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Stellingen 

1. Het is gemakkelijker om aan te tonen, dat een bepaald gedragsmechanisme 
optreedt, dan het bewijs te leveren dat dit gedrag door een bepaalde diersoort 
niet gebruikt wordt. 

Dit proefschrift 

2. Het publiceren van negatieve resultaten zou gestimuleerd moeten worden om de 
kloof tussen theorie en praktijk te verkleinen. 

Dit proefschrift 

3. Hoewel anekdotes geen definitief bewijs leveren over het belang van 
gedragsprocessen, kunnen deze een belangrijke bijdrage leveren aan 
hypothesevonning en toetsing van gedragsoecologische theorieën. 

Godfray, H.C.J. 1994. Parasitoids, behavioral and evolutionary ecology. Princeton 
University Press, New Jersey. 

4. Biologische bestrijdingsprojekten, die inzicht verschaffen in het niet slagen van 
een vestiging van een natuurlijke vijand, zijn ook succesvol. 

Mackauer, M , Ehler, L.E. and Roland, J. (eds.) 1990. Critical issues in biological control. 
Intercept, Andover. 

5. Daar verschillende natuurlijke vijanden het sexferomoon van hun gastheer 
gebruiken als kairomoon, verdient dit fenomeen aandacht bij de toelating van 
gecombineerde sexferomoon/insecticide produkten, daar de veronderstelde 
selektieve werking van het attracticide ook de populatie van de natuurlijke 
vijand kan beïnvloeden. 

Minks, AK. 1990. In: Behavior modifying chemicals for insect management: applications 
of pheromones and other attractants. Ridgway, R.L. Silverstein, R.M. and Inscoe, M.N. 
(eds.). Marcel Dekker, New York. pp. 557-568. 

6. Het feit, dat het gedrag van natuurlijke vijanden is aangepast aan een punt­
bronverdeling van attractantia, maakt de praktische uitvoering van 
gedragsmanipulatie met behulp van chemische signaalstoffen vrijwel 
onmogelijk. 

Lewis, W.J., Beevers, M., Nordlund, D A , Gross, H.R. and Hagen, K.S. 1979. J. Chem. 
Ecol. 5: 673-680. 

7. Een onderschatte factor in het slagen van bestrijding, gebaseerd op de 
verwarringstechniek met feromonen, is de rol van natuurlijke vijanden, die door 
het ontbreken van insekticide-applicaties niet meer onderdrukt worden en dus 
een belangrijke rol kunnen spelen bij de reductie van plaagpopulaties. 

Cardé, R.T. and Minks, A.K. 1995. Annu. Rev. Entomol. 40: 559-585. 



8. De destructieve werking van de microsporide Nosema op insektenkweken is 
indrukwekkend en verdient meer aandacht. 

Walters, H.S. and Kür, R. 1993. African Entomol. 1: 57-62. 

9. Het enige feit betreffende de origine van de mens dat absoluut zeker is, is dat de 
discussie erover zal blijven doorgaan. 

Avise, J.C. 1994. Molecular markers, natural history and evolution, Chapman and Hall, 
New York. 

10. De bureaucratie en geldverspilling van westerse instellingen op het gebied van 
ontwikkelingssamenwerking doen niet onder voor die van de landen waarvoor 
ze bedoeld zijn. 

Hancock, G. 1989. Lords of poverty. MacMillan, London. 

11. Onder elke klik van de muis zitten het bloed, zweet en tranen van een 
onbekende programmeur. 

Stellingen behorend bij het proefschrift: 

Hunting for Hiding Hosts: 
the behavioral ecology of the stemborer parasitoid Cotesiaflavipes. 

Roel Potting Wageningen, 17 juni 1996. 
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1 
General Introduction 

BEHAVIORAL ECOLOGY O F PARASITOIDS AND BIOLOGICAL C O N T R O L 

Behavioral ecology is concerned with the evolution of adaptive behavior in relation 
to ecological circumstances (Krebs and Davies, 1981). Because an individual's success 
at surviving and reproducing depends on its behavior, natural selection will favor 
animals with efficient foraging strategies. Insect parasitoids forage for hosts that 
directly support the development of their progeny. The lifetime reproductive success 
of a female parasitoid is depended on the number and quality of hosts located and 
utilized in her lifetime. Thus, host foraging in parasitoids is closely linked to fitness, 
which make parasitoids ideal organisms to study the adaptive value of foraging 
decisions (Godfray, 1994). These foraging decisions include for example where to 
search for hosts and for how long (e.g. Van Alphen and Vet, 1986; Stephens and 
Krebs, 1986; Vet et al., 1995). Once a host is located the female has to decide 
whether the host should be accepted and if so, how many eggs to lay and in which 
sex ratio (e.g. Waage, 1986; Godfray, 1987; Van Alphen and Visser, 1990). The 
behavioral ecology of insect parasitoids is not only interesting from a theoretical 
evolutionary perspective, but also from an applied perspective, because parasitoids 
are frequently used in biological control of insect pests. 

