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Chemical ecology of oviposition in phytophagous insects 
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Summary. Selection of a suitable site for oviposition by phytophagous insects is critical for successful development 
of the offspring. The behavioral events leading to oviposition are mediated to a large extent by chemical cues 
associated with potential host plants. Orientation and landing are primarily guided by volatile constituents of a plant, 
whereas assessment of a leaf surface depends on contact stimuli. Chemical mechanisms that ensure adequate spacing 
of progeny on limited resources include the production of oviposition-deterring pheromones as well as recognition 
of plant constituents released as a result of previous damage. 
Perception of chemical cues that affect oviposition involves receptors on antennae, tarsi, mouthparts or the oviposi- 
tor. Complex behavior such as tarsal 'drumming' or stem runs may serve to provide increased receptor contact with 
chemical stimuli. Abiotic and biotic environmental factors often influence the production or release of behavior-mod- 
ifying chemicals by a plant, and therefore affect oviposition preferences. Plant chemistry may be involved in 
associative learning, but may also lead to 'mistakes'. Thus a clear correlation between oviposition preference and 
offspring success does not always exist. 
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One of the most crucial events in the life cycle of phy- 
tophagous insects is the selection of a suitable site for 
oviposition. Newly hatched larvae of many insects are 
relatively immobile, and depend on the judicious behav- 
ior of their mother to find the best source of food for 
their successful growth and development. The driving 
forces affecting host finding and acceptance or rejection 
are governed largely by nutritional quality, competition, 
and coincidence of favorable conditions that ensure suc- 
cess of offspring. 
Chemical stimuli play a major role in mediating the be- 
havioral steps leading to oviposition (fig. 1). Orientation 
to a plant and landing may depend on the presence of 
attractants and arrestants or the absence of repellents 
emanating from the plant i0, 39. After alighting, assess- 
ment of the plant surface generally involves contact 
chemoreception of less volatile stimulants and deter- 
rents 64. An interplay between positive and negative stim- 
uli is likely to affect the final 'decision' whether to accept 
or reject a particular plant, and a requirement for specific 
physical characteristics often adds to the complexity of 
the interactions 1~ Other factors such as the 
physiological state or motivation of the gravid insect, 
environmental conditions, previous experience or the 
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Figure 1. Behavioral events and chemical cues leading to oviposition. 

presence of conspecifics or other organisms can tip the 
balance either in favor or against acceptance of a partic- 
ular site 39 
Early observations on the host range of certain insects 
and the chemistry of their host plants provided correla- 
tions that have long been used as a basis for explaining 
phytochemical specificity. But recent advances in analyt- 
ical methods, more precise bioassays and the application 
of electrophysiological techniques have provided new in- 
sight into the chemical mechanisms involved in the as- 
sessment of plants and their environments. Relatively 
inconspicuous constituents are proving to be just as im- 
portant as the 'typical' chemicals of a plant 44, and the 
role of negative signals in the process of rejection is in- 
creasingly evident 3o. Specialized systems where chemical 
stimuli serve to ensure spacing of eggs have been discov- 
ered 50, and chemical explanations for oviposition 'mis- 
takes' are now possible 4. 
Sensory factors and behaviors resulting in oviposition 
vary widely between species, and especially between spe- 
cialist and generalist insects. But despite differences in 
strategies, certain generalizations can be made. Chemical 
mediation of orientation and landing involves plant 
volatiles, whereas non-volatile contact stimuli are largely 
responsible for triggering oviposition. The total process 
of host selection is most likely to depend on the combined 
input from different chemical as well as physical stimuli, 
and the chemical signals are influenced by abiotic and 
biotic environmental factors s3. 

