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M.. Venzon  2000  Food webs on plants: the role of a generalist predator 

Chapterr  6 

Intraguil dd interaction s in an arthropo d food web on 
plant s s 

Madelainee Venzon1,2, Ame Janssen1 & Maurice W. Sabelis' 

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

Brazil l 

Inn theory, intraguild predation affects dynamics of herbivores and their natural enemies 
andd this can cascade down to the effect on plants. Although several empirical studies 
reportedd on effects of intraguild predation on predator-herbivore dynamics, only few have 
consideredd effects on plants. Including effects on plants is important because intraguild 
predationn modifies the effectiveness of plant defence through its interaction with the 
herbivore'ss enemies. We studied the effects of a generalist (intraguild) predator {Orius 
laevigatus)laevigatus) on population dynamics of the specialist predatory mite Phytoseiulus 
persimilispersimilis and the herbivorous mite Tetranychus urticae, and on the performance of 
cucumberr plants in a greenhouse. Behavioural studies showed that the generalist predator 
andd the specialist mite predator were both attracted to plants infested by herbivorous mites 
andd that each of the two predators did not avoid plants occupied by the other predator. 
Observationss on foraging of the generalist predator further showed that it attacks and kill s 
largee numbers of specialist predators and herbivores, suggesting a possible role for 
intraguildd predation on herbivore densities and plant performance. However, addition of 
thee generalist predator to populations of herbivorous and predatory mites on cucumber 
plantss had small effects on herbivore numbers and no effect on predator numbers, plant 
weightt and fruit weight. We discuss possible biological mechanisms causing the absence 
off  effects. Moreover, we argue why this absence is important for biological control as well 
ass for understanding of the evolution of indirect plant defense. 

Speciess from the same trophic level may interact through competition for food, but can 
alsoo interact through intraguild predation, defined as the killin g and eating of species that 
otherwisee use similar resources, and are thus potential competitors (Polis et al. 1989). 
Intraguildd predation is widespread (Polis et al. 1989, Rosenheim et al. 1995) and theory 
hass shown that addition of an intraguild predator to a food web may result in exclusion of 
thee intraguild prey or intraguild predator. If it is not, the intraguild predator-predator-prey 
systemm may exhibit alternative steady states (Polis and Holt 1992, Holt and Polis 1997). 

Intraguildd predation in complex food webs, in particular, arthropod food webs on 
plants,, is thought to be one of the factors that obstructs top-down control of herbivores by 
theirr natural enemies (Polis and Strong 1996). Indeed, there are several examples where 
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intraguildd predation leads to an increase in herbivore densities (Rosenheim et al 1993, 
1995).. Rosenheim et al. (1995) reviewed the occurrence and importance of intraguild 
predationn by natural enemies in biological control systems and concluded that it is a 
widespreadd phenomenon within many communities of biological control agents. Of the 
355 studies reviewed, ten addressed the effect of intraguild predation on pest densities, 
showingg that effects ranged from negative, through no effect, to positive. None of these 
studies,, however, considered effects on plant fitness components. An exception is the 
workk of Moran and colleagues (1996, 1998) which found that addition of an intraguild 
predatorr triggered a trophic cascade in a multispecies arthropod food web on weeds, 
leadingg to an increase in plant biomass. This effect was mediated through reduction of 
herbivoree abundance and biomass. Hence, in this case, intraguild predation did not prevent 
controll  of herbivores by members of higher trophic levels, but rather improved it. 

Thee presence or absence of top-down control of herbivores by predators and 
intraguildd predators has consequences for defense strategies of plants. Plants can defend 
themselvess directly against herbivores by morphological adaptations, such as trichomes, 
spiness and thorns, or by secondary plant compounds that modify food quality {e.g., 
digestionn inhibitors), intoxicate the herbivore, or signal the plant's well-defended state to 
'discourage'' the herbivore (feeding deterrents). It is well documented that plants can also 
defendd themselves indirectly by interacting with the natural enemies of their herbivores. 
Theyy may do so by providing food (Bentley 1977, Beattie 1985, Rogers 1985, Koptur 
1992,, Pemberton and Lee 1996, Sabelis and Van Rijn 1997) or shelter (Beattie 1985, 
Turnerr and Pemberton 1989, Walter and O'Dowd 1992, Walter 1996), thus arresting 
naturall  enemies. It has been hypothesized that plants can also defend themselves by 
producingg volatiles signalling the presence of herbivores to predators (Dicke and Sabelis 
1988,, Dicke et al 1990a, Turlings et al. 1990, Tumlinson et al. 1993, Dicke 1994, 
Drukkerr et al. 1995, Shimoda et al 1997, De Moraes et al 1998, Sabelis et al. 1999a,b, 
Janssenn 1999). Indirect plant defense could only have evolved if food webs essentially 
behavebehave as simple tritrophic food chains. Yet, food webs are known to be complex, and 
simplee concepts based on subdivision of webs into trophic levels seem not to hold in 
generall  (Polis and Strong 1996). Obviously, the net benefit of indirect defence to the plant 
dependss on the joint effect of the natural enemies, including intraguild predators and 
hyperpredatorss (Sabelis et al. 1999b). Possibly, indirect plant defence makes things worse 
becausee intraguild predators and hyperpredators could well exploit the interactions 
betweenn plants and the specialist natural enemies by using the same plant-provided food, 
shelterr or 'alarm calls', thus hampering control of herbivores. Thus, to what extent 
intraguildd predation reduces the effectiveness of indirect plant defences remains an open 
question. . 

