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Abstract 

 

Leafminers face many threats in their life, ranging from plant defenses to parasitism. Plants 

have evolved some unique defenses against leafminers, both direct and indirect defenses. In 

this paper I give multiple examples of studies done on these defenses and focus more 

specifically at indirect defenses. Multiple studies show that plants, when damaged by 

herbivores, emit chemicals for attracting parasitoids of leafminers, this is known as a 

tritrophic interaction. Leafminers in turn have adapted to this and have evolved defense 

mechanisms of their own to escape from these plant defenses and prevent parasitism. Recent 

studies show that leafminers do discriminate between plants and actively select their host 

plant to escape from plants defenses, this is known as discriminate oviposition behaviour. To 

escape from parasitism, leafminers have developed mining patterns which are hard to track by 

parasitoids and thereby increase their search costs. Concluding that leafminers are in an 

evolutionary arms race with their host plants and parasitoids. 

 

 

 

 

 

 

 



Introduction 

 

Leafminers are species of insects of which the larva lives and feeds between the epidermal 

layers of a leaf (Borror & DeLong, 1964). They differ in the place of the mine in the leaf, the 

shape of the mine, and details of the excrements (Ellis, 2009). There are leafminers that 

belong to gall-making and deeper plant boring as well as external feeders and scavengers. 

Leafminers attack nearly all plant families, they can mine plants with milky juices, poisonous 

to higher animals, and even aquatic plants. Leafminers are widely distributed in the temperate 

zones but are most numerous in the tropics. Leafmining insects occur in four orders of insects: 

Coleoptera (beetles), Lepidoptera (moths), Diptera (flies), and Hymenoptera (sawflies). They 

undergo full metamorphosis, from larvae to pupae to adult. Only the larvae are able to live in 

the interior of leaves, the adults disperse and select the appropriate host plants for their larvae, 

and mate. The eggs of leafmining insects are laid on the surface of the leaf. Upon hatching the 

larvae must cut into the leaf, or the adult female has already cut holes and laid eggs in the leaf 

(Borror & White, 1970). During their stay in the mine larvae grow, forcing the mines to 

become wider and larger. In most cases the excrements remain in the mine, as distinctive 

grains or strings. Often also moulting and pupation takes place within the mine. But it also 

happens that larvae live only part of their life as miners: in later stages they then may live 

free, generally under a folded leaf margin or lobe, fixed with silk, or less often in a spinning 

(Ellis, 2009).  

 

Leafminers also have an economic importance. Because some succulent leaves, such as those 

of parsley and delphinium, wilt as a result of their mining habit. The leaves of vegetables, 

fruit, and ornamental plants are often damaged the most severely by mining and as a result 

leafminers are often seen and treated as a pest in agriculture. That is why there is already a lot 

of research done on leafminers and their natural enemies. The best known example of a 

species that is worldwide regarded as a pest is the citrus leafminer Phyllocnistis citrella 

(Heppner, 1993; Stelinski & Czokajlo, 2010). Larvae feeding within the leaf, damage leaves 

which can result in yield loss (Pena et al., 2000). Another negative effect is that the leaf 

wounds caused by P. citrella larvae predispose trees to infection by citrus bacterial canker. 

This bacteria is responsible for blemished fruit, premature fruit drop, and tree decline 

(Graham et al., 2004). Feeding P. citrella larvae tear the leaf cuticle, exposing mesophyll to 

direct infection. These wounds do not heal readily, which in turn increases the exposure 

period to the bacterium. So far, leafminer repellents such as chemical sprays have had little 

effect on P. citrella due to their protection within the leaves of the plant. This is not a unique 

example, many more agricultural crops face similar threats of leafminer infestation and for 

many of these species there is still no effective repellent available. 

 

To understand the evolution of interactions between leafmining insects and their host plants, 

the optimal oviposition theory is central (Thompson & Pellmyr, 1991). According to this 

theory, oviposition preferences of herbivorous insects should correlate with host suitability for 

their offspring, as they would maximize their fitness by laying eggs on high quality plants 

(Thompson, 1988). However, in practice such correlation was only partial or even non-

existent in nearly half of the studies conducted (Mayhew, 1997). In general this was because 

these studies on preference-performance relationships limited their focus to ditrophic 

interactions between herbivore insects and their host plants (Singer et al., 2004). 

However, leafmining insects face two substantial challenges in their life: feeding on a 

resource that is nutritionally poor or even toxic, and being exposed to a wide array of natural 

enemies and parasitoids. So the value of a plant to a leafminer depends not only on its quality 

as food, but also on its provision of enemy-free space (Stamp, 2001). Some ecologists have 



already proposed that these challenges can be linked if herbivore success on a host plant 

depends on its risk of predation or parasitism on that host (Price et al., 1980; Jeffries & 

Lawton, 1984; Berdegue et al., 1996; Dicke & Van Poecke, 2002). A trade-off between food 

suitability and enemy avoidance may lead a leafminer to prefer plants that are lower in 

nutrition but on which chances of parasitism are predictably lower, over plants that are higher 

in nutrition but that are frequently visited by parasites and other natural enemies (Dicke, 2000; 

Singer et al., 2004).  

Multiple recent studies have revealed that plants attract natural enemies such as predators and 

parasitoids (Turlings et al., 1990; Vet & Dicke, 1992; Pare et al., 1999). However fewer 

studies have determined whether host plant species affect the risk of predation or parasitism 

for herbivores. This is of importance, because natural enemies can impose a significant factor 

in selecting a suitable host plant (Feder, 1995; Yamaga & Ohgushi, 1999), and may ultimately 

play an important role in the evolution of host plant choice (Price et al., 1980; Bernays & 

Graham, 1988; Thompson, 1988; Stamp, 2001). Although natural enemies frequently play an 

important role in determining host plant selection, they have rarely been considered in 

herbivore preference-performance studies (Videla et al., 2006).   

