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Chapterr 1 

Introductionn and general discussion 

Arthropodd food webs are often complex and the occurrence of omnivory and indirect 
trophicc interactions can make it especially difficult to assign species to distinct trophic 
levelss (DeAngelis et al. 1996, Polis and Strong 1996). In a simple model proposed by 
Hairstonn et al. (1960) where each species in a food web is classified in one of three trophic 
levels,, changes in one trophic level cascade down to lower trophic levels, but this may not 
bee truee for more complex food webs. This is because herbivore density and plant biomass 
affectt and are affected by species that occupy more than one trophic level (Polis and 
Strongg 1996). 

Feedingg on more than one trophic level is a common phenomenon in ecological 
communitiess (Polis 1991, Diehl 1993, Winemiller 1996). In arthropod food webs, many 
predatorss are generalists and they may not restrict their diets to herbivore species but feed 
alsoo on other predators and even on conspecifics (Sabelis 1992). Generalist predators are 
thereforee expected not only to interact with other predators through competition for food, 
butt in many cases also through intraguild predation. This is defined as the killin g and 
eatingg of species that otherwise use similar resources and are thus potential competitors 
(Poliss et al. 1989). If the generalist predator preferentially feeds on other predators 
(intraguildd prey), an increase of herbivore populations is expected due to lower numbers of 
thee intraguild prey and/or due to the reduction of time and energy spent by the intraguild 
predatorr on the herbivores. 

Besidess omnivory, indirect interactions in food webs may also modify the strength 
orr even the sign of direct effects of natural enemies on herbivores (Wootton 1994). 
Numericall  indirect interactions occur when one species affects densities of another 
throughh an effect on the numbers, density or biomass of an intermediate species (i.e. 
competition,, apparent competition, indirect effects of intraguild predation); functional 
indirectt interactions emerge when changes in the way that two species interact occur 
throughh the presence of a third (i.e. induced resistance and susceptibility, indirect plant 
defences,, avoidance of competition) (see Janssen et al. 1998 for a review of indirect 
interactions).. Direct interactions can also be numerical and functional. Predation is a 
numericall  direct interaction; avoidance of predation via behavioural responses of the prey 
iss a functional direct interaction. Such behavioural changes will normally not only have 
effectss on the functional response of the predator, but will also affect the prey growth rate 
duee to costs involved in displaying the antipredator behaviour (Lima and Dil l 1990). 
Hence,, besides having a numerical effect on prey through predation, predators also have a 
functionall  effect on prey through changes in predator attack rate and prey growth rate. 
Althoughh the majority of studies on interactions in food webs have concentrated on 
numericall  interactions, experiments and theory have shown that functional interactions can 
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equall  numerical interactions in strength (Abrams 1995, 1996, Menge 1997, Peacor and 
Wernerr 1997, Schmitz et al. 1997, Peckarsky and Mcintosh 1998). 

Plantss too are interactive members of food webs and can defend themselves 
indirectlyy by interacting with the natural enemies of their herbivores. They may do so by 
arrestingg natural enemies through provision of food or shelter and/or by facilitating 
searchingg of natural enemies through the production of volatiles signaling the presence of 
herbivoress (Sabelis et al. 1999). These volatiles vary considerably, depending on plant and 
herbivoree species (Sabelis and Van de Baan 1983, Dicke and Sabelis 1988, Takabayashi et 
al.al. 1991, Dicke 1999), plant variety (Dicke et al. 1990, Dicke 1999), plant tissue age 
(Takabayashii  et al. 1994, Scutareanu et al. 1997), and degree of infestation (Turlings et al. 
1990,, Scutareanu et al. 1997), thereby providing predators with very specific information. 

Interactionss such as indirect plant defence and predator avoidance by prey both 
havee spatial consequences since they cause the redistribution of animals and therefore 
affectt the probability of species interacting. They also have in common that volatile 
chemicall  stimuli play an important role, which is not surprising since odours are of general 
importancee in the foraging behaviour of arthropods. When predators assess the 
profitabilityy and risks of feeding in a given patch, they often use chemical cues related to 
thatt patch. Apart from the volatiles produced by plants under herbivore attack, other 
odourss such as those emanating directly from the herbivorous prey (Whitman 1988, Vet 
andd Dicke 1992, Raffa and Dahlsten 1995, Mendel et al. 1995) and from their by-products 
{e.g.{e.g. faeces, honey dew; Tumlinson et al. 1992) are likely to be related to food availability, 
therebyy guiding predators towards the source. Moreover, predators and prey can also use 
odourss associated with the presence of other con- or heterospecifics on the patches for 
avoidingg competition or (intraguild) predation (Lima and Dill 1990, Janssen et al. 1997, 
Pallinii  et al. 1997, 1999). Additionally, prey can distinguish dangerous from harmless 
predators,, through odours related to predation on conspecifics of the prey, e.g. alarm 
pheromoness released by attacked prey (Kats and Dill 1998, Chivers and Smith 1998). 

