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 SPECIATION 

Nature is ever changing. Organisms have to be able to adapt to environmental changes in 
order to survive. When natural selection favours a certain phenotypic trait value, this can 
lead to a change in the genetic make-up of a species, which can eventually lead to adaptive 
evolution of that trait (Orr 2005). When gene flow becomes restricted between two 
populations, for example through the formation of a geographical barrier, both this 
directional process of adaptive evolution, and the stochastic process of genetic drift, can 
lead to divergence of these populations, and eventually to speciation (Mayr 1963). 
Reproduction between the two resulting species, i.e. hybridization, is inhibited through 
reproductive isolation mechanisms that can act before (prezygotic) or after fertilization 
(postzygotic) (Dobzhansky 1935, Mallet 1998). Prezygotic isolation barriers typically act 
prior to mating, for example through temporal or geographic isolation between 
individuals, morphological differences between mating partners, or behavioural isolation 
(Kondrashov and Shpak 1998, Coyne and Orr 1998), although post-mating prezygotic 
isolation can also occur, for example through incompatibilities between egg and sperm 
(e.g. Shaw et al. 1994). Postzygotic isolation is typically manifested as inviability or sterility 

of hybrids. 

 When two diverged populations or species come in secondary contact, several scenarios 
can occur. When divergence between the two species is incomplete and there is no 
selection against hybridization, all individuals become hybrids and the two species can fuse 
into one (Coyne and Orr 1998). However, in many species pairs, hybrid offspring have a 
fitness disadvantage (Mallet 1998), because co-adapted gene complexes are disrupted by 
recombination resulting in a less than optimal fit to the environment or in genomic 
incompatibilities between the two species when they hybridize (Lynch 1991). The result of 
such contact between these species will be the formation of a hybrid zone (Barton and 
Hewitt 1985) where unfit hybrids occur in the zone where the two species are in direct 
contact. In some cases such hybrid zones span large geographical distances and can be 
stable over long time, such as the hybrid zone between the black crow and the hooded crow 
in Europe (Saino and Villa 1992). In other cases, in response to selection against the unfit 
hybrids, prezygotic isolating barriers evolve and are strengthened in a process called 
reinforcement (Dobzhansky 1940, Liou and Price 1994, Servedio and Noor 2003). Although 
evidence for reinforcement has clearly been documented in some cases (e.g. Saetre et al. 
1997, Rundle and Schluter 1998, Jaenike et al. 2006, Hoarau et al. 2015) the importance of 
this process in speciation is still being debated (Servedio and Noor 2003, Bank et al. 2012, 
Abbott et al. 2013). 
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PREZYGOTIC VERSUS POSTZYGOTIC ISOLATION  

Reproductive isolation among most species pairs is often not caused by a single factor, but 
is the result of a combination of a number of different pre- and postzygotic barriers and 
also their interactions (Coyne and Orr 2004). In fact, the importance of prezygotic isolation, 
in comparison to postzygotic isolation, is a topic of much debate, focusing for example on 
which of the two is a more effective barrier to gene flow (see a.o. Dobzhansky 1937, Coyne 
and Orr 2004, Sobel et al. 2010). The order in which prezygotic and postzygotic isolation 
evolve has also been subject of much debate (Coyne and Orr 2004, Sobel et al. 2010). Many 
researchers argue that prezygotic isolation is more effective than postzygotic isolation 
because genome divergence can only occur as a result of mating isolation (Jiggins 2001; 
Kirkpatrick and Ravigne 2002; Marie Curie SPECIATION network 2012). They claim that the 
importance of prezygotic isolation results from lowering the costs of interspecific matings. 
Another argument is that, because isolation barriers act sequentially, prezygotic isolation 
factors will provide stronger barriers to gene flow. However, according to Coyne and Orr 
(2004), the fact that postzygotic isolation barriers act later in the life cycle does not 
necessarily mean that they are less significant. One argument for the importance of 
postzygotic isolation is that postzygotic isolation is a driver of prezygotic isolation (Coyne 
and Orr 2004). It is argued that, unless postzygotic isolation is complete or strong enough 
to lead to the production of unfit hybrids, sexual selection by reinforcement is not possible 
(Kirkpatrick 2001). By all means, complete postzygotic isolation is needed to generate 

direct selection for prezygotic isolation (Coyne and Orr 2004).  

