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CHAPTER 1  

 

General introduction and thesis outline 
 

Diverse habitats have multiple direct and indirect effects on the individual behaviour 

and the population dynamics of phytophagous insects. Plant species diversity may 

have a strong impact on the composition of the odour bouquet prevailing in the 

environment and the structural complexity of the vegetation. Hence, plant species 

diversity can directly affect the orientation and host plant location process of 

herbivores. Indirectly, the vegetational complexity of habitats affects herbivores via 

carnivores, because the presence of host and non-host plants within diverse habitats 

also influences the prey and host location process of predators and parasitoids. 

Therefore, habitat vegetational complexity can play a crucial role in oviposition site 

selection of herbivorous insects and the interaction with their natural enemies such as 

parasitoids.  

 

 

Host plant location and selection in herbivorous insects 

For the majority of herbivores host plant selection is closely linked with oviposition 

site selection, since most phytophagous insects feed and deposit their eggs on the same 

plant species. In general, the host plant selection behaviour of insects has been divided 

into several sequential steps comprising habitat finding, host plant finding, host plant 

recognition and acceptance which is in turn connected to host plant suitability 

(Prokopy and Owens 1983, Jones 1991). Herbivores use both chemical and visual cues 

to locate host plants and to discriminate host from non-host plants in diverse habitats 

(for reviews see Jones 1991, Bernays and Chapman 1994, Schoonhoven et al. 2005, 

Fernandez and Hilker 2007). It is assumed that phytophagous insects employ during 

host plant location a specific ‘host plant search image’ which is based on 

representative chemical and visual characteristics of their host plants (Städler 2002). 

Many examples show that typical volatile compounds emitted by host plants guide 

herbivores while searching and play an important role in host plant recognition (for 

reviews see Visser 1986, Honda 1995, Bruce et al. 2005). For instance, it has been 

reported that host plant odour signals attract herbivores over distances of up to 100 
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metres (see Schoonhoven et al. 2005). The decision to select a host plant for 

oviposition and/or feeding may further be affected by other types of infochemicals 

derived from competitors or natural enemies (reviewed in Kats and Dill 1998, Dicke 

2000). Besides chemical host plant properties, visual plant attributes such as growth 

form, leave shape or colour can also influence the host location process of herbivorous 

insects (reviewed in Prokopy and Owens 1983). Visual host plant cues were observed 

to elicit positive responses in herbivores over a distance of up to 10 metres (see 

Schoonhoven et al. 2005). However, within habitats olfactory and visual plant cues 

always occur in combination and the relative importance of either cue for herbivores 

during host location is sometimes difficult to assess. The relevance of different types 

of host plant cues seems to depend largely on the investigated species (e.g. Finch et al. 

2003, Couty et al. 2006). Finally, for host plant recognition and acceptance contact 

cues such as non-volatile chemicals or mechanical stimuli may be decisive factors. For 

example, leaf epicuticular waxes and other non-volatile secondary compounds or plant 

trichomes on the plant surface are known to trigger the acceptance or rejection of host 

plants for oviposition and/or feeding (e.g. reviewed in Dethier 1982, Honda 1995, 

Städler 2002, Müller and Riederer 2005). 

 

 

Host and prey location in carnivorous insects 

Like herbivores, foraging carnivores also have to locate hosts or prey on different 

spatial scales, starting with the location of the habitat of hosts or prey, then finding 

plants harbouring hosts or prey and finally recognise and accept suitable targets (for 

reviews see Hassell and Southwood 1978, Vinson 1998). To find their way to their 

victims carnivorous insects can use both olfactory and visual plant cues (e.g. Hattingh 

and Samways 1995, Freund and Olmstead 2000, Henneman et al. 2002). The shape 

and pattern of plants may be important to find habitats and patches with hosts or prey 

(Hattingh and Samways 1995, Wäckers and Lewis 1999, Freund and Olmstead 2000). 

Furthermore, plant colour may provide parasitoids and predators with valuable 

information during foraging (Wäckers and Lewis 1999, Henneman et al. 2002, Fischer 

et al. 2004, Goyer et al. 2004). However, chemical cues may constitute more specific 

and reliable signals indicating the presence of hosts or prey within the habitat. 

Extensive research has elucidated that foraging natural enemies rely on various kinds 

of infochemical cues, which may originate either directly from host or prey 
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individuals, for example pheromones, or indirectly from the food plants of their 

victims, for example volatile secondary plant compounds (for reviews see Vet and 

Dicke 1992, Steidle and van Loon 2003, de Boer and Dicke 2005, Hilker and Meiners 

2006). Carnivorous insects are known to be attracted by plant volatiles from intact 

(Takabayashi et al. 1991, Reddy 2002, Bukovinszky et al. 2005) and infested food 

plants of their victims. However, food plants that are damaged by herbivore feeding or 

oviposition produce specific volatile compounds, which allow the natural enemies to 

locate and select their targets very precisely (e.g. reviewed in Hilker and Meiners 

2002). Thereby, carnivorous insects often combine the use of direct and indirect cues 

during foraging and are attracted to infochemicals derived from the whole complex of 

host/prey and associated food plants (e.g. Erbilgin and Raffa 2001, reviewed in Reddy 

and Guerrero 2004). Whether carnivores respond to very specific signals or to signals, 

which are generally present in multiple host/prey-plant complexes, depends on the 

dietary specialisation of the carnivore species and on the diet breadth of their victims 

(Vet and Dicke 1992, Steidle and van Loon 2003). The response to the occurring 

signals may be either innate or acquired through associative learning when hosts or 

prey are encountered in their presence (Steidle and van Loon 2003, de Boer and Dicke 

2006).  

 

 

Driving factors in oviposition strategies of herbivores  

Oviposition site selection is a demanding task for herbivorous arthropods, because 

herbivore females have to integrate a variety of factors to optimise their reproductive 

success (Jaenike 1978, Thompson 1988, Janz 2002, Scheirs et al. 2004). These factors 

include, for example, host plant availability and suitability, mortality risks of the 

mother and the larvae as well as larval mobility and host finding capability (e.g. 