In biological control parasitoid establishment and parasitism rates are often 
variable. For biological control to be a reliable and efficient method insight is needed 
in the foraging behavior of the natural enemy used. The ability of parasitoids to 
locate and attack hosts is a key determinant of how well a given parasitoid 
population performs. Thus variability in this host-location ability can be a major 
source of inconsistent results in biological control with parasitoids. 
The need to improve the scientific basis of biological control is increasingly being 
expressed (Van Lenteren, 1980; Mackauer et al., 1990). A more complete 
understanding of the ecology and behavior of natural enemies is critical when we 
want to increase the reliability and predictability of biological control with insect 
parasitoids (Lewis et al., 1990; Luck, 1990). Behavioral ecology theory forms a 
suitable framework to design research programs for biological control (Waage, 1990; 
Luck, 1990), such as the development of selection criteria for biological control 
agents, the improvement of mass-rearing of selected natural enemies and the 
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evaluation of success or failures of released natural enemies. 

VARIATION IN PARASITOID BEHAVIOR 

Intraspecific variation in parasitoid physiology and behavior has long been speculated 
to be one of the factors responsible for variability in effectiveness of biological 
control. For instance, biological control workers frequently refer to races, strains or 
biotypes that differ in biological traits considered to be important for successful 
biological control (e.g. Gonzalez et al., 1979; Caltagirone, 1985). Failure of a 
biological control project may result from an incorrect identification of the species 
involved or a selection of an inappropriate strain. 

Especially in augmentive (seasonal) releases of laboratory reared parasitoids it is 
essential that a strain is selected with the highest efficiency against the target pest 
species in a given environment to minimize seasonal production costs. Among the 
criteria used for this selection are traits related to reproductive capacity and 
searching activity (e.g. Chambers, 1977; Bigler, 1989; van Lenteren, 1991). Several 
researchers have explored the possibilities to manipulate the behavioral plasticity of 
parasitoids (Lewis and Martin, 1990), either before release (e.g. Gross et al., 1975) or 
in the field (e.g. Lewis and Martin, 1990), especially for parasitoids used in 
inundative and seasonal programs. In classical biological control, where a new 
natural enemy is introduced in a particular region without repeated releases, the 
central concern is that genetic variation for attributes that affect success is either not 
collected or is lost during the importation and colonization process (Roush, 1990; 
Hopper et al., 1993). Among the criteria considered to be important in introduction 
programs are physiological compatibility (i.e parasitoid virulence) and climatic and 
phenological (ecological) adaptability. 

PHENOTYPIC PLASTICITY 

The behavior of parasitoids is not fixed, but variable within and among individuals 
of a population. The proximate basis for this behavioural plasticity includes the 
physiological state and the informational state (i.e. learning processes) of the animal. 
Among the physiological factors influencing female parasitoid foraging decisions are: 
eggload (e.g. Rosenheim and Rosen, 1991), hunger status (e.g. Wäckers, 1994; 
Heimpel and Rosenheim, 1995) and disease (Hamm et al., 1988). The informational 
state (i.e. internal view of external environment) of a parasitoid is influenced by its 
foraging experiences. For instance, parasitoid behavior may change after an 
experience with parasitized hosts (e.g. Visser, et al., 1992), the presence of 
conspecifics (Visser et al., 1990) or related species (fanssen et al., 1995) and after 
experiencing different day-lengths during its development (Roitberg et al., 1992). The 
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role of learning in parasitoid host foraging is well studied (recent reviews: Vet and 
Groenewold, 1990; Turlings et al., 1993; Vet et al., 1995) and considered as an 
important factor influencing parasitoid foraging behavior (Lewis et al., 1990; Vet et 
al., 1990). It has been demonstrated that parasitoid females can learn to associate 
odors and/or visual cues with successful host location (e.g. Arthur, 1966; Lewis and 
Tumlinson, 1988). Odor learning in host foraging is very common in parasitoids and 
is sometimes triggered by pre-adult learning, as a consequence of development in a 
particular host and its food, but more commonly as an adult by experience during 
foraging. 

GENETIC DIVERSITY 
Parasitoid populations utilize different resources over the species' entire geographical 
range and local populations may experience different selection pressures. Populations 
from different regions may thus each be adapted to utilize specific resources and a 
generalist species can actually consist of specialist local populations (Fox & Morrow, 
1981; Futuyma & Peterson, 1985). The differentiation of populations within a 
species may result in populations that differ biologically from other conspecific 
populations and are referred to as a strain or race (Diehl & Bush, 1984). The 
identification of strains is based on biological parameters such as host and habitat 
specificity, diapause habit and climatic adaptability (Roush, 1990; Hopper et al., 
1993). Well known and studied examples of biological differences in morphologically 
identical species or strains are Apbytis spp. (Rosen, 1994) and Trichogramma spp. 
(Pak, 1988; Pinto and Stouthamer, 1994). For instance, recognition of biological 
differences between morphologically identical strains of Apbytis maculicornis Masi 
was the key to successful biological control of olive scale, in California (DeBach et 
al., 1971). 

