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Chapterr 2 

Attractionn of a generalist predator towards herbivore-
infestedd plants* 

Madelainee Venzon1'2, Arne Janssen1 & Maurice W. Sabelis1 

'Sectionn Population Biology, University of Amsterdam, The Netherlands; 
2Agriculturee and Livestock Research Enterprise of Minas Gerais (EPAMIG), Uberaba, Minas Gerais, 

Brazil l 

Thee occurrence and strength of interactions among natural enemies and herbivores depend 
onn their foraging decisions, and several of these decisions are based on odours. To 
investigatee interactions among arthropods in a greenhouse cropping system, we studied the 
behaviourall  response of the predatory bug Orius laevigatus (Fieber) (Hemiptera: 
Anthocoridae)) towards cucumber plants infested either with thrips (Frankliniella 
occidentalisoccidentalis (Pergande) (Thysanoptera: Thripidae)) or with spider mites {Tetranychus 
urticaeurticae Koch (Acari: Tetranychidae)). In greenhouse release-recapture experiments, the 
predatoryy bug showed a significant preference for both thrips-infested plants and spider 
mite-infestedd plants over clean plants. Predatory bugs preferred plants infested with spider 
mitess to plants with thrips. Experience with spider mites on cucumber leaves prior to their 
releasee in the greenhouse had no effect on the preference of the predatory bugs. However, 
thiss experience did increase the percentage of predators recaptured. Y-tube olfactometer 
experimentss showed that O. laevigatus was more attracted to odours from plants infested 
withh spider mites than to odours from clean plants. Thus, O. laevigatus is able to perceive 
odourss and may use them to find plants with prey in more natural conditions. The 
consequencess of the searching behaviour for pest control are discussed. 

Whilee searching for prey, insect predators may use a variety of cues, such as chemical, 
visuall  and auditory signals, variations in temperature and humidity, and mechanical 
factorss either separately or in combination (Greany and Hagen 1981, Letourneau 1988). In 
thee early stages of prey finding, where predators attempt to locate the prey habitat, they 
oftenn use odours associated with prey presence such as those from the herbivorous prey 
itselff  (Whitman 1988), or from the prey by-products (i.e. faeces, honeydew, etc.) 
(Tumlinsonn et al. 1992). They may also exploit prey pheromones and use them as 
kairomoness for prey location (Vet and Dicke 1992, Raffa and Dahlsten 1995, Mendel et 
al.al. 1995). Moreover, predators can use volatiles that are produced by plants in response to 
herbivoree damage (Turlings et al. 1990, Vet and Dicke 1992, Tumlinson et al. 1993, Dicke 
1999).. The emission of such chemical signals by plants has been considered a part of the 
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indirectt defence of plants against herbivores because in this way plants attract natural 
enemiess of the herbivores (Dicke and Sabelis 1988). Hence, plant and natural enemy 
benefitt from each other. 

Ass part of an analysis of interactions among predators, prey and plants in a 
greenhousee cropping system, we studied the searching behaviour of the generalist predator 
OriusOrius laevigatus (Fieber) (Hemiptera: Anthocoridae). This predatory bug is currently used 
forr control of the western flower thrips Frankliniella occidentalis (Pergande) 
(Thysanoptera:: Thripidae) in Dutch greenhouses. Apart from the predatory bug and thrips, 
thee system studied consists of the two-spotted spider mite Tetranychus urticae Koch 
(Acari:: Tetranychidae) and cucumber plants (Cucumis sativa var. Ventura) as a host. 
Spiderr mites as well as thrips are important pests of many host plants, and they co-occur 
onn many crops, such as cucumber in greenhouses (Lewis 1997). Being polyphagous, O. 
laevigatuslaevigatus may prey on both pests, but also on the predatory mites released against spider 
mites.. The decrease of pest populations will then depend on the direct and indirect 
interactionss between the predatory bugs and the predatory mites, thrips and spider mites. 
Thee probability of these species meeting and interacting on the same plants is influenced 
byy decisions taken during their long-range searching behaviour, thus it is important to 
studyy the responses of these arthropods towards cues provided by the prey habitat. It is 
knownn that cucumber plants infested with spider mites and thrips produce odours that 
attractt predatory mites both in the laboratory (Takabayashi et al. 1994b, A. Janssen, 
unpubl.)) and in the greenhouse (Janssen 1999). To study interactions among O. laevigatus, 
thripss and spider mites we started by testing whether the predatory bug responds to thrips-
infestedd plants and spider mite-infested plants under greenhouse conditions, and whether 
thee predator shows preference for plants with either of the two prey. Since O. laevigatus is 
rearedd on a non-pest prey and feeding history is known to affect foraging behaviour in 
manyy insects (Papaj and Lewis 1993), we also tested whether conditioning the predator on 
onee type of pest would affect prey choice. Subsequently, we tested in the laboratory 
whetherr odours could play a role in the responses found in the greenhouse. We discuss the 
importancee of the results for biological control of thrips and spider mites in greenhouses. 

