
 

 

 University of Groningen

Genetic architecture of prezygotic reproductive isolation in the parasitic wasp genus Nasonia
Diao, Wenwen

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2017

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Diao, W. (2017). Genetic architecture of prezygotic reproductive isolation in the parasitic wasp genus
Nasonia. [Thesis fully internal (DIV), University of Groningen]. University of Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/cebe081e-bf3a-4310-866f-aa9ead98e512


 

  35 

Chapter 3 Variation in courtship and mating 

behaviour among European populations of Nasonia 

vitripennis 
 

Wenwen Diao 

Louis van de Zande 

Leo W. Beukeboom



| Chapter 3 

36   

ABSTRACT  

Geographic variation of behavioural traits is often studied to infer the selective causes of 

population differentiation and adaptation. Such studies are aimed at increasing our 

understanding of the initial stages of speciation and can offer insights into the interplay 

between genes and environment in the ontogeny of population differences. Here, we 

report on variation in male courtship behaviour and female mate discrimination among 

European Nasonia vitripennis populations that span a latitudinal range of 23 degrees. All 

192 lines collected from 7 localities displayed the same basic courtship and mating 

behaviour pattern that is characteristic of N. vitripennis, but with variation in several male 

courtship display components. Courtship initiation speed, latency time and headnod 

numbers in the first and second cycle within a courtship bout, displayed a weak latitudinal 

gradient. Mating frequencies did not differ between intra-population and inter-population 

crosses. We conclude that the populations are large enough to prevent detectable drift 

effects on geographical differentiation in courtship and mating behaviour in this species. 
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INTRODUCTION 

Differentiation between populations is required to initiate the process of speciation. Such 

differentiation can manifest itself in many different traits, including morphological, 

physiological and behavioural. In general, differentiation increases with geographical 

distance between populations because gene flow between populations is a function of 

distance (Mayr 1963; Coyne and Orr 2004). Genetic divergence arises from adaptations to 

local environments among allopatric populations and/or as a result of drift in the absence 

of gene flow (Coyne and Orr 1998). Genetic drift and selection may lead to sexual isolation 

when such divergence affects mating behaviour (Mayr 1963; Koepfer 1987; Coyne and Orr 

2004). Divergence of mating signals and mate recognition systems is considered one of the 

most important factors in speciation. Coyne and Orr (1989) found that prezygotic isolation 

evolves at lower levels of overall genetic divergence than postzygotic isolation, suggesting 

that sexual isolation can evolve quickly. 

        Courtship behaviour is known to play a pivotal role in the onset of premating 

reproductive isolation between species (e.g., Hoikkala et al. 2005; Williams et al. 2001; 

Gleason et al. 2002; Gleason and Ritchie 2004; Mackay et al. 2005; Arbuthnott 2009; Joyce 

et al. 2010; Giesbers et al. 2013). Investigating geographic divergence in behaviour, 

particularly courtship behaviour, therefore has the potential to reveal the geographical 

pattern of population differentiation, and to increase our understanding of the importance 

of specific behavioural patterns in the early stages of speciation (e.g., Miller et al. 1998; 

Bordenstein et al. 2000; Perrin and Mesnick 2003; Lachlan and Servedio 2004; Podos and 

Warren 2007). Nonetheless, our knowledge about geographical variation in behavioural 

traits is still scarce when compared to non-behavioural traits (Foster 1999). Miller et al. 

(1998) surveyed 12 populations of wolf spiders for geographic variation in male courtship 

behaviour. The sequence of four principal male courtship behaviours was found to follow 

geographical patterns, suggesting restricted gene flow between populations. Parasitoid 

wasps of the genus Nasonia (Hymenoptera, Pteromalidae) have been used extensively for 

evolutionary and genetic studies of behaviour. Several traits have been investigated in a 

geographical context in Nasonia. Bordenstein et al. (2000) reported intraspecific variation 

in sexual isolation within and between two species of Nasonia, N. vitripennis and N. 

longicornis. Paolucci et al. (2013) found a latitudinal cline in photoperiodic diapause 

response of European N. vitripennis. Geographical variation in courtship and mating 

behaviour of Nasonia however remains to be investigated. 

