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SUMMARY 

 

Reproductive isolation causes genetic divergence between populations, and can be an 
important factor for speciation. However, in many cases isolation between species is 
incomplete, leading to the possibility of interspecific matings that yield hybrid offspring 
that usually are less fit than offspring of within-species matings. Therefore, natural 
selection is expected to favour traits that eventually result in complete reproductive 
isolation. This can be prezygotic isolation (before fertilization) and/or postzygotic 
isolation (after fertilization) barriers. Prezygotic isolation mechanisms are considered 
more effective, since they prevent limited resources to be wasted in the production of less 
fit or even inviable hybrids. Prezygotic isolation can be mediated by different, potentially 
interacting mechanisms. One type of prezygotic isolation is habitat isolation or temporal 
isolation, when individuals are separated by a physical barrier, live in a different habitat or 
differ in timing of their reproductive period. Another type is mechanical isolation, which 
occurs when partners cannot successfully mate owing to morphological differences. 
Gametic isolation, when male and female gametes are incompatible, is also a form of 
prezygotic isolation. A more complex type of prezygotic isolation is caused by behavioural 
differences that usually imply that individuals do not mate due to differences in mating 

behaviour, such as courtship displays, response to pheromones and assortative mating.  

 This thesis focuses on behavioural isolation, a phenomenon that has received a lot of 
attention in speciation research, but is still not well understood from a genetic perspective. 
Behavioural traits that are species-specific can play a large role in (maintaining) prezygotic 
isolation. Although interspecific differences in behaviour are phenotypically quite easily 
recognized, determining the genetic basis of behavioural traits that are responsible for 
establishing effective reproductive isolation between species proves to be more difficult. 
Because behavioural traits can evolve rapidly, they 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. This is often investigated with crossing schemes that allow for controlled 
genetic exchange between incipient species and separating different components of 

behavioural differences between the species.   

 Prezygotic behavioural isolation, involving assortative mating, is established when 
individuals mate more frequently with individuals that have a similar genetic make-up, 
than would be expected by chance alone. A well-known example is female interspecific 
mate discrimination (MD), in which females are reluctant or even refuse to mate with 
heterospecific males. In many genera, interspecific MD has evolved upon selection against 
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costly matings between related species. It is often considered to be a driving force in both 

sexual and natural selection 

 Parasitic wasps of the genus Nasonia (Hymenoptera: Pteromalidae) have been used 
extensively for studying speciation. Nasonia wasps are gregarious; females lay many eggs 
in pupae of various fly species, found in bird nests or animal carcasses. The genus consists 
of four species: N. vitripennis, N. giraulti, N. longicornis and N. oneida. N. vitripennis is 
cosmopolitan and occurs in microsympatry with N. giraulti and N. oneida in eastern North 
America and with N. longicornis in western North America. In areas of sympatry, the chances 
of interspecific matings are potentially high. Except for the allopatric N. giraulti and N. 
longicornis and the sympatric N. giraulti and N. oneida, Nasonia species pairs are 
reproductively isolated because they carry species-specific strains of the bacterial 
endosymbiont Wolbachia, that cause sperm-egg incompatibility (i.e. post-mating pre-
zygotic isolation). Such matings between species do not produce hybrid offspring and are 
therefore considered a waste of resources. Evolutionary theory predicts that natural 

selection will favour (behavioural) traits that prevent such costly matings.  

 In this thesis, I studied the genetic basis of two behavioural traits in the Nasonia species 
complex that could play a role in prezygotic reproductive isolation in this genus: the 
already described female interspecific mate discrimination (MD) and another trait that is 
called within-host-mating (WHM). WHM has been documented for N. giraulti but not the 
other three Nasonia species, that emerge as virgins and mate outside the host. I based my 
experiments on the following questions: What is the genetic basis of female interspecific 
MD and WHM and what is their pattern of inheritance? Are there genetic correlations 
between these traits and other reproductive traits, such as within-species choosiness and 
re-mating behaviour? Investigating the genetic basis of these traits can answer the 
question whether female interspecific MD and WHM evolved as efficient prezygotic 
isolation barriers, or whether other isolation mechanisms need to be invoked within the 

Nasonia genus. 