Materiall and methods 

PredatorPredator rearing 

Thee culture of O. laevigatus was started with specimens from Koppert Biological Systems 
(Thee Netherlands), and kept at 25°C, 75% r.h., L16:D8. The predatory bugs were reared 
accordingg to a slight modification of the method described by Van den Meiracker (1994). 
Theyy were kept in plastic jars (8 x 8 x 11 cm) with two lateral holes (0 4 cm) covered with 
finefine nylon gauze for ventilation. The jars were closed with screw caps. Eggs of the flour 
moth,, Ephestia kuehniella Zeiler, were provided as food three times a week. Green bean 
podss were added as oviposition substrate and as a supply of moisture. The jars were lined 
withh crumpled wipes (Kleenex®) to provide hiding places to reduce cannibalism. Bean 
podss with predatory bug eggs were transferred from jars with adults to new jars and 
replacedd by fresh ones three times a week. In the new jars, the nymphs were provided with 
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freshfresh pods and E. kuehniella eggs. A synchronised culture was maintained in this way, 
withh each jar containing insects varying 2-3 days in age. 

SpiderSpider mites, thrips and cucumber plants 

TetranychusTetranychus urticae and F. occidentalis were collected from cucumber plants (var. 
Ventura)) in a commercial greenhouse in Pijnacker, The Netherlands, in May 1994. They 
weree reared on cucumber plants of the same variety, in a climate room at 25°C (T. urticae) 
orr in climate boxes at 27°C (F. occidentalis), both at L16:D8. Cucumber plants were 
grownn in a climate room until they were 3 weeks old. Subsequently, some of these plants 
weree transferred to the spider mite culture and one or two small, infested leaves were put 
onn them for infestation. After c. 3-4 days, plants were heavily infested, but not 
overexploited.. The number of spider mites ranged from 800 to over 1000 per plant. 
Thrips-infestedd plants were obtained by placing clean plants in a thrips culture for one 
week,, after which each plant harboured 20-40 larvae. In all experiments, infested and 
cleann plants were of the same age (c. 3.5 weeks old), measuring c. 25 cm and having four 
fullyy developed leaves. 

Release-recaptureRelease-recapture experiments 

Inn a greenhouse compartment, six potted cucumber plants were placed inside a plastic tray 
(11 x w x h = 174 x 100 x 19 cm) filled with soil, so that they occupied the six corners of a 
hexagonn with a diameter of 80 cm. Pots were put into the soil with the rim just below the 
soill  surface. Soil was added to the pots so that the levels inside and outside the pots were 
equal.. Three series of experiments were done: the first with clean and thrips-infested 
plants;; the second with clean and spider-mite-infested plants; and the third with plants 
infestedd with thrips and plants infested with spider mites. Plants with different treatments 
hadd alternate positions in the hexagon and each position was occupied with one of the 
treatmentss in half of the replicates and with the other treatment in the other half. Each 
seriess consisted of four replicates with different sets of plants and insects. See Pallini et al. 
(1997)) for details of the experimental set-up. 