Somee of the best-studied systems with respect to the interactions between plants 
andd natural enemies are those consisting of plants, spider mites and predatory mites. Bean 
andd cucumber plants, for example, produce volatiles upon attack by two-spotted spider 
mitess (Tetranychus urticae Koch), and these volatiles are attractive to the predatory mite 
PhytoseiulusPhytoseiulus persimilis Athias-Henriot (Sabelis and Van de Baan 1983, Dicke et al. 
1990a,b,, 1993, Takabayashi et al. 1994, Janssen 1999). Local interactions between a plant 
andd the spider mites that live on it are unstable over time and end with the plant being 
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overexploitedd after several generations of growth of the herbivore population (Janssen and 
Sabeliss 1992, Sabelis and Janssen 1992, Pels and Sabelis 1999). Given a timely arrival of 
onee or a few predators, a fast-growing predator population is capable of eradicating spider 
mitee populations, thus saving the plant (Janssen and Sabelis 1992, Van Baaien and Sabelis 
1995).. Hence, by producing volatiles that attract predatory mites, plants can indeed defend 
themselvess against attack by spider mites. However, the volatiles produced by the plant 
aree also attractive to other, more generalist predators, such as Orius laevigatus (Fieber) 
(Chapterr 2). This predatory bug is often used in greenhouses to control the western flower 
thripss Frankliniella occidentalis (Pergande), whereas the predatory mite is used in the 
samee greenhouses to control spider mites. On cucumber plants infested with spider mites, 
thee predatory bug may interact through intraguild predation and/or competition with the 
predatoryy mite. This paper aims at studying the occurrence of intraguild predation of 
predatoryy bugs on predatory mites at the individual level and its consequences for 
populationn dynamics of herbivorous and predatory arthropods and plant performance. 

Too determine the likelihood of these intraguild interactions we first studied 
whetherr predators avoid each other (Janssen et al. 1999) or are attracted by spider-mite 
infestedd plants occupied by the heterospecific predator. Since neither of the predator 
speciess avoided plants with the other species, we studied foraging behavior of predatory 
bugss on patches with spider mites with and without predatory mites. Finally, we assessed 
thee population dynamics of spider mites and predatory mites in presence or absence of 
predatoryy bugs. 

Material ss  and Method s 

Spiderr mites were collected from cucumber (var. Ventura RZ®, RijkZwaan, De Lier, The 
Netherlands)) in a commercial greenhouse near Pijnacker, The Netherlands, in May 1994. 
Theyy were reared on cucumber plants (var. Ventura) in a climate room (25°C; L16:D8). 
Cleann cucumber plants were grown in a climate room (same regime) until they were 
33 weeks old and were subsequently added biweekly to the culture. 

Predatoryy mites were obtained c. 12 years ago from Koppert BV (The 
Netherlands),, and have been reared initially on detached Lima bean leaves infested with 
spiderr mites, but for the last 6 years on detached cucumber leaves with spider mites 
(25°C).. Leaves were put on an inverted flowerpot in a water-containing tray covered by a 
Plexiglasss container. 2-3 leaves from the spider mite culture were added to the cultures 
biweekly. . 

Thee predatory bugs were reared according to the method described by Van den 
Meirackerr (1999). The culture was started with specimens from Koppert BV (The 
Netherlands).. The predators were reared at 25°C (L16:D8) in plastic jars (8 x 8 x 11 cm) 
withh two lateral holes (0 4 cm) covered with fine nylon gauze for ventilation. They were 
fedd three times a week with an ample supply of eggs of the flour moth Ephestia kuehniella 
(Zeiler),, and provided with a bean pod as oviposition substrate and supply of moisture. 
Beann pods with predator eggs were collected from jars with adults and replaced by fresh 
ones.. Pods with predator eggs were placed in a new jar and flour moth eggs were added as 
preyy for the juveniles. All jars were lined with crumpled wipes to provide hiding places 
andd thus reduce cannibalism (Van den Meiracker 1999). 