 

The goal of this paper is to assess the research already done on the tritrophic interaction and to 

gain insight from an evolutionary point of view. I will give examples of different studies done 

on leafminers and try to illustrate the relationships with their hosts and their parasitoids. I will 

also look at the importance of tritrophic interactions and how each interaction between the 

different actors works in terms of chemistry and physics. Finally I will assess how leafminers 

have adapted to these interactions from an evolutionary point of view. This may help to 

provide insight in non-native leafminers on native plants and in native leafminers on non-

native plants and may even provide useful insight into the protection of agricultural crops 

from leafminers. 

 

 

Direct defences of host plants 

 

Plants face a constant threat of herbivore damage and therefore have developed some unique 

defences. Some of these defences have been shown to directly repel leafminers while others 

have been shown to repel other herbivores but these most likely also imply to leafminers. 

Direct defenses may prevent herbivores from feeding via physical barriers, such as spines, 

thorns, trichomes, and waxes or chemical ones, with secondary plant metabolites, or via 

specialized defense proteins. Here I will focus mainly on the defenses that are of relevance to 

leafminers such as chemical compounds that act as direct defenses and not so much on the 

physical defenses such as spikes, trichomes which are of less or no relevance to leafminers. 

 

The close association of volatile release with herbivory has suggested that these substances 

act in plant defence, and there is a lot of research that supports this hypothesis. According to a 

recent study (Unsicker et al., 2009), plants produce a huge variety of chemical compounds 

and some of these compounds are released into the surrounding atmosphere. In addition to 

carbon dioxide, oxygen, water vapour, plants have been shown to emit a variety of other 

volatiles. The two most common constituents of these volatile blends are terpenes and green 

leaf volatiles.  

In the last decade, evidence that vegetative volatile compounds function to directly repel 

herbivores has begun to accumulate (De Moraes et al., 2001; Kessler & Baldwin, 2001). For 

example a recent study (Wang et al., 2008), reported that the monoterpene volatiles of 

Chrysanthemum morifolium (florist’s daisy) repel ovipositing females of the diamondback 



moth (Plutella xylostella). This lepidopteran does not normally lay eggs on C. morifolium, 

and the repellence of the monoterpene volatiles may help explain why. 

Volatiles may not only chase away adult lepidopterans but may also deter larvae from 

feeding. The common C5 volatile isoprene, was shown surprisingly to deter tobacco 

hornworm (Manduca sexta) caterpillars from feeding on isoprene-releasing transgenic 

tobacco lines and on isoprene-emitting artificial diet (Laothawornkitkul et al., 2008). 

 

Another direct defence plants use is the premature abscission of their leaves, when occupied 

by leafminers. Addicott was the first to look at the effect of premature leaf abscission on a 

species of gall aphid. He stated that leaf abscission can serve as a valuable defence 

mechanism used by the host plant (Addicott & Lyon, 1973). His findings are backed up by the 

results of Williams and Whitham, who stated that selective leaf abscission is induced by the 

presence of gall aphids (Williams & Whitham, 1986). Galled leaves are far more likely to be 

abscised than gall-free leaves. Additionally, the host response shows a rapid decline in 

chlorophyll content of the galled leaf only one week after colonization of the gall. This is 

followed a week later by the abscission of the leaf. They also found that the body mass of 

aphids on leaves near the abscised leaf declined in relation to those near healthy leaves. Thus 

the negative effects of abscission begin before leaf drop but the most significant impact arises 

after leaf abscission when 98% of aphids occupying abscised leaves die (Williams & 

Whitham, 1986).  

 

These are just a few examples of the many studies that address plant defenses that are induced 

by feeding herbivores. All the previous studies have in common that the plant response starts 

when the feeding damage and loss of foliage have already begun. However recent research 

has shown that a plant is able to respond just in time to prevent herbivores from feeding at all. 

Plants have evolved several mechanisms to respond to the very first step of insect attack; 

oviposition. These mechanisms entail both direct as well as indirect plant defenses and aim to 

rid the plant of eggs and kill them, and so preventing feeding damage by the larvae (Hilker & 

Meiners, 2002; Hilker et al., 2002). Direct plant defenses induced by insect egg deposition 

can affect either the eggs themselves or the egg-laying female. One strategy is the formation 

of a neoplasm in response to egg deposition, this elevates the eggs from the leaf surface. Such 

elevated eggs easily drop off the leaf (Doss et al., 1995). A different strategy is used by rice 

plants to deter planthoppers, they produce an ovicidal substance that kills the eggs in response 

to egg deposition (Seino et al., 1996). Another strategy to get rid of the eggs is to form 

necrotic tissue where the eggs are laid. This hypersensitive response detaches the eggs from 

the plant surface and makes them fall to the ground. Larvae that hatch on the ground suffer a 

high mortality rate and rarely find their way back to their host plant (Shapiro & Devay, 1987). 

A final direct defense strategy induced by egg deposition is directed at the ovipositing female 

by rendering leaves deterrent that already carry eggs or are adjacent to leaves that carry eggs 

(Blaakmeer et al., 1994). 