        One question in speciation research is how fast behavioural traits can change 

(Arbuthnott 2009). As with many traits that undergo drift and/or selection, this depends on 

the genetic architecture of the trait. Traits with a simple genetic basis (e.g., a single gene) 

may change faster than traits with a more complex genetic architecture. Behavioural traits 
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are typically complex with a polygenic basis and epistatic interaction among genes (Wolf et 

al. 2000; Raychoudhury 2015). Some genes that affect behaviour may also influence other 

traits, a phenomenon known as pleiotropy. Clock genes, such as period, are a good example 

of genes that may affect multiple traits, including behaviour. They have been shown to be 

functionally involved in photoperiodism (Yasuo et al. 2003; Yerushalmi and Green 2009; 

Koštál 2011; Mukai and Goto 2016), but also in rhythmic components of behaviour (Ceriani 

et al. 2002; Reppert and Weaver 2002; Stoleru et al. 2004; Sandrelli et al. 2008; Allada et al. 

2010; Paolucci 2014; Stern 2014). A clear latitudinal cline in allelic composition of period 

was reported for Drosophila melanogaster and Nasonia vitripennis associated with 

photoperiodic diapause response (Costa et al. 1992; Paolucci et al. 2013, 2016). We have 

some evidence that clock genes are also involved in mating behaviour of Nasonia (J. Gadau 

et al. unpublished data; E. Dalla Benetta unpublished data). This means that allelic and 

clinal variation in clock genes may be selected for at different latitudes and that this may 

pleiotropically affect courtship behaviour.  

        In this chapter, I investigate geographic variation of male mating behaviour and female 

mate choice (see more detailed description of these two traits in Chapter 1 and 2) of 

Nasonia vitripennis populations along a North-South gradient in Europe to identify whether 

variation can be detected in courtship components, and whether it is clinal. N. vitripennis is 

a cosmopolitan species of the Nasonia genus with a large geographic range. Wasps used in 

this study are from the same populations as in a parallel study of Paolucci et al. (2013) on 

diapause induction.  

 

MATERIAL AND METHODS 

Field collection and establishment of isofemale lines 

Populations of Nasonia vitripennis were sampled in summer 2009 at seven sites in Europe 

along a latitudinal cline from Corsica (42°N) to Northern Finland Oulu (65°N) with a distance 

between localities of 4-5 latitudinal degrees (Figure 3.1). 

        Wasps were collected from bird nests which were mainly used by great tits (Parus 

major), blue tits (Parus caeruleus) and flycatchers (Ficedula hypoleuca) (see also Paolucci et 

al. 2013). The main method consisted of removal of nests at least 5 days after the birds had 

fledged and subsequent dissecting of the nest material for fly pupae (Calliphora spp.) that 

might have been parasitized. A second method involved baits consisting of mesh bags with 

approximately 25 laboratory-raised fly pupae (Calliphora spp.) that were placed inside and 

next to the nest boxes for about 3-5 days to attract wasps. They were subsequently taken 

to the laboratory for checking for wasp emergence. A third method was to collect adult 

wasps directly in the field from the nest material or from the fly pupae in the baits. After 

collection, isofemale lines were set up either from adults that had been collected directly 
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from the field or by hosting individual females that emerged from pupae of bird nests or 

baits. Wasps were cultured in mass culture vials in a climate room on Calliphora fly pupae 

at 25°C, L16:D8 photoperiod and 45% relative humidity.  

 

 
 
Figure 3.1: Sampling locations of N. vitripennis in Europe. From south to north: Corsica, France (COR, 
42°22’40.80’’N, 8°44’52.80’’E); Switzerland (SWI, 46°44’9.14’’N, 7°6’57.34’’E); Schlüchtern, Germany (SCH, 
50°19’56.10’’N, 9°30’47.00’’E); Hamburg, Germany (HAM, 53°36’23.62’’N, 10°10’17.74’’E); Latvia (LAT, 
56°51’22.56’’N, 25°12’1.38’’E); Turku, Finland (TUR, 61°15’40.53’’N, 22°13’23.96’’E); Oulu, Finland (OUL, 
65°3’40.16’’N, 25°31’40.80’’E). 

 

Behavioural assays 

In order to minimize the influence of rearing at laboratory conditions, wasps were 

investigated as soon as possible after collection from the field (2
nd

-3
rd

 generation). Male 

courtship behaviour was measured in single pairs of 24- to 48-h old virgin males that were 

provided with a mated female of the same isofemale strain. Mated females were used to 

obtain extensive courtship data as females typically mate only once, which means that 

males take perform longer courtship bouts before giving up. Observations were performed 

under standard conditions similar to those of Beukeboom and van den Assem (2001). Virgin 

males and females were collected and sexed in the immobile black pupal stage by cracking 

open their host fly puparia 1-2 days prior to eclosion. After eclosion, virgin males were 

placed individually in glass tubes (height 30mm, diameter 10mm) one day prior to the 

mating trial. Males and females were subsequently paired in no-choice experiments by 

joining the two glass tubes. Under a stereo binocular microscope, couples were observed 
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until the male gave up his display and dismounted the female, or for a maximum of 10 

minutes if no mating attempts took place.  