An uncritical list of reports on intraspecific variation in parasitoid traits is given 
by Ruberson et al. (1989). Using iso-female lines, Prévost and Lewis (1990) made an 
attempt to reveal genetic variation for olfactory responses within a parasitoid 
population. Reviews of reports on between-population variation in parasitoid (life 
history) traits in relation to biological control are given by Gonzalez et al. (1979) 
and Caltagirone (1985) and more detailed lists are given by Hopper et al. (1993) and 
Unruh and Messing (1993). Although often discussed as genetic differences, inter-
strain variation is only weak evidence for genetic differences, as emphasized by 
Hopper et al. (1993). Populations often originate from different environments 
and/or are tested under different conditions, hence conditioning effects (i.e. early-
adult learning) can mimic genetic differences. Furthermore, what was originally 
thought to be variation among strains has sometimes turned out to be variation 
among sibling species (e.g. Vet et al., 1984; Haardt and Höller, 1992). 
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What follows is a selective overview of the available evidence of the existence of 
parasitoid strains, with emphasis on the relation to biological control. 

Micro-habitat-adapted strains 
For phytophagous insects there is ample evidence for intraspecific variation in 
physiological adaptation to specific host plants and differential selection of host 
plants as oviposition site (Futuyma and Peterson, 1985; Jaenike, 1990; Jaenike and 
Holt, 1991; Via, 1990). 
Natural enemies have evolved in a multitrophic system and the behavior and 
physiology can be influenced by the habitat (i.e. food plant) of their hosts. Thus, 
natural enemy populations may become locally adapted to a particular micro-habitat 
of their host. Populations may differ in their behavioral response to stimuli from the 
hosts's micro-habitat or they may differ in their physiological adaptation to a 
particular food of their host. There are only a few studies which have studied plant-
adaptation in parasitoid populations. 
One example of physiological adaptation of parasitoids to plants is the relation 
between Cotesia congregata (Say), its host Manduca sexta L. and the food plants 
tomato and tobacco. The survival of C. congregata is directly affected by host-
ingested nicotine, a major alkaloid of tobacco (Barbosa et al., 1991). Kester and 
Barbosa (1991) showed that two populations of C. congregata, which differed in their 
present and historical exposure to tobacco, differed in their tolerance to dietary 
nicotine and willingness to search on tobacco plants (Kester and Barbosa, 1994), 
suggesting an adaptation to tobacco by the (Marlboro!) parasitoid population with 
the longest exposure to tobacco. 
Differentiation in behavioral response to stimuli from the host's micro-habitat has 
been demonstrated for populations of the Drosophila parasitoid Asobara tabida 
(Mollema, 1988; Kraaijeveld et al., 1994) and the existence of plant-specific strains has 
been postulated for the stemborer parasitoid Cotesia flavipes (Mohyuddin et al., 
1981). 

Host-adapted strains 
One of the key factors of a successful biological control program is the ability of the 
released parasitoid population to successfully parasitize the local host population. 
Parasitoid populations may be physiologically adapted to particular host species (or 
local populations of a particular host species). Simmonds (1963) gives several 
examples of host-adapted geographic strains of the stemborer parasitoids Paratheresia 
claripalpis Wulp, Palpozenilla palpalis (Aid.) and Lixophaga diatraea. To give a typical 
example, Mexican and Trinidad strains of P. claripalpis were both able to develop on 
D. saccharalis larvae, but only the Mexican strain was able to develop on its 
sympatric host Zeodiatraea lineolata (Simmonds, 1963). Other well studied examples 
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of a differential preference, acceptance and host suitability between parasitoid 
populations have been demonstrated for Leptopilina boulardi (Bouletreau, 1986) and 
Asobara tabida (Kraaijeveld and van der Wel, 1995; Kraaijeveld et al., 1995). 

Climate adapted / seasonal synchronized strains 
In classical biological control, the released parasitoid population should be adapted 
to the local (new) climate and the biology of the parasitoid must be well 
synchronized with that of the host, so that it is in phase with the susceptible stages 
of the host. This synchronization must extend through quiescent stages of the host's 
annual cycle (as in diapause) or there must be alternative hosts that can carry the 
natural enemy through such phases. It has been demonstrated that parasitoid 
populations from different altitudes or regions may differ in their diapause behavior 
(e.g. Kenis, 1994; Kraaijeveld and van Alphen, 1995) or that specific diapause 
behavior may be obtained through selective breeding (e.g. Van Houten et al., 1995). 
There are several examples of the application of climate adapted parasitoid strains 
in biological control programs (e.g. Flint, 1980; Pak and Heiningen, 1985). 
A multiple strain approach has been applied in a (classical) biological control project 
against the Argentine stem weevil Listronotus bonariensis (Coleoptera) in New 
Zealand. Here several strains from a range of ecoclimatic zones in South America 
of the parasitoid Microctonus hyperdodae (Braconidae) were released in equal numbers 
at different sites (Goldson et al., 1993). Using morphometric identification it was 
demonstrated that particular strains established in particular regions, reflecting 
differences in diapause ability (Phillips et al., 1994). 