Tammaru and Javoiš 2005, Tschanz et al. 2005, Moravie et al. 2006, Pöykkö 2006, 

Jervis et al. 2007). The egg deposition site chosen by the female determines to a large 

extent the future feeding site of the larvae, since herbivore larvae often have limited 

dispersal abilities (Jones 1991). Therefore, female herbivores gain maximal fitness, 

when their oviposition preference coincides with the performance of the larvae, 

provided that the most suitable feeding site ensures maximal larval fitness as assumed 

by the ‘preference-performance hypothesis’ (Jaenike 1978, Thompson 1988, Janz 

2002). In this context, Janz (2002) classified different ‘internal’ and ‘external’ factors, 
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which may affect oviposition site selection and thus, plant-herbivore interactions as 

well. According to Janz (2002), internal factors represent factors that derive directly 

from the plant or the herbivore, for instance plant chemistry and architecture or the age 

and egg load of the female. External factors, in contrast, constitute abiotic influences, 

intra- and interspecific competitors or natural enemies of herbivores. However, in the 

past the quality and the quantity of host plants received much emphasis and were 

considered as crucial factors that predominantly determine host plant choice of 

ovipositing females (e.g. Kareiva 1983, Awmack and Leather 2002, Rhainds and 

English-Loeb 2003, Stiling and Moon 2005). Particularly, high nutritional quality of 

host plants is often related to fast growth rates and short developmental periods during 

the larval stage (Lill and Marquis 2001, Kessler and Baldwin 2002, Pöykkö 2006, 

Müller and Arand 2007). Although the preference of the female and the performance 

of the offspring should closely match from an evolutionary standpoint, it has been 

quite frequently observed that this is not always the case. Several reasons account for 

that finding, for instance herbivores may have limited discrimination abilities to 

distinguish hosts from non-host plants leading to suboptimal oviposition decisions 

(Janz and Nylin 1997, Bernays 1999) or constraints in searching time may demand to 

accept low quality host plants (Courtney et al. 1989, Tammaru and Javoiš 2005). 

Moreover, the risk of predation for either adults or the larvae might be more decisive 

than host plant quality. The reduced predation or parasitism rate at specific oviposition 

sites may compensate for low nutritional quality or otherwise inferior properties of the 

selected host plant (Fox and Eisenbach 1992, Ohsaki 1994, Gratton and Welter 1999, 

Ballabeni et al. 2001). However, a trade-off between reduced mortality risk and high 

host plant quality does not necessarily have to exist (Yamaga and Ohgushi 1999, 

Kessler and Baldwin 2002).  

 

 

Enemy-free space and oviposition site selection 

Natural enemies can directly affect the oviposition site selection of herbivores and are 

important factors that shape herbivore-plant interactions. Jeffries and Lawton (1984) 

defined the term ‘enemy-free space’ as ‘ways of living that reduce or eliminate a 

species’ vulnerability to one or more species of natural enemies’. Generally, animals 

may gain enemy-free space through different modalities, which are either related to the 

species itself or to the biotic and abiotic environment (for reviews see Jeffries and 
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Lawton 1984, Fryer 1986, Berdegue et al. 1996). For example the size or morphology 

of a species may determine the degree of exposure to carnivorous insects (see Rashed 

et al. 2005). Furthermore, biotic interactions can affect the mortality risk of an 

organism, for instance when several herbivores share a natural enemy (Holt and 

Lawton 1993, 1994). Most of all, the position a herbivore occupies within the habitat 

on a temporal and spatial scale may determine its vulnerability to predators and 

parasitoids (Price et al. 1980, Novotny et al. 1999, Heard et al. 2006). This may be 

especially true for herbivore eggs, since they are immobile and constitute a relatively 

defenceless stage in insect development (but see Blum and Hilker 2002). Herbivores 

and their offspring may escape from predators or parasitoids through adapting their 

activity patterns or time of occurrence on a daily or seasonal time scale (Clancy and 

Price 1986, Novotny et al. 1999, Nomikou et al. 2003). On a spatial scale different 

properties of the vegetation offer possibilities for structural or infochemical refuges 

which may protect herbivores against natural enemy attack (e.g. Vos et al. 2001, 

Bukovinszky et al. 2007). Plant species diversity and composition as well as the 

structural complexity of the vegetation play a key role in herbivore-carnivore 

interactions. Therefore, the following section deals with the influence of diverse 

vegetation on foraging herbivores and natural enemies.  

 

 

Vegetational complexity and its impact on the orientation of herbivores and 

natural enemies 

The vegetational complexity of habitats is determined by plant species diversity and 

the three-dimensional spatial structure of these plant species. Moreover, plant species 

diversity may affect the composition of the volatile bouquet prevailing within habitats, 

since different plant species are known to produce and release various plant secondary 

compounds (e.g. reviewed in Dudareva et al. 2006, Knudsen et al. 2006). A diverse 

plant species composition in natural habitats, where host plants are intermingled with 

non-host plants, can have profound positive and negative consequences for the 

orientation behaviour of herbivores and natural enemies. Chemical and physical non-

host plant characteristics can negatively influence searching behaviour and the host 

plant location process of herbivores. For example, non-host plants may emit repellent 

volatile compounds (e.g. Uvah and Coaker 1984, Mauchline et al. 2005) or volatiles 

that mask the odours of the host plant (e.g. Thiery and Visser 1986, Nottingham et al. 
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1991, Amarawardana et al. 2007). Physically non-host plants may mask visual cues of 

the host plant (Feeny 1976, Rausher 1981, Finch and Collier 2000, Hambäck 2003) or 

they may hinder the herbivore to access the host plant (Perrin and Phillips 1978, 

Litsinger et al. 1991, Coll and Bottrell 1994). Furthermore, non-host plants may 

indirectly affect herbivores via natural enemies, which they may provide with shelter 

or alternative food sources and thus, increase the mortality risk for herbivores (e.g. 

reviewed in Russell 1989, Landis 2000, Langellotto and Denno 2004, Romeis et al. 

2005).  