Aboutt 100 females of O. laevigatus (5-10 days old), reared on E. kuehniella eggs, 
weree isolated individually in small tubes (4.5 x 0.5 cm). The tubes were plugged with 
cottonn and the females left inside the tubes without food for 24 hours. They were released 
fromm these tubes, all at once, in the middle of the plant hexagon by unplugging the tubes. 
Startingg one hour after release, plants were checked for the presence of O. laevigatus 
everyy hour during a total period of 6 hours (preliminary experiments indicated that the 
minimumm residence time of O. laevigatus on clean cucumber plants was more than one 
hour,, M. Venzon pers. obs.). At each check, all predatory bugs found on the plants were 
removedd so that the arrestment effect was minimised. Therefore, the main cause of the 
presencee of predatory bugs on plants is likely to be attraction rather than arrestment 
(Janssenn 1999). Frequent sampling was also done to ensure that the first predatory bugs 
attractedd to the plants would not elicit any avoidance or attraction of the predators that 
weree still searching for plants (Janssen et al. 1997, 1998). The next day, all plants were 
checkedd again for the presence of O. laevigatus. Temperature in the greenhouse was 
betweenn 23°C and 30°C. 
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Sincee O. laevigatus was reared on E. kuehniella eggs and bean pods, they had no 
experiencee with any of two prey we offered. To test whether experience with food would 
playy a role in prey choice, females of 0. laevigatus were conditioned for 5 days on 
cucumberr leaves with spider mites prior to release in a set-up with thrips-infested plants 
andd spider mite-infested plants. Conditioning on cucumber leaves with thrips was not done 
forr practical reasons: we were unable to rear the vast amounts of thrips necessary for this. 
Conditionedd females were starved and released in the same way as bugs in the other 
replicates.. As we did not recapture any predatory bug one day after release in previous 
experiments,, we assumed that there was no effect of the previous release on recaptures on 
thee second day, and we use the same plants as traps for the release of experienced and 
naivee females on consecutive days. Nevertheless, care was taken that in half of the 
replicates,, predatory bugs experienced in one food type were released at the first day, 
whereass they were released at the second day in the other half. 

Thee results of the experiments were analysed with multifactorial ANOVA of 
arcsinee transformed fractions of predatory bugs recaptured, with treatment of the plants 
andd the position within the hexagon as factors for the first and the second series of 
experimentss (Sokal and Rohlf 1995). For the third series, in addition to these factors, 
conditioningg (E. kuehniella eggs or spider mites) and day of the plants in the greenhouse 
(firstt or second day) were also considered as factors. 

OlfactometerOlfactometer experiment 

Too test whether O. laevigatus can use odours to find plants infested with prey, 
olfactometerr experiments were carried out using a Y-tube olfactometer (Sabelis and Van 
dee Baan 1983). Predatory bug females were offered a choice between odours from clean 
cucumberr plants and cucumber plants infested with spider mites. The olfactometer 
consistss of a Y-shaped glass tube with the base of the tube connected to an air suction 
pumpp that causes the air to flow from the arms of the tube to the base. The Y-tube was 
positionedd vertically because the bugs perform better in this set-up. 

Thee air flow through both arms of the Y-tube was calibrated with a flow meter 
withh needle valves between the air outlet of the containers of the odour source and the 
armss of the olfactometer. The wind speed was c. 0.20 m/s in each arm of the tube. 

Pottedd cucumber plants, four clean and four infested with spider mites, were used 
ass odour sources. They were placed in a tray (46 x 30 x 8 cm) that on its turn was placed 
insidee a second tray (60 x 40 x 4.5 cm) filled with water. A plexiglass container (50 x 36 x 
433 cm) was put over the plants and the first tray, so that it rested in the second tray with 
water.. In this way the water served as a barrier to prevent mite escape, and as an air tight 
seall  for the container. Each container had an air inlet and outlet (0 4 cm) in opposing walls 
andd these were covered with mite-proof gauze. A cheese cloth tent was built around the Y-
tubee set-up to maintain diffuse the light inside the tent. 