 The genetic basis of prezygotic and postzygotic barriers can determine the speed at 
which species isolation can evolve. Much discussion about reproductive barriers concerns 
the number of genes involved in prezygotic versus postzygotic isolation. A complex genetic 
basis, involving multiple genes, suggests that a reproductive barrier needs more 
generations to evolve than when it is based on just a few genes (Tregenza and Butlin 1999). 
Coyne and Orr (1997) analysed the time course of speciation in Drosophila, and concluded 
that prezygotic isolation is stronger and evolves faster than postzygotic isolation (Figure 
1.1). This leads to the hypothesis that prezygotic isolation is based on fewer genes than 
postzygotic isolation, or on faster evolving genes (e.g. behavioural genes evolving faster 

than developmental genes). 
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Figure 1.1 Strength of isolation, as measured by the number of successful interspecific matings, as 
function of genetic distance (D) between Drosophila taxa, differentiated between prezygotic isolation 
(a) and postzygotic isolation (b). From Coyne and Orr (1997). 

BEHAVIOURAL ISOLATION 

Behavioural traits are often species-specific and can play a large role in (maintaining) 
prezygotic isolation. Although interspecific differences in behaviour are often 
demonstrated quite easily, it is more difficult to determine which behavioural traits are 
responsible for establishing effective reproductive isolation between species (Bakker and 
Pomiankowski 1995). Even though prezygotic reproductive barriers do not always lead to 
completely isolated species for prolonged periods of time, behavioural isolation can evolve 
rapidly (Coyne and Orr 1997, 2004). Because of this rapid evolution, behavioural isolation 
can be best studied in young species complexes, where hybridization can still occur and a 
full barrier to gene flow has not yet been established (e.g. Coyne et al. 2002, Gow et al. 2006). 

 A frequently studied behavioural isolation trait is female interspecific mate 
discrimination (MD), in which females of a particular species show strong assortative 
mating; i.e. preferred mating among individuals of the same species over matings between 
individuals of different species. Interspecific MD can be strengthened by reinforcement, a 
process in which behaviours that are used for partner recognition and mating are 
diverging rapidly by the action of natural selection against unfit hybrids (Dobzhansky 1940, 
Servedio and Noor 2003). Such natural selection can only act efficiently if there is genetic 
variation for these behavioural traits.  

Behaviour is typically considered as a complex trait, i.e. having a complex genetic 
architecture (e.g. Mackay 2009). For this study, I will define a complex trait as a trait 
determined by multiple genes. By this definition, complex traits will exhibit three 
characteristics (reviewed in Lynch and Walsh 1998): First, the phenotypic variation of a 
complex trait is based on allelic variation in many genes. Second, pleiotropic effects or co-
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segregation of alleles produced by linkage disequilibrium cause genetic co-variation 
among traits. Third, environmental effects can induce variation in complex traits, which 
can vary among genotypes. Interaction among genes, and interaction with the 
environment, makes the identification of the genes coding for a behavioural trait not 
straightforward. Screening behavioural variation can help to reveal to what extent 
different behavioural components are phenotypically and genotypically coupled. In 
addition, artificial selection for a trait can be used to determine the speed at which traits 
can evolve, and to calculate the heritability of a trait. Intraspecific crosses between lines 
selected for a strong display of a behavioural trait, and lines selected for a weak display, 
can be used to study the inheritance, and determine the number of loci involved in that 
trait, through a quantitative trait locus (QTL) analysis. QTLs are stretches of DNA (loci) that 
are statistically linked to phenotypic variation for that trait, which are expected to include 
the causal genes coding for that trait. In a QTL analysis, regions of the genome that contain 
the genes that code for a phenotypic trait are mapped in the genome with molecular 
markers. Knowing the number of QTLs, their interactions, and their amount of explained 
variation provides information about the genetic architecture of a trait (Lynch and Walsh 

1998). 