The role of plant volatiles 

Volatile compounds emanating from plants are thought 
to play a major role in the orientation of insects to their 
hosts and in avoidance of unsuitable plants. Yet only a 
few examples of specific chemicals involved in attracting 
gravid females to oviposition sites are known. The effect 
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of onion volatiles on host finding and oviposition by the 
onion fly, Delia antiqua (Anthomiidae), has been widely 
investigated. Disulfides such as n-propyl mercaptan and 
dipropyl disulfide are known to be active ~9. A propyl- 
thio component appears necessary to elicit an oviposi- 
tional response 2s. However, these compounds appear to 
stimulate oviposition only at close range, and do not 
explain the longer range orientation of onion flies to their 
host plants. Recent studies by Harris and Miller revealed 
the critical role of visual stimuli of color, shape and size 
in the process of host finding 2o. 
The well-known chemistry of Cruciferae has provided a 
basis for many studies on the oviposition and feeding 
behavior of insects specializing on these plants. The mus- 
tard oils, hydrolysis products of glucosinolates, stimulate 
upwind flight of the cabbage root fly, Delia radicum, and 
thus play a significant role in host finding 14'46. Flea 
beetles (Chrysomelidae) are attracted by allylisothio- 
cyanate, a hydrolysis product of sinigrin 11. Short-range 
attraction of the diamondback moth, Plutella xylostella 
(Yponomeutidae), to volatile extracts of mustard has 
been demonstrated 19 and allylisothiocyanate appears to 
increase egg production 22 
Essential oils are believed to be involved in attraction of 
many insects to their host plants. The spruce budworm, 
Choristoneura fumiferana (Tortricidae), oviposits in re- 
sponse to e-pinene and fl-pinene present in conifer 
twigs 66, and the pine beauty moth, Panolis flammea 
(Noctuidae), can distinguish between different ratios of 
c~- and fl-pinene in selecting its oviposition site aS. The 
codling moth, Laspeyresia pomonella (Olethreutidae), is 
stimulated to oviposit by c~-farnesene present at the sur- 
face of a mature host fruit 69 
Some insects such as the carrot fly, Psila rosae (Psilidae), 
are guided to their host plants by complex combinations 
of compounds having varying degrees of volatility. 
P. rosae is attracted to combinations of trans-methyl- 
isoeugenol and trans-asarone with the leaf aldehydes, 
(E)-2-hexenal, hexanal and heptanal 1 s. The involvement 
of the relatively non-volatile trans-asarone is likely to be 
critical in the final step of oviposition after alighting on 
the plant. 
Host plant volatiles may induce landing by gravid in- 
sects. An oviposition preference of the brassica pod 
midge, Dasineura brassicae (Cecidomyiidae), for Brassica 
napus over B. juncea has been attributed to a higher rate 
of landing due to olfactory as well as visual cues 1. Simi- 
larly, volatiles from citrus hosts of the butterfly, Papilio 
demoleus (Papilionidae), are believed to increase oviposi- 
tion simply through increased chances of visiting these 
plants 62. The black sWallowtail butterfly, Papilio polyxe- 
nes, also lays more eggs in response to umbellifer host 
volatiles, primarily through an increased frequency in 
landing 13. A combination of visual and olfactory cues is 
responsible for host recognition and oviposition by the 
cherry fruit fly, Rhagoletis cerasi (Tephritidae)36. The 
rate of oviposition by this insect increases in the presence 

of host volatiles, but may be suppressed by odors from 
non-host fruits. 
If an insect depends on volatile cues to guide it to a host 
plant for oviposition, non-host odors could interfere with 
orientation. Intercropping experiments in the greenhouse 
and in the field generally support this idea, and individu- 
al chemical constituents have been used to inhibit ovipo- 
sition in the laboratory 61. However, attempts to disrupt 
oviposition by the cabbage butterfly, Pieris rapae (Pieri- 
dae), by interplanting collards with a mixture of herbs 
resulted in an increase in the number of eggs laid on the 
collard plants a4. However, there is no evidence to sug- 
gest that voIatiles are involved in the orientation of 
P. rapae to its hosts 56. 

Contact assessment of a plant 

After alighting on a plant, a gravid insect depends on a 
combination of physical and chemical stimuli at the sur- 
face to assess the acceptability of that plant for oviposi- 
tion. Plant glandular structures such as trichomes may 
serve as physical barriers, but they may also secrete be- 
haviorally active chemicals 17. Other chemicals influenc- 
ing the evaluation process may be incorporated in leaf 
waxes or be deposited on the surface through leaching or 
other secretary processes 65. Chemical sampling of a leaf 
surface by the insect may involve 'drumming' with the 
foretarsi, palpation, or walking to ensure adequate con- 
tact of sensory organs with stimulants and nutrients 
(fig. 2). 
Recognition of host plants by many specialists is thought 
to depend on specific classes of compounds that are char- 
acteristic of the plant families utilized. Monarch butter- 
flies (Danaus plexippus; Danaidae) prefer to oviposit on 
a milkweed species (Asclepias) that contains higher con- 