 

To summarize, leafminers face many direct plant defenses such as vegetative volatile 

compounds designed to directly repel leafminers, leaf abscission and attacks on the larvae 

leafminer before it has even hatched. But still, these are not the only threats leafminers face, 

so which other threats do leafminers face and (how) have they adapted to all of these threats?  

 

 



 

 

Indirect defences of host plants, a tritrophic interaction 

 

As previously noted, plants use multiple chemicals to directly repel leafminers and herbivores 

in general, but there is also evidence that plants use chemicals as an indirect defence against 

leafminers. The most passive scenario of plant involvement is that leafminers and mechanical 

damages evoke similar semio-chemicals. This scenario has been verified in several plant 

families such as Cucurbitaceae, Fabaceae, Solanaceae, Ginkgoaceae, and Vitaceae (Dicke, 

1999; Van Den Boom et al., 2004). Using ubiquitous compounds, such as green leaf volatiles, 

for host localisation by general parasitoids could be an adaptation of the evolution of 

tritrophic interaction. In 1995 Turlings found that (Z)-3-hexenol plays an important role in the 

initial step of parasitoid host location. Although  (Z)-3-hexenol is important, other specifically 

induced volatiles may be used by some parasitoids and the capability of associated learning of 

parasitoids are also essential in this process (Turlings et al., 1995; Turlings & Wackers, 

2004). Some secondary metabolites or compounds may be used to improve the precision of 

host location, or involve other host location cues, such as visual, contact and taste cue.  

 

Another study done on tritrophic interactions was conducted by Dutton (Dutton et al., 2000). 

He wondered which chemical compounds attracted the parasitoid (Pholetesor bicolor) of the 

apple leafminer (Phyllonorycter pomonella) and where the chemical compounds came from. 

Behavioural bioassays showed that the leaf epidermis damaged by the leafminer elicited 

ovipositional probing of parasitoid females. Whereas probing on larvae or frass was seldom 

observed. Hexane extracts of mines elicited the same ovipositional probing behaviour, while 

no response was observed with hexane extracts of larvae or frass or with methanol and diethyl 

ether extracts. In addition he also conducted chromatographic analyses, showing qualitatively 

and quantitatively different profiles of these three compounds of the host-plant complex. He 

found that by far the highest quantities and also the highest number of compounds was 

recovered from mine extracts. The compounds identified in the mine included six alkanes and 

squalene. A synthetic blend of the seven compounds proved to be slightly less active in 

biotests than the equivalent natural blend. this was shown by a time delay in female response. 

He concluded that this leafminer parasitoid does not rely on host-derived kairomones but 

instead uses plant-derived semiochemicals for host location and ovipositional probing 

behavior (Dutton et al., 2000). 

 

Some years later, another study was done on how parasitoids use certain vegetative chemical 

compounds specifically for host location (Wei et al., 2007). They looked at leafminer larvae 

infested leaves, jasmonic acid (JA)- treated leaves and mechanically damaged leaves and 

looked which chemicals were emitted by the plant. They found that leafminer larvae-infested 

leaves and jasmonic acid (JA)- treated leaves from most plant families showed abundant 

productions of GLVs, monoterpenes, homoterpene, and sesquiterpenes. Interestingly, when 

leafminer larvae-infested leaves or JA-treated leaves were compared to mechanically 

damaged leaves, they found that all the investigated plant species released one or more newly 

produced compounds. These results indicate that several biosynthetic pathways are induced 

by different treatments of the plants, some of which are very common biosynthetic pathways 

to produce the similar compounds and some of which are less common biosynthetic pathways 

to generate the specific compounds. 

They then looked at differences in responses of parasitic wasps to some of these chemical 

compounds. They observed significant differences in the responses of parasitic wasps to (Z)-

3-hexenol, TMTT and 3-methylbutanal oxime at different dosages that they tested. These 



results may suggest that these three induced compound play the most important roles in host 

location of this parasitoid and the concentration of them is not a critical factor for attracting 

the parasitoids.  

Further testing showed that the parasitic wasps responded preferably to (Z)-3-hexenol to 

either mixture of the three compounds or individual compounds. They observed higher 

percentages of parasitoid responses to the mixture blend than to 3-methylbutanal oxime, this 

could also be due to the effect of their strong attraction to one of the blend compounds, (Z)-3-

hexenol. This suggests that the naive parasitoid uses (Z)-3-hexenol from mechanically- or 

leafminer-damaged plants as the primary damage attractant to locate the host plant because 

this compound with its high volatility may be the first sensed by parasitoids.  

In a previous study they hypothesized that the predominant compounds in herbivore-induced 

volatile blends play an important role in mediating parasitoid search behavior over relatively 

long distances, while secondary and minor compounds improve the precision of host location 

over short distances (Wei & Kang, 2006). In this study the data clearly indicated that (Z)-3-

hexenol is the more important general damage attractant, while TMTT (11-tridecatetraene)  
and 3-oxime are the important distinguishing attractants.  

Evidence that this biosynthetic pathway is shared by a wide range of plants and might be used 

by many insect parasitoids and predators is further provided by the existence of (Z)-3-hexenol 

in all of the plants used for this experiment except celery. Finally, they looked at host plant 

preferences of parasitoids and found that leafminer host plants were preferred over two non-

host plants odor. This indicates that parasitoids are able to distinguish the leafminers host 

plant from non-host plants based not only on (Z)-3-hexenol but also on other chemical cues 

involved (Wei et al., 2007). 