74 4 ChapterChapter 6 

AA voldance of heterospecific predators 

Release-recaptur ee experimen t in the greenhous e 

Too assess the response of predatory bugs to plants infested with spider mites plus 
predatoryy mites we conducted a greenhouse release-recapture experiment. Although 
olfactometerr experiments are sometimes used to asses this type of response (Pallini et dl. 
1997,, Janssen 1999, Janssen et dl. 1999), the commonly used olfactometer (Y-tube) is not 
aa suitable set-up for the predatory bugs (Chapter 2). Moreover, when arthropods were 
testedd both in an olfactometer and in release-recapture experiments in the greenhouse, 
similarr results were obtained (Pallini et al. 1997, Janssen 1999, Janssen et al. 1999). 

Inn a greenhouse compartment, female predatory bugs were released in the middle 
off  a hexagon (0 80 cm) of six potted cucumber plants (c. 3.5 weeks old) infested with 
spiderr mites. Plants were placed in a plastic tray (174 x 100 x 19 cm) filled with soil and 
thee pots were buried in the soil with the rim just below the surface. Soil was added so as to 
equalizee levels inside and outside the pots. Half of the plants had predatory mites 
(755 females/plant) added to all leaves 17 hours before the release of predatory bugs. 

Aboutt 100 female predatory bugs (5 to 10 days after adult eclosion) were isolated 
individuallyy in small tubes (4.5 x 0.5 cm) and starved for 24 hours. They were released 
fromm these tubes, all at once, in the middle of the plant hexagon. Starting one hour after 
release,, plants were checked for the presence of predatory bugs every hour during a total 
periodd of 6 hours. At each check, all predatory bugs found on the plants were removed so 
thatt opportunity for arrestment was minimized, thereby making attraction the main cause 
off  the presence of predatory bugs on plants. We frequently sampled to ensure that the first 
predatoryy bugs attracted to the plants would not elicit any avoidance or attraction of the 
conspecificc predators that were still searching for plants (Janssen et al. 1997, Janssen et al. 
1998).. Temperature in the greenhouse was between 23°C and 30°C. 

Fourr replicate experiments were conducted using different sets of plants, insects 
andd mites. In each replicate experiment, plants with and without predatory mites were put 
inn alternate positions. Care was taken that each plant position was occupied by plants 
withoutt predatory mites in half of the experiments and by plants with predatory mites in 
thee other half. The results of the experiments were analysed with multifactorial ANOVA 
onn arc sine transformed fractions of predatory bug females recaptured per plant, with 
treatmentt of the plants and the position within the hexagon as factors (Sokal and Rohlf 
1995). . 

Olfactomete rr  experimen t 

AA Y-tube olfactometer (Sabelis and Van de Baan 1983) was used to test the response of 
thee predatory mites to odours from plants infested with spider mites and predatory bugs 
previouslyy fed on spider mites. The olfactometer consists of a glass tube in the form of a 
Y,, with a white Y-shaped metal wire in the middle to railroad the mites. The base of the 
tubee was connected to a vacuum net, causing the air to flow from the arms of the tube to 
itss base. The airflow through both arms of the Y-tube was measured with two hot-wire 
anemometerss between the air outlet of the containers of the odour source and the arms of 
thee olfactometer. The wind speed was equal (c. 0.45 m/s) in both arms of the tube. 
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Threee potted cucumber plants (c. 3.5 weeks old) infested with spider mites were 
usedd as odour sources. They were placed in a tray (46 x 30 x 8 cm) that was placed inside 
aa second tray (60 x 40 x 4.5 cm) filled with water. A Plexiglass container (50 x 36 x 43 
cm)) was put over the plants and the first tray, so that it rested in the second tray with 
water.. Each container had an air inlet and outlet (0 4 cm) in opposite walls and these were 
coveredd with mite-proof gauze. Predatory bug nymphs (4th and 5th instars) were added to 
thee plants (30/plant) in one of the containers 20 hours before the predatory mites were 
tested.. Because previous diet of predators affects their recognition by prey (Chivers and 
Smithh 1998, Kats and Dill 1998, Chapter 4), the nymphs were fed for 5 days with spider 
mitess on cucumber leaves before being added to the plants. 