Nevertheless, diverse vegetation may also be beneficial for herbivores, 

particularly for generalists, in terms of greater resource availability and dietary mixing 

(Bernays and Minkenberg 1997). Furthermore, non-host plants may also constitute 

important so-called non-consumable resources for herbivores. Structural features of the 

vegetation can be crucial for survival, when certain non-consumable substrates are 

needed, e.g. for roosting, mate location, overwintering or as pupation sites (Wiklund 

1984, Bernays and Chapman 1994, Dennis 2004, Veldtman et al. 2007). Several insect 

species are known to oviposit on non-host plants, which might not only allow 

successful overwintering, but may also be a strategy to provide eggs with enemy-free 

space (Obermaier et al. 2006, Veldtman et al. 2007). Moreover, non-host plant species, 

as part of diverse vegetation, can interfere with the host and prey location process of 

predators and parasitoids. The structure of the neighbouring vegetation surrounding 

host plants chosen for oviposition can reduce the predation and parasitism success of 

natural enemies, because access to prey or hosts is hampered through visual or 

physical interference (Tschanz et al. 2005, Obermaier et al. in press). On a smaller 

spatial scale, plant architecture can provide phytophagous arthropods with enemy-free 

space, because the searching efficiency of natural enemies can vary tremendously 

between different plant species or plant parts (Grevstadt and Klepetka 1992, Hopkins 

and Dixon 1997, Legrand and Barbosa 2003). Several investigations showed that 

complex plant architecture negatively affects the movement ability and the searching 

time of parasitoids, which reduces their foraging success (Andow and Prokrym 1990, 

Lukianchuk and Smith 1997, Cloyd and Sadof 2000, Gingras et al. 2003). Moreover, 

differences in plant architecture can simply make the accessibility of prey impossible, 

because herbivores occupy well concealed locations on host plants, which are out of 

reach for natural enemies (Freese 1995, Clark and Messina 1998a, b, Stone and 

Schönrogge 2003, Chen and Welter 2007, Rouault et al. 2007). Besides spatial refuges 



General introduction and thesis outline 

 7

vegetation may also offer chemical refuges for herbivores, because volatiles released 

by non-host plants may disrupt the prey or host location process of natural enemies, 

which try to follow volatiles cues associated with prey or hosts (Vos et al. 2001). Non-

host plants may emit odorants that have a repellent effect on natural enemies (Gohole 

et al. 2003, Wäckers 2004, Sanon et al. 2006) or they release volatiles which mask the 

odour of the host plants (Monteith 1960). In addition, odours released by non-host 

plants might even be more attractive for natural enemies than odours of host-infested 

plants (Perfecto and Vet 2003, Gols et al. 2005, Bukovinszky et al. 2007).  

 

The overwhelming majority of studies, concerning the influence of non-host plants on 

the performance and survival of phytophagous insects, have been conducted in 

agroecoystems (e.g. reviewed in Trenbath 1993, Tonhasca and Byrne 1994, Landis et 

al. 2000, Hooks and Johnson 2003, Norris and Kogan 2005). So far, these 

investigations revealed mixed results regarding the responses of herbivores towards 

habitat diversification. Generally, research work in this area wanted to assess the value 

of increased plant species diversity, for example achieved through intercropping or 

maintenance of weedy vegetation, as management tool for pest suppression. Therefore, 

mostly negative effects on phytophagous insects were expected in those studies. In 

contrast, it has seldom been investigated how diverse vegetation might support 

herbivores and enhance their performance, while potentially hampering natural 

enemies. 

 

 

Study organisms 

The leaf beetle, Galeruca tanaceti L. (Coleoptera: Chrysomelidae), and its egg 

parasitoid, Oomyzus galerucivorus Hedqvist (Hymenoptera: Eulophidae), were used as 

model organisms to elucidate the influence of vegetational complexity in a naturally 

evolved herbivore-parasitoid system. The impact of structural and chemical plant 

characteristics on the herbivore-parasitoid interaction was investigated in the field, 

with semi-field experiments in the greenhouse and in the laboratory. The fieldwork 

was conducted on extensively managed meadows and mesoxerophytic grassland sites 

at the ‘Hohe Wann’ nature reserve (Northern Bavaria, Germany). 
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Fig. 1. The investigated herbivore-parasitoid system. (A) Gravid Galeruca 
tanaceti female on Achillea millefolium flower in the field (photo: B. 
Randlkofer). (B) Leaf beetle egg clutches on the tip of dried grass stems 
(photos: B. Randlkofer). (C) The egg parasitoid Oomyzus galerucivorus 
(photo: T. Meiners).  

 

 

 

The herbivore – Galeruca tanaceti  

The tansy leaf beetle, G. tanaceti, is polyphagous and in the literature it is mentioned 

that beetles feed on plant species of the families Asteraceae, Brassicaceae, 

Caryophyllaceae, Dipsacaceae, Liliaceae, Lamiaceae, Polygonaceae and Solanaceae 

(Lühmann 1939, Prevett 1953, Obermaier and Zwölfer 1999) (Fig. 1A). In the study 

area, one of the main host plants of G. tanaceti is yarrow, Achillea millefolium L. 

(Asteraceae), but larvae can also be found feeding on Centaurea jacea L. (Asteraceae) 

and Salvia pratensis L. (Lamiaceae) (E. Obermaier, personal observation). G. tanaceti 

A B 

C 
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can occur as pest on potato, cabbage, beans, dahlia and other cultural plants (Lühmann 

1939, Heinze 1974, Roditakis and Roditakis 2006). The leaf beetle is a univoltine 

species distributed throughout Europe and in the East Palaearctic region, Near East and 

North Africa (Fauna Europaea Web Service 2004, version 1.1, 

http://www.faunaeur.org). The leaf beetle females oviposit on dry plant stems, mostly 

non-host plants such as grasses, during autumn from September to early December 

(Siew 1966, Meiners et al. 2006). The eggs are laid in clutches which contain on 

average about 65 eggs (Obermaier unpublished data). The eggs are usually arranged in 

a drop shaped or globular form and are protected by a dark and solid extrachorion 

(Scherf 1966, Messner 1983) (Fig. 1B). As the gravid females are unable to fly, they 

have to walk up the plant structures for egg deposition. The species overwinters in the 

egg stage and egg clutches stay on the plants for up to 7 months until hatching of the 

larvae in April (Obermaier and Zwölfer 1999). After hatching in April-May, the larvae 

have to find suitable host plants in the surrounding of the oviposition site where they 

feed for about three weeks until pupation (Obermaier and Zwölfer 1999). After 

pupation, the adults can be found from early June onwards before they enter a 

reproductive diapause in mid-summer. 

 

 

The egg parasitoid – Oomyzus galerucivorus  

Throughout Europe O. galerucivorus parasitises different Galeruca species (Sinacori 

and Mineo 1993), however, its main host in Germany is the leaf beetle G. tanaceti 

(Fig. 1C). The eulophid wasp is a solitary parasitoid, i.e. usually only one egg per host 

egg is deposited by the females, which parasitise the egg clutches of its host shortly 

after beetle oviposition in autumn. The parasitoid larvae hibernate in the host eggs and 

adults emerge next spring (Meiners et al. 2006). The host egg clutches are protected 

with defensive chemical compounds (Hilker and Schulz 1991, Pankewitz and Hilker 

2006), but as a specialist the egg parasitoid overcomes the host’s defence via complete 

excretion of these chemicals (Meiners et al. 1997). Due to their minute body size (ca. 