Figure 2, Oviposition following contact assessment by tarsal 'drumming' 
by the cabbage butterfly, Pieris rapae. 
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centrations of cardenolides 3v, although stimulation of 
oviposition by these glycosides has not yet been demon- 
strated. A similar correlation between host preferences of 
crucifer-feeding insects and the presence of glucosino- 
lates has been noted, but in some cases, 'key' glucosino- 
lates are thought to be required 4a' 59. Clear proof that 
the most conspicuous compounds in a plant can stimu- 
late oviposition has been provided in a few cases. Delia 
brassicae flies require contact with sinigrin or other glu- 
cosinolates, but other classes of compounds also appear 
to be involved at the leaf surface 4z. The buckeye butter- 
fly, Junonia coenia (Nymphalidae), oviposits in response 
to iridoid glycosides that are typical of its host plants in 
the family Plantaginaceae 48. Still other insects appear to 
depend on the presence of mixtures of relatively non- 
specific compounds that act synergistically. 
Many examples of specialist insects ovipositing in re- 
sponse to extracts of their host plants have been reported. 
Leek moths 2, tomato pinworm moths 6, sorghum shoot- 
flies 68, cabbage butterflies 56, and Heliothis subflexa 
(Noctuidae) 4o are stimulated by extracts of their respec- 
tive host plants. 
Host selection by moths has received less attention than 
for other insects until recently, and some real progress 
has been made in identifying the sensory modalities in- 
volved 5z. Cuticular components of green leaves of tobac- 
co stimulate oviposition by tobacco budworm moths, 
and the active compounds have been identified as duvane 
diterpenes 29. Other generalist moths are thought to base 
their discrimination more on the absence of deterrents 
than on the presence of specific stimulants 53. 
Many leaf surface chemicals that stimulate oviposition 
by swallowtail butterflies have been identified. In all cas- 
es, combinations of chemicals appear to be necessary to 
elicit maximum response. A blend of compounds is re- 
sponsible for host recognition by the citrus-feeding Pa- 
pilio xuthus 45. For a related species, Papilio protenor, 
flavone glycosides appear to act synergistically with oth- 
er constituents of the epicarp of sour orange in stimulat- 
ing oviposition 24, and the black swallowtail butterfly, 
Papilio polyxenes, depends primarily on a combination 
of trans-chlorogenic acid and luteolin 7-0-(6"-0-mal- 
onyl)-/~-D-glucopyranoside for recognition of umbel- 
lifers for oviposition 12. The results of these studies on 
swallowtails suggest that blends of plant constituents re- 
sponsible for host recognition may include generally oc- 
curring phytochemicals as well as more specific host 
compounds. 
Since host recognition by specialist insects depends so 
much on the presence of characteristic chemicals at the 
leaf surface, a nonhost plant that produces one or more 
of these chemicals may mislead a gravid insect. Such 
oviposition 'mistakes' have been reported for several lepi- 
dopterans. The crucifer specialist, Pieris occidentalis, lays 
eggs on Thlaspi arvense, which is lethal to the larvae 7. 
P. occidentalis oviposits only on plants that contain glu- 
cosinolates, and some of these are present in T. arvense. 

Although the actual stimulants for oviposition are not 
yet known, T. arvense has chemical features typical of 
suitable host crucifers. In most cases, such 'mistakes' 
occur on plants that have been introduced into the in- 
sect's habitat 7. However, at least one example of a native 
insect ovipositing on an unsuitable native plant has been 
reported. Papilio glaucus eggs were found on an umbel- 
lifer which could not support the larvae, but which con- 
tained coumarin compounds related to those present in 
host plants of  this swallowtail4 
Contact recognition of a host plant for oviposition often 
involves a complex sequence of behaviors, especially in 
Diptera. Observations on the turnip root fly, Delia floral- 
is (Anthomyiidae), have shown that landing by gravid 
females is followed by extension of the proboscis and 
examination of the leaf surface, walking over leaves, run- 
ning down stems, and walking on the ground at the base 
of the stem before oviposition occurs 21. Similar behavior 
has been described for other specialist flies on onion and 
cabbage. Chemical extracts of cabbage have been used 
on artificial leaves to show that the cabbage root fly uses 
chemical cues during its characteristic exploration of leaf 
and stem surfaces before laying an egg 63. 
The role of chemical deterrents at the leaf surface in 
discrimination by ovipositing insects has recently been 
emphasized. Extracts of non-host plants are effective in 
preventing or reducing oviposition on treated host plants 
in many cases 54. However, few of the specific chemicals 
involved have been identified. Studies on 3 species of 
Vernonia (Asteraceae) have suggested that the fall army- 
worm is deterred by the presence of glaucolide-A in two 
of the species 5. Bioassays of extracts from several plants 
for deterrent activity against cabbage butterflies indicate 
that non-polar constituents of hosts as well as non-hosts 
may inhibit oviposition, but polar extracts on non-hosts 
contain specific deterrents that are not detectable in ac- 
ceptable plants 57. The refusal of cabbage butterflies to 
oviposit on specific crucifers has been explained in the 
case of Siberian wallflower by the presence of a strophan- 
thidin glycoside 6~ Similar studies on the small white 
cabbage butterfly have demonstrated the effectiveness of 
deterrent compounds in the presence of a strong oviposi- 
tion stimulant 55. These results suggest that a balance of 
positive and negative stimuli at the leaf surface could 
determine whether a plant is acceptable or not. 

