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SUMMARY 

The establishment of reproductive isolation is a crucial step in the evolution of new species. 

Populations can become separated by prezygotic barriers that act before fertilization 

and/or postzygotic isolation barriers that act after fertilization. Our knowledge about the 

genetic basis of traits responsible for reproductive isolation is still very limited. Thanks to 

recent developments in genomic technologies we can start to explore the genomic basis of 

speciation.  

        This thesis focuses on the genetic architecture of traits that are suggested to play a 

role in establishing prezygotic reproductive isolation in the species complex of Nasonia 

wasps. The Nasonia genus (Hymenoptera, Pteromalidae) has become a model system in 

evolutionary biology. It consists of four closely related species, of which three occur only in 

North America (N. longicornis, N. giraulti and the more recently discovered N. oneida) and 

one is cosmopolitan (N. vitripennis). The four species differ in mating behaviour (male 

courtship and courtship song) and chemical communication signals (cuticular hydrocarbons 

(CHCs) and sex pheromones). I investigated the genetic basis of these mating signals by 

making use of the Nasonia genetic toolbox and the ability to perform crosses between 

species. 

        To investigate interspecific variation in prezygotic isolation in Nasonia, I first studied 

courtship behaviour of N. oneida in Chapter 2. N. oneida is the youngest species in the 

Nasonia genus, and its courtship behaviour had not yet been described. My results 

demonstrated that N. oneida can also be recognized by its species-specific courtship 

characteristics, like the other Nasonia species, and that its courtship behaviour mostly 

resembles N. giraulti, the species to which it is most closely related. The work also revealed 

strong behavioural isolation with some of the other Nasonia species. This species was 

therefore very suitable for use in further experiments aimed at identifying the genetic basis 

of prezygotic reproductive isolation (Chapter 6). 

        In Chapter 4, I for the first time provided detailed descriptions of male courtship song 

for all four Nasonia species. My results indicated that males of all Nasonia species produce 

songs by wing vibration as part of their courtship display. They share a clear hum song that 

is similar to the sine song in Drosophila, but they do not have a pulse song as Drosophila. 

The songs of the four species are similar in general structure, but differ in specific song 

characteristics, such as duration and number of bursts, pause duration between bursts and 

frequency. Additionally, my results revealed that the overall song patterns of Nasonia can 

be linked to their behavioural courtship components and that the species-specific 

quantitative differences in song characteristics (Chapter 4) are analogous to the differences 

in behavioural components of courtship between the species (Chapter 2). 
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        To look for within species variation in mating signals, I studied mating behaviour and 

chemical signals in N. vitripennis populations collected at seven sites in Europe along a 

latitudinal cline from Southern Italy to Northern Finland. My results, presented in Chapters 

3-5, revealed clear intraspecific quantitative differences in male courtship components (e.g., 

number and duration of elements), courtship song patterns (e.g., song bursts, pause 

durations and frequency), and female and male CHC profiles among European N. vitripennis 

populations. Despite this, no difference in intra-population versus inter-population mate 

discrimination in terms of copulation success was evident, suggesting that N. vitripennis in 

Europe can be considered as a single, rather undifferentiated, species with sufficient gene 

flow between subpopulations to prevent the build-up of reproductive isolation. 

        A correlation analysis of mating behaviour and chemical signals with latitude in these 

seven N. vitripennis populations revealed modest but significant effects of latitude on some 

of the male courtship components (e.g., courtship initiation speed, latency time and 

headnod numbers in the first and second cycle within a courtship bout) and song patterns 

(e.g., burst length, pause duration between two bursts, and song frequency) (Chapters 3-5). 

No clear clinal pattern was observed in the full CHC profiles of females and males. However, 

upon using ratios of CHC substance classes, including alkanes, alkenes, monomethyl-

alkanes, dimethyl-alkanes, and trimethyl-alkanes, correlations were evident in females, but 

not males, with latitude, mean temperature, temperature range, humidity and 

precipitation. These results indicated that geoclimatic factors have an impact on female 

CHC compositions in N. vitripennis. 

        In Chapter 5 and 6, I investigated phenotypic interspecific variation in two classes of 

chemical signals, non-volatile cuticular hydrocarbons (CHCs) and volatile sex pheromones. 

CHCs were found to be species- and sex-specific in N. vitripennis, N. giraulti and N. 

longicornis. Interestingly, N. oneida males produced the long-range male sex pheromone 

RS-HDL at an almost 10-fold lower level than N. giraulti males. This led me to use this 

species in an interspecific cross with N. giraulti to investigate the genetic basis of 

pheromone production, male courtship behaviour, and female preference. I used reciprocal 

interspecific crosses between the N. giraulti - N. oneida, that exhibit strong prezygotic 

isolation, for a Quantitative Trait Locus (QTL) study that used single nucleotide 

polymorphism (SNP) markers of which some were present in candidate genes. My results 

demonstrated that the RS-HDL sex pheromone plays a role in the mating system of N. 

giraulti and N. oneida. I detected four QTL for male pheromone production in Nasonia. No 

significant QTLs were found for female preference, which points at a polygenic architecture 

of female interspecific discrimination with strong environmental influences. Several 

candidate genes were found in regions associated with male courtship behavioural 
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components and pheromone production, but proof of their involvement requires further 

functional studies. 

        In conclusion, my study has contributed to the knowledge of the genetic basis of 

prezygotic reproductive isolation in the Nasonia complex. Male courtship behaviour, male 

courtship song, cuticular hydrocarbon profile and sex pheromone quantity were found to 

vary within and between Nasonia species. Male courtship behaviour and sex pheromone 

quantity were demonstrated to have a genetic basis, and female preference appears partly 

governed by these male traits, although in a complex way, probably involving many genes 

of small effect and strong environmental effects. Thus, despite the apparent fast evolution 

of prezygotic isolation, the genetic architecture of prezygotic isolation in the Nasonia genus 

appears to be complex, and subject to multiple and opposing selection pressures. Future 

studies towards understanding the genetics of prezygotic isolation in Nasonia should focus 

on functional analysis of particular traits and the effects of candidate genes. 
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