Insecticide resistant strains 
Several authors have advocated selective breeding in the laboratory to obtain strains 
of a parasitoid adapted to given environmental conditions (e.g. Hoy, 1979). 
Especially in the field of insecticide resistance some progress has been made in 
obtaining insecticide resistant strains of predators (e.g. Hoy, 1985) and parasitoids 
(e.g. Spollen and Hoy, 1992). 

OBJECTIVE OF RESEARCH 
The aim of the research presented in this thesis was to provide insight in the 
foraging behavior of a parasitoid used in biological control of stemborers. Cotesia 
flavipes, a larval parasitoid used worldwide in biological control against tropical 
stemborers, has a wide host range in diverse habitats. The existence of different 
geographic, host and/or plant specific strains in G flavipes has been postulated. This 
hypothesis is based on laboratory studies on plant preference behavior of different 
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strains (Mohyuddin et al., 1981; Shami & Mohyuddin, 1992), and on anecdotal notes 
of increased local (field) parasitism rates after release of particular parasitoid strains 
(Mohyuddin, 1990b). One of the initial objectives of the present research was to 
achieve insight into the factors causing the assumed differences between C. flavipes 
strains. Therefore we determined to what extent the reported plant and host 
specificity in C. flavipes has a genetic basis or is due to phenotypic plasticity through 
learning. We determined the behavioral plasticity (i.e. learning processes) and genetic 
diversity (between population variation) in the preference for and performance on 
particular plant-host-complexes. In addition to this, the behavioral ecology of this 
stemborer parasitoid was addressed from a more theoretical perspective. It was 
investigated how the life history of the parasitoid and its foraging environment may 
have shaped its foraging strategies, with respect to the role of learning, the pattern 
of clutch size allocation and the acceptance of low quality (i.e already parasitized or 
unsuitable) hosts. 

OUTLINE OF THESIS 
The behavioral ecology of C. flavipes was investigated from an applied as well as a 
theoretical perspective. In the first part gaps in the knowledge on behavioral 
ecology of C. flavipes are studied which include the long- and short-range searching 
behavior, some aspects of the life history and host discrimination abilities. The 
second part focuses on the intraspecific variability in C. flavipes behavior and here 
we determine to what extent the reported plant and host specificity in G flavipes has 
a genetic basis or is due to phenotypic plasticity through learning. 

Elucidation of volatile stimuli involved in host location 
Earlier reports on the foraging behavior of G flavipes mainly focused on the short-
range behavior, in particular the contact-response to larval frass (Kajita and Drake, 
1969; Mohyuddin, 1971; Mohyuddin et al., 1981; Leerdam et al., 1985). The use of 
volatile infochemicals in the long-range host micro-habitat location is well 
documented for several parasitoid species (Vet and Dicke, 1992), but was never 
investigated for C. flavipes. Recent studies have demonstrated that several herbivore-
infested plant species release volatiles attractive to insect predators and parasitoids. 
The release of these chemical signals (i.e. herbivore induced synomones) is not 
restricted to the infested plant parts, but occurs systemically throughout the plant 
(for review see Dicke, 1994). The experiments described in chapter 2 determined the 
plant and/or host origin of olfactory stimuli involved in location of stemborer 
infested plants. It was further investigated whether the endophytic feeding larvae in 
the stem part of the plant could induce the systemic release of herbivore induced 
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synomones by the undamaged leaves of the plant. 

Short range host location and life history 
It is generally accepted that G flavipes females attack the stemborer larvae by 
ingressing the stemborer tunnel (Smith et al., 1993). However, the actual foraging 
behavior on an infested plant and inside a stemborer tunnel was never investigated. 
Chapter 3 focuses on some aspects of the life history, such as initial eggload, clutch 
size allocation and longevity, and describes the foraging behavior of female C 
flavipes on stemborer infested maize plants. Furthermore, the behavior of the 
parasitoid and host inside a stemborer tunnel was investigated using artificial 
transparent tunnels. The experiments revealed that attacking a defending stemborer 
larva in the confined space of a tunnel is very risky for the parasitoid female. A 
considerable proportion of the parasitoids is killed by the defending host. The 
possible consequences of this risky foraging strategy for the evolution of life history 
traits and foraging decisions in G flavipes are discussed. 

Utilization of previous visited sites and hosts 
Superparasitism is the deposition of eggs in a host that has already been parasitized 
by the female itself or by a conspecific. Many parasitoid species are able to detect 
the previous presence of conspecifics, a phenomenon referred to as host 
discrimination (van Lenteren, 1981; van Alphen and Visser, 1990). In chapter 4 the 
fitness consequences of superparasitism and the behavioral mechanism of host 
discrimination are described for G flavipes. Considering the risky foraging strategy 
it is hypothesized that G flavipes has evolved an innate ability to discriminate and 
that the time-saving and life-saving benefit of discrimination is greatest if a female 
can parasitized hosts by means of external cues, before contacting the offensive host. 