1.5 mm) the egg parasitoids search for host egg clutches at close range by walking up 

and down vertical structures within the vegetation (Meiners unpublished data). 

Regarding the orientation to chemical and optical cues, so far, it is known that naïve 

parasitoids do not respond to odours from the host, host eggs, plant leaves 

(intact/damaged) from different host plant species and oviposition substrate (dried 
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grass stems) (Meiners et al. 1997, Hilker and Meiners 1999). Experienced parasitoids 

however are attracted by the odours of yarrow leaves and naïve wasps respond to a 

mix of three terpenes (camphor, alpha-pinene, beta-caryophyllene) contained in yarrow 

(Meiners unpublished data). In the field it has been revealed that the presence of the 

major leaf beetle host plant A. millefolium affects parasitism positively (Meiners and 

Obermaier 2004). Furthermore, it is known that the contact to host faeces elicits 

arrestment in the parasitoids, but odours of faeces is unattractive (Hilker and Meiners 

1999). Host eggs in close range of about 2 cm are not recognised, but chemical 

compounds contained in the egg clutch extrachorion are involved in host recognition 

behaviour (Meiners et al. 1997, Hilker and Meiners 1999). 

 

 

Thesis outline  

This thesis investigated as general hypothesis that diverse and complex vegetation 

within habitats protects herbivores, but impairs the foraging success of parasitoids. The 

main objective was to determine how plant species diversity and associated volatile 

blends as well as plant structural complexity affect the oviposition site selection of the 

leaf beetle G. tanaceti and the parasitism success of its egg parasitoid O. 

galerucivorus. Particularly, the following questions were examined: 

 

(1) Do leaf beetle females select oviposition sites within enhanced plant species 

diversity? 

(2) Do leaf beetle females differentiate between high and low plant diversity by 

olfaction? 

(3) Does a diverse odour bouquet, as a consequence of high plant species diversity 

within the habitat, influence the egg parasitoid negatively? 

(4) Do leaf beetle females select oviposition sites within complex structured 

vegetation to minimise the parasitism risk of the eggs? 

(5) Does a complex vegetation structure impair the egg parasitoid’s host finding 

ability? 

 

 

Chapter 2 addresses the question whether a diverse plant species composition might 

represent an ‘infochemical shelter’ for the eggs of G. tanaceti and whether a trade-off 
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exists between food plant availability and escape into enemy-free space. Therefore, the 

egg-laying response of the generalist leaf beetle was examined in relation to host plant 

availability and plant species diversity in the field. Furthermore, the effect of mixed 

odour bouquets derived from host and non-host plant species on leaf beetle oviposition 

site selection and on the orientation of its egg parasitoid was determined in semi-field 

and laboratory experiments. 

 

Chapter 3 elucidates whether tall and structurally complex plants or vegetation 

represent an enemy-free space for the herbivore by turning host search for the 

parasitoid more difficult. In the field, the influence of plant architecture and structural 

complexity of the surrounding vegetation on oviposition site selection of the leaf beetle 

and the parasitism success of the egg parasitoid was examined on a small spatial scale.  

 

Chapter 4 deals with the influence of oviposition height on the mortality risk of leaf 

beetle eggs. The height at which egg clutches were attached to plants was examined in 

different habitats and at different times of the season. Oviposition height was 

compared to general vegetation height within habitats and its impact on winter 

mortality and parasitism risk of the egg clutches was analysed. 

 

Chapter 5 investigates whether beetle females prefer to oviposit in patches with dense 

vegetation and whether plant stem density is a key factor in triggering oviposition site 

choice. Previous investigations (see chapter 3) revealed that the leaf beetle is able to 

reduce the risk of egg parasitism by depositing egg clutches in dense vegetation. The 

influence of plant stem density on herbivore oviposition was examined by analysing 

field data with null models and evaluating the results in a laboratory bioassay.  

 

In chapter 6 the movement behaviour of the egg parasitoid in differentially complex 

vegetation structures was investigated. In the laboratory it was analysed how low and 

high vegetation density, height and connectivity influence the searching behaviour of 

the parasitoid. The experiments should determine whether a high degree of structural 

complexity constricts the movement of the egg parasitoid, and thus, decreases the 

searching activity within structures of high complexity or on plant parts relevant for 

host encounter. Furthermore, the aim was to single out a possible key factor which 

shows the strongest influence on the movement patterns. 
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Chapter 7 summarises and discusses the available knowledge on the effects and 

mechanisms elucidated so far concerning the impact of vegetational complexity on the 

responses of herbivorous and carnivorous arthropods, including the results gained in 

this study. This chapter surveys how plant species diversity affects herbivores and 

higher trophic levels, particularly with regard to the implications of plant species 

composition on olfactory orientation of arthropods. Further, it is highlighted how 

vegetation structure per se can influence herbivores and their natural enemies. Finally, 

on the basis of the available information, attention is drawn to relationships between 

plant species/chemical diversity and structural complexity concerning arthropod 

orientation which have been scarcely explored up to now.  

 

 

 

References 

 
Amarawardana L, Bandara P, Kumar V, Pettersson J, Ninkovic V, Glinwood R (2007) 

Olfactory response of Myzus persicae (Homoptera: Aphididae) to volatiles from leek and 
chive: Potential for intercropping with sweet pepper. Acta Agriculturae Scandinavica 
Section B - Soil and Plant Science 57: 87-91. 

Andow DA, Prokrym DR (1990) Plant structural complexity and host-finding by a parasitoid. 
Oecologia 82: 162-165. 

Awmack CS, Leather SR (2002) Host plant quality and fecundity in herbivorous insects. 
Annual Review of Entomology 47: 817-844. 

Ballabeni P, Conconi D, Gateff S, Rahier M (2001) Spatial proximity between two host 
plant species influences oviposition and larval distribution in a leaf beetle. Oikos 92: 225-
234. 

Berdegue M, Trumble JT, Hare JD, Redak RA (1996) Is it enemy-free space? The evidence 
for terrestrial insects and freshwater arthropods. Ecological Entomology 21: 203-217. 

Bernays E, Minkenberg OPJM (1997) Insect herbivores: different reasons for being a 
generalist. Ecology 78: 1157-1169. 