 In Chapter 2, I demonstrated that both natural and laboratory populations of all four 
Nasonia species exhibit large variation in the degree of female interspecific MD. Female 
interspecific MD is strong between N. vitripennis and N. oneida, but weak between in N. 
longicornis and N. giraulti. In the species pair N. giraulti and N. vitripennis, interspecific MD 
follows an asymmetrical pattern, as N. vitripennis females strongly discriminate against N. 
giraulti males, but N. giraulti females do not discriminate against N. vitripennis males. I 
concluded that female interspecific mate discrimination depends on the species pair 
considered and is not a complete barrier to hybridization in any species. My results further 
revealed that the strength of prezygotic isolation between the different Nasonia species 
pairs is generally higher for species that occur in sympatry and that have a longer 
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divergence time. I did, however, not find signs of reinforcement: non-sympatric N. 

vitripennis had similar interspecific MD against N. giraulti as sympatric N. vitripennis females.  

 In Chapter 3, I established that selection for lower interspecific MD can be achieved in 
only a few generations and is governed by a relatively simple genetic architecture in N. 
vitripennis. Additionally, I found a correlation between lower interspecific MD and 
increased intraspecific acceptance in this species, suggesting an overlap in the genetic 
architecture for these traits. The results from the selection experiment, in combination 
with the large phenotypic variation found for this behaviour, also supports the conclusion 

that evolution of interspecific MD is incomplete.  

 N. giraulti and N. oneida is the most recently diverged species pair and these two species 
are genetically the most similar within the Nasonia genus. However, the females of these 
two species show large differences in interspecific MD against N. vitripennis, i.e. N. giraulti 
females mate readily with N. vitripennis males, but N. oneida females exhibit strong 
interspecific MD. I expected that relatively few genetic changes had led to these large 
differences in the discriminatory behaviour. Indeed, the results from a QTL analysis 
indicate that interspecific MD against N. vitripennis males in the N. oneida – N. giraulti species 
pair is mediated by only a few major QTLs. These data indicate that the recent divergence 
of N. oneida and N. giraulti within their distribution range was accompanied by the evolution 

of a few dominant alleles involved in interspecific MD. 

 WHM is a trait specific to parasitoids that has been reported from only a few species. In 
Chapter 2 I showed that within the Nasonia complex, only N. giraulti displays this behaviour 
of mating inside the host puparium before emerging. Previous studies have suggested that 
WHM evolved in N. giraulti as a response to the more aggressive N. vitripennis males that 
compete with them to mate with N. giraulti females upon emergence from the host 
(Drapeau and Werren 1999, Leonard and Boake 2007). As N. giraulti females typically do not 
re-mate, WHM could therefore be very effective as a barrier to interspecific mating. 
However, my results presented in Chapter 5 demonstrate that N. giraulti females do not 
exhibit WHM when they develop in multiparasitized hosts. The reason is that males of N. 
vitripennis had created an exit hole in the host, what N. giraulti males presumably do not do 
before mating. In addition, in an experiment where I artificially created an exit hole in the 
hosts with a needle, N. giraulti females emerged from the host immediately and were 
unmated. Apparently, WHM is a direct effect of male N. giraulti to refrain from biting an 
exit hole in the host and thereby forcing females to stay inside and mate them. This 
indicates that WHM is not a female trait and also not an effective prezygotic isolation 
mechanism for N. giraulti. 

 In conclusion, the research presented in this thesis contributes to the general 
understanding of prezygotic isolation evolution in the Nasonia complex. My study has 
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shown that WHM and interspecific MD combined appear insufficient to prevent 
interspecific mating in Nasonia. It is not known whether Nasonia wasps mate 
interspecifically in nature, but my data suggest that they do. It would be very interesting 
to investigate its occurrence in nature. My study indicates that there are multiple 
processes at work simultaneously to prevent interspecific mating in nature, and there may 
still be selection going on for traits that reduce mating between species. Male pheromones 
are likely to play an important role in prezygotic isolation in this species complex and 
further study on this is advisable. In general, future studies in Nasonia should focus on 
asking: what is truly preventing the species from mating in nature? In general, my study 
supports the hypothesis that prezygotic isolation is likely not the result of a single isolating 
factor evolving over time, but rather a process involving the accumulation, or 

replacement, of multiple isolating factors. 
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