Phenotypic variation: behavioral plasticity through learning 
Theory on the adaptive value of learning in foraging suggests that an animal foraging 
in a predictable homogeneous environment and/or making only a few foraging 
decisions is not expected to use learning in foraging (Papaj and Lewis, 1993). For 
insect parasitoids, learning during foraging is well documented (Turlings et al., 1993; 
Vet et al., 1995). Host seeking females can learn olfactory and visual cues associated 
with their hosts or the hosts micro-habitat and experience can strongly affect 
preference for major foraging cues. In chapter 5 the role of odor learning in host 
foraging in G flavipes is discussed, using experimental procedures similar to other 
parasitoid learning studies. The learning mechanisms priming (i.e. increase in 
response) and preference-induction in G flavipes were determined at two stages in 
the life cycle of the parasitoid: upon emergence from the stemborer tunnel and at 
oviposition. It is hypothesized that early-adult learning could be the basis for the 
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plant-specific strains in C. flavipes that Mohyuddin et al. (1981) postulated. Taking 
the ecology of G flavipes into account it is further hypothesized that adult learning 
does not play a significant role in host foraging in this parasitoid species. 

Genetic variation: behavioral and physiological strain comparison 
Local parasitoid populations may be specifically adapted to their sympatric major 
plant host complex. Local variation in the use of resources has important 
implications for the evolution of ecological specialization and is relevant to host race 
formation and speciation (Futuyma and Peterson, 1985; Bush, 1994). It also has 
important implications for biological control, because the selection of appropriate 
strains is a significant factor in successful biological control (Roush, 1990; Lewis et 
al., 1990). 

The existence of plant and/or host specific strains in C. flavipes has been 
postulated by Mohyuddin et al. (1981). In chapter 6 experiments are presented that 
investigated the between-population variation in plant-host-complex preference and 
reproductive success in G flavipes. The behavior and physiology (i.e. virulence) was 
compared of six different geographic strains of C. flavipes that differed in the plant-
host-complex from which they were obtained. Two strains originated from C 
partellus on maize and four strains from other stemborers species on sugarcane. The 
comparisons were made under controlled conditions in a comparative setup. First 
it was established if the strains differed in micro-habitat preference and in host 
species acceptance and subsequently if the strains differed in their reproductive 
success on different host species. 

Genetic variation: molecular identification of strains and cryptic species 
The differentiation of populations within species in biologically different populations 
are referred to as a strain or race (Diehl and Bush, 1984). Species can be seen as a 
common gene pool that is variable due to the different (environmental) local 
circumstances. Using modern molecular techniques the variability within a gene pool 
can be characterized (Avise, 1994). An important genetic marker used to separate 
species and strains is ribosomal DNA (rDNA) and in particular the (non coding) 
internal transcribed spacer (ITS). In comparison with coding regions, spacer regions 
evolve rapidly and can be used for comparison of closely related species or 
populations (e.g. Sappal et al., 1995; Van Kan et al., 1996). The objective of the study 
was to see whether we could differentiate the six geographic G flavipes strains used 
in the present study with the use of molecular techniques, based on PCR followed 
by nucleotide sequencing of rDNA-ITS. Furthermore, it was tested whether the 
cryptic Cotesia spp. in the Cotesia flavipes complex (C flavipes, C. chilonis and C 
sesamiae) could be distinguished with this technique. If successful, the origin of a 

8 
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particular field population may be elucidated and a fast identification technique for 
the cryptic C. flavipes complex species may be available. Unfortunately, the 
experiments are still in progress and due to time constraints the results are not 
presented in this thesis but will be published later. 

PLANT H O S T PARASITOID SYSTEMS 

The research presented in this thesis deals with the braconid parasitoid G flavipes, 
a natural enemy of gramineous stemborers. What follows is an overview of the 
biology of stemborers, their host plants and a review of the research done on G 
flavipes. 

The hosts 
Stemborers are chiefly Lepidoptera belonging to the families Pyralidae (e.g. Chilo 
Zincken; Diatraea Guilding; Ostrinia Hübner) and Noctuidae (e.g. Busseola Thurav; 
Sesamia Guenée) (reviews: Bleszynski, 1969; Harris, 1990). The life cycle of these 
stemborer species is very similar. Adult moths usually deposit their eggs in clusters 
on plant leaves and stems. Early-instar larvae feed cryptically in the leaf whorl 
before tunnelling into the stem. Older larvae feed in excavated tunnels inside the 
plant stem. The feeding tunnel is maintained relatively clean and stemborer larvae 
deposit their frass outside the entrance of the tunnel. Pupation normally occurs in 
the stem in a pupal chamber constructed near the tunnel entrance. 

The plants 
The host range of lepidopteran stemborers consists mainly of grasses (Graminae), 
sedges (Cyperacaea) and cat-tails (Typhacaea). Economically important plants attacked 
by stemborers include the staple food crops of maize (Zea mays), millet {Pennisetum 
spp.), sorghum (Sorghum bicolor) and sugarcane (Saccharum offkinarum). These 
cultivated plants were each domesticated from their wild relatives between 7000-
12000 years ago. Through domestication the small seeded perennial wild grasses were 
converted into large-grained annual plants that may have lost resis­
tance/compensation mechanisms against stemborers. For instance, maize has lost its 
ability to tiller (i.e. formation of young shoots after damage) and stemborer survival 
is much higher on maize compared to selected wild grasses (Rosenthal and Welter, 
1995), probably due to a lower silica content in maize compared to wild grasses 
(McNaughton et al., 1985; Setamou et al., 1993). 

