol. 24: 
1355-1368. 

Edwards, J.S. 1966. Defence by smear: supercooling in the cornicle wax of aphids. Nature 211: 73-74. 
Francis, F.; Haubruge, E. and Gaspar, Ch.2000. Influence of hostplants on specialist/generlist aphids and on the 

development of Adalia bipunctata (Coloptera: Coccinellidae). Eur. J. Entomol. 97: 481-483. 
Francis, F.; Lognay, G.; Wathelet, J.P. and 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. and Haubruge, E. 2004. Olfactory responses to aphid and host plant volatiles releases: 
(E)-ß-farnesene an effective kairomone for the predator Adalia bipunctata. J. Chem. Ecol. 30: 741-755. 

Frechette, B.; Dixon, A.F.G., Alauzet, C. and Hemptinne, J.L. 2004.Age and experience influence patch assessment 
for oviposition by an insect predator. Ecol. Ent. 29: 578-583. 

Han, B. and Chen, Z. 2002; Behavioral and electrophysiological responses of natural enemies from tea shoots and 
kairomones from tea aphids, Toxoptera aurantii. J. Chem. Ecol. 28: 2203-2219. 

Hemptinne, J.L. and Dixon,A.F.G. 2000. Defence, oviposition and sex: semiochemical parsimony in two species of 
ladybird beetles (Coleoptera, Coccinellidae)? A short review.  Eur. J. Entomol. 97:443-447. 

Hemptinne, J.L.; Dixon,A.F.G. and Gauthier, C. 2000a. Nutritive cost of intraguild predation on eggs of Coccinella 
septempunctata and Adalia bipunctata (Coleoptera: Coccinellidae). Eur. J. Entomol. 97: 559-569. 

Hemptinne, J.L.; Gaudin, M.; Dixon, A.F.G. and Lognay, G. 2000b. Social feeding in ladybird beetles: adaptative 
significance and mechanism. Chemoecology 10: 149-152. 

Hemptinne, J.L.; Lognay, G; Gauthier, C. and Dixon,A.F.G. 2000c. Role of surface chemical signals in egg 
cannibalissm and intra guild predation in ladybirds (Coleoptera: Coccinellidae). Chemoecology 10: 123-128. 

Hemptinne, J.L.; Lognay, G; Doumbia, M. and Dixon,A.F.G. 2001. Chemical nature and persistence of the 
oviposition deterring pheromone of the larvae of the two-spot ladybird, Adalia bipunctata (Coleoptera: 
Coccinellidae). Chemoecology 11: 43-47. 

Hodek, I. 1973. Biology of Coccinellidae. Academia, Prague. 
King, A.G. and Meinwald, J. 1966. Review of the defensive chemistry of coccinellids. Chem. Rev. 96: 1105-1122. 
Leclercq, S.; Braekman, J.C.; Daloze, D. and Pasteels J.M. 2000. The defensive chemistry of ants. In: Progress in the 

Chemistry of Organic Natural Products, 79. W. Herz, H. Falk, G.W. Kirby and R.E. Moore (eds). Springer, 
Wien. pp. 239-249. 

Malcom, S.B. 1990. Chemical defence in chewing and sucking insect herbivores: plant-derived cardenolides in the 
monarch butterfly and oleander aphid. Chemoecology 1: 12-21. 

Marple, N.M.; Braekfield, P.M.; and Cowie, P.G. 1989. Differences between the 7-spot and 2-spot ladybird beetles 
(Coccinellidae) in their toxic effects on a bird predator. Ecol. Entomol.14: 79-84. 

Mendel, Z.; Blumberg, D.; Zehavi, A. and Weissenberg, M. 1992. Some polyphagous Homoptera gain protection 
from their natural enemies by feeding on the toxic plants Spartium junceum and Erythrina corallodendron 
(Leguminosae). Chemoecology 3: 118-124. 

Merlin, J.; Lemaire, O. and Grégoire, J.C. 1996a. Oviposition in Cryptolaemus montrouzieri stimulated by wax 
filants of its prey. Entomol. Exp. Appl. 79: 141-146. 



 

Merlin, J.; Lemaire, O. and Grégoire, J.C. 1996b.Chemical cues produced by conspecific larvae deter oviposition by 
the coccidophagous ladybird beetle, Cryptolaemus montrouzieri. Entomol. Exp. Appl. 79: 147-151. 

Moore, B.P.; Brown, W.V. and Rothschild, M. 1990. Methylalkylpyrazines in aposematic insects, their host plants 
and mimics. Chemoecology 12: 43-51. 