Femaless of O. laevigatus (5-10 days old) were isolated in small glass tubes (4.5 x 
0.55 cm) and starved for 24 hours. They were introduced one at a time, by disconnecting 
thee pump and inserting the small tube, without cap, in the olfactometer at the base of the 
Y-tube,, whereas the opening of the tube pointed towards the junction of the arms. The 
pumpp was reconnected and each female was allowed to leave the tube and walk in the 
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olfactometer.. Each female was observed from the time that she left the tube until she 
eitherr reached the end of one arm or for a maximum of 10 minutes. When the female spent 
moree than 10 minutes without reaching the end of one of the arms, it was scored as having 
madee no choice. Each replicate experiment was continued until 20 females had responded 
too any of the odour sources. After five responses, the Y-tube was cleaned with alcohol 
(70%)) and left to dry for 5 minutes. Subsequently, the odour sources were switched to the 
oppositee arm of the olfactometer to correct for any unforeseen asymmetry in the 
experimentall  set-up. Four replicate experiments were done using different sets of plants 
andd insects. Differences in numbers of O. laevigatus females choosing the two odour 
sourcess were tested using a two-sided binomial test with expected fractions of 0.5 for each 
odourr source, for the replicates as well as the pooled results. Females that did not make a 
choicee were excluded from statistical analysis. 

Results s 

Release-recaptureRelease-recapture experiments 

Inn the first series of release-recapture experiments, significantly more O. laevigatus 
femaless were found on plants infested with thrips than on clean plants (Table 1). In total, 
34.1%% of the released predatory bugs were recaptured. Thrips-infested plants attracted on 
averagee 23.3% of the predators recaptured per plant (hence, 69.9% of all predators 
recapturedd were found on infested plants) and clean plants attracted 10.\% per plant 
(Fig.. 1). 

Whenn plants infested with spider mites were tested against clean plants, 23.1% of 
thee released predatory bugs were recaptured. Plants infested with spider mites attracted 
significantlyy more predators (25.4% per plant) than clean plants (7.9% per plant) (Table 2, 
Fig.. 2). No significant effect of plant position on the percentages of predators recaptured 
wass found in either of the experiments (Tables 1 and 2). No predatory bugs were found on 
plantss in either series of experiments on the day after the experiment. 

Whenn predatory bugs were offered a choice between plants with spider mites and 
plantss with thrips, significantly more O. laevigatus females were found on plants with 
spiderr mites (20.8% of the recapture predators per plant) than on plants with thrips (12.4% 

Tablee 1. Analysis of variance of arcsin transformed fractions of Orius laevigatus females recaptured on 
cleann and on thrips-infested plants in release-recapture experiments in a greenhouse. Data are from four 
replicatee experiments. 

Sourcee of variation 

Treatment1 1 

Position2 2 

Interaction n 

Residual l 

Total l 

Summ of squares 

0.2002 2 

0.1670 0 

0.0487 0.0487 

0.1787 0.1787 

0.5946 6 

d.f. . 

1 1 

5 5 

5 5 

12 2 

23 3 

Meann square 

0.2002 2 

0.0334 4 

0.0097 7 

0.0149 9 

o o 

13.448 8 

2.243 3 
0.654 4 

P P 

0.0032 2 

0.1168 8 

0.6642 2 

'Treatmentt refers to clean vs. thrips-infested plants. 
2Positionn refers to position of the plants within the hexagon in the greenhouse. 
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Tablee 2. Analysis of variance of arcsin transformed fractions of Orius laevigatas females recaptured on 
cleann and on spider mite-infested plants in release-recapture experiments in a greenhouse. Data are from four 
replicatee experiments. 

Sourcee of variation Summ of squares d.f. . Meann square o o 

Treatment t 

Position2 2 

Interaction n 

Residual l 

0.3681 1 

0.0956 6 

0.1194 4 

0.2549 9 

1 1 
5 5 

5 5 
12 2 

0.3681 1 

0.0191 1 

0.0239 9 
0.0212 2 

17.330 0 

0.900 0 

1.1242 2 

0.0013 3 

0.1174 4 

0.3987 7 

Total l 0.8380 0 23 3 

'Treatmentt refers to clean vs. plants infested with spider mites. 
2Positionn refers to position of the plants within the hexagon in the greenhouse. 
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Figuree 1. Average percentage of Orius laevigatus females recaptured per thrips-infested plant (left bar) or 
perr clean plant (right bar) in the greenhouse. Shown are averages and standard deviations per plant of four 
independentt replicates. See text for further explanation. *P<0.05 