 

As previously discussed plants have also evolved defenses to deter insect eggs, to prevent 

feeding damage before it can occur. In addition to direct defenses against insect eggs they also 

have evolved indirect defenses against insect eggs. As is the case in indirect defenses induced 

by feeding or plant damage, the known indirect plant defense induced by egg deposition also 

act by supporting egg parasitoids to locate their hosts. For three tritrophic interactions, it has 

been shown that insect egg deposition induces plants to release volatiles which attracts egg 

parasitoids (Meiners & Hilker, 1997; Meiners & Hilker, 2000; Colazza et al., 2004), whereas 

the study of a further system suggests that egg deposition induces the change of plant surface 

chemicals. By changing the plants surface chemicals, the egg parasitoid is arrested by contact 

cues in the vicinity of the eggs (Fatouros et al., 2005).  

 

There is a lot of evidence that plants emit volatiles to attract parasitoids, but none of these 

studies show if there are differences between the levels of parasitism on different host plant 

species. Recently, an experiment was conducted which compared the levels of parasitism on 

leafminers on two species of tree; box elder and black willow (Barbosa et al., 2001). They 

found compelling evidence that the host-plant species plays an important role on the levels of 

parasitism. They found that parasitism of all macrolepidoptera larvae collected on box elder 

was significantly higher than that of larvae collected on black willow. Even more compelling 

evidence of the role of host species on levels of parasitism is provided by a comparison of 

total parasitism among larvae of species that were collected both on box elder and black 

willow. They found that the total level of parasitism on larvae of species on box elder was 

significantly higher than that on larvae of the same species when they occurred on black 

willow (Barbosa et al., 2001). This indicates that plant species differ in their capability of 

attracting parasitoids and may thus play an important role in host plant selection.  

 



The examples given above clearly illustrate that there is a lot of evidence for tritrophic 

interactions between leafminers, their host plants and their parasitoids. It also illustrates that 

the vulnerability of leafminers to parasitoids can be strongly influenced by the herbivore’s 

host plants, this in turn can provide a strong selection pressure on leafminers. So what 

strategies have leafminers evolved to escape from all these potential threats? 

 

 

Adaptation of leafminers to plant defences and parasitoids 

 

Leafminers face two important threats in life, the first is direct plant defence such as chemical 

compounds and leaf abscission etc. and the second is indirect plant defence consisting of 

chemical compounds which attract natural enemies such as predators and parasitoids. In 

accordance with the evolution theory, leafminers have evolved different strategies to avoid 

these two threats. 

 

One of these evolved strategies against direct and indirect plant defences was shown by a 

recent study (Videla et al., 2006). They did a study on host plant preference of the leafminer 

Liriomyza huidobrensis. They found that adult L. huidobrensis females and males varied in 

size depending on the host plant on which they had developed. Such variation was highly 

correlated with the apparent preferences of the leafminer in the field. This result suggests a 

link between preference and performance, because female size is frequently associated with 

reproductive potential (Valladares & Lawton, 1991; Honek, 1993; Harris et al., 2001). 

Analyses of other performance indicators in the laboratory also supported a positive 

relationship between female host preference and offspring performance. Plant species affected 

development time, particularly for larvae, which are actively feeding and thus are more 

exposed to the nutritional quality and defensive compounds of plant tissues than other life 

stages. Shorter development times may increase herbivore fitness by decreasing susceptibility 

to parasitoids (Williams, 1999). Vulnerability of leafminers to parasitoids is highest during 

the larval stage (Hendrickson et al., 1983), particularly for serpentine mines, where larvae are 

easily detected by the visual cues offered by the mine (Salvo & Valladares, 2004). Thus they 

concluded, L. huidobrensis larvae should benefit from reduced exposure to parasitoids by 

actively choosing their host plant for ovipositing, which is also backed up by data they got 

from the field on parasitism rates (Videla et al., 2006). 

 

Another example of discriminate oviposition behaviour was presented by Uesugi (Uesugi, 

2008). He hypothesized that because herbivores are often less adapted to using a novel host 

than their native hosts, herbivores are expected to either become physiologically adapted to 

the novel host or to evolve oviposition-avoidance behaviour. He looked at the host plant 

selection of the leafminer Amauromyza flavifrons on the native host plant Saponaria 

officinalis (bouncing bet) and the non-native host plant Beta vulgaris (sugar beet). The results 

from his study support the hypothesis that oviposition on B. vulgaris is selected against in 

populations near sugar beet farms. In a population in the state of Michigan (MI) that was 

surrounded by sugar beet farms, fewer females accepted B. vulgaris, and when they did, they 

laid fewer eggs on it than New York (NY) females. As the intrinsic rate of oviposition on its 

normal host, S. officinalis, did not differ between the populations, the observed pattern was 

solely in response to the novel host, B. vulgaris. In agreement with Scheffer’s (Scheffer, 

1999) observation that larvae hatch on B. vulgaris but die soon afterwards, larval development 

on B. vulgaris was not observed in either population, suggesting that physiological adaptation 

has not occurred. This lack of larval viability on B. vulgaris implies that indiscriminate 

oviposition behavior would be strongly deleterious, as a female's fitness decreases every time 



she makes an oviposition mistake. Opportunities for selection provided by the presence of 

sugar beet farms seem to have led to the evolution of B. vulgaris avoidance in a subpopulation 

of A. flavifrons (Uesugi, 2008). This provides a clear example of discriminate ovipositing 

behaviour, a strategy to avoid direct plant defences. 