Spacing mechanisms 

Since phytophagous insects depend on an adequate sup- 
ply of  food for their survival and development, species 
with immobile larvae must have mechanisms to ensure 
that overcrowding on a limited resource does not occur. 
In such cases, this is the responsibility of the ovipositing 
adult, and appropriate mechanisms have evolved to dis- 
courage oviposition on food sources that are occupied or 
where a critical density has been reached. Chemical cues 
play an important role in signalling the presence of con- 
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Figure 3. Contact examination ofa cowpea surface before oviposition by 
Callosobruchus maculatus. 

'Switzerland Reviews 

Environmental effects 

Environmental factors may influence host acceptability 
for oviposition in many different ways. Weather-related 
changes in the chemistry of the host include removal of 
oviposition-deterring pheromone from the surface of 
fruits by rainfall 3. Plants grown in shade or sunlight may 
be more or less preferred 67, and this may be a direct 
result of chlorophyll content, which could make a plant 
more or less visually attractive 47. 
The physiological condition of the plant plays a major 
role in the choice of oviposition site by many phy- 
tophagous insects. Cabbage butterflies appear to prefer 
plants that have higher nitrogen and phosphorus con- 
tents and higher transpiration rates and a greener col- 
or '~1. Younger leaves may be preferred by some insects, 
on the basis of chemistry 3z, and water content can also 
affect ovipositional choice vo. Other environmental fac- 
tors such as air quality and acidic precipitation are 
known to have a profound effect on the success of insects 
on marginal host plants 25 and ovipositional behavior is 
undoubtedly affected by the changes induced by these 
factors. 

specific eggs or larvae. Pioneering work on the apple 
maggot fly, Rhagoletis pomonella (Tephritidae), provided 
the evidence that ovipositing females deposit a phero- 
mone on the surface of the fruit to deter further oviposi- 
tion on that fruit 51. Subsequent studies have confirmed 
the existence of oviposition-deterring, fruit-marking 
pheromones for several other Rhagoletis fruit flies, and 
similar pheromones for many foliage-feeding insects 
have been discovered 5o. Seed beetles (Bruchidae) repre- 
sent another group of insects where total development 
occurs in one location with limited space, and chemical 
signals are critical for prevention of overcrowding. 
Cowpea weevils, Callosobruchus maculatus, (fig. 3) utilize 
a complex combination of physical and chemical cues to 
detect the presence of conspecific eggs, and have a re- 
markable ability to assess the number of eggs present 38. 
Other oviposition deterrents of plant origin have been 
shown to function in the same way. Frass from several 
insects and plant tissues macerated by larval feeding may 
contain compounds that deter further oviposition. Juice 
exuding from olives punctured by ovipositing olive fruit 
flies, Dacus oleae (Tryptidae), provides the signal for dis- 
tribution of eggs by this species 8. 
The chemistry of oviposition deterrents involved in spac- 
ing mechanisms has proved to be extremely difficult to 
elucidate. However, a Swiss group has recently identified 
the marking pheromone of the European cherry fruit fly, 
Rhagoletis cerasi, with the aid of an electrophysiological 
assay 26. Some of  the active chemicals in olive juice that 
deter further oviposition by the olive fruit fly have been 
identified and are included in both oil fractions and wa- 
ter-soluble fractions. Acetophenone and benzaldehyde 
appear to be involved along with specific diphenols 15. 

Chemical contribution of associated organisms 

The utilization of available host plants for oviposition by 
an insect is often influenced by the presence of the same 
or other organisms on the plant. The deterrent effect of 
conspecific larval feeding has already been mentioned, 
but in some cases, oviposition may be enhanced by larval 
infestations 33. Chemical emanations from infested maize 
plants presumably signal the suitability of these plants 
for oviposition by Chilopartellus (Pyralidae) moths. Lar- 
val frass of the navel orangeworm, Amyelois transitella 
(Pyralidae), also appears to stimulate oviposition by the 
adults of this insect on green almond fruits 9. More often 
the presence of feeding larvae tends to deter further 
oviposition, and unrelated insects may also be affected. 
For example, a chemical released from frass of the gar- 
den pebble moth, Evergestis forficalis (Pyralidae), has 
recently been found to deter oviposition by the cabbage 
root fly, Delia radicum. Polar extracts of the frass were 
effective regardless of the cruciferous plant species on 
which the caterpillars had been feeding 31 
Interactions between plants and pathogenic organisms 
sometimes result in the release of chemicals that affect 
oviposition by insects. The attraction of onion flies to 
their oviposition sites is enhanced by the action of bacte- 
ria associated with the onion roots. Microbial synergists 
of the alkyl sulfides in onion have been identified as ethyl 
acetate and tetramethyl pyrazine 27. Ectomyelois cerato- 
niae, a moth that lays its eggs on carob, prefers fruits 
infested with a fungus, and short-chain alcohols released 
by the fungus are thought to be responsible for stimulat- 
ing oviposition 16. Similar attraction and stimulation of 
oviposition by the yellow peach moth, Conogethes punc- 
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tiferalis (Pyralidae), has been attributed to volatile con- 
stituents of phytopathogenic fungi on the host fruit 23. 