off  the recaptured predators per plant) (Table 3, Fig. 3). No significant effect of 
conditioning,, plant position, or day of the experiment (first or second) was found on the 
percentagess of predatory bugs recaptured per plant (Table 3). However, conditioning on 
cucumberr leaves with spider mites had an effect on the fraction of predatory bugs 
recaptured:: the number of predators recaptured was significantly higher when they were 
conditionedd on spider mites (38.8% predators recaptured from 273 conditioned predators 
releasedd vs. 29.6% predators recaptured from 395 unconditioned predators, %2= 5.8, d.f. = 
1,, P < 0.02). No predatory bugs were found on plants before the second release (second 
day)) or on the day after the experiment. 
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Tablee 3. Analysis of variance of arcsin transformed fractions of Orius laevigatus females recaptured on 
spiderr mite-infested plants and on thrips-infested plants in release-recapture experiments in a greenhouse. 
Dataa are from four replicate experiments. 

Sourcee of variation 

Treatment' ' 

Position2 2 

Conditioning3 3 

Day4 4 

Interaction n 

Residual l 

Total l 

Summ of squares 

0.2239 9 

0.0697 7 

0.0004 4 

0.0043 3 

0.1122 2 

0.9261 1 

1.3366 6 

d.f. . 

1 1 

5 5 

1 1 

1 1 

5 5 

34 4 

47 7 

Meann square 

0.2239 9 

0.0139 9 

0.0004 4 

0.0043 3 

0.0225 5 
0.0272 2 

F-ratio o 

8.219 9 

0.512 2 

0.017 7 

0.159 9 

0.824 4 

P P 

0.0071 1 

0.7655 5 

0.8979 9 

0.6929 9 

0.5412 2 

Treatmentt refers to spider-mite-infested plants vs. thrips-infested plants. 
2Positionn refers to position of the plants within the hexagon in the greenhouse. 
Conditioningg refers to the food regime of the bugs prior release (E. kuehniella eggs or spider mites). 
4Dayy refers to the first or second day of the experiment (see materials and methods). 

clean n 

Figuree 2. Average percentage of Orius laevigatus females recaptured per spider-mite-infested plant (left bar) 
orr per clean plant (right bar) in the greenhouse. Shown are averages and standard deviations per plant of four 
independentt replicates. See text for further explanation. **P<0.001 

OlfactometerOlfactometer experiments 

Inn the olfactometer, 56.4% of all tested females responded to either odours from infested 
orr clean plants. Hence, 43.6% of them did not reach the end of one of the arms within 10 
minutes.. In one out of four replicates, a significant preference for odours from plants with 
spiderr mites was found; another replicated experiment showed a marginally significant 
preference;; whereas the preferences in the other two replicates were not significant, but 
showedd the same trend (Fig. 4). Pooled results of the four replicates showed a significant 
preferencee for spider mite-infested plants (68.6% of the predatory bugs that responded to 
odourss chose for infested plants, two-sided binomial test, P = 0.00053). 
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Figuree 3. Average percentage of Orius laevigatas females recaptured per thrips-infested plant (left bar) or 
perr spider-mite-infested plant (right bar) in the greenhouse. Shown are averages and standard deviations per 
plantt of four independent replicates. See text for further explanation. *P<0.05 

Discussion n 

OriusOrius laevigatus showed a tendency to fly away from the experimental set-up in the 
greenhousee immediately after release. The majority of predators recaptured on the plants 
weree those that had spent some time on the soil before walking or flying towards the 
plants.. Although no other plants were present in the greenhouse compartment, 
environmentall  factors such as light may have influenced the dispersal of the predator. In 
addition,, the previous food regime of the predators also affected the recapture rates. When 
predatorss were conditioned on one of the pest prey (spider mites), their recapture rate was 
higherr than when they were reared on a non-pest prey. However, of those predatory bugs 
recapturedd on the plants, a significant preference for plants infested with F. occidentalis 
(Fig.. 1) and for plants infested with T. urticae (Fig. 2) was found when these plants were 
testedd against clean plants. We sampled the plants every hour and removed all predatory 
bugss found on the plants. Since O. laevigatus spent more than one hour even on clean 
plantss (M. Venzon pers. obs.), the differences in numbers of predatory bugs on clean vs. 
infestedd plants cannot be attributed to differential arrestment on clean and infested plants. 
Hence,, the differences will be mainly due to different attractiveness of the plants. The 
increasedd attraction of infested plants may be due to volatile and/or visual cues. It is 
knownn that cucumber plants infested with spider mites produce volatiles (Takabayashi et 
al.al. 1994a) and our olfactometer experiments show that O. laevigatus have a preference for 
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T.. urticae clean n 