 

Male courtship 

The following courtship components were scored: (a) “interest”, males and females 

approached each other; (b) “cross direction”, which sex passed the border of the two joint 

glass tubes first; (c) “courtship initiation time”, the time it took from the start to the first 

wasp passing the border of the two joint glass tubes; (d) “latency time”, the time from the 

start of the tube joining to the male mounting on the female; (e) “mounting”, the male 

mounted on top of the female; (f) “arrest”, the female becomes immobile after the male’s 

mounting; (g) “display”, the male performs repeated cycles of head-nods and wing 

vibrations interrupted with pauses; (h) “attempted copulation”, the male attempts to 

copulate; (i) “normal copulation”, copulation occurs; (j) “bout time”, the time from joining 

the two glass tubes together until the male gave up his display and dismounted the female. 

A total of 545 pairs from 192 isofemale lines of the seven collection sites were recorded 

(Table 3.1). Individuals were used only once. 

 
Table 3.1: Summary of collected samples and wasp pairs used for investigation of male courtship behaviour. Site 
abbreviations are explained in Figure 3.1. 
 

  COR SWI SCH HAM LAT TUR OUL Total 

Fi
el

d
 w

o
rk

 

Number of nest boxes inspected  129 87 106 60 70 55 84 591 

Number of nest boxes yielding wasps 23 12 6 7 11 13 29 101 

La
b

 e
xp

er
im

en
t 

Number of wasp pairs recorded 59 107 47 122 96 36 78 545 

Number of isofemale strains used 25 33 22 34 29 18 31 192 

 
Female mate discrimination 

Female mate discrimination was tested with the same experimental set-up but using a 12-

24h old virgin female with a virgin male. Wasps of the 5
th

 generation after collection from 

six out of the seven field populations (except COR) were tested. Table 3.2 shows the details 

of the recorded population crosses. Males of the most southern and most northern 

populations, SWI and OUL, were paired with females of all other populations (inter-

population) and their own (intra-population), each time using two isofemale lines. Males of 

the intermediate populations, SCH, HAM, LAT, and TUR, were paired only with females of 
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the southern and northern most populations, SWI and OUL. Female mate discrimination 

was scored as “mate rejection”, i.e., when the male mounted the female but the female did 

not become receptive (Velthuis et al. 2005). In total, 1200 wasp pairs from 20 combinations 

with approximately 60 pairs each were observed. Individuals were used only once. 

 
Table 3.2: Experimental design of the population crosses used for investigation of female mate discrimination. 
Locality abbreviations are explained in Figure 3.1. 
 

  ♂ 

 
 

SWI SCH HAM LAT TUR OUL 

♀ 

SWI √ √ √ √ √ √ 

SCH √ - - - - √ 

HAM √ - - - - √ 

LAT √ - - - - √ 

TUR √ - - - - √ 

OUL √ √ √ √ √ √ 

 

Statistical analysis 

Statistical analysis of all behavioural data was performed with the R statistical software 

(version 3.1.2, R Development Core Team 2014). A generalized linear model (glm) was used 

to identify the effect of population (collection site). Chi-square (χ
2
) tests were used to 

compare the likelihood of the different models. Post hoc tests (e.g., Tukey or multiple 

comparisons) were subsequently performed to confirm the differences between 

populations. 

 

RESULTS 

Male courtship behaviour of European N. vitripennis populations  

The structure and characteristics of courtship behaviour of all seven tested N. vitripennis 

European populations is similar and consistent with previous descriptions of Nasonia 

courtship (van den Assem 1986; van den Assem and Werren 1994; van den Assem and 

Beukeboom 2004; Peire Morais 2007). Yet, there are quantitative differences in number 

and duration of elements between populations. 