 

Discriminate ovipositing behaviour is not the only defence of leafminers against host plant 

defences, another direct plant defence illustrated above is the ability of plants to abscise their 

leaves when occupied by a leafminer. However, a recent study suggests that leafminers have 

evolved a way to prevent this. They found that mined leaves with sacrificed larvae fell at a 

constant rate, abscising significantly more than unmined leaves. In contrast, mined leaves 

with living larvae rarely fell before the adults emerged from the leaves, while afterwards they 

abscised rapidly. These findings combined with the observation that leafminers on the ground 

suffered a higher mortality rate from predation than those on trees, suggest that the leafminer 

prevents the host plant from abscising mined leaves prematurely until adult emergence, 

thereby increasing their survival (Oishi & Sato, 2007). Although these findings suggest 

compelling evidence for the prevention of premature leaf abscission, the mechanisms behind 

this process are still not known. 

 

Thus far we have seen adaptations of leafminers against different plant defences. However, 

even if discriminate oviposition behaviour is a useful protection against direct plant defences 

and to some extent against indirect plant defences as well, it is not a direct protection against 

parasitoids and predators. So what if a parasitoid or predator manages to locate their mine?  

Compelling evidence suggests that leafminers have evolved their mining patterns in such a 

way as a defence against parasites and predators. 

Kato was the first to look at the adaptive significance of leaf-mining pattern as an anti-

parasitoid strategy (Kato, 1985). Because leafmining patterns frequently branch and cross 

they cannot be explained by the theory of the effective resource use. Kato came up with a 

theoretical model that suggested that the complex mining patterns had developed as an 

advantageous strategy of parasitoid avoidance. He considered three mining patterns, linear 

mine, branching mine and crossing mine. Locating a leafminer at an end of the mine is more 

time-consuming for a parasitoid than one lying midway in the mine because, when the 

leafminer lies midway of the mine, a parasitoid searches two or more smaller divided parts 

and this makes the searching distance short. He also found that a leafminer in the branch or 

cross mine is more time-consuming than in simpler advancing mine. Because when the 

parasitoid chooses the wrong side at branching and cross points, the parasitoid must 

repeatedly walk along vacant branches and loops before locating a leafminer. In his model he 

suggested that parasitoids have a giving-up distance over which the parasitoid stops searching 

and leaves the leaf. 

 

In 2008, another study was done in practice to test Kato’s model (Ayabe et al., 2008). They 

looked at the mining pattern of the leafminer Liriomyza trifolii and the searching time of its 

parasitoid Hemiptarsenus varicornis. This study demonstrated the adverse effect of mining 

patterns of L. trifolii on parasitoid searching efficiency and the importance of the retracking 

strategy adopted by H. varicornis in terms of searching time. Behavioural observations of H. 

varicornis showed that, first, mines with crosses increased the number of mine trackings and 

consequently increased total searching time of the parasitoid, and, second, each mine-tracking 

time was independent of both behavioural events during tracking and the complexity of 

mines. They also performed computer simulations which indicated that the retracking of a 

mine with a constant mine-leaving rate seems advantageous in terms of total searching time. 

Mines of L. trifolii with crosses prolonged the total searching time of H. varicornis. This is so 



far consistent with Kato’s model, however, according to Ayabe et al, a tortuous mining 

pattern functions only partially as a defence against parasitoid attack because it does not lead 

to an unsuccessful search. This study therefore only partially supports the hypothesis that 

complexity of mining patterns may function to defend leafminers from parasitoid attack. But 

despite the incomplete defence provided by the tortuous mining pattern, the increase in 

parasitoid search cost through mine complexity might be an important component influencing 

antagonistic interactions between leafminers and their parasitoids (Ayabe et al., 2008). 

 

So while host plants have evolved stunning defence mechanisms, leafminers have adapted to 

these defences and have also evolved stunning defence mechanisms of their own. Through 

discriminate oviposition behaviour they can avoid the host plants which attract the most 

parasitoids. And even if they are eventually found by parasitoids they have evolved their 

complex mining pattern in such a way that the parasitoid gives up, or at least increases the 

cost of the search for the parasitoid, which in turn is a benefit for leafminers.  

 

 

Discussion 

 

There is already a lot of research done on the tritrophic interactions in general as well as on 

leafminers specifically. Multiple researches have revealed that plants have evolved a wide 

array of chemical defenses against herbivores both direct defenses as well as indirect 

defenses. Direct defenses include chemical deterrents such as vegetative volatiles (De Moraes 

et al., 2001; Kessler & Baldwin, 2001; Wang et al., 2008) and physical deterrents such as 

premature leaf abscission (Addicott & Lyon, 1973; Williams & Whitham, 1986). A lot of 

studies gathered evidence to support  adaptations of leafminers to these direct defenses. 

Through discriminate oviposition behaviour, leafminers can avoid the host plant which uses 

the most chemical deterrents or attracts the most parasitoids (Videla et al., 2006; Uesugi, 

2008). Evidence for adaptation of leafminers to premature leaf abscission is provided by 

Oishi, who recently found that leafminers may be able to prevent premature leaf abscission, 

although the direct mechanism for this is still unknown and further evidence is still limited 

(Oishi & Sato, 2007).  

 

In addition to direct defenses, plants have also evolved a unique indirect defense mechanism 

against leafminers, the tritrophic interaction. Herbivore damage evoke the release of chemical 

volatiles, which attract parasitoids and predators. A lot is known about these tritrophic 

interactions and about specific blends of chemicals different plants use and also about their 

effect on both herbivorous and carnivorous insects. Quite recently they have discovered plants 

differ in their ability to attract parasitoids (Barbosa et al., 2001). Evidence suggests leafminers 

have adapted to these differences in tritrophic interactions of different host plants through 

discriminate oviposition behaviour (Videla et al., 2006; Uesugi, 2008). These findings suggest 

that leafminers do prefer plants with lower levels of parasitoids over plants with higher levels 

of parasitoids. This may play an important role in understanding host plant selection by 

parasites and in turn may provide useful information for the protection of agricultural crops. 