Adultt female predatory mites were starved for one hour prior to the experiments. 
Theyy were introduced, one at a time, by disconnecting the pump and putting a female on 
thee metal wire at the base of the Y-tube. The pump was reconnected and the female started 
too move upwind to the junction of the wire, where she could walk into one of the two 
arms.. Each female was observed until she either reached the end of one arm, or for a 
maximumm of 5 minutes, after which she was removed. After 5 mites had made a choice for 
eitherr of the odour sources, the sources were switched to the opposite arm of the 
olfactometerr to correct for any unforeseen asymmetry in the experimental set-up. Four 
replicatee experiments were conducted using different sets of plants, insects and mites, and 
200 predatory mites were tested per replicate. Differences in numbers of predatory mites 
choosingg the two odours sources were tested using a two-sided binomial test with 
expectedd fractions of 0.5 for each odour source, for the replicates as well as the pooled 
results. . 

ForagingForaging behaviour of the generalist predator 

Wee observed the behaviour of the predatory bug on cucumber leaf discs (0 5 cm) 
containingg either only spider mites or a mixture of spider mites and predatory mites. A leaf 
discc was put in the centre of a plastic Petri dish containing wet cotton wool. Spider mites 
(200 females) and predatory mites (5 females) were added to the leaf disc 24 hours and 
55 hours respectively, before the observation started. Spider mites were added earlier then 
predatoryy mites to allow them to produce webbing. The experiment started with the 
introductionn of one predatory bug female (5-7 days after adult eclosion) that was starved 
forr 24 hours. During one hour, the behaviour of the predatory bug was recorded. An 
encounterr was recorded when the predator showed reaction to the presence of any mite by 
extendingg her rostrum towards the mite. We calculated the encounter rate for each mite 
speciess by dividing the total number of encounters by the total time spent searching (i.e. 
walking).. Predation rate was measured as the numbers of prey killed per hour. The success 
ratioo with respect to each prey species was calculated as the number of encounters 
followedd by feeding, divided by the total number of encounters with that prey. Densities of 
spiderr mites and predatory mites were kept constant by replacing them as soon as they 
weree killed. A replicate consisted of the observation of one predatory bug during one hour, 
andd 10 replicates of each treatment (spider mites only or a mixture of spider mites and 
predatoryy mites) were examined. Data were analysed with a Mann-Whitney U-test. The 
Bonferronii  method was used to correct the significance level for multiple comparisons 
(encounterr rate, success ratio and handling time) (Sokal and Rohlf 1995). 
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Tablee 1. Temperature and relative humidity in the 4 cages during the single-release population experiment 
andd in the 6 cages during the multiple-release population experiment. Given are mean values (and standard 
deviations)) as well as minimum and maximum. 

Experimentss Temperature Humidity 

meann (s.d.) min-max mean (s.d.) min-max 

Single-release Single-release 

withoutt intraguild predators 

withh intraguild predators 

Multiple-release Multiple-release 

withoutt intraguild predators 

withh intraguild predators 

26.1(5.0) ) 

26.77 (5.3) 

26.3(5.1) ) 

26.55 (5.4) 

25.4(5.3) ) 

25.4(5.4) ) 

25.44 (5.3) 

25.22 (5.2) 

25.7(5.3) ) 

25.44 (5.5) 

18.8--

19.1--

19.1--

18.8--

18.8--

18.44 -

18.8--

18.8--

18.8--

18.4--

-38.9 9 

-41.9 9 

-39.4 4 

-44.1 1 

-41.9 9 

-41.5 5 

-40.6 6 
-41.1 1 

-41.9 9 

-41.1 1 

59.9(18.0) ) 

58.3(18.5) ) 

58.3(17.6) ) 

58.9(18.0) ) 

77.3(18.0) ) 

77.4(19.3) ) 

73.11 (18.4) 

79.0(17.7) ) 

76.5(18.3) ) 

76.0(18.3) ) 

19.4--

16.1--

17.5--

18.7--

35.9--

30.7--

29.1--

34.9--

36.4--

34.0--

-97.4 4 

-99.8 8 

-96.0 0 

-96.6 6 

-98.8 8 

-99.9 9 

-98.9 9 

-99.6 6 

-99.8 8 

-- 100.1 

PopulationPopulation experiments 

Inn a greenhouse compartment (9x6 m), experiments were conducted in cages, 80 x 80 cm 
andd 1 m high with a metal frame. Three sides were covered with mite-proof nylon gauze 
(meshh width 53 urn), the bottom consisted of wood covered with a waterproof layer, and 
thee top was made of Plexiglass. The door was also made of Plexiglass and closed the 
fourthh side by means of strips of magnetic tape. Four such cages were used for the first 
experimentt and 6 for the second. Both experiments were started by placing three 3-week 
oldd cucumber plants in each cage and infesting them with 20 adult female spider mites 
each.. Subsequently, the numbers of adult mites in the cages were counted every week. 
Temperaturee and humidity inside each cage were monitored continuously using Gemini 
Tinytalk®® Data Loggers. In both experiments, there was considerable variance in 
temperaturee and humidity over time, but conditions in all cages were comparable 
(Tablee 1). 