Conclusions 

Host finding and acceptance for oviposition by phy- 
tophagous insects is clearly mediated to a large extent by 
chemicals associated with encountered plants. However, 
variations in these chemical cues, caused by one or more 
abiotic or biotic factors, can profoundly affect the re- 
sponses of an insect, either positively or negatively. Indi- 
vidual variation in the response of insects to a chemical 
stimulus may also occur. Such variation may be a result 
of different thresholds for perception of chemical signals, 
and learning may be involved in recognition of preferred 
or unsuitable sites. 
The evolution of plant-insect relationships and shifts in 
host ranges have undoubtedly been influenced by ovipo- 
sitional responses to plant chemicals. Observed 'mis- 
takes' by females laying eggs on plants that do not sup- 
port larval development have been traced to chemical 
similarity of the plants to actual hosts. Although the 
correlation between oviposition preference and offspring 
performance is not perfect, the majority of insects can 
depend on plant chemistry to select the most suitable site 
for development and survival of their progeny. 

] ~hman,  l., Oviposition behavior of Dasineura brassicae on a high- 
versus a low-quality Brassica host. Ent. exp. appl. 39 (1985) 247 253. 

2 Auger, J., and Thibout, E., Specificit6 des substances non volatiles des 
Allium responsables de la ponte de la teigne du poireau, Acrolepiopsis 
assectella (Lepidoptera). Ent. exp. appl. 34 (1983) 71 77. 

3 Averill, A. L., and Prokopy, R. J., Residual activity of oviposition-de- 
terring pheromone in Rhagoletis pomonella (Diptera: Tephritidae) 
and female response to infested fruit. J. chem. Ecol. 13 (1987) 167 
177. 

4 Berenbaum, M., An oviposition 'mistake' by Papilio glaucus (Papil- 
ionidae). J. Lepidopt. Soc. 35 (1981) 75. 

5 Burnett, W.C.  Jr, and Jones, S.B. Jr, Influence of sesquiterpene 
lactones of Vernonia (Compositae) on oviposition preferences of Le- 
pidoptera. Am. Midland Nat. 100 (1978) 242 246. 

6 Burton, R. L., and Schuster, D. J., Oviposition stimulant for tomato 
pinworms from surfaces of tomato plants. Ann. ent. Soc. Am. 74 
(1981) 512 515. 

7 Chew, F. S., Coevolution of pierid butterflies and their cruciferous 
foodplants. II. The distribution of eggs on potential foodplants. Evo- 
lution 31 (1977) 568 579. 

8 Cirio, U., Reperti sul meccanismo stimolo-risposta nell' ovidepo- 
sizione del Dacus oleae Gmelin (Diptera: Tryptidae). Redia 52 (1971) 
577- 600. 

9 Curtis, C. E., and Clark, J.D.,  Responses of navel orangeworm 
moths to attractants evaluated as oviposition stimulants in an almond 
orchard. Envir. Ent. 8 (1979) 330-333. 

10 Dethier, V. G., Mechanisms of host-plant recognition. Ent. exp. appl. 
31 (1982) 49-56. 

11 Feeny, P., Paauwe, K. L., and Demong, N. J., Flea beetles and mus- 
tard oils: Host plant specificity of Phyllotreta cruciferae and 
P. striolata adults (Coleoptera: Chrysomelidae). Ann. ent. Soc. Am. 
63 (1970) 832 841. 

12 Feeny, P., Sachdev, K., Rosenberry, L., and Carter, M., Luteolin 
7-0-(6"-0-malonyl)-/~-D-glucoside and trans-chlorogenic acid: Ovipo- 
sition stimulants for the black swallowtail butterfly. Phytochemistry 
27 (1988) 3439 3448. 

13 Feeny, P., Personal communication. 
14 Finch, S., Volatile plant chemicals and their effect on host plant 

finding by the cabbage root fly. Ent. exp. appl. 24 (1978) 350 359. 

15 Girolami, V., Vianello, A., Strapazzon, A., Ragazzi, E., and Veronese, 
G., Ovipositional deterrents in Dacus oleae. Ent. exp. appl. 29 (1981) 
177 188. 