Bernays EA (1999) When host choice is a problem for a generalist herbivore: experiments 
with the whitefly, Bemisia tabaci. Ecological Entomology 24: 260-267. 

Bernays EA, Chapman RF (1994) Host-plant selection by phytophagous insects. 1st ed. New 
York: Chapman & Hall. 

Blum MS, Hilker M (2002) Chemical protection of insect eggs. Pp. 61-90 in Hilker M, 
Meiners T (eds) Chemoecology of insect eggs and egg deposition. Berlin: Blackwell 
Publishing. 

Bruce TJA, Wadhams LJ, Woodcock CM (2005) Insect host location: a volatile situation. 
Trends in Plant Science 10: 269-274. 



General introduction and thesis outline 

 13

Bukovinszky T, Gols R, Hemerik L, van Lenteren JC, Vet LEM (2007) Time allocation of 
a parasitoid foraging in heterogeneous vegetation: implications for host-parasitoid 
interactions. Journal of Animal Ecology doi: 10.1111/j.1365-2656.2007.01259.x .  

Bukovinszky T, Gols R, Posthumus MA, Vet LEM, van Lenteren JC (2005) Variation in 
plant volatiles and attraction of the parasitoid Diadegma semiclausum (Hellen). Journal of 
Chemical Ecology 31: 461-480. 

Chen YH, Welter SC (2007) Crop domestication creates a refuge from parasitism for a native 
moth. Journal of Applied Ecology 44: 238-245. 

Clancy KM, Price PW (1986) Temporal variation in three- trophic-level interactions among 
willows, sawflies, and parasites. Ecology 67: 1601-1607. 

Clark TL, Messina FJ (1998a) Foraging behavior of lacewing larvae (Neuroptera: 
Chrysopidae) on plants with divergent architectures. Journal of Insect Behavior 11: 303-
317. 

Clark TL, Messina FJ (1998b) Plant architecture and the foraging success of ladybird beetles 
attacking the Russian wheat aphid. Entomologia Experimentalis et Applicata 86: 153-161. 

Cloyd RA, Sadof CS (2000) Effects of plant architecture on the attack rate of Leptomastix 
dactylopii (Hymenoptera: Encyrtidae), a parasitoid of the citrus mealybug (Homoptera: 
Pseudococcidae). Environmental Entomology 29: 535-541. 

Coll M, Bottrell DG (1994) Effects of nonhost plants on an insect herbivore in diverse 
habitats. Ecology 75: 723-731. 

Courtney SP, Chen GK, Gardner A (1989) A general model for individual host selection. 
Oikos 55: 55-65. 

Couty A, van Emden H, Perry JN, Hardie J, Pickett JA, Wadhams LJ (2006) The roles of 
olfaction and vision in host-plant finding by the diamondback moth, Plutella xylostella. 
Physiological Entomology 31: 134-145. 

de Boer JG, Dicke M (2005) Information use by the predatory mite Phytoseiulus persimilis 
(Acari: Phytoseiidae), a specialised natural enemy of herbivorous spider mites. Applied 
Entomology and Zoology 40: 1-12. 

de Boer JG, Dicke M (2006) Olfactory learning by predatory arthropods. Animal Biology 56: 
143-155. 

Dennis RLH (2004) Just how important are structural elements as habitat components? 
Indication from a declining lycaenid butterfly with priority conservation status. Journal of 
Insect Conservation 8: 37-45. 

Dethier VG (1982) Mechanism of host plant recognition. Entomologia Experimentalis et 
Applicata 31: 49-56. 

Dicke M (2000) Chemical ecology of host-plant selection by herbivorous arthropods: a 
multitrophic perspective. Biochemical Systematics and Ecology 28: 601-617. 

Dudareva N, Negre F, Nagegowda DA, Orlova I (2006) Plant volatiles: Recent advances 
and future perspectives. Critical Reviews in Plant Sciences 25: 417-440. 

Erbilgin N, Raffa KF (2001) Modulation of predator attraction to pheromones of two prey 
species by stereochemistry of plant volatiles. Oecologia 127: 444-453. 

Feeny P (1976) Plant apparency and chemical defense. Pp. 1-40 in Wallace JW, Mansell RL 
(eds) Biochemical interaction between plants and insects. New York: Plenum Press. 

Fernandez P, Hilker M (2007) Host plant location by Chrysomelidae. Basic and Applied 
Ecology 8: 97-116. 

Finch S, Billiald H, Collier RH (2003) Companion planting – do aromatic plants disrupt host-
plant finding by the cabbage root fly and the onion fly more effectively than non-aromatic 
plants? Entomologia Experimentalis et Applicata 109: 183-195. 



CHAPTER 1 

 14

Finch S, Collier RH (2000) Host-plant selection by insects – a theory based on 
"appropriate/inappropriate landings" by pest insects of cruciferous plants. Entomologia 
Experimentalis et Applicata 96: 91-102. 

Fischer S, Samietz J, Wäckers FL, Dorn S (2004) Perception of chromatic cues during host 
location by the pupal parasitoid Pimpla turionellae (L.) (Hymenoptera: Ichneumonidae). 
Environmental Entomology 33: 81-87. 

Fox LR, Eisenbach J (1992) Contrary choices: possible exploitation of enemy-free space by 
herbivorous insects in cultivated vs. wild crucifers. Oecologia 89: 574-579. 

Freese G (1995) Structural refuges in two stem-boring weevils on Rumex crispus. Ecological 
Entomology 20: 351-358. 

Freund RL, Olmstead KL (2000) Role of vision and antennal olfaction in habitat and prey 
location by three predatory heteropterans. Environmental Entomology 29: 721-732. 

Fryer G (1986) Enemy-free space: a new name for an ancient ecological concept. Biological 
Journal of the Linnean Society 27: 287-292. 

Gingras D, Dutilleul P, Boivin G (2003) Effect of plant structure on host finding capacity of 
lepidopterous pests of crucifers by two  Trichogramma parasitoids. Biological Control 27: 
25-31. 

Gohole LS, Overholt WA, Khan ZR, Vet LEM (2003) Role of volatiles emitted by host and 
non-host plants in the foraging behaviour of Dentichasmias busseolae, a pupal parasitoid 
of the spotted stemborer Chilo partellus. Entomologia Experimentalis et Applicata 107: 1-
9. 

Gols R, Bukovinszky T, Hemerik L, Harvey JA, van Lenteren JC, Vet LEM (2005) 
Reduced foraging efficiency of a parasitoid under habitat complexity: implications for 
population stability and species coexistence. Journal of Animal Ecology 74: 1059-1068. 