Nakashima, Y.; Birkett, M.A.; Pye, B.J.; Pickett, J.A. and Powell,W. 2004. The role of semiochemicals in the 
avoidance of the seven-spot ladybird, Coccinella septempunctata, by the aphid parasitoid, Aphidius ervi. J. 
Chem. Ecol. 30: 1103-1116. 

Ninkovic, V.; Abassi, S.A. and Petterson, J. 2001. The influence of aphid-induced plant volatiles in ladybird beetle 
searching behavior. Biol. Control 21: 191-195. 

Pasteels, J.M. 1976. Evolutionary aspects in Chemical Ecology and chemical communication. Proc. XV Int. Cong. 
Entomol., Washington, D.C., D. White (ed.) Entomological Society of America, Md. pp. 281-293. 

Pasteels, J.M. 1978. Apterous and brachypterous coccinellids at the end of the food chain, Cionura erecta 
(Asclepiadaceae)-Aphis nerii. Entomol. Exp. Appl. 24: 379-384. 

Pasteels, J. M. 1982. Is kairomone a valid and useful term? J. Chem. Ecol. 8: 1079-1081. 
Pasteels, J. M.; Deroe, C.; Tursch, B.; Braekman, J.C.; Daloze, D. and Hootele, C. 1973. Distribution et activité des 

alcaloïdes des coccinelles. J. Insect Physiol. 19: 1771-1784. 
Powell, W.; Pennachio, F.; Poppy, G.M. and Tremblay, E. 1998. Strategies involved in the location of hosts by the 

parasitoid Aphidius ervi Haliday (Hymenoptera: Bracinidae: Aphidiinae).   11:104-112. 
Rothschild, M.; von Euw, J. and Reichstein, T. 1970. Cardiac glycosides in the oleader aphid, Aphis nerii. J. Insect 

Physiol. 18*6: 1141-1145. 
Rothschild, M.; von Euw, J. and Reichstein, T. 1973. Cardiac glycosides in a scale insect (Aspidiotus), a ladybird 

(Coccinella) and a lacewing (Chrysopa). J. Ent. (A) 48: 89-90. 
Ruzicka, Z. 1997a. Persistence of the oviposition-deterring pheromone in Chrysopa oculata (Neur.: Chrysopidae). 

Entomophaga 42: 107-112. 
Ruzicka, Z. 1997b. Recognition of oviposition-deterring allomones by aphidophagous predators (Neuroptera: 

Chrysopidae, Coleoptera: Coccinellidae). Eur. J. Entomol. 94: 431-434. 
Sloggett, J.J., Wood, R.A. and Majrus, M.E.N. 1998. Adaptation of Coccinella magnifica Redtenbacher, a 

myrmecophiloous coccinellid, to aggression by wood ants (Formica rufa group). I. Adult behavioural 
adaptation, its ecological context and evolution. J. Insect Behav. 6: 889-904. 

Stadler, B. and Dixon, A.F.G. 1999. Ant attendance in aphids: why different degrees of myrmecophily? Ecol. 
Entomol. 24: 363-369. 

Souissi, R.; Nénon, J.P. and Le Rü, B. 1998. Olfactory responses of parasitoid Apoanagyrus lopezi to odor of plants, 
mealybugs, and plant-mealybug complexes. J. Chem. Ecol. 24: 37-48. 

Turlings, T.C.J. and Wäckers, F. 2004. Recruitment of predators and pârasitoids by hebivore-injured plants. In: 
Advances in Chemical Ecology, R.T. Cardé and J.C. Millar (eds). Cambridge University Press, Cambrige, pp. 
21-75. 

Turlings, T.C.J.; Bernasconi, M. and Bertossa, R. 1998. The induction of volatiles in maize by three herbivore species 
with different feeding habits: possible consequences for their natural enemies. Biol. Control 11: 122-129. 

Vet, L. E. M. and Dicke, M. 1992. Ecology of infochemical use by natural enemies in a tritrophic context. Annu. Rev. 
Entomol. 371: 141-172. 

Way, M.J. 1963. Mutualism between ants and honeydew-producing Homoptera. Annu. Rev. Entomol. 8: 307-344. 
Wink, M. and Witte, L. 1991. Storage of quinolizidine alkaloids in Macrosiphum albifrons and Aphis genistae 

(Homoptera: Aphididae). Entomol. Gener. 15: 237-254. 
Witte, L.; Ehmke, A. and Hartmann, T. 1990. Interspecific flow of pyrrolizidine alkaloids. Naturwissenschaten 77: 

540-543. 
 