 In this thesis, I investigate the mating behaviour of Nasonia wasps that form a young 
species complex. I focus on two behaviours that are considered to play an important role 
in prezygotic isolation: interspecific mate discrimination and within-host-mating. I aim to 
unravel the genetic basis of these complex traits, by using a combination of behavioural 

screens, interspecific crosses, artificial selection and quantitative trait locus mapping. 

THE NASONIA SYSTEM 

Wasps of the genus Nasonia (Hymenoptera: Pteromalidae; Figure 1.2) have been used 
extensively for studying speciation. For example, Drapeau and Werren (1999), van den 
Assem and Werren (1994), Beukeboom and van den Assem 2001 and Leonard and Boake 
(2006) studied differences in mating behaviour between species; Breeuwer and Werren 
(1990) and Brucker and Bordenstein (2013) investigated the role of endosymbiotic bacteria 
in causing species divergence; Koevoets and Beukeboom (2009) determined the genetic 
basis of postzygotic isolation; Gadau et al. (1999) and Niehuis et al. (2010) mapped 
incompatibility loci playing a role in postzygotic isolation; and Ruther et al. (2007) and 
Niehuis et al. (2013) studied the role of pheromones in the Nasonia genus. One of the reasons 
that Nasonia has become a model system for evolutionary biology is their haplodiploid sex 
determination system: Nasonia males are haploid and develop from unfertilized eggs, 
whereas females are diploid and develop from fertilized eggs. Haploidy of males facilitates 
genetic investigation of traits because there are no dominance interactions. 
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 Nasonia wasps are gregarious parasitoids belonging to the insect order of Hymenoptera. 
Females lay their eggs in pupae of various fly species, found in bird nests or animal 
carcasses (Whiting 1967). After drilling a hole in the puparial wall with their ovipositor, a 
female injects venom into the fly pupa and lays her eggs. The eggs develop on the host into 
larvae that feed on the host and eventually kill it. After several days the larvae pupate, and 
later emerge from the host puparium as adults. The developmental time is temperature 
dependent, under constant conditions at 25°C in the lab the adult wasps emerge after 
approximately 2 weeks (Whiting 1967). When Nasonia males emerge from the hosts, they 
stay on the natal patch to mate with the females, who emerge after the males (Whiting 
1967, van den Assem et al. 1980, Leonard and Boake 2006). An exception to this are N. giraulti 
males, who do not show site fidelity to the natal patch and mate the females inside the 
host, prior to emerge (within-host-mating). Female Nasonia typically do not re-mate, and 

after mating they disperse in search of new host patches.  

 The Nasonia genus consists of four species, N. vitripennis, N. giraulti, N. longicornis and N. 
oneida (Darling and Werren 1990; Raychoudhury et al. 2010a) N. vitripennis diverged from 
its sister species approximately 1.0 million years ago as determined from an internal 
transcribed spacer and 28s rDNA based molecular phylogeny (Campbell et al. 1993). N. 
giraulti and N. longicornis diverged more recently (0.5 mya), and N.oneida split from N. giraulti 
only 0.4 million years ago (Raychoudhury et al. 2010a, see Figure 1.3 for phylogenic tree). 
Whilst N. vitripennis is a generalist that parasitizes various fly species (Whiting 1967, 