20(39) ) PP = 0.0577 

20(37) ) PP = 0.0013 

20(30)) P = 0.4119 

20(36) ) PP = 0.1316 

fractionn predators 

Figuree 4. Fractions of Orius laevigatus females that moved toward odours from cucumber plants infested 
withh spider mites (left) and fractions that moved toward odours from clean cucumber plants (right), in a Y-
tubee olfactometer. Numbers inside the bars refer to the number of females that chose either of two arms, 
numberss in brackets give the total number of females tested. Results of the binomial test for each replica is 
givenn inside each bar (Binomial test on pooled results: P= 0.00053). 

odourss from plants infested with spider mites over odours from clean plants (Fig. 4). This 
suggestss that O. laevigatus is able to perceive odours. There is strong evidence that the 
volatiless are produced by the plant rather than by the spider mites. Firstly, no volatiles 
weree recorded from spider mites that had been removed from the plant (M. Dicke and 
M.A.. Posthumus, unpubl.). Secondly, bean leaves that were infested with spider mites 
remainedd attractive to predatory mites after removing spider mites and their visible 
productss (Sabelis and Van de Baan 1983), whereas spider mites removed from the leaves 
weree not attractive (Sabelis et al. 1984). Thirdly, chemical analysis of the headspace of 
spider-mite-infestedd cucumber leaves revealed the presence of compounds that were not 
emittedd by undamaged or artificially damaged cucumber leaves (Takabayashi et al. 
1994a). . 

Thee olfactometer experiments with O. laevigatus were very time-consuming. As 
ourr initial goal was to investigate whether this predatory bug can use odours for the 
detectionn of plants with prey, we refrained from repeating these tedious experiments with 
plantss infested with thrips. The fact the 43.6% of the tested females did not respond to any 
off  the odours could partly be explained by the unsuitability of the set-up. Clearly, a set-up 
adaptedd to Orius should be developed to study its response to odours, but this is not within 
thee scope of this paper. It is clear that O. laevigatus can use odours to detect plants with 
spiderr mites and we suspect that odours are also involved in the location of thrips-infested 
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plantss by O. laevigatus (Fig. 1). Other arthropods, such as spider mites and predatory 
mites,, have been shown to respond to odours from cucumber plants infested with thrips 
(Pallinii  et al. 1997, A. Janssen unpubl.), showing that odours are produced by this plant-
herbivoree complex. It remains to be seen whether these odours are produced by the plant 
orr the herbivore. 

Thee ability of anthocorids to use olfactory cues has also been shown in other 
species.. Reid and Lampman (1989), for instance, found attraction of the closely related 
speciess Orius insidiosus (Say) to hexane extracts of corn silk in olfactometer experiments, 
suggestingg that this species relies on olfactory perception during searching. Bean leaves 
infestedd with T. urticae elicited olfactory responses in females of Anthocoris nemorum 
(L.)) in olfactometer experiments (Dwumfour 1992). This predator also responded to 
odourss from uninfested host plants of the prey, suggesting that constitutive plant volatiles 
mayy a play role in the attraction of A. nemorum adults towards the prey habitat 
(Dwumfourr 1992). Both the studies by Reid and Lampman (1989) and Dwumfour (1992) 
showw the ability of anthocorids to use odours related to prey presence under laboratory 
conditions.. However, they did not investigate whether the predators use such volatile cues 
underr more natural conditions. The role of herbivore-induced volatiles in the searching 
behaviourr of anthocorid predators (A. nemorum, A. nemoralis (Fabricius) and Orius spp.) 
underr field conditions was studied by Drukker et al. (1995). Following laboratory results 
whichh demonstrated that these anthocorids respond to odours from pear leaves infested by 
psyllidss (Psyllapyri L. and P. pyricola Forster) (Drukker and Sabelis 1990, Scutareanu et 
al.al. 1997), field experiments were carried out to assess the relevance of the responses in 
pearr orchards (Drukker et al. 1995). Aggregations of migrating anthocorids were found 
nearr Psylla-mftsttd pear trees covered with fine mesh gauze cages and not near trees 
withoutt Psylla. Moreover, aggregations disappeared when cages were covered with plastic 
too prevent release of the volatiles, whereas removal of the cover rapidly led to predator 
aggregationss (Drukker et al. 1995). 