Goyer RA, Lenhard GJ, Strom BL (2004) The influence of silhouette color and orientation 
on arrival and emergence of Ips pine engravers and their predators in loblolly pine. Forest 
Ecology and Management 191: 147-155. 

Gratton C, Welter SC (1999) Does "enemy-free space" exist? Experimental host shifts of an 
herbivorous fly. Ecology 80: 773-785. 

Grevstad FS, Klepetka BW (1992) The influence of plant architecture on the foraging 
efficiencies of a suite of ladybird beetles feeding on aphids. Oecologia 92: 399-404. 

Hambäck PA, Pettersson J, Ericson L (2003) Are associational refuges species-specific? 
Functional Ecology 17: 87-93. 

Hassell MP, Southwood TRE (1978) Foraging strategies of insects. Annual Review of 
Ecology and Systematics 9: 75-98. 

Hattingh V, Samways MJ (1995) Visual and olfactory location of biotopes, prey patches, and 
individual prey by the ladybeetle Chilocorus nigritus. Entomologia Experimentalis et 
Applicata 75: 87-98. 

Heard SB, Stireman JO, Nason JD, Cox GH, Kolacz CR, Brown JM (2006) On the 
elusiveness of enemy-free space: spatial, temporal, and host-plant-related variation in 
parasitoid attack rates on three gallmakers of goldenrods. Oecologia 150: 421-434. 

Heinze K (1974) Leitfaden der Schädlingsbekämpfung. Band I: Schädlinge und Krankheiten 
im Gemüsebau. Stuttgart: Wissenschaftliche Verlagsgesellschaft. 

Henneman ML, Dyreson EG, Takabayashi J, Raguso RA (2002) Response to walnut 
olfactory and visual cues by the parasitic wasp Diachasmimorpha juglandis. Journal of 
Chemical Ecology 28: 2221-2244. 

Hilker M, Meiners T (1999) Chemical cues mediating interactions between chrysomelids and 
parasitoids. Pp. 197-219 in Cox ML (ed) Advances in chrysomelidae biology. Leiden: 
Backhuys Publishers. 



General introduction and thesis outline 

 15

Hilker M, Meiners T (2002) Induction of plant responses to oviposition and feeding by 
herbivorous arthropods: a comparison. Entomologia Experimentalis et Applicata 104: 
181-192. 

Hilker M, Meiners T (2006) Early herbivore alert: Insect eggs induce plant defense. Journal 
of Chemical Ecology 32: 1379-1397. 

Hilker M, Schulz S (1991) Anthraquinones in different developmental stages of Galeruca 
tanaceti (Coleoptera, Chrysomelidae). Journal of Chemical Ecology 17: 2323-2332. 

Holt RD, Lawton JH (1993) Apparent competition and enemy-free space in insect host-
parasitoid communities. American Naturalist 142: 623-645. 

Holt RD, Lawton JH (1994) The ecological consequences of shared natural enemies. Annual 
Review of Ecology and Systematics 25: 495-520. 

Honda K (1995) Chemical basis of differential oviposition by lepidopterous insects. Archives 
of Insect Biochemistry and Physiology 30: 1-23. 

Hooks CRR, Johnson MW (2003) Impact of agricultural diversification on the insect 
community of cruciferous crops. Crop Protection 22: 223-238. 

Hopkins GW, Dixon AFG (1997) Enemy-free space and the feeding niche of an aphid. 
Ecological Entomology 22: 271-274. 

Jaenike J (1978) On optimal oviposition behavior in phytophagous insects. Theoretical 
Population Biology 14: 350-356. 

Janz N (2002) Evolutionary ecology of oviposition strategies. Pp. 349-376 in Hilker M, 
Meiners T (eds) Chemoecology of insect eggs and egg deposition. Berlin: Blackwell 
Publishing. 

Janz N, Nylin S (1997) The role of female search behaviour in determining host plant range in 
plant feeding insects: a test of the information processing hypothesis. Proceedings of the 
Royal Society B 264: 701-707. 

Jeffries MJ, Lawton JH (1984) Enemy free space and the structure of ecological 
communities. Biological Journal of the Linnean Society 23: 269-286. 

Jervis MA, Ferns PN, Boggs CL (2007) A trade-off between female lifespan and larval diet 
breadth at the interspecific level in Lepidoptera. Evolutionary Ecology 21: 307-323. 

Jones RE (1991) Host location and oviposition on plants. Pp. 108-138 in Bailey WJ, Ridsdill-
Smith TJ (eds) Reproductive behaviour of insects. London: Chapman & Hall. 

Kareiva P (1983) Influence of vegetation texture on herbivore populations: resource 
concentration and herbivore movement. Pp. 259-289 in Denno RF, McClure MS (eds) 
Variable plants and herbivores in natural and managed systems. New York: Academic 
Press. 

Kats LB, Dill LM (1998) The scent of death: Chemosensory assessment of predation risk by 
prey animals. Ecoscience 5: 361-394. 

Kessler A, Baldwin IT (2002) Manduca quinquemaculata’s optimization of intra-plant 
oviposition to predation, food quality, and thermal constraints. Ecology 83: 2346-2354. 

Knudsen JT, Eriksson R, Gershenzon J, Stahl B (2006) Diversity and distribution of floral 
scent. Botanical Review 72: 1-120. 

Landis DA, Wratten SD, Gurr GM (2000) Habitat management to conserve natural enemies 
of arthropod pests in agriculture. Annual Review of Entomology 45: 175-201. 

Langellotto GA, Denno RF (2004) Responses of invertebrate natural enemies to complex-
structured habitats: a meta-analytical synthesis. Oecologia 139: 1-10. 

Legrand A, Barbosa P (2003) Plant morphological complexity impacts foraging efficiency of 
adult Coccinella septempunctata L. (Coleoptera: Coccinellidae). Environmental 
Entomology 32: 1219-1226. 



CHAPTER 1 

 16

Lill JT, Marquis RJ (2001) The effects of leaf quality on herbivore performance and attack 
from natural enemies. Oecologia 126: 418-428. 

Litsinger JA, Hasse V, Barrion AT, Schmutterer H (1991) Response of Ostrinia furnacalis 
(Guenée) (Lepidoptera: Pyralidae) to intercropping. Environmental Entomology 20: 988-
1004. 