16 Gothilf, S., Levy, E. C., Cooper, R., and Lavie, D., Oviposition stim- 
ulants of the moth Ectomyelois ceratoniae: The effect of short-chain 
alcohols. J. chem. Ecol. 1 (1975) 457 464. 

17 Gregory, P., Av6, D. A., Bouthyette, P. J., and Tingey, W. M., Insect- 
defensive chemistry of potato glandular trichomes, in: Insects and the 
Plant Surface, pp. 173-183. Eds B. Juniper and R. Southwood. Ed- 
ward Arnold, London 1986. 

18 Guerin, P. M., St/idler, E., and Buser, H. R., Identification of host 
plant attractants for the carrot fly, Psila rosae. J. chem. Ecol. 9 (1983) 
843 861. 

19 Gupta, P. D., and Thorsteinson, A. J., Food plant relationships of the 
diamondback moth (Plutella maculipennis (Curt.)) II : Sensory regula- 
tion of oviposition of the adult female. Ent. exp. appl. 3 (1960) 305 
314. 

20 Harris, M. D., and Miller, J. R., Synergism of visual and chemical 
stimuli in the oviposition behavior of Delia antiqua, in: Proc. 5th Int. 
Symp. Insect-Plant Relationships, pp. 117-122. Eds J. H. Visser and 
A. K. Minks. Pudoc, Wageningen 1982. 

21 Havukkala, I., and Virtanen, M., Behavioral sequence of host selec- 
tion and oviposition in the turnip root fly, Deliafioralis (Fall.) (An- 
thomyiidae). Z. angew. Ent. 100 (1985) 39-47. 

22 Hillger, R. J., and Thorsteinson, A. J., The influence of the host plant 
or males on ovarian development or oviposition in the diamondback 
moth, Plutella maculipennis (Curt.). Can. J. Zool. 47 (1969) 805 816. 

23 Honda, H., Ishiwatari, T., and Matsumoto, Y., Fungal volatiles as 
oviposition attractants for the yellow peach moth, Conogethes punc- 
t(feralis (Guenee) (Lepidoptera: Pyralidae). J. Insect Physiol. 34 
(1988) 205-211. 

24 Honda, K., Flavanone glycosides as oviposition stimulants in a papil- 
ionid butterfly, Papilioprotenor. J. chem. Ecol. 12 (1986) 1999-2010. 

25 Hughes, P. R., Insect populations on host plants subjected to air 
pollution, in: Plant Stress-Insect Interactions, pp. 249-319. Ed. E. 
Heinrichs. John Wiley and Sons Inc., New York 1988. 

26 Hurter, J., Boiler, E.F.,  St/idler, E., Blattmann, B., Buser, H.R. ,  
Bosshard, N.W.,  Damm, L., Kozlowski, M.W.,  Sch6ni, R., 
Raschdorf, F., Dahinden, R., Schlumpf, E., Richter, W.J.,  and 
Schreiber, J., Oviposition-deterring pheromone in Rhagoletis cerasi 
L.: Purification and determination of the chemical constitution. Ex- 
perientia 43 (1987) 157 164. 

27 lkeshoji, T., lshakawa, Y., and Matsumoto, Y., Attractants against 
the onion maggots and flies, Hylemya antiqua, in onions inoculated 
with bacteria. J. Pestic. Sci. 5 (1980) 343 -350. 

28 lshikawa, Y., lkeshoji, T., and Matsumoto, Y., A propylthio moiety 
essential to the oviposition attractant and stimulant of the onion fly, 
Hylemya antiqua Meigen. Appl. Ent. Zool. 13 (1978) 115- 122. 

29 Jackson, D. M., Severson, R. F., Johnson, A. W., and Herzog, G. A., 
Effects of cuticular duvane diterpenes from green tobacco leaves on 
tobacco budworm (Lepidoptera:Noctuidae) oviposition. J. chem. 
Ecol. 12 (1986) 1349-1359. 

30 Jermy, T., The role of rejective stimuli in the host selection of phy- 
tophagous insects, in: Proceedings XIl International Congress Ento- 
mology, p. 547. Ed. P. Freeman. Royal Entomological Society of 
London, London 1965. 

31 Jones, T. H., and Finch, S., The effect of a chemical deterrent, re- 
leased from the frass of caterpillars of the garden pebble moth, on 
cabbage root fly oviposition. Ent. exp. appl. 45 (1987) 283-288. 

32 Kishaba, A. N., Whitaker, T. W., Vail, P. V., and Toba, H. H., Differ- 
ential oviposition of cabbage looper on lettuce. J. Am. Soc. hort. Sci. 
98(4) (1973) 367-370. 