Populatio nn experiment s with singl e release of predator y bugs 

Predatoryy mites were added to each plant after 2 weeks, 23 adult females per plant. At the 
samee time, 8 females and 7 males of predatory bugs were added to two of the 4 cages. 
Fromm the 4th week on, the numbers of mites were too high to make total counts of the 
populationss feasible. Because numbers of mites did not differ much between plants in the 
samee cage, we counted numbers of mites on only one plant from each cage, while 
predatoryy bugs were counted on all plants. Care was taken to count mites on a different 
plantt every week. In the 4th week, an extra plant (3 weeks old) was added to all cages to 
ensuree the presence of sufficient food for spider mites. In week 5, mites were counted on 
onee of the old plants (being representative for all 3 old plants) as well as on the new plant. 
Thee experiment was terminated after week 5, when spider mites had been eradicated. 
Damagee levels of plants were estimated as the percentage of leaf area damaged and fruits 
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weree collected from the plants and their fresh weight was determined. Data were analysed 
usingg MANOVA with date and presence/absence of intraguild predators as factors. 
Plannedd comparisons were made for the numbers of spider mites and predatory mites per 
weekk with the presence/absence of intraguild predators. Damage levels were arcsine 
transformedd and compared with a Mest. 

Populatio nn experiment s wit h multipl e releas e of predator y bug 

Too obtain higher levels of intraguild predation, an additional experiment with multiple 
releasess of the predatory bug were carried out, following a set-up much like the single-
releasee experiment. We now introduced 8 females and 7 males per cage every week, 
startingg in week 2. In this experiment, mites on only one plant were counted starting in 
weekk 3. Again, spider mites were eradicated in week 5, after which the experiment was 
terminated.. Damage levels of all plants were estimated and all fruits were collected from 
thee plants, and the fresh weight of fruits and above-ground plant parts was determined. 
Dataa were analysed in the same way as data of the single-release experiment. 

Result s s 

AvoidanceAvoidance of heterospecific predators 

Release-recaptur ee experimen t in the greenhous e 

Whenn predatory bug females were released in the middle of a hexagon of six plants 
infestedd with spider mites with or without predatory mites, on average 34.2% of the 
releasedd predatory bugs were recaptured on the plants after 6 hours. They did not show 
preferencee for plants with or without predatory mites (Table 2). Plants with predatory 
mitess attracted on average 18.0% predatory bugs per plant (hence, 54.1% of all predatory 
bugss recaptured were found on plants with predatory mites) and plants without predatory 
mitess attracted 15.3% per plant (Fig. 1). No significant effect of plant position on the 
fractionn of predatory bugs recaptured per plant was found, suggesting that asymmetries in 
thee set-up due to directionality of light or other factors had no effect on choice of the 
predatoryy bugs. No predatory bugs were found on the plants on the day after the 
experiments. . 

Olfactomete rr  experiment s 

Alll  predatory mite females chose one of the odour sources within 5 minutes. In one of the 
replicates,, a significant attraction to odours from plants with spider mites plus predatory 
bugss was found (two-sided binomial test, P = 0.04, Fig. 2). In the other three replicates no 
significantt difference was found (Fig. 2). Overall, 53.8 % of the predatory mites chose for 
odourss of plants with spider mites and predatory bugs (two-sided binomial test on pooled 
results,, P = 0.58). 
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Tablee 2. Analysis of variance of arcsine transformed fractions of predatory bug females (O. laevigatas) 
recapturedd on plants infested with spider mites (T. urlicae) with or without predatory mites (P. persimilis) in 
release-recapturee experiments in a greenhouse. Data are from four replicates. 

Sourcee of variation 

Treatment' ' 

Position2 2 

Treatmentt x Position3 

Residual l 

Total l 

Summ of 

0.0061 1 

0.1532 2 

0.1292 2 

0.3165 5 

0.6050 0 

squares s d.f. . 