Stemborers are considered as one of the most economical important pests of maize, 
sorghum and sugarcane. Crop losses are attributed to the stem tunnelling habit of 
the later-instar larvae. Tunnelling in young gramineous plants usually destroys the 
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apical meristem and stops growth of the injured shoot, creating a 'deadheart' 
condition. Extensive larval tunnelling weakens the stem and provides sites for 
invasion by plant pathogens (Seshu Reddy and Walker, 1990). The concealed lifestyle 
of stemborer larvae inside stems has certainly enhanced their potential to be 
transported around the world on propagative plant material. There is an anecdotal 
example related to the work presented in this thesis. In 1639 the Dutch introduced 
several plant species of economic interest on the island of Mauritius, including 
sugarcane from Indonesia (Batavia). In 1850 the sugarcane stemborer Chilo 
sacchariphagus was reported for the first time on the island. In the same year a 
shipment from Java of about a million sugarcane cuttings of sugarcane was received 
in Mauritius and with it apparently arrived the sugarcane stemborer G 
sacchariphagus, which is now the major pest species in sugarcane on Mauritius 
(Williams, 1983). 

The parasitosis 
Despite their hidden lifestyle stemborers do not escape parasitism. Parasitoids have 
evolved several amazing strategies to attack their concealed hosts inside the plant 
stem. Smith et al. (1993) divided the attack tactics of parasitoids of stemborer larvae 
in six categories. Parasitoids with the 'Probe and sting' tactic probe with their 
ovipositor into the leaf sheet to find early-instar larvae. Other species probe through 
the exit hole of the tunnel to find mature larva. A related tactic is the 'wait and 
sting' strategy, where the parasitoid inserts her long ovipositor through one of the 
tunnel holes and then waits till the host larva passes by and is close enough for 
oviposition. Parasitoids with the 'Drill and sting' strategy have long and strong 
ovipositors and drill through the plant stem with their ovipositor to parasitize the 
host. Several Tachinid parasites have the 'Planidial ingress' tactic, where the female 
larviposits a mobile maggot at the tunnel entrance that will actively search for the 
host larva. Other tachinid parasitoids with the 'Bait and wait' tactic lay their eggs 
at the tunnel entrance and require that the eggs are ingested by the host for 
parasitism to occur. Finally some small parasitoid species with the 'Ingress and sting' 
tactic are small enough to enter the tunnel and parasitize the host there. 

Cotesia flavipes: Biology 
The research described in this thesis deals with the behavioral ecology of Cotesia (= 
Apanteles) flavipes, a parasitoid with the 'ingress and sting' tactic. There are three 
morphologically similar species of Cotesia which attack tropical stem borers. Cotesia 
chilonis is native to Japan, Cotesia flavipes originates from the Indo-Australian region 
and Cotesia sesamiae is native to Africa. Polaszek and Walker (1991) grouped the 
three species as the 'Cotesia flavipes complex' after the most well known species used 
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in biological control. 
Basic studies on the behavioral and physiological aspects of parasitism by G 

flavipes are reported by Moutia and Courtois (1952), Gifford and Mann (1967), Kajita 
and Drake (1969), Mohyuddin (1971), Wiedenmann et al. (1992) and Ngi Song et al. 
(1995a). These studies revealed that the gregarious endoparasitoid G flavipes has a 
short lifespan of a few days and an initial eggload of around 150 eggs. A female C 
flavipes allocates around 40 eggs in a host and the highest reproductive success is on 
the later larval instars (4-6th). The egg to adult development time is around 20 days 
and the sex ratio is usually female biased (60-70%). Arakaki and Ganaha (1986) 
studied the mating behavior of C. flavipes and found a high level of sib mating 
directly after emergence from the stemborer tunnel. 

There are only a few reports on the host foraging behavior of C. flavipes and 
they mainly focus on the contact response to larval frass (Kajita and Drake, 1969; 
Mohyuddin et al., 1981; Inayatullah, 1983). The only detailed report on the foraging 
behavior of C. flavipes is the study by van Leerdam et al. (1985). They investigated 
the role of larval frass in the short range host location behavior in G flavipes. The 
characteristic response of G flavipes to larval frass consists of a decreased rate of 
locomotion coupled with increased searching on and around the frass, with the 
parasite exhibiting close antennal contact with the faecal substrate (van Leerdam et 
al., 1985). Fresh frass can elicit oviposition attempts by the parasite (Mohyuddin et 
al., 1981). Van Leerdam et al. (1985) found that the substance in frass that elicited a 
response was water soluble: aqueous frass extracts elicited positive responses in 
contact experiments with C. flavipes. They further found that oral secretions of D. 
saccharalis larvae elicited a response and suggested that mandibular gland stimulants 
could be involved in the attractiveness of the frass. Recently, Ngi-Song et al. (1995b) 
investigated the role of volatile chemicals in the host-micro-habitat location in C. 
flavipes. 