Figure 1.2 Nasonia vitripennis female, ovipositing on a fly pupa. Picture 
by Peter Koomen. 
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Werren 1983), the other three species specialize on the pupae of blowfly species commonly 
found in bird nests (Darling and Werren 1990). N. vitripennis is a cosmopolitan species that 
occurs in microsympatry with N. giraulti and N. oneida in eastern and with N. longicornis in 
western North America respectively (Darling and Werren 1990, Raychoudhury et al. 2010a). 
In these areas of sympatry the chances of hybrid matings between N. vitripennis and either 
one of the other species are potentially high. However, the species are reproductively 
isolated due to infection with species-specific strains of Wolbachia bacteria that cause 
cytoplasmic incompatibilities, and hybrid breakdown (Breeuwer and Werren 1990). With 
the exception of the sympatric species pair N. giraulti / N. oneida (Raychoudhury et al. 2010a) 
and the allopatric species pair N. giraulti / N. longicornis (Bordenstein et al. 2001), the 
infection with Wolbachia results in complete postzygotic isolation, making interspecific 
matings between different species of Nasonia very costly. Therefore, it is expected that 
prezygotic isolation mechanisms, for example through behavioural isolation, play a large 
role to prevent the occurrence of interspecific mating. Reinforcement is thought to have 
strengthened these prezygotic isolation mechanisms to prevent costly hybridization in 

areas of sympatry (Bordenstein et al. 2000).  

 

Figure 1.3 Phylogenetic tree of the Nasonia genus, with Trichomalopsis sarcophagae as outgroup. Figure 
from Werren et al. 2010. 

 

 The Nasonia genus is very well suited for the genetic analysis of prezygotic isolation, for 
the following reasons: (1) The four species differ in courtship behaviour and mating 
strategies that have been well described (van den Assem et al. 1980, van den Assem and 
Werren 1994, Drapeau and Werren 1999, Leonard and Boake 2006, Raychoudhury et al. 
2010a, Chapter 1, this thesis); (2) Natural lines show variation in life-history traits and 
reproductive strategies (Chapter 1 and 4, this thesis); (3) Strains can be cured from their 
Wolbachia infection by antibiotic treatment, making it possible to obtain viable hybrid 
offspring despite different degrees of pre- and postzygotic isolation between the species 
(Breeuwer and Werren 1990); (4) The haploidy of Nasonia males facilitates genetic analysis, 
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 and the study of gene interactions (Pultz and Leaf 2003; Werren et al. 2010); (5) Many 

molecular markers are available for genome analysis and to perform QTL studies (e.g. 
Pannebakker et al. 2010, Werren et al. 2010, Koevoets et al. 2012); (6) The genomes of the 
species have been sequenced and annotated (Werren et al. 2010), making it possible to find 
candidate genes involved in prezygotic isolation; (7) Finally, its easy maintenance in the 
laboratory, simple collection of (virgin) individuals, large brood sizes and short generation 

time, make Nasonia an excellent model organism. 

MATING BEHAVIOUR AND REPRODUCTIVE STRATEGIES IN NASONIA 

The males of the four Nasonia species show distinct differences in their courtship displays, 
but some parts of the male courtship are general for all Nasonia species. Courtship display 
in Nasonia consists of a series of interactions between the male and the female, eventually 
resulting in copulation (van den Assem et al. 1981). The male displays courtship behaviour 
to induce receptivity in the female. Courtship follows a typical sequence (Figure 1.4): first 
the male chases the female and mounts her. He positions himself on top of the female with 
his head protruding the females’ antennae, and his fore tarsi on the head of the female. 
Then the male performs head nods, separated by pauses and the release of pheromone, in 
a cyclical pattern. If the female accepts the courting male she will signal receptivity by 
lowering her antennae and opening her genital orifice. This is the cue for the male to 
position himself behind the female to copulate. After copulation, the male re-positions 
himself on top of the female and starts post-copulatory courtship, and finally dismounts 
the female. Although the general sequence of courtship display is similar in the four 
Nasonia species, distinct species-specific differences have been found, for example different 

lengths of cycles and number of head nods (van den Assem and Werren 1994).  