1 1 

5 5 

5 5 

12 2 

23 3 

Meann of 

0.0061 1 

0.0306 6 

0.0258 8 
0.0264 4 

squares s o o 

0.2294 4 

1.1616 6 

0.9799 9 

P P 

0.6405 5 

0.3822 2 

0.4686 6 

Treatmentt refers to plants with only spider mites or plant with spider mites and predatory mites. 
Positionn refers to position of the plants within the hexagon in the greenhouse. 
Treatmentt x Position refers to interaction between treatment and position. 

5 5 

Ö Ö 

T.T. urticae P.P. persimilis 

Figuree 1. Mean percentage (and standard deviation) of predatory bug females (O. laevigatus) recaptured per 
plantt with spider mites (T. urticae) (left bar) and per plant with spider mites plus predatory mites (P. 
persimilis)persimilis) (right bar) in the greenhouse. Shown are the combined results from four replicates. 

ForagingForaging behaviour of the generalist predator 

Wee observed the behaviour of predatory bugs when foraging on discs with spider mites 
onlyy or with a mixture of spider mites and predatory mites (Table 3). No difference in 
predationn rate of spider mites was found between these two treatments (Mann-Whitney 
[/-test:: (7 = 51, n.s). Predation rate is determined by several parameters such as the 
encounterr rate, success ratio and the handling time. No significant difference in the 
encounterr rate (Mann-Whitney [/-test: U= 47.5, n.s.), success ratio (U = 77, n.s.) and 
handlingg time (U = 79, n.s.) was found when spider mites were offered with predatory 
mitess than when they were alone. 
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Tablee 3. Behaviour of predatory bugs (O. laevigatus) on cucumber leaf discs containing either only spider 
mitess (T. urticae) (20 females) or a mixture of spider mites (20 females) and predatory mites (P. persimilis) 
(55 females). 

Parameter r 

Predationn rate1 

Encounterr rate2 

Successs ratio3 

Handlingg time (s)4 

spiderr mites only 

9.11 8 A 

0.01611 7 A 

0.8744  0.073 A 

243.77  114.7 A 

spiderr mites in a mixture 

8.22  2.3 A 

0.01655 6 A 

0.6955  0.242 Aa 

136.44  83.8 Aa 

predatoryy mites in a mixture 

1.77 4 

0.00277  0.003 

0.7600  0.347 a 

575.00  312.9 b 

'Numberr of prey killed/hour. 
2Numberr of encounters/total walking time. 
Numberss of feeding events/numbers of encounters. 

4Timee spent feeding on each individual prey. 
Dataa were compared with a Mann-Whitney f/-test. The Bonferroni correction for multiple comparisons was 
usedd for encounter rate, success ratio and handling time. 
Meanss (+ SD) within a row followed by the same letter and type do not differ significantly; uppercase letters 
referr to comparisons between spider mites only and spider mites in the mixture; lowercase letters refer to 
comparisonss between spider mites and predatory mites in the mixture. 

fractionn P. persimilis responding 

Figuree 2. The fraction of predatory mite females (P. persimilis) that chose for odours from cucumber plants 
infestedd with spider mites (7". urticae) (left) or odours from plants with spider mites and predatory bugs (O. 
laevigatus)laevigatus) (right) in a Y-tube olfactometer. Results of the Binomial test for each replicate is given inside 
eachh bar (binomial test on pooled results: p = 0.58). 
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Figuree 3. Average numbers of spider mites (T. urticae, indicated by circles and drawn lines) and predatory 
mitess (P. persimilis, triangles and broken lines) in presence (closed symbols) and absence (open symbols) of 
predatoryy bugs (O. laevigatus) in the single-release experiment. Predatory bugs were added in week 2. 
Shownn are average numbers and standard deviations per treatment, each consisting of 2 replicates. Asterisks 
indicatess significant difference (p < 0.05) between numbers at a given time. 
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Figuree 4. Fresh weight of fruits and damage level of plants (fraction of leaf area damaged) at the end of the 
populationn experiment involving spider mites (T. urticae), predatory mites (P. persimilis) and single releases 
off  predatory bugs (O. laevigatus). Shown are averages and standard deviations for 2 replicate experiments. 
Openn bars refer to replicates without predatory bugs, closed bars to replicates with predatory bugs. 
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Thee predation rate was lower on predatory mites than on spider mites when they 
weree offered together, but the density of predatory mites was four times lower than that of 
spiderr mites. No significant difference was found between the predation rates of spider 
mitess and predatory mites when the rate with predatory mites was multiplied by four to 
compensatee for lower densities (Mann-Whitney £/-test: U- 38, n.s.; predation rate would 
bee 6.7  5.7). Also, no difference between the encounter rates was found when the rate 
withh predatory mites was multiplied by four (Mann-Whitney U-test: U = 36, n.s.; 
encounterr rate would be 0.011  0.02). No significant difference in the success ratio on 
predatoryy mites and on spider mites was found when they were offered together as prey 
(Mann-Whitneyy £/-test: U = 62, n.s.) (Table 3). Most of the predatory mites that were 
encounteredd but not killed escaped by running away from the predator. For spider mites, 
mostt mites that were encountered but not killed were left behind by the predatory bug. 
Handlingg time of predatory mites was significantly longer than of spider mites (Mann-
Whitneyy U-test: U=10,P = 0.008). 