In addition to discriminate oviposition behavior, leafminers have also evolved another, more 

direct way to avoid parasitoids and predators. Kato’s findings suggest that the complex 

structure of the mine acts as a direct defense against parasitism by enhancing the search time 

and so the search costs for parasitoids (Kato, 1985). Although a later research suggests this 

does not lead to an ineffective search (Ayabe et al., 2008), it does enhance the search cost for 

the parasitoid and is thus considered an effective adaptation. 

 



A lot of research has already been done on the interactions between leafminers and their host 

plants, and a lot of examples of tritrophic interactions in many species of leafminers and 

plants can be found. However, more research on differences in ability of plants to attract 

parasitoids needs to be done, because even though there is compelling evidence for this 

difference, it is still poorly understood and needs to be further examined. Thus far, there are 

only a couple of studies done on this subject and therefore it is limited to a few plant and 

parasitoid species. With all the different plant and parasitoid species, these studies provide 

some evidence, but not enough to provide an overall picture of plants and parasitoid species in 

general. Therefore, future studies may provide more evidence in more diverse plant and 

parasitoid species and may present a more general picture. 

 

Also, the tortuous mining patterns of leafminers as a defense against parasitoids is not clear. 

One study suggests that these complex mining patterns prevent parasitoids from finding the 

leafminer completely, while another study suggests that it only enhances the searching time 

and thus the searching costs of the parasitoid. Either way, it is an adaptation of leafminers to 

prevent parasitism, so it does provide an advantage, but to what extent is still not known. 

Therefore, more studies should be done on this adaptation, to find out to what extent the 

tortuous mining pattern is an effective adaptation.  

 

Another point of attention is the recently discovered adaptation of leafminers to prevent 

premature leaf abscission. Although there is some evidence supporting these findings, there is 

still little evidence for this adaptation and the mechanisms around it are not clear. Thus far the 

theory is based on a single study done by Oishi and Sato (2007) and therefore provide an 

interesting theory, but it certainly does not provide an overall picture of leafminer and plant 

species in general. Future studies may provide more evidence to support this theory, but for 

now it is too early to draw general conclusions from these findings. It does however, suggest a 

most interesting adaptation of leafminers to their host plants. 

 

Because of the enormous diversity in leafminer and  host plant species and their worldwide 

distribution, the same holds true for the discriminate ovipositing behaviour. Even though there 

are multiple studies that provide evidence for this behaviour, it may be too easy to draw any 

general conclusions from these findings. However, all of these different adaptations do 

provide some interesting examples of the many evolutionary strategies employed by leafminer 

and host plant species and should not be ignored because of the little studies done so far. On 

the contrary; more studies should be done on the different adaptations in more diverse 

leafminer, plant and parasitoid species to provide more evidence for the existing theories and 

to find new ones.  

 

In addition to scientific interests, future studies can also be a great help for finding a 

biological repellent against leafminers in agricultural crops. Leafminers are still considered a 

pest species and a useful biological repellent still has not been developed. New studies may 

provide insight into a biological control of leafminers, through the natural chemical attractants 

of parasitoids or other natural chemical repellants used by host plants. This way there is no 

need for the use of artificial chemical repellants which are harmful to the environment and the 

biodiversity present. 

 

All in all, I hope this paper has improved the understanding of the tritrophic interaction. I 

hope it has shown that leafminers are entangled in an evolutionary arms race with their host 

plants and their parasitoids, and have well adapted to these threats. Because of the enormous 

diversity in leafminer and host plant species it is still difficult to provide a general picture, but 



it is clear that leafminers have evolved multiple adaptations to face their threats. For future 

researchers still a lot of studies can be done and a lot of exciting interactions can be found.  

 

Acknowledgements 

 

Kim Meijer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



References 

 

Addicott,J.F. & Lyon,J.L. (1973) Physiological ecology of abscission. Shedding of Plant 

Parts (ed. by T.T.Kozlowski), pp. 85-124. Academic Press New York, New York. 

Ayabe,Y., Tuda,M. & Mochizuka,A. (2008) Benefits of repeated mine trakings by a 

parasitoid when the host leafminer has a tortuous feeding pattern. Animal Behaviour, 

76, 1795-1803. 

Barbosa,P., Segarra,A.E. & Gross,P. (2001) Differential parasitism of macrolepidopteran 

herbivores on two deciduous tree species. Ecology, 82, 698-704. 

Berdegue,M., Trumble,J.T., Hare,J.D. & Redak,R.A. (1996) Is it enemyfree space? The 

evidence for terrestrial insects and freshwater arthropods. Ecological Entomology, 21, 

203-217. 

Bernays,E. & Graham,M. (1988) On the evolution of host specificity in phytophagous 

arthropods. Ecology, 69, 886-892. 

Blaakmeer,A., Hagenbeek,D., Van Beek,T.A., De Groot,A.E., Schoonhoven,L.M. & Van 

Loon,J.J.A. (1994) Plant response to eggs vs. host marking pheromone as factors 

inhibiting oviposition by Pieris brassicae. Journal of Chemical Ecology, 20, 1657-

1665. 

Borror,D.J. & DeLong,D.M. (1964) An Introduction to the Study of Insects. 

Borror,D.J. & White,R.E. (1970) A Field Guide to Insects. 