Biological control with G flavipes 
Classical biological control involves the introduction and establishment of exotic 
natural enemies against introduced pest species. Sometimes, exotic parasitoids are 
introduced against endemic pests. The latter is referred to as the 'new association' 
approach (Hokkanen and Pimentel, 1989). C. flavipes has been used in new and old 
association approaches and has been introduced into more than 40 countries in the 
tropics for biological control of pyralid stemborers in the genera Chilo and Diatraea 
(Polaszek and Walker, 1991). The movement of G flavipes material around the 
world is complex and often difficult to uncover. The major movements are 
presented in figure 1.1. The main basis of the worldwide introductions are field 
populations collected and redistributed by the IIBC (International Institute for 
Biological Control) station in Pakistan. The C flavipes population in Pakistan 
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Fig 1.1. Overview of major movements of Cotesia flavipes material around the world. 

probably originates from imported Japanese material (Alam et al., 1972). An 
important basis for the distribution of C. flavipes in the new world is the IIBC 
station in Trinidad, which used material from Pakistan to establish a colony of C. 
flavipes on the neotropical host D. saccharalis. This formed the basis for 
introductions in North, Central and South America against Diatraea spp. in 
sugarcane and maize. 

At the moment C. flavipes is widespread in the Indo-Australian region and due 
to introductions against Cbilo partellus (Alam et al. 1972; Overholt et al. 1994), 
Diatraea saccharalis (Gifford & Mann, 1967; Alam et al., 1971; Fuchs et al., 1979; 
Macedo et al., 1993) and Chilo saccharipbagus (Betbeder-Matibet & Malinge, 1968), 
C. flavipes now also occurs in the Caribbean, major parts of North and South 
America (Polaszek & Walker, 1991) and recently in East-Africa (Omwega et al., 
1995). From field studies it is known to successfully parasitize more than 20 host 
species in more than 15 plant species, including economically important stemborers 
in maize, sorghum, sugarcane and rice (table 1.1). 

The research project described in this thesis complemented a collaborative project 
of the Department of Entomology of the Wageningen Agricultural University and 
the International Centre for Insect Physiology and Ecology (ICIPE) on the 
biological control of stemborers in Africa (Overholt et al., 1994). One of the main 
stemborer species in Africa is C. partellus (Swinhoe). C. partellus is an Asian species 
that was first reported in Africa from Malawi around 1930, and which has now 
spread to most countries in eastern and southern Africa (Harris, 1990). In many of 
the areas it has invaded, C. partellus is considered to be the most economically 
important pest of maize and sorghum (Seshu Reddy and Walker, 1990). C. flavipes 
was imported into Kenya from Pakistan in 1991 to investigate its potential for 
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Table 1.1 Reported field populations of G flavipes, where plant species and host 
species are mentioned. 

Host species 

PYRALIDAE 

Chilo auricilius Dudgeon 

Chilo batri Fletcher 

Chilo ceylonicus Hampson 

Chilo infuscatellus Snellen 

Chilo orichociliellus 

Chilo partellus (Swinhoe) 

Chilo polychrysus (Meyrick) 

Chilo sacchariphagus (Bojer) 

Chilo suppressalis (Walker) 

Cnaphalocrocis medinalis (Gue-
nee) 

Diatraea centrella (Moschl.) 

Diatraea flavipennella (Box) 

Diatraea impersonatella (Walker) 

Diatraea lineolata (Walker) 

Diatraea saccharalis (Fabricius) 

Plant species 

Saccharum officinarum 
Sacciolepis interrupta 

Vetiveria zizamoides 

Vetiveria zizamoides 

Saccharum officinarum 
Vetiveria zizamoides 

Zea mays L. 

Zea mays L. 

Sorghum hicolor L. 

Coix lachryma-jobi L. 

Saccharum spontaneum 

Oryza sativa 

Saccharum officinarum 

Oryza sativa 

Saccharum officinarum 

Oryza sativa 

Saccharum officinarum 

Saccharum officinarum 

Saccharum officinarum 

Zea mays 

Saccharum officinarum 

Country 

India1, Indonesia2 

India3 

India3 

India3 

Taiwan4, India5 

India3 

Kenya44 

Nepal6, India7'8, Kenya' 
Pakistan10, Comoro Islands" 

India3'7 

India1 

India3 

Malaysia12 

Indonesia2, Madagascar13, Mau­
ritius14, Taiwan4 

Japan15 

Taiwan4 

Sri Lanka16 

Trinidad17 

Brazil18 

Guadeloupe30, Trinidad17'20 

Mexico21, USA22 

Brazil23-24, USA25-26, Peru27'28, 
Carribean29, Guadeloupe30, Tri­
nidad17'20, Costa Rica31, Argen­
tina43, Barbados32 
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Host species Plant species Country 

Donacoscaptes steniellus (Hamp-
son) 

(=Acigona (=Bissetia) steniellus) 

Elasmopalpus lignosella (Zeiler) 

Eoreuma loftini Dyar 

Scirpophaga incertulas (Walker) 
(= Tryporya incertulas) 

Sorghum vulgare 

Zea Mays 

Saccharum officinarum 

Zea mays 

Zea mays 

Oryza sativa 

USA25 

USA22, Mexico21 

India33'34-35 

USA22 

USA22, Mexico21 

India36, Hong Kong37 

Saccharum officinarum Taiwan4 

NOCTUIDAE 

Mythimna loreyi Duponchel 

Sesamia calamistis Hmps 

Sesamia inferens (Wlk.) 