Thee predatory bug killed large numbers of spider mites both when they were the 
onlyy prey available and when they were together with predatory mites (Table 3), but the 
presencee of spider mites did not prevent predation on predatory mites. Therefore, when 
presentt on the same patch, the two predators probably interact via competition for spider 
mitess and via intraguild predation by the predatory bug on the predatory mite. 

PopulationPopulation experiments 

Singl ee releas e of predator y bug s 

Numberss of spider mites increased until week 4, whereafter they declined to very low 
levels,, whereas numbers of predatory mites increased throughout the experiment (Fig. 3). 
Predatoryy bugs were only recaptured in low numbers (8 juveniles and 4 adults in week 3, 2 
andd 1 in week 4, and 1 juvenile in week 5). Some adults and nymphs were found stuck in 
thee web produced by spider mites. MANOVA showed a strongly significant effect of time, 
butt not of presence or absence of predatory bugs. Planned comparisons showed that 
numberss of spider mites in absence of predatory bugs were significantly higher than those 
inn presence of the predatory bugs in week 4 only (Fig. 3, ̂ 1,12= 3.26, d.f. = 1, P < 0.001), 
Despitee this difference, all prey in presence or absence of predatory bugs were eradicated 
inn week 5 (Fig. 3). Differences in numbers of spider mites did not result in significant 
differencess in the damage level or fruit weight of plants with and without predatory bugs 
(Fig.. 4, Mest, t = 0.85, P = 0.49 and t = 0.57, P = 0.57, respectively). 

Multipl ee releas e of predator y bug s 

Again,, numbers of spider mites increased until week 4, after which they crashed due to 
eradicationn by the predators (Fig. 5). As in the single-release experiments, MANOVA 
showedd a strongly significant effect of time, but not of presence or absence of predatory 
bugs.. Planned comparisons showed that numbers of spider mites in absence of predatory 
bugss were significantly different from those in presence of bugs in week 4 only 
(̂ 1,244 = 5.11, d.f. = 1, P = 0.03), but this time the numbers of spider mites in the treatment 
withh predatory bugs were the highest. Contrary to the first experiment, the population of 
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predatoryy mites now crashed due to lack of food. Since the predatory mites can only feed 
onn spider mites, in due time this would also have happened in the single release 
experiment.. There was no significant difference in the damage level of plants with and 
withoutt the predatory bug (/-test, t = -305, P = 0. 77) and fruit weight and plant weight did 
nott differ significantly between treatments (/-test, t = 1.05, P = 0.35 and t = -1.64, 
PP = 0.18, respectively) (Fig. 6). 

Discussion n 

Previouss studies showed that the predatory bug and the predatory mite are attracted to 
plantss with spider mites (Takabayashi et al. 1994, Janssen 1999, Chapter 2), and that the 
predatoryy mite also does not avoid plants with spider mites and predatory bugs (Janssen et 
al.al. 1999). Here we show that the predatory bug does not avoid plants with spider mites 
andd predatory mites. 

Behaviourall  observations showed that the predatory bug feeds on both predatory 
mitess and spider mites. Although the numbers of spider mites killed were similar when 
theyy were offered singly or in a mixture with predatory mites, the predatory bugs spent 
moree time feeding per spider mite when they were offered without predatory mites. In 
mixtures,, significantly more time was spent feeding per predatory mite compared to spider 
mites.. Thus, the presence of spider mites did not prevent intraguild predation of predatory 
bugss on predatory mites. Moreover, we have no reason to assume that predation rates on 
predatoryy mites are different from those on spider mites. 
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Figuree 5. Average numbers of spider mites (T. urticae, indicated by circles and drawn lines) and predatory 
mitess (P. persimilis, triangles and broken lines) in presence (closed symbols) and absence (open symbols) of 
predatoryy bugs (O. laevigatus) in the multiple-release experiment. Predatory bugs were added in all weeks, 
startingg in week 2. Shown are average numbers and standard deviations per treatment, each consisting of 3 
replicates.. Asterisks indicates significant difference (p < 0.05) between numbers at a given time. 
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fruitt weight plantt weight damage e 

Figuree 6. Fresh weight of cucumber plants and fruits and damage level of plants (fraction of leaf area 
damaged)) at the end of the population experiment involving spider mites (T. urticae), predatory mites (P. 
persimilis)persimilis) and multiple releases of predatory bugs (O. laevigatus). Shown are averages and standard 
deviationss for 3 replicate experiments. Open bars refer to replicates without predatory bugs, closed bars to 
replicatess with predatory bugs. 