 

Interest, cross direction and courtship initiation time 

Females were the first to walk over to the male in 38-72% of the cases. There are significant 

differences in cross direction between populations (glm, effect of populations: χ
2 

= 22.68, P 

< 0.001). Multiple comparisons tests revealed that cross direction of the SCH population 
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(43% females to males) differed from HAM (58%) (P < 0.001), LAT (72%) (P = 0.015) and 

TUR (47%) (P = 0.022) populations respectively. The SWI population had lower female to 

male cross direction values than the HAM population (50% vs. 58%, multiple comparisons 

tests, P = 0.033). Average courtship initiation time over all populations was 16.4 ± 27.7 

seconds (mean ± SD, n = 545) and ranged from 10.2 ± 10.9 seconds (mean ± SD, n = 47) in 

SCH to 37.7 ± 44.0 seconds (mean ± SD, n = 59) in COR, with a significant difference 

between populations (glm, effect of populations: χ
2 

= 53.17, P < 0.001; Figure 3.2A and 

Table 3.3). The COR population had longer courtship initiation times than all other 

populations (Tukey tests, P < 0.001). The SWI population had longer courtship initiation 

time than the HAM population (21.4 s vs. 10.3 s, Tukey tests, P = 0.027).  

 

Latency time and duration from mounting to first nod 

Average latency time over all populations was 143.7 seconds and varied strongly (SD = 

114.0 seconds, n = 539), ranging from 112.5 ± 101.7 (mean ± SD, n = 93) in the LAT 

population to 185.8 ± 149.7 seconds (mean ± SD, n = 58) in the COR population. Latency 

times differed significantly between populations (glm, effect of populations: χ
2 

= 27.10, P < 

0.001). The two southern populations, COR (185.8 ± 149.7, n = 58) and SWI (172.0 ± 126.0, 

n = 106), had higher latency times than the two northern populations, LAT (112.5 ± 101.7, n 

= 93) and OUL (117.7 ± 70.4, n = 77) (COR vs. LAT and OUL, SWI vs. LAT and OUL, Tukey 

tests, P = 0.002, 0.008, 0.003, and 0.019) (Figure 3.2B and Table 3.3). 

        The time from reaching the courtship position on the female’s head until performance 

of the first head-nod was 2.3 ± 5.2 seconds (mean ± SD, n = 536) with significant differences 

between populations (glm, effect of populations: χ
2 

= 15.86, P = 0.015). The time of the TUR 

population was longer than both the LAT and OUL populations (4.8 s vs. 1.4 s and 1.6s, 

Tukey tests, P = 0.013 and 0.030) (Figure 3.2C and Table 3.3).  

 

 
 
Figure 3.2: Average (±SE) of (A) courtship initiation time (B) latency time (C) duration from mounting to 1st nod in 
seven European N. vitripennis populations. Sample sizes are shown within the bars. Different lower case letters 
indicate significant differences in means between populations (P < 0.05). Locality abbreviations are explained in 
Figure 3.1.  
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Mating sequence 

Several distinct steps are distinguished in the mating sequence and the frequency at which 

these stages occur differ between the seven European populations. Almost all pairs 

reached the “display” stage, indicating neglible effects of mate discrimination in the early 

stages of the mating interaction. As mated females were used and females normally mate 

only once in natural populations (Grillenberger et al. 2008) most matings were interrupted 

in the “display” stage by dismounting of the male. However, re-mating occurred frequently. 

The overall re-mating rate of the seven populations was on average 25.9% and ranged from 

10.6% to 38.5% with significant differences between populations (glm, effect of 

populations: χ
2 

= 25.22, P < 0.001). The HAM population had significantly lower re-mating 

rate than the SWI and LAT populations (14.8% vs. 29.0% and 27.8%, multiple comparison 

test, P = 0.004 and 0.026). 

 

Head-nod numbers and cycle durations 

A courtship bout of Nasonia consists of a series of head-nods that are interrupted by 

pauses. Overall head-nod numbers were on average 5.74 ± 1.60 SD (n = 533) in the 1
st

 

series, decreasing to 4.53 ± 1.26 (n = 497) in the 2
nd

 series, with an average decrease of 

1.16 head-nods between the first two series, followed by a gradually increase to 4.53 ± 1.26 

(n = 433) in the 4
th

 series (Figure 3.3A and Appendix 3.1). These values of head-nod 

numbers are consistent with previous reports of N. vitripennis (Peire Morais 2007, details in 