Therefore,, when determining the occurrence and strength of interactions in food 
webs,, a logical first step is to study searching behaviour of the species in the food web in 
responsee to odours associated with the presence of food, predators (intraguild) and 
competitors.. Research should then focus on those combinations of species that were 
shownn to be attracted to the same patch type and do not avoid each other. In this thesis, I 
followedd this approach when studying direct and indirect interactions of a generalist 
predatorr in an arthropod food web on plants. This food web (Fig. 1) consists of the 
generalistt predatory bug, Orius laevigatus (Fieber) (Hemiptera: Anthocoridae), the 
specialistt predatory mite, Phytoseiulus persimilis Athias-Henriot (Acari: Phytoseiidae), 
twoo herbivores, the two-spotted spider mite Tetranychus urticae Koch (Acari: 
Tetranychidae)) and the western flower thrips Frankliniella occidentalis (Pergande) 
(Thysanoptera:: Thripidae), and cucumber plants (Cucumis sativa var. Ventura). The 
predatoryy bug is often used in greenhouses to control thrips, whereas the predatory mite is 
usedd in the same greenhouses to control spider mites. Being polyphagous, the predatory 
bugg may prey on both pests, but also on the predatory mites. The decrease of herbivore 
populationss and the effects on plants fitness wil l then depend on the direct and indirect 
interactionss between predatory bugs and predatory mites, thrips and spider mites, and on 
indirectt plant defences. 
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Figuree 1. The arthropod food web studied in this thesis. It occurs on cucumber plants in greenhouses where 
biologicall  control is applied. Shown are the cucumber plant, Cucumis saliva, two herbivore species, the two-
spottedd spider mite Tetranychus urticae and the western flower thrips Frankliniella occidentalis, and the 
naturall  enemies used to control them. The generalist predatory bug Orius laevigatas is used to control thrips 
andd the predatory mite Phytoseiuluspersimilis to control spider mites. 

II  started by studying the foraging behaviour of the predatory bug towards 
herbivore-infestedd plants (Chapter 2). In greenhouse release-recapture experiments, the 
predatoryy bug preferred plants infested either with spider mites or with thrips over clean 
plants.. Results from olfactometer experiments showed that odours play a role in the 
responsess towards plants infested with spider mites. In subsequent greenhouse 
experiments,, the predatory bug was shown to prefer plants with spider mites over plants 
withh thrips. Experience with spider mites on cucumber leaves prior to their release in the 
greenhousee had no effect on the preference of the predatory bugs for plants with spider 
mites,, but this experience did increase the percentage of predators recaptured on both 
infestedd plants. As this conditioning also increased the numbers of bugs recaptured on 
thrips-infestedd plants it is possible that there are common volatiles produced by these two 
plant-herbivoree complexes. The preference for plants infested with spider mites over 
plantss with thrips may be partially explained by the difference in odour concentration 
originatingg from the different herbivore densities; plants infested with spider mites 
harbouredd c. 1000 females per plant whereas plants with thrips had c. 30 larvae per plant. 

Inn Chapter 3, the prey preference of the predatory bug and its associated 
reproductivee success was investigated. Assuming prey preference to be density-dependent, 
II  first tried to find to what extent the density of the non-preferred prey (thrips) has to be 
increasedd to offset preference for the other prey. Greenhouse release-recapture 
experimentss showed that the predatory bug did not have a preference when offered a 
choicee between plants with higher thrips density (c. 150 instead of 30 larvae/plant) and 
plantss infested with spider mites (again c. 1000 females/plant). To explain the responses 
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foundd in the greenhouse, the predator behaviour was observed on leaf discs with thrips and 
spiderr mites as prey. Both prey were successfully attacked and fed upon by the predatory 
bugg when they were offered separately or together. Subsequently, reproductive success of 
predatoryy bugs was measured on ample supply of both prey types. Under these conditions, 
thripss were shown to be better food than spider mites in terms of predator development, 
fecundityy and growth rate. When prey supply was not ample but equivalent to that in the 
release-recapturee experiments, the oviposition rate of predatory bugs on plants with 1000 
spiderr mite females was similar to that on plants with 30 thrips larvae, but lower than that 
onn plants with 150 thrips larvae. These results raise two questions: (1) Why do the bugs 
preferr plants with spider mites over plants with a low density of thrips, whereas the 
ovipositionn rate on these plants is equal?, (2) Why do the bugs not prefer plants with high 
thripss density over plants with spider mites, whereas the oviposition rate is highest on the 
former?? The answers to these questions may be found in the details of the process of prey 
depletionn on these plants: (1) after one day, thrips were virtually eliminated, whereas 
spiderr mites were still numerous, indicating food limitation on the thrips-infested plants, 
(2)) spider mites reproduce faster than thrips, implying that they will represent a larger food 
sourcee in the future. 