33 Kumar, H., Enhancement of oviposition by Chilo partellus (Swinhoe) 
(Lepidoptera:Pyralidae) on maize plants by larval infestation. Appl. 
Ent. Zool. 21 (1986) 539 545. 

34 Latheef, M. A., and Ortiz, J. H., The influence of companion herbs on 
egg distribution of the imported cabbageworm, Pieris rapae (Lepi- 
doptera:Pieridae), on collard plants. Can. Ent. 115 (1983) 1031- 
1038. 

35 Leather, S. R., Pine monoterpenes stimulate oviposition in the pine 
beauty moth, Panolisflammea. Ent. exp. appl. 43 (1987) 295-303. 

36 Levinson, H. Z., and Haisch, A., Optical chemosensory stimuli in- 
volved in host recognition and oviposition of the cherry fruit fly, 
Rhagoletis cerasi L. Z. angew. Ent. 97 (1984) 85 91. 

37 Malcolm, S. B., and Brower, L. P., Selective oviposition by monarch 
butterflies (Danaus plexippus L.) in a mixed stand of Asclepias curas- 
savica L. and A. incarnata L. in south Florida. J. Lepidopt. Soc. 40 
(1986) 255 263. 



228 Experientia 45 (1989), Birkh/iuser Verlag, CH-4010 Basel/Switzerland 

38 Messina, F.J.,  and Renwick, J. A. A., Ability of ovipositing seed 
beetles to discriminate between seeds with different egg loads. Ecol. 
Ent. 10 (1985) 225-230. 

39 Miller, J. R., and Strickler, K. L., Finding and accepting host plants, 
in: Chemical Ecology of Insects, pp. 127-155. Eds W. Bell and R. 
Carde. Chapman and Hall, London 1984. 

40 Mitchell, E. R., and Heath, R.R. ,  Heliothis subflexa (GN) (Lepi- 
doptera:Noctuidae): Demonstration of ovipositiou stimulant from 
ground cherry using novel bioassay. J. chem. Ecol. 13 (1987) 1849 
1858. 

41 Myers, J. H., Effect of physiological condition of the host plant on the 
ovipositional choice of the cabbage white butterfly, Pieris rapae. J. 
Anim. Ecol. 54 (1985) 193-204. 

42 Nair, K. S. S., and McEwen, F. L., Host selection by the adult cab- 
bage maggot, Hylemya brassieae (Diptera:Anthomyiidae): Effect of 
glucosinolates and common nutrients on oviposition. Can. Ent. 108 
(1976) 1021-1030. 

43 Nair, K. S. S., McEwen, F. L., and Snieckus, V., The relationship 
between glucosinolate content of cruciferous plants and oviposition 
preferences of Hylemya brassieae (Diptera :Anthomyiidae). Can. Ent. 
108 (1976) 1031-1036. 

44 Nielson, J. K., Host plant discrimination within cruciferae: feeding 
responses of four leaf beetles (Coleoptera:Cbrysomelidae) to glucosi- 
nolates, cucurbitacins and cardenolides. Ent. exp. appl. 24 (1978) 
41 - 54. 

45 Nishida, R., Ohsugi, T., Kokubo, S., and Fukami, H., Oviposition 
stimulants of a citrus-feeding swallowtail butterfly, Papilio xuthus L. 
Experientia 43 (1987) 342-344. 

46 Nottingham, S. F., Host-plant finding for oviposition by adult cab- 
bage root fly, Delia radieum. J. Insect Physiol. 34 (1988) 227-234. 

47 Padhi, G., and Chatterji, S. M., Influence of chlorophyll content of 
rice varieties on the ovipositional preference of Seirpophaga ineertulas 
Wlk. J. ent. Res. (New Delhi) 10 (1986) 114-116. 

48 Pereyra, P. C., and Bowers, M. D., tridoid glycosides as oviposition 
stimulants for the buckeye butterfly, Junonia coenia (Nymphalidae). 
J. chem. Ecol. 14 (1988) 917-928. 

49 Pierce, H .D.  Jr, Vernon, R.S.,  Borden, J.H.,  and Oehlschlager, 
A. C., Host selection by Hylemya antiqua (Meigen). Identification of 
three new attractants and oviposition stimulants. J. chem. Ecol. 4 
(1978) 65-72. 

50 Prokopy, R. J., Epideictic pheromones that influence spacing patterns 
ofphytophagous insects, in: Semiochemicals: Their Role in Pest Con- 
trol, pp. 181-213. Eds D. A. Nordlund, R. L. Jones and W. J. Lewis, 
John Wiley & Sons, New York 1981. 