Colazza,S., Fucarino,A., Peri,E., Salerno,G., Conti,E. & Bin,F. (2004) Insect oviposition 

induces volatile emission in herbaceous plants that attracts egg parasitoids. Journal of 

Experimental Biology, 207, 47-53. 

De Moraes,C.M., Mescher,M.C. & Tumlinson,J.H. (2001) Caterpillar-induced nocturnal plant 

volatiles repel conspecific females. Nature, 410, 577-580. 

Dicke,M. (1999) The ecology and evolution of inducible defenses. The Ecology and Evolution 

of Inducible Defenses (ed. by Tollrian R and Harvell CD), pp. 62-88.Princeton. 

Dicke,M. (2000) Chemical ecology of host-plant selection by herbivorous arthropods: a 

multitrophic perspective. Biochemical Systematics and Ecology, 28, 601-617. 

Dicke,M. & Van Poecke,M.P. (2002) Signalling in plant-insect interactions: signal 

transduction in direct and indirect plant defence. Plant Signal Transduction (ed. by 

D.Scheel and C.Wasternack), pp. 289-316. Oxford University Press, New York. 

Doss,R.P., Proebsting,W.M., Potter,S.W., Clement,S.L. & Williamson,R.T. (1995) Response 

of Np mutant of pea (Pisum sativum L.) to pea weevil (Bruchus pisorum L.) 

oviposition and extracts. Journal of Chemical Ecology, 21, 97-106. 

Dutton,A., Mattiacci,L. & Dorn,S. (2000) Plant derived semiochemicals as contact host 

location stimuli for a parasitoid of leafminers. Journal of Chemical Ecology, 26, 2259-

2273. 



Ellis,W.N.  bladmineerders.nl.  2009.  

Ref Type: Online Source 

Fatouros,N.E., Bukovinszkine Kiss,G., Kalkers,L.A., Soler Gamborena,R., Dicke,M. & 

Hilker,M. (2005) Plant synomone induced by butterfly eggs arrests Trichogramma 

wasps. Entomologia Experimentalis et Applicata, 115, 207-215. 

Feder,J.L. (1995) The effects of parasitoids on sympatric host races of Rhagoletis pomonella 

(Diptera: Tephritidae). Ecology, 76, 801-813. 

Graham,J.H., Gottwald,T.R., Cubero,J. & Achor,D.S. (2004) Xanthomonas axonopodis pv. 

citri: factors affecting succesful eradication of citrus canker. Molecular Plant 

Pathology, 5, 1-15. 

Harris,M.O., Griffin,W. & Sandanayaka,M. (2001) Oviposition preferences of the Hessian fly 

and their consequences for the survival and reproductive potential of offspring. 

Ecological Entomology, 26, 476-486. 

Hendrickson,R.M., Plummer,J.A. & John,A. (1983) Biological control of alfalfa blotch 

leafminer (Diptera: Agromyzidae) in Delaware. Journal of Economic Entomology, 76, 

757-761. 

Heppner,J.B. (1993) Citrus leafminer, Phyllocnistis citrella, in Florida. Tropical Lepidoptera, 

4, 49-64. 

Hilker,M. & Meiners,T. (2002) Induction of plant responses towards oviposition and feeding 

of herbivorous arthropods: a comparison. Entomologia Experimentalis et Applicata, 

104, 181-192. 

Hilker,M., Rohfritsch,O. & Meiners,T. (2002) The plant's response towards insect 

oviposition. Chemoecology of Insect Eggs and Egg Deposition (ed. by M.Hilker and 

T.Meiners), pp. 205-234.Berlin. 

Honek,A. (1993) Intraspecific variation in body size and fecundity in insects: a general 

relationship. Oikos, 66, 483-492. 

Jeffries,M.J. & Lawton,J. (1984) Enemy free space and the structure of ecological 

communities. Biological Journal of the Linnean Society, 23, 269-286. 

Kato,M. (1985) The adaptive significance of leaf-mining pattern as an anti-parasitoid strategy: 

a theoretical study. Researchers on Population Ecology, 27, 265-275. 

Kessler,A. & Baldwin,I.T. (2001) Defensive function of herbivore-induced plant volatile 

emissions in nature. Science, 291, 2141-2144. 

Laothawornkitkul,J., Paul,N.D., Vickers,C.E., Possell,M., Taylor,J.E., Mullineaux,P.M. & 

Hewitt,C.N. (2008) Isoprene emissions influence herbivore feeding decisions. Plant 

Cell and Environment, 31, 1410-1415. 

Mayhew,P.J. (1997) Adaptive patterns of host-plant selection by phytophagous insects. Oikos, 

79, 417-428. 



Meiners,T. & Hilker,M. (1997) Host location in Oomyzus gallerucae (Hymenoptera: 

Eulophidae), an egg parasitoid of the elm leaf beetle Xanthogaleruca luteola 

(Coleoptera, Chrysomelidae). Oecologia, 112, 87-93. 

Meiners,T. & Hilker,M. (2000) Induction of plant synomones by oviposition of a 

phytophagous insect. Journal of Chemical Ecology, 26, 221-232. 

Oishi,M. & Sato,H. (2007) Inhibition of premature leaf abscission by a leafminer and its 

adaptive significance. Environmental Entomology, 36, 1504-1511. 

Pare,P.W., Lewis,W.J. & Tumlinson,J.H. (1999) Induced plant volatiles: biochemistry and 

effects on parasitoids. Induced Plant Defenses Against Pathogens and Herbivores (ed. 

by A.A.Agrawal, S.Tuzun and E.Bent), pp. 167-180.St. Paul. 