Lukianchuk JL, Smith SM (1997) Influence of plant structural complexity on the foraging 
success of Trichogramma minutum: a comparison of search on artificial and foliage 
models. Entomologia Experimentalis et Applicata 84: 221-228. 

Lühmann M (1939) Beiträge zur Biologie der Chrysomeliden. 4. Beobachtungen an Galeruca 
tanaceti Lin. Entomologische Blätter 35: 91-95. 

Mauchline AL, Osborne JL, Martin AP, Poppy GM, Powell W (2005) The effects of non-
host plant essential oil volatiles on the behaviour of the pollen beetle Meligethes aeneus. 
Entomologia Experimentalis et Applicata 114: 181-188. 

Meiners T, Köpf A, Stein C, Hilker M (1997) Chemical signals mediating interactions 
between Galeruca tanaceti L. (Coleoptera, Chrysomelidae) and its egg parasitoid 
Oomyzus galerucivorus (Hedqvits) (Hymenoptera, Eulophidae). Journal of Insect 
Behavior 10: 523-539. 

Meiners T, Obermaier E (2004) Hide and seek on two spatial scales – vegetation structure 
effects herbivore oviposition and egg parasitism. Basic and Applied Ecology 5: 87-94. 

Meiners T, Randlkofer B, Obermaier E (2006) Oviposition at low temperatures – late 
season negatively affects the leaf beetle Galeruca tanaceti (Coleoptera: Galerucinae) but 
not its specialised egg parasitoid Oomyzus galerucivorus (Hymenoptera: Eulophidae). 
European Journal of Entomology 103: 765-770. 

Messner B (1983) DOPA-Oxidase-gehärtete Sekrete schützen das Eigelege von Galeruca 
tanaceti  L. (Coleoptera, Chrysomelidae). Entomologische Nachrichten und Berichte 27: 
221-224. 

Monteith LG (1960) Influence of plants other than food plants of their host on host-finding by 
tachinid parasites. Canadian Entomologist 92: 641-652. 

Moravie M-A, Borer M, Bacher S (2006) Neighbourhood of host plants influences 
oviposition decisions of a stem-boring weevil. Basic and Applied Ecology 7: 545-554. 

Müller C, Arand K (2007) Trade-offs in oviposition choice? Food-dependent performance 
and defence against predators of a herbivorous sawfly. Entomologia Experimentalis et 
Applicata 124: 153-159. 

Müller C, Riederer M (2005) Plant surface properties in chemical ecology. Journal of 
Chemical Ecology 31: 2621-2651. 

Nomikou M, Janssen A, Sabelis MW (2003) Herbivore host plant selection: whitefly learns 
to avoid host plants that harbour predators of her offspring. Oecologia 136: 484-488. 

Norris RF, Kogan M (2005) Ecology of interactions between weeds and arthropods. Annual 
Review of Entomology 50: 479-503. 

Nottingham SF, Hardie J, Dawson GW, Hick AJ, Pickett JA, Wadhams LJ, Woodcock 
CM (1991) Behavioural and electrophysiological responses of aphids to host and nonhost 
plant volatiles. Journal of Chemical Ecology 17: 1231-1242. 

Novotny V, Basset Y, Auga J, Boen W, Dal C, Drozd P, Kasbal M, Isua B, Kutil R, 
Manumbor M, Molem K (1999) Predation risk for herbivorous insects on tropical 
vegetation: A search for enemy-free space and time. Australian Journal of Ecology 24: 
477-483. 

Obermaier E, Heisswolf A, Randlkofer B (in press) Comparison of habitat preference in a 
generalist and a specialist herbivorous beetle on multiple spatial scales. Pp. 39-50 in 
Schröder B, Reuter H, Reineking B (eds) Multiple Skalen und Skalierung in der 
Ökologie. Serie: Theorie in der Ökologie. Frankfurt am Main: Peter Lang Verlag. 



General introduction and thesis outline 

 17

Obermaier E, Heisswolf A, Randlkofer B, Meiners T (2006) Enemies in low places – 
insects avoid winter mortality and egg parasitism by modulating oviposition height. 
Bulletin of Entomological Research 96: 337-343. 

Obermaier E, Zwölfer H (1999) Plant quality or quantity? Host exploitation strategies in 
three Chrysomelidae species associated with Asteraceae host plants. Entomologia 
Experimentalis et Applicata 92: 165-177. 

Ohsaki N, Sato Y (1994) Food plant choice of Pieris butterflies as a trade-off between 
parasitoid avoidance and quality of plants. Ecology 75: 59-68. 

Pankewitz F, Hilker M (2006) Defensive components in insect eggs: Are anthraquinones 
produced during egg development? Journal of Chemical Ecology 32: 2067-2072. 

Perfecto I, Vet LEM (2003) Effect of a nonhost plant on the location behavior of two 
parasitoids: The tritrophic system of Cotesia spp. (Hymenoptera: Braconidae), Pieris 
rapae (Lepidoptera: Pieridae), and Brassica oleraceae. Environmental Entomology 32: 
163-174. 

Perrin RM, Phillips ML (1978) Some effects of mixed cropping on the population dynamics 
of insect pests. Entomologia Experimentalis et Applicata 24: 585-593. 

Pöykkö H (2006) Females and larvae of a geometrid moth, Cleorodes lichenaria, prefer a 
lichen host that assures shortest larval period. Environmental Entomology 35: 1669-1676. 

Prevett PF (1953) Notes on the feeding habits and life-history of Galeruca tanaceti L. (Col., 
Chrysomelidae). Entomologist's Monthly Magazine 89: 292-293. 

Price PW, Bouton CE, Gross P, McPheron BA, Thompson JN, Weis AE (1980) 
Interactions among three trophic levels: influence of plants on interactions between insect 
herbivores and natural enemies. Annual Review of Ecology and Systematics 11: 41-65. 

Prokopy RJ, Owens ED (1983) Visual detection of plants by herbivorous insects. Annual 
Review of Entomology 28: 337-364. 

Rashed A, Beatty CD, Forbes MR, Sherratt TN (2005) Prey selection by dragonflies in 
relation to prey size and wasp-like colours and patterns. Animal Behaviour 70: 1195-
1202. 

Rausher MD (1981) The effect of native vegetation on the susceptibility of Aristolochia 
reticulata  (Aristolochiaceae) to herbivore attack. Ecology 62: 1187-1195. 

Reddy GVP (2002) Plant volatiles mediate orientation and plant preference by the predator 
Chrysoperla carnea Stephens (Neuroptera: Chrysopidae). Biological Control 25: 49-55. 