51 Prokopy, R. J., Evidence for a marking pheromone deterring repeat- 
ed oviposition in apple maggot flies. Envir. Ent. 1 (1972) 326 332. 

52 Ramaswamay, S. G., Host finding by moths: Sensory modalities and 
behaviors. J. Insect Physiol. 34 (1988) 235-249. 

53 Renwick, J. A. A., Nonpreference mechanisms: plant characteristics 
influencing insect behavior, in: Plant Resistance to Insects, pp. 199 
213. Ed. P. A. Hedin. American Chemical Society 1983. 

54 Renwick, J. A. A., Plant constituents as oviposition deterrents to le- 
pidopterous insects, in: Biologically Active Natural Products for Po- 
tential Use in Agriculture, pp. 378-385. Ed. H. G. Cutler. American 
Chemical Society, Symposium Series No. 380, 1988. 

Renews 

55 Renwick, J. A. A., and Radke, C. D., Chemical stimulants and deter- 
rents regulating acceptance or rejection of crucifers by cabbage but- 
terflies. J. chem. Ecol. 13 (1987) 1771-1775. 

56 Renwick, J. A. A., and Radke, C. D., Chemical recognition of host 
plants for oviposition by the cabbage butterfly, Pieris rapae (Lepi- 
doptera:Pieridae). Envir. Ent. 12 (1983) 446-450. 

57 Renwick, J. A. A., and Radke, C. D., Constituents of  host and non- 
host plants deterring oviposition by the cabbage butterfly, Pieris ra- 
pae. Ent. exp. appl. 39 (1985) 21-26. 

58 Robert, .P. C,, Les relations plantes-insects phytophages chez les 
femelles pondeuses: le role des stimulus chimiques et physiques. Une 
mise au point bibliographique. Agronomic 6(2) (1986) 127-142. 

59 Rodman, J. E., and Chew, F. S., Phytochemical correlates of herbivo- 
ry in a community of native and naturalized Cruciferae. Biochem. 
Syst. Ecol. 8 (1980) 43 50. 

60 Rothschild, M., Alborn, H., Stenhagen, G., and Schoonhoven, L. M., 
A strophanthidine glycoside in the Siberian wallflower: A contact 
deterrent for the large white butterfly. Phytochemistry 27 (1988) 101 - 
108. 

61 Saxena, K. N., and Basit, A., Inhibition of oviposition by volatiles of 
certain plants and chemicals in the leafhopper Amrasca devastans 
(Distant). J. chem. Ecol. 8 (1982) 329-338. 

62 Saxena, K. N., and Goyat, S., Host-plant relations of the citrus but- 
terfly Papilio demoleus L. Orientational and ovipositional responses_ 
Ent. exp. appl. 24 (1978) 1 10. 

63 Schtni, R., and Stfidler, E., Oviposition behavior of the cabbage root 
fly Delia radieum (Diptera: Anthomyiidae), influenced by host plant 
chemicals. Submitted to J. Insect Behavior (1988). 

64 Stfidler, E., Contact chemoreception, in: Chemical Ecology of Insects, 
pp. 3 35. Eds W. J. Bell and R. T. Card+. Chapman and Hall Ltd., 
London 1984. 

65 St~idler, E., Oviposition and feeding stimuli in leaf surface waxes, in: 
Insects and the Plant Surface, pp. 105-121. Eds B. Juniper and R. 
Southwood. Edward Arnold, London 1986. 

66 Stiidler, E., Host plant stimuli affecting oviposition behavior of the 
eastern spruce budworm. Ent. exp. appl. 17 (1974) 176-188. 

67 Taylor, F. J., and Forno, I. W., Oviposition preferences of  the salvinia 
moth Samea multipliealis (Gunenee) (Lep., Pyralidae) in relation to 
hostplant quality and damage. J. appl. Ent. 104 (1987) 73 78. 

68 Unnithan, G. C., Saxena, K. N., Bentley, M. D., and Hassanali, A., 
Role of sorghum extract in eliciting oviposition on a nonhost by the 
sorghum shootfly, Atherigona soeeata Rondani (Diptera: Muscidae). 
Envir. Ent. 16 (1987) 967-970. 

69 Wearing, C. H., and Hutchins, R. F. N., Alpha-farnesene, a naturally 
occurring oviposition stimulant for the codling moth, Laspeyresia 
pomonella. J. Insect Physiol. 19 (1973) 1251 1256. 

70 Wolfson, J. L., Oviposition response of Pieris rapae to environmental- 
ly induced variation in Brassiea nigra. Ent. exp. appl. 27 (1980) 223- 
232. 

0014-4754/89/030223-0651.50 + 0.20/0 
�9 Birkh~iuser Verlag Basel, 1989 