Sincee thrips and spider mites are often found attacking the same plants in 
greenhousess (Lewis 1997), it is important to note that predatory bugs can end up on plants 
infestedd with both herbivores (Chapter 2), where they feed on both prey (Chapter 3). 
Hence,, interactions may occur when the three arthropod species are found on the same 
plantss (Chapter 4). One of the interactions known to occur is that thrips larvae use web 
producedd by spider mites as a refuge from predation by a predatory mite {Neoseiulus 
cucumeriscucumeris (Oudemans)) (Pallini et al. 1998). Although, the predation rate is lower in 
webbedd areas, thrips compete with spider mites, resulting in a reduced rate of development 
andd reproduction. To minimize these costs of refuge use, thrips larvae move into webbing 
onlyy when perceiving volatile cues associated with the predatory mite. Following Pallini et 
al.al. (1998), I studied a similar interaction, now using the generalist predatory bug. As with 
predatoryy mites, predation on thrips was reduced in webbed areas due to negative effects 
off  webbing on the foraging efficiency of predatory bugs. Also, predatory bugs tried to 
leavee arenas with spider-mite web more often than clean arenas. However, thrips larvae 
movedd into webbed areas more frequently when perceiving cues from predatory bugs that 
weree fed on conspecific thrips prior to and during the experiment, than when perceiving 
cuess of predatory bugs fed with flour moth eggs prior to the experiment (and with thrips 
onlyy during the experiment). Hence, signals associated with thrips being attacked and 
eatenn by a predator are an indication that the predator is potentially dangerous and 
thereforee elicited a stronger antipredator response than signals from predators that had 
beenn feeding on other prey species. The consequences of this antipredator behaviour for 
thee population dynamics of thrips are yet to be explored. 

Ass the predatory bug shows attraction to plants infested with spider mites (Chapter 
22 and 3), and the predatory mite (P. persimilis) is also attracted to these plants 
(Takabayashii  et al. 1994, Janssen 1999), interactions between the two predators with 
spiderr mites as their shared prey were investigated. Predatory mites did not avoid plants 
withh spider mites and predatory bugs (Chapter 5), nor did predatory bugs avoid plants with 
spiderr mites and predatory mites in greenhouse release-recapture experiments (Chapter 6). 



IntroductionIntroduction and general discussion 11 1 

Becausee the two predators did not avoid each other, I studied the foraging behavior of 
predatoryy bugs on patches with spider mites with and without predatory mites. Both spider 
mitess and predatory mites were attacked and fed upon, and the presence of spider mites 
didd not prevent intraguild predation by the predatory bug on the predatory mite. Given 
thesee predator-prey and intraguild interactions, I investigated the effects of releasing 
predatoryy bugs on populations of spider mites and predatory mites. Unexpectedly, I found 
onlyy small effects of the presence of predatory bugs on numbers of spider mites (as well as 
plantt damage) and even no effect on numbers of predatory mites. Why intraguild 
predationn is manifested in the behavioural experiments, but not in the population 
experiments,, remains an open question. One reason may be the observed escape of 
predatoryy bugs from plants with spider-mite web (Chapter 4). 

Thee results of Chapter 6 raise an important point for the debate on complex 
interactionss and their role in food web dynamics. Clearly, one should be cautious in 
extrapolatingg experiments carried out in confined environments (cages, dishes) to the 
populationn level. Even though intraguild predation was observed in small scale 
experiments,, it did not affect the interaction between the predatory mites and the spider 
mitess on large scale experiments. The absence of such complexities implies that complex 
foodd webs may actually behave as simple tritrophic food chains (Sabelis et al. 1999). If 
thiss generally holds, it becomes more understandable why plants invest in indirect 
defences,, i. e. by promoting the effectiveness of natural enemies of the herbivores despite 
thee investments being open to exploitation by other members of the food web. 

Besidess being important for understanding the existence of indirect plant defences, 
studiess on food web interactions are especially important for the practice of pest control 
withh generalist predators. The success of biological control hinges on top-down control of 
herbivores,, but with multiple introduction of natural enemies, artificial food webs are 
created,, and the interactions among plants, herbivores and natural enemies change from 
simplee tritrophic interactions to more complex food web interactions. These complex 
interactionss may all affect pest densities and success of biological control. In the system 
studiedd in this thesis, the addition of a generalist did not result in reduced control of a non-
targett pest, although there were reasons to expect the opposite. Further research is needed 
too establish the generality of top-down control in arthropod food webs on plants. 

Thiss thesis shows that the introduction of generalist predators into food webs 
indeedd increases the number of interactions, and sometimes in unsuspected ways. In the 
twoo predator - two prey web studied here, addition of a generalist results in direct 
numericall  interactions, such as predation on the non-target prey and intraguild predation 
onn another natural enemy. The generalist also caused indirect and direct interactions 
betweenn prey, such as the use of spider-mite web as a refuge by thrips larvae, which also 
leadss to an increase in intraguild predation of thrips on spider-mite eggs. An inventory of 
suchh interactions and their effects on population dynamics of herbivores and predators is 
essentiall  to understand the behaviour of food webs in crops as well as in natural 
ecosystems. . 

Acknowledgementss I thank Arne Janssen, Mous Sabelis, Sam Elliot and Pam Van Stratum for comments 
onn a previous version of this introduction. 
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