Reddy GVP, Guerrero A (2004) Interactions of insect pheromones and plant 
semiochemicals. Trends in Plant Science 9: 253-261. 

Rhainds M, English-Loeb G (2003) Testing the resource concentration hypothesis with 
tarnished plant bug on strawberry: density of hosts and patch size influence the interaction 
between abundance of nymphs and incidence of damage.  Ecological Entomology 28: 
348-358. 

Roditakis E, Roditakis NE (2006) First record of Galeruca tanaceti in organic Origanum 
vulgare in Crete. Phytoparasitica 34: 486-487. 

Romeis J, Babendreier D, Wäckers FL, Shanower TG (2005) Habitat and plant specificity 
of Trichogramma egg parasitoids – underlying mechanisms and implications. Basic and 
Applied Ecology 6: 215-236. 

Rouault G, Battisti A, Roques A (2007) Oviposition sites of the cypress seed bug Orsillus 
maculatus and response of the egg parasitoid Telenomus gr. floridanus. BioControl 52: 9-
24. 

Russell EP (1989) Enemies hypothesis: a review of the effect of vegetational diversity on 
predatory insects and parasitoids. Environmental Entomology 18: 590-599. 



CHAPTER 1 

 18

Sanon A, Dabire C, Huignard J, Monge JP (2006) Influence of Hyptis suaveolens 
(Lamiaceae) on the host location behavior of the parasitoid Dinarmus basalis 
(Hymenoptera: Pteromalidae). Environmental Entomology 35: 718-724. 

Scheirs J, Zoebisch TG, Schuster DJ, De Bruyn L (2004) Optimal foraging shapes host 
preference of a polyphagous leafminer. Ecological Entomology 29: 375-379. 

Scherf H (1966) Beobachtungen an Ei und Gelege von Galeruca tanaceti L. (Coleoptera, 
Chrysomelidae). Biologisches Zentralblatt 1: 7-17. 

Schoonhoven LM, van Loon JJA, Dicke M (2005) Insect-plant biology. 2nd ed. Oxford: 
Oxford University Press. 

Siew YC (1966) Some physiological aspects of adult reproductive diapause in Galeruca 
tanaceti (L.) (Coleoptera: Chrysomelidae). Transactions of the Royal Entomological 
Society London 118: 359-374. 

Sinacori A, Mineo G (1993) Nota preliminare su Galeruca spp. (Coleoptera Chrysomelidae) 
delle Madonie. Frustula Entomologica 16: 97-110. 

Städler E (2002) Plant chemical cues important for egg deposition by herbivorous insects. Pp. 
171-197 in Hilker M, Meiners T (eds) Chemoecology of insect eggs and egg deposition. 
Berlin: Blackwell Publishing. 

Steidle JLM, van Loon JJA (2003) Dietary specialization and infochemical use in 
carnivorous arthropods: testing a concept. Entomologia Experimentalis et Applicata 108: 
133-148. 

Stiling P, Moon DC (2005) Quality or quantity: the direct and indirect effects of host plants 
on herbivores and their natural enemies. Oecologia 142: 413-420. 

Stone GN, Schönrogge K (2003) The adaptive significance of insect gall morphology. Trends 
in Ecology & Evolution 18: 512-522. 

Takabayashi J, Noda T, Takahashi S (1991) Plants produce attractants for Apanteles 
kariyai, a parasitoid of Pseudoaletia separata; cases of 'communication' and 
'misunderstanding' in parasitoid-plant interactions. Applied Entomology and Zoology 26: 
237-243. 

Tammaru T, Javoiš J (2005) When being alive implies being safe: variation in mortality rates 
can cause oviposition selectivity to increase with age. Oikos 111: 649-653. 

Thiery D, Visser JH (1986) Masking of host plant odour in the olfactory orientation of the 
Colorado potato beetle. Entomologia Experimentalis et Applicata 41: 165-172. 

Thompson JN (1988) Evolutionary ecology of the relationship between oviposition 
preference and performance of offspring in phytophagous insects. Entomologia 
Experimentalis et Applicata 47: 3-14. 

Tonhasca A, Byrne DN (1994) The effects of crop diversification on herbivorous insects: a 
meta-analysis approach. Ecological Entomology 19: 239-244. 

Trenbath BR (1993) Intercropping for the management of pests and diseases. Field Crops 
Research 34: 381-405. 

Tschanz B, Schmid E, Bacher S (2005) Host plant exposure determines larval vulnerability – 
do prey females know? Functional Ecology 19: 391-395. 

Uvah III, Coaker TH (1984) Effect of mixed cropping on some insect pests of carrots and 
onions. Entomologia Experimentalis et Applicata 36: 159-167. 

Veldtman R, McGeoch MA, Scholtz CH (2007) Fine-scale abundance and distribution of 
wild silk moth pupae. Bulletin of Entomological Research 97: 15-27. 

Vet LEM, Dicke M (1992) Ecology of infochemical use by natural enemies in a tritrophic 
context. Annual Review of Entomology 37: 141-172. 

Vinson SB (1998) The general host selection behavior of parasitoid hymenoptera and a 
comparison of initial strategies utilized by larvaphagous and oophagous species. 
Biological Control 11: 79-96. 



General introduction and thesis outline 

 19

Visser JH (1986) Host odor perception in phytophagous insects. Annual Review of 
Entomology 31: 121-144. 

Vos M, Berrocal SM, Karamaouna F, Hemerik L, Vet LEM (2001) Plant-mediated indirect 
effects and the persistence of parasitoid-herbivore communities. Ecology Letters 4: 38-45. 

Wäckers F (2004) Assessing the suitability of flowering herbs as parasitoid food sources: 
flower attractiveness and nectar accessibility. Biological Control 29: 307-314. 

Wäckers FL, Lewis WJ (1999) A comparison of color-, shape- and pattern-learning by the 
hymenopteran parasitoid Microplitis croceipes. Journal of Comparative Physiology A - 
Neuroethology Sensory Neural and Behavioral Physiology 184: 387-393. 

Wiklund C (1984) Egg-laying patterns in butterflies in relation to their phenology and the 
visual apparency and abundance of their host plants. Oecologia 63: 23-29. 

Yamaga Y, Ohgushi T (1999) Preference-performance linkage in a herbivorous lady beetle: 
consequences of variability of natural enemies. Oecologia 119: 183-190. 

 
 



 

 