 In addition to these interspecific differences in male courtship display, there are a 
number of other differences between the Nasonia species. For example, the developmental 
time of N. vitripennis is shorter in comparison to that of N. giraulti (pers. comm.). In 
laboratory experiments, N. vitripennis males show aggressive behaviour and strong side 
fidelity: they stay on the host they emerged from to wait for emerging females (Leonard 
and Boake 2006). N. giraulti males are not aggressive and show little site fidelity (Leonard 
and Boake 2006). Thus, emerging N. giraulti females that have not mated inside the host are 
often courted immediately after emergence by N. vitripennis males if both species are 
included in the experimental set-up. N. giraulti females show little re-mating behaviour 
(Leonard and Boake 2008) and therefore it is suggested that WHM has evolved to prevent 
the aggressive N. vitripennis males from mating with emerging, unmated, N. giraulti females 

(Leonard and Boake 2006). 
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Figure 1.4 Schematic representation of the courtship pattern of Nasonia. Figure from Clark et al. 2010. 

GENETICS OF REPRODUCTIVE ISOLATION 

Although there are interspecific differences in male courtship displays, these differences 
on itself are not sufficient to prevent interspecific matings (Van den Assem 1994). However, 
female Nasonia could use these species-specific courtship displays as cues to distinguish 
conspecific males from heterospecific males through female interspecific MD, thus acting 
as a reproductive isolation barrier. Females displaying this behaviour can potentially use a 
range of different cues received from the male, for example species-specific sex 
pheromones, aphrodisiacs, male courtship display and/or sound, to determine if she will 
accept a male or not (Ruther et al. 2009, Robertson et al. 2010, Niehuis et al. 2011). So far, it 

is not known yet which exact male traits are used most in this process.  

 Female MD is a behaviour found in many insect species, where it is often a barrier to 
interspecific mating (Thornhill 1979). When a female discriminates between males, she 
uses one or several cues of the male to decide either to accept or reject him as a partner. 
These cues are often species-specific and can be behavioural, for example male courtship 
display, or chemical, for example male pheromones (Dickson 2008, Hunt and Sakaluk, 

2014).  

 Study of the genetic architecture of MD is essential for understanding how such 
behavioural barriers may arise. However, despite a long history of behavioural mate choice 
studies, the genetics of MD is still not well known (for reviews see o.a. Bakker and 
Pomiankowski 1995, Arbuthnott 2009). Some of the reasons for this are that behavioural 
traits are believed to have a complex genetic basis, which are highly context dependent 
and are the result of interactions between individuals (Chenoweth and Blows, 2006). Yet, 
behavioural traits are often found to evolve rapidly (Coyne and Orr 1997, 2004), which 
seems to contradict with the complexity of their genetic architecture. Recent studies on 
female interspecific MD use a combination of (back)cross experiments, quantitative trait 
locus analysis and genomic analyses. Most genetic studies are limited to the chromosomal 
level (e.g. Ting et al. 2001), but some have been able to pinpoint the regions responsible for 
female MD to smaller regions linked by (visible) markers (Doi et al. 2001, Kronforst et al. 
2006). Researchers still debate about whether female MD has a polygenic or a single gene 
basis. As a polygenic basis would mean that speciation is a lengthier process (Tregenza and 
Butlin 1999), many think that female preference is coded by a single (pleiotropic) gene. 
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 Most quantitative genetic studies, however, show that female preference is mediated by 

several QTLs with major effects, thus suggesting a polygenic basis (e.g. Ting et al. 2001; 
Velthuis et al. 2005; Moehring et al. 2006).  

 Interspecific MD could have evolved in the Nasonia genus to prevent interspecific 
matings. A number of studies have addressed the differences in female interspecific MD 
between the four species (van den Assem and Werren 1994; Bordenstein et al. 2000; 
Beukeboom and van den Assem 2001; Velthuis et al. 2005; Peire Morais 2007; Raychoudhury 
et al. 2010a; Giesbers et al. 2013; W. Diao et al. submitted), resulting in a good overview of 
MD patterns in this genus. N. vitripennis has a high interspecific MD against N. giraulti, but 
not against N. longicornis. N. longicornis females discriminate against N. vitripennis males but 
readily accept N. giraulti males. N. giraulti shows only moderate interspecific MD against N. 
vitripennis and also little MD against N. longicornis, which can be the result of within-host-
mating (see below). N. oneida females have a high MD against males of all the other Nasonia 
species (Raychoudhury et al. 2010a). Velthuis and colleagues (2005) have studied the 
genetic basis of interspecific MD in Nasonia by creating recombinant inbred iso-female 
strains from N. longicornis, that had either low or moderately high acceptance for N. 
vitripennis males. They concluded that the differences in acceptance of N. longicornis females 
for N. vitripennis males had a relatively simple genetic basis, consisting of relatively few 
genomic regions with large effect on female mate preference. In this experiment, however, 
female interspecific MD was tested in a 2-hour mating essay, which largely increases the 
potential of interspecific matings as there is more time for a female to accept. In nature 
such long time periods would most likely not occur, as multiple males are present on a 