Pena,J.E., Hunsberger,A. & Schaffer,B. (2000) Citrus leafminer (Lepidoptera: Gracillariidae) 

density: effect on yield of 'Tahiti' lime. Journal of Economic Entomology, 93, 374-

379. 

Price,P.W., Bouton,C.E., Gross,P., McPheron,B.A., Thompson,J.N. & Weis,A.E. (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. 

Salvo,A. & Valladares,G. (2004) Looks are important: parasitic assemblages of agromyzid 

leafminers (Diptera) in relation to mine shape and contrast. Journal of Animal 

Ecology, 73, 494-505. 

Scheffer,S.J. (1999) Use of sugar beet foliage by the introduced leafmining fly Amauromyza 

flavifrons (Diptera: Agromyzidae). Journal of Economic Entomology, 92, 347-350. 

Seino,Y., Suzuki,Y. & Sogawa,K. (1996) An ovicidal substance produced by rice plants in 

response to oviposition by the whitebacked planthopper, Sogatella furcifera (Horvath) 

(Homoptera: Delphacidae). Applied Entomology and Zoology, 31, 467-473. 

Shapiro,A.M. & Devay,J.E. (1987) Hypersensitive reaction of Brassica nigra L. (Cruciferae) 

kills eggs of Pieris butterflies (Lepidoptera: Pieridae). Oecologia, 71, 631-632. 

Singer,M.S., Rodriguez,D., Stireman,J.O. & Carriere,Y. (2004) Roles of food quality and 

enemy-free space in host use by a generalist insect herbivore. Ecology, 85, 2747-2753. 

Stamp,N. (2001) Enemy-free space via host plant chemistry and dispersion: assessing the 

influence of tri-trophic interactions. Oecologia, 128, 153-163. 

Stelinski,L.L. & Czokajlo,D. (2010) Suppression of citrus leafminer, Phyllocnistis citrella, 

with an attract-and-kill formulation. Entomologia Experimentalis et Applicata, 134, 

69-77. 

Thompson,J.N. (1988) Evolutionary ecology of the relationship between oviposition 

preference and performance of offspring in phytophagous insects. Entomologia 

Experimentalis et Applicata, 47, 3-14. 



Thompson,J.N. & Pellmyr,O. (1991) Evolution of oviposition preference behavior and host 

performance in Lepidoptera. Annual Review of Entomology, 36, 65-89. 

Turlings,T.C.J., Loughrin,J.H., Mccall,P.J., Rose,U.S. & Lewis,W.J. (1995) How caterpillar-

damaged plants protect themselves by attracting parasitic wasps. Proceedings of the 

National Academy of Sciences of the United States of America, 92, 4169-4174. 

Turlings,T.C.J., Tumlinson,J.H., Lewis,W.J. & Vet,L.E.M. (1990) Exploitation of herbivore-

induced plant odors by host-seeking parasitic wasps. Science, 250, 1251-1253. 

Turlings,T.C.J. & Wackers,F.L. (2004) Recruitment of predators and parasitoids by 

herbivore-injured plants. Advances in Insect Chemical Ecology, 21-75. 

Uesugi,A. (2008) Evolution of host avoidance in a leafmining fly, Amauromyza flavifrons. 

Entomologia Experimentalis et Applicata, 128, 398-402. 

Unsicker,S.B., Kunert,G. & Gershenzon,J. (2009) Protective perfumes: the role of vegetative 

volatiles in plant defense against herbivores. Current Opinion in Plant Biology, 12, 

479-485. 

Valladares,G. & Lawton,J.H. (1991) Host-plant selection in the holly leaf-miner: does mother 

know best? Journal of Animal Ecology, 60, 227-240. 

Van Den Boom,C.E.M., Van Beek,T.A., Posthumus,M.A., Groot,A. & Dicke,M. (2004) 

Qualitative and quantitative variation among volatile profiles induced by Tetranychus 

urticae feeding on plants from various families. Journal of Chemical Ecology, 30, 69-

89. 

Vet,L.E.M. & Dicke,M. (1992) Ecology of infochemical use by natural enemies in a tritrophic 

context. Annual Review of Entomology, 37, 141-172. 

Videla,M., Valladares,G. & Salvo,A. (2006) A tritrophic analysis of host preference and 

performance in a polyphagous leafminer. Entomologia Experimentalis et Applicata, 

121, 105-114. 

Wang,H., Guo,W.F., Zhang,P.J., Wu,Z.Y. & Liu,S.S. (2008) Experience-induced habituation 

and preference towards non-host plant odors in ovipositing females of a moth. Journal 

of Chemical Ecology, 34, 330-338. 

Wei,J. & Kang,L. (2006) Electrophysiological and behavioral response of a parasitoid to plant 

volatiles induced by two leafminer species. Chemical Senses, 31, 467-477. 

Wei,J., Wang,L., Zhu,J., Zhang,S., Nandi,O.I. & Kang,L. (2007) Plants attract parasitic wasps 

to defend themselves against pests by releasing hexenol. Plos One, 2. 

Williams,A.G. & Whitham,T.G. (1986) Premature leaf abscission - an induced plant defense 

against gall aphids. Ecology, 67, 1619-1627. 

Williams,I.S. (1999) Slow-growth, high-mortality - a general hypothesis, or is it? Ecological 

Entomology, 24, 490-495. 



Yamaga,Y. & Ohgushi,T. (1999) Preference-performance linkage in a herbivorous lady 

beetle: Consequences of variability of natural enemies. Oecologia, 119, 183-190. 

 

 