Sesamia grisescens Walker 

Saccharum officinarum Taiwan4 

Zea mays Kenya44 

Saccharum officinarum Taiwan4, India38, Japan3 ' 

Oryza sativa India3, Indonesia40 

Erianthus arundinaceus India3 

Typha angustata Pakistan41 

Saccharum officinarum Papua New Guinae42 

TORTRICIDAE 

Tetramoera schistaceana (Snellen) Saccharum officinarum Taiwan4 

References: 1 - Nair 1988; 2 - Sunaryo & Suryanto 1986; 3= Nagarkatti & Nair 1973; 4 - Cheng et al. 
1987; 5 - Maninder & Varma 1982; 6 - Neupane et al. 1985; 7= Subba Rao et al. 1969; 8 - Singh et al. 
1975; 9 - Omwega et al. 1995; 10- Mohyuddin 1990a; 11 - Breniere et al. 1985; 12-Ooi 1974; 1 3 -
Betbeder-Matibet & Malinge 1968; 14= Moutia & Courtois 1952; 15 - Kajita & Drake 1969; 16-
Rajapakse & Kulasekare 1982; 17=Vignes 1981; 18= Planalsucar 1979; 19- Overholt & Smith 1990; 20= 
Mahadeo 1985; 21= Rodriquez-del-Bosque et al. 1990; 22= Youm et al. 1990; 2 3 - Macedo 1978; Macedo 
et al. 1984; 2 4 - Macedo et al. 1993; 2 5 - Fuchs et al. 1979; 2 6 - Charpentier et al. 1971; 2 7 - Ayquipa et 
al. 1979; 2 8 - Cueva et al. 1981; 29= Cock 1985; 30= Delattre 1978; 3 1 - Badilla et al. 1991; 3 2 - Alam et 
al. 1971; 33= Mathur 1967; 3 4 - Chaudhary & Chand 1973; 35= Varma et al. 1981; 36= Nath & Hikim 
1978; 37= Thorton et al. 1975; 38= Kumar & Kalra 1965; 3 9 - Arakaki & Ganaha 1986; 40= Rothschild 
1970; 41= Carl 1962; 42= Kuniata & Sweet 1994; 43= Willink et al. 1983. 4 4 - Overholt pers. comm. 
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suppressing C. partellus populations in East-Africa (Overholt et al., 1994). It was 
released in 1992 and is now considered to be established in Kenya and Tanzania 
(Omwega et al., 1995; Overholt pers. comm.). 

G flavipes strains 
The existence of different geographic, host and/or plant specific strains in G flavipes 
has been postulated. This hypothesis is based on laboratory studies on plant 
preference behavior of different strains (Mohyuddin et al., 1981; Shami & Mohyud-
din, 1992), on anecdotal notes of increased local field parasitism rates after release of 
particular parasitoid strains (Mohyuddin, 1990b) and on variation in reproductive 
success on D. saccharalis among strains of C. flavipes (Wiedenmann and Smith, 1995). 

The publication of Mohyuddin et al. (1981) formed the basis for the frequently 
cited existence of plant specific strains in C. flavipes. In a comparison of the USA-
strain of G flavipes (reared from D. saccharalis on sugarcane) and the Pakistan-strain 
(reared on Cpartellus on maize), Mohyuddin et al.(1981) found that the USA-strain 
had a higher response upon contact to sugarcane frass and the Pakistan-strain a 
higher response to maize frass. A differential response to volatile stimuli emanating 
from frass was reported by Shami and Mohyuddin (1992). In olfactometer 
experiments Shami and Mohyuddin (1992) found that a maize strain was more 
attracted to maize frass and a sugarcane strain was more attracted to sugarcane frass. 
In selective breeding experiments Shami and Mohyuddin (1992) tried to reveal the 
genetic basis for this differential preference. They showed that the preference of the 
maize-strain for maize frass could be reversed in a preference for sugarcane frass 
when reared on Chilo infuscatellus fed on sugarcane for five successive generations. 
The reverse could also be shown: the preference of the sugarcane strain for sugarcane 
frass could be reversed to a preference for maize frass after a selective breeding for 
a preference for maize frass for five generations only. The results of these artificial 
selection experiments indicated that there could be a genetic basis for the host-plant 
preference. However, Shami and Mohyuddin (1992) found that reciprocal crosses 
between the two strains did not alter the preference in the predicted direction: the 
progeny of the crosses preferred the host-plant of their mother. This result indicated 
that there could be a learning-induced preference for the host or host-plant the wasps 
developed on and emerged from. The research presented in this thesis aimed to 
elucidate the origin of the postulated host-plant preferences. 
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