patch and another male can easily take over courtship.  

 In addition to female interspecific MD, another behavioural trait is hypothesized to play 
a role in reproductive isolation between the Nasonia species: within-host-mating (WHM), a 
reproductive behaviour suggested to have evolved in N. giraulti to prevent mating with 
other Nasonia species (Drapeau and Werren 1999). WHM, i.e. mating inside the host 
puparium, prior to emergence, is a specific trait for parasitoids (Godfray 1994). If a single 
female parasitizes a host, WHM can result in high levels of inbreeding, since all the 
individuals inside the host will be siblings when the host has been parasitized by a single 
foundress. A way to prevent high inbreeding, in species that mate inside the host, is to 

superparasitize an already parasitized host (Godfray 1994).   

 Apart from Nasonia wasps, WHM has so far only been observed in few parasitoid species. 
Telenomus fariai, an endophagous egg parasite of the ‘barbeiro’ bug Triatoma megista 
(Dreyfus and Breuer 1944) and Trichogramma dendrolini, an egg parasitoid of several 
butterfly species, also mate inside their host (Suzuki and Hiehata 1985). In the Nasonia 
genus, WHM was found to be frequent in N. giraulti females (Drapeau and Werren 1999). It 
is hypothesized that WHM has evolved in this species to prevent costly matings between 
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N. giraulti females and N. vitripennis males (Drapeau and Werren 1999). N. vitripennis females 
hardly ever mate inside the host, and N. longicornis has intermediate WHM. Little is known 
about this extraordinary trait and the impact it has on population dynamics, although it 
has been suggested that this behaviour could act as a physical barrier to reproduction 
(Drapeau and Werren 1999). Nothing is known about the genetic regulation of WHM either. 
So far, no inheritance studies were done for this trait and it is not known whether it is a 
male or female trait, or the result of an interaction between both sexes. Additionally, 
whereas the trait seems to be linked to lower levels of male aggression and low female re-
mating rates (Leonard and Boake 2006), it is not known if WHM is genetically correlated to 

these traits.  

AIM OF THIS RESEARCH AND THESIS OVERVIEW 

The goal of this PhD project is to investigate the genetic basis of two behavioural traits in 
the Nasonia species complex that are expected to play a role in reproductive isolation in 
this genus: female interspecific mate discrimination and within-host-mating. I aim to 
answer the following questions: What is the genetic basis of female interspecific MD and 
WHM and what is their inheritance pattern? Are there genetic correlations between these 
traits and other reproductive traits, such as intraspecific choosiness and re-mating 
behaviour? By answering these questions I aim to answer the question whether female 
interspecific MD and WHM act as efficient prezygotic isolation barriers, or whether other 
isolation mechanisms need to be invoked to prevent costly interspecific mating. 

 In Chapter 2, I give an overview of the current knowledge on different prezygotic 
isolation factors that are considered to act in the Nasonia genus, including what is known 
about the genetic basis of these traits. First, I investigate the strength of prezygotic 
isolation between all possible species combinations. Using female interspecific MD data 
obtained from both choice and no-choice experiments, I document the preponderance of 
this behaviour, revealing strong asymmetric patterns between species pairs. Second, I 
present an overview of the frequency of WHM for all Nasonia species, and include new data 
for N. oneida. Third, I address the question whether reinforcement plays a role in female 
MD in Nasonia. I compare female MD in N. vitripennis strains occurring in microsympatry 
with N. giraulti to that of allopatric N. vitripennis strains. Lastly, I discuss the role of cuticular 

hydrocarbon profiles and pheromone communication in MD.  