Givenn the intraguild predation of predatory bugs on predatory mites, we expected 
thatt the predatory mite would avoid plants occupied by predatory bugs. However, a 
previouss study does not support this hypothesis (Janssen et al. 1999); the predatory mites 
didd not avoid plants with spider mites and predatory bugs. The bugs in that study, 
however,, were fed with flour moth eggs. This is important because Venzon et al. (Chapter r 
4)) found that predator recognition by thrips prey depends on the diet of the predator; when 
thee predatory bugs were fed on thrips prior and during the experiment, an avoidance 
responsee was elicited in downwind thrips, whereas predatory bugs fed with moth eggs 
priorr to, but with thrips during the experiment, did not elicit such a thrips response. If 
predatoryy mites use similar information to avoid competitors for shared prey, they are 
expectedd to avoid predatory bugs fed with spider mites prior and during the experiment, 
butt they did not. Thus, spider mites as prey for the predatory bug had no effects on 
olfactoryy avoidance by the predatory mite. It is still possible, however, that predatory 
mitess would avoid plants with predatory bugs that actually fed on predatory mites. 

Theree is a danger in evaluating the importance of intraguild predation at the 
individuall  level only. Whereas our behavioural observations clearly demonstrated its 
occurrence,, we found only small effects of the presence of predatory bugs on numbers of 
spiderr mites, the shared prey, and no effect on numbers of predatory mites. Also, there was 
noo effect on plant damage, plant biomass and fruit weight. One potential reason for the 
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absencee of an effect of intraguild predation at the population level is that increased escape 
orr mortality of the predatory bugs due to the webbing of spider mites. The amount of 
webbingg produced by spider mites in the population experiments was high, especially in 
thee single release experiment, and it is known that predatory bugs are hindered by web and 
attemptt to escape (Chapter 4). In fact, this was the reason for us to start a second 
experimentt with a lower web density and multiple releases of predatory bugs. However, 
thiss experiment resulted in similar findings as the single-release experiment. Escapes from 
plantss thus result in low numbers of predatory bugs on the plants, and therefore in a low 
impactt on predatory mites, spider mites and the host plant. Had we done our experiments 
inn small enough cages, the escape behaviour was probably prevented. Thus, caution should 
bee exercised in selecting a spatial scale when studying interactions in a food web (Janssen 
etet al. 1998, Sabelis et al. 1999b). These results also show that there is no reason for 
predatoryy mites to avoid plants with spider mites and predatory bugs, since predatory bugs 
hadd no effect on predatory mite densities. 

Ourr study is the second in showing that negative effects of intraguild predation on 
plantt biomass are absent. In an earlier study by Moran et al. (1996) and Moran and Hurd 
(1998)) in a natural ecosystem, even positive effects of intraguild predation on plant 
biomasss were found. Obviously, many more systems need to be studied to allow for 
generall  conclusions on the effects of intraguild predation in arthropod food webs on 
plants.. Such studies have an important bearing on the practice of pest control with 
generalistt (intraguild) predators. The success of biological control hinges on top-down 
controll  of herbivores, but with the increased use of biological control, artificial food webs 
aree created, and the interactions among plants, herbivores, and natural enemies change 
fromm simple tri trophic interactions to more complex food web interactions. However, 
whenn the addition of generalist predators does not affect plant damage, as was found here, 
theree seems to be no reason to avoid using generalist natural enemies for pest control. 

Thee indirect effects of intraguild predation on plants are essential for understanding 
thee evolution of direct and indirect defence of plants against their herbivores, and the 
relativee importance of top-down versus bottom-up control of herbivore populations. When 
herbivoree numbers are controlled by complexes of predators, intraguild predators and 
hyperpredators,, as in our study, plants can reduce herbivore densities by interacting with 
thirdd or higher trophic levels. These so-called indirect plant defences strengthen top-down 
controll  of herbivores by providing bottom-up information via herbivore-induced plant 
volatiles. . 
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