OriusOrius laevigatus was able to distinguish between plants infested with either of the 
twoo prey and showed a preference for plants infested with spider mites over plants with 
thripss (Fig. 3). It is possible that plants infested with thrips and with spider mites produce 
similarr volatiles and O. laevigatus simply responded to a difference in odour intensity 
originatingg from the different herbivore densities: plants infested with thrips contained 20-
400 larvae per plant while plants with spider mites had 800-1000 females per plant. 
However,, other predators were capable of discriminating between plants with spider mites 
andd plants with thrips, one species preferring odours emanating from plants with thrips, 
whereass another avoided plants with spider mites while not responding to odours of plants 
withh thrips (Janssen et al. 1998, A. Janssen, unpubl.). This suggests that discrimination 
betweenn plants with the two herbivores is possible and indicates that differences in volatile 
blendss are not only quantitative. To better assess prey preference, it is also necessary to 
considerr other stages of prey searching behaviour, such as locating and feeding on prey on 
aa plant (Chapter 3). 

Noo effect of conditioning was observed on the prey preference of O. laevigatus 
(Tablee 3). Predatory bugs that had fed either on spider mites or on E. kuehniella eggs 
chosee plants infested with spider mites over plants with thrips. Possibly, no effect was 
observedd because predatory bugs that were not conditioned already preferred spider mites. 



AttractionAttraction of a generalist predator towards herbivore-infested plants 25 5 

Conditioningg on the less preferred prey may show an increase of preference towards this 
particularr prey. It therefore remains to be investigated whether the prey preference 
changess when predatory bugs are fed on thrips prior to release. However, conditioning had 
aa significant effect on the percentage of predatory bugs recaptured. When they were fed on 
E.E. kuehniella eggs, 28.6% of the released predators were recaptured, whereas conditioning 
onn spider mites increased the percentage of recaptured predators to 38.8%. The predatory 
bugss were conditioned on cucumber leaves with spider mites, so they may have increased 
theirr ability to recognise spider mites by learning to associate cues (i.e. odours) with the 
presencee of spider mites and using these cues to locate plants infested with spider mites in 
thee greenhouse. As this conditioning also increased the number of bugs recaptured on 
thrips-infestedd plants it is possible that there are common volatiles produced by these two 
plant-herbivoree complexes. 

Biologicall  control of thrips by O. laevigatus when spider mites are also present in 
thee same greenhouse may be hampered by the preference of the predator towards spider 
mite-infestedd plants. Feeding on spider mites may initially cause predator satiation, 
resultingg in decreased predation on thrips, resulting in a positive effect of two prey on each 
other'ss densities (so-called "apparent mutualism" (Abrams and Matsuda 1996). However, 
inn the long term, this may lead to a negative effect on thrips (so-called "apparent 
competition",, Holt 1977), where the initial preference for spider mites will lead to an 
increasee of the predator population resulting in higher predation on thrips. Additionally, 
thee presence of O. laevigatus on plants infested with spider mites may result in 
interactionss with Phytoseiulus persimilis Athias-Henriot, a predatory mite commonly 
releasedd in greenhouses to control spider mites. This predatory mite is also attracted to 
cucumberr plants infested with spider mites (Takabayashi et al. 1994b, Janssen 1999) and 
doess not avoid plants with O. laevigatus (Janssen et al. 1999). Thus, these two predators 
cann be found on the same plants with spider mites, where interactions such as intraguild 
predationn and competition may occur. Intraguild predation by O. laevigatus on P. 
persimilispersimilis would cause an indirect numerical effect on spider mites and on thrips 
populations.. If predation by O. laevigatus on P. persimilis is incidental and not 
preferential,, the two predators could also be involved in competition for food (spider 
mites)) which wil l again interfere with thrips control. The population dynamical 
consequencess of these interactions between two natural enemies clearly need further 
investigation. . 
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