 In Chapter 3, I investigate the genetic basis of interspecific MD in Nasonia. I conducted 
an artificial selection experiment for lowered female interspecific MD in N. vitripennis 
against males from N. giraulti, to determine its response to selection and calculate the 
heritability. My results show that the trait is genetically determined, responds quickly to 
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 selection in only a few generations and has a moderate heritability. Additionally, I 

investigated if selection for one trait, involved in prezygotic isolation, will also lead to 
changes in other behaviour traits. I found correlated responses to selection for reduced 
interspecific MD in MD against males of another species, N. longicornis; and in intraspecific 
mate acceptance. These results suggest that there is a (at least) partially shared genetic 
basis for intra- and interspecific female MD. No correlated responses were found for female 
re-mating rate and male mating behaviour (measured as the duration of courtship until 
female acceptance), indicating that these traits could have an independent genetic 
architecture. I discuss how standing genetic variation for interspecific MD is important in 
speciation and how this trait is maintained in a young species complex for which speciation 

is incomplete. 

 In Chapter 4, I study the genetics of female interspecific MD in the Nasonia genus in 
more detail using a quantitative trait locus (QTL) analysis of a cross between N. giraulti and 
N. oneida, which are phylogenetically very similar but, as shown in Chapter 2, show large 
differences in interspecific MD patterns. I demonstrate that F1 female hybrids and females 
from F3 clonal sibships with 75% N. oneida genome display high levels of interspecific MD, 
similar to pure N. oneida females. Females from F3 clonal sibships with 75% N. giraulti 
genome show more intermediate patterns of MD. This suggests that high mate 
discrimination against N. vitripennis males is a dominant trait of the N. oneida species. 
Additionally, I measured interspecific MD of 3025 F3 female hybrids in a QTL analysis to 
determine the genomic regions associated with female interspecific MD. I constructed a 
recombination map from genotypic data, based on 27 microsatellite markers from 412 F2 
recombinant males. I found five QTL of large effect that are located on different 
chromosomes, suggesting that female interspecific MD against N. vitripennis has a polygenic 

basis in the N. oneida – N. giraulti species pair.  

 In Chapter 5, I investigate WHM in N. giraulti. Specifically, I aim to test the hypothesis 
that WHM is an effective barrier to gene flow between N. giraulti and the other members of 
the Nasonia genus. First, I confirm previous results that WHM is absent in N. vitripennis, rare 
in N. longicornis, but very frequent in N. giraulti. WHM was never scored in N. oneida and I 
show that the frequency of this behaviour in this species is low. To test whether the trait 
is genetically determined and heritable, I scored the WHM occurrence in interspecific F1 
hybrid females for several species pairs. My results reveal that interspecific F1 hybrid 
females have WHM patterns intermediate to their parent’s species value, and that are 
largely determined by the species of the males present in the host. To test the hypothesis 
that WHM can act as a prezygotic isolation barrier for N. giraulti, I designed a 
multiparasitization and a host-manipulation experiment. I found that N. giraulti females 
mate less frequently inside the host when N. vitripennis is also present inside that host or 
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when an exit hole is artificially created. My results indicate that WHM is not an effective 

prezygotic isolation mechanism between these two Nasonia species.  

 In the final chapter, Chapter 6, I present a synthesis of my research and propose 
avenues for further research. I discuss the extent to which prezygotic isolation plays a role 
in the sympatric occurrence of the Nasonia species and which (behavioural) traits may be 
involved to prevent mating between species. While female interspecific MD is strong in 
some species pairs, it cannot prevent interspecific matings between all species. 
Additionally, WHM is not effective as an prezygotic isolation barrier when N. giraulti 
females lay their eggs in multiparasitized hosts. My results suggest that other reproductive 
isolation mechanisms, such as pheromones, may play a bigger role to prevent costly 

interspecific mating in the Nasonia genus. 
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