Appendix 3.1 of Chapter 2). In contrast to Peire Morais (2007), the duration of courtship 

cycles showed an increasing rather than a constant pattern (Appendix 3.1 of Chapter 2), 

going from 7.85 ± 1.65 seconds (mean ± SD, n = 533) in the 1
st

 cycle, 8.03 ± 1.35 seconds (n 

= 497) in the 2
nd

 cycle, to 8.85 ± 1.53 seconds (n = 453) in the 3
rd

 cycle (Figure 3.3B and 

Appendix 3.1). Significant differences between populations were found in head-nod 

numbers of the 1
st

 series (glm, effect of populations: χ
2 

= 33.87, P < 0.001) (HAM vs. SCH & 

SWI & LAT; TUR vs. SCH & LAT; SCH vs. OUL), the 2
nd

 series (glm, effect of populations: χ
2 
= 

15.92, P = 0.014)  (OUL vs. LAT), and the 4
th

 series (glm, effect of populations: χ
2 

= 16.32, P = 

0.012)  (TUR vs. LAT & SCH). Cycle durations differed of the 1
st

 cycle (glm, effect of 

populations: χ
2 

= 23.94, P < 0.001) (SCH vs. COR & HAM & LAT & OUL & TUR) and the 3
rd

 

cycle (glm, effect of populations: χ
2 

= 18.07, P = 0.006) (SWI vs. COR & HAM). From the 4
th

 

series onwards an increasing pattern was found in both head-nod numbers and cycle 

durations, whereas it leveled off from the 8
th

 series onwards (Figure 3.3A and 3.3B). Note 

that sample sizes above 11 series were low and, as a result, variation increased (grey 

shaded area in Figure 3.3). 
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Figure 3.3: Average (A) head-nod numbers and (B) cycle durations of seven European N. vitripennis populations. 
Standard deviations and sample sizes are shown in Appendix 3.1. Data on courtship series larger than eleven (in 
grey shaded area) are less accurate due to low sample sizes. Locality abbreviations are explained in Figure 3.1.  
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Courtship cycles and bout time 

The number of courtship cycles of a male correlates strongly with the total bout time 

(correlation coefficient, r536 = 0.960, P < 0.001). Both traits are consistently higher in wasp 

pairs that do not result in copulation (mean ± SD, Mann-Whitney U-test, number of 

courtship cycles: Figure 3.4B vs. Figure 3.4A, 10.05 ± 3.11 vs. 3.92 ± 2.08, W = 2942, P < 

0.001; total bout time: Figure 3.4D vs. Figure 3.4C, 96.2 ± 36.0 vs. 29.8 ± 19.9, W = 2435.5, 

P < 0.001). Among all matings with copulation, the number of courtship cycles and total 

bout time differed significantly between populations (glm, effect of populations: Figure 

3.4A, χ
2 

= 36.84, P < 0.001; Figure 3.4B, χ
2 

= 27.94, P < 0.001), and so does among all 

matings without copulations (glm, effect of populations: Figure 3.4C, χ
2 

= 24.67, P < 0.001; 

Figure 3.4D, χ
2 

= 24.77, P < 0.001). The HAM population had higher number of cycles and 

longer bout times than several other populations (Figure 3.4).  

 

 
 

Figure 3.4: Number of courtship cycles (mean ± SE) and bout time (mean ± SE) of wasp pairs with (panel A and C) 
and without (panel B and D) successful copulation in seven European N. vitripennis populations. Sample sizes are 
shown within the bars. Different lower case letters indicate significant differences in means between populations 
(P < 0.05). Locality abbreviations are explained in Figure 3.1. 
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Table 3.3: Quantitative aspects of courtship and mating behaviour in seven European N. vitripennis populations. 
Average ± standard deviations are shown with sample sizes in parentheses. Locality abbreviations are explained in 
Figure 3.1. 
 

 COR SWI SCH HAM LAT TUR OUL overall 

 Number of       

 Total cycles        

 
7.40±3.87  

(58) 
8.18±4.20 

(106) 
8.70±2.95 

 (47) 
10.34±3.48 

(122) 
8.50±3.83  

(92) 
8.33±3.71 

(36) 
6.49±3.86 

(77) 
8.45±3.94 

(538) 

 Duration of       

 Courtship initiation time       

 
37.69±43.98 

(59) 
21.35±38.00 

(107) 
10.22±10.90 

(47) 
10.30±13.32 

(122) 
12.90±18.50 

(96) 
15.53±18.84 

(36) 
11.45±23.28 

(78) 
16.39±27.71 

(545) 

 Latency time        

 
185.77±149. 

73 (58) 
172.02±125. 

99 (106) 
141.60±106. 

10 (47) 
145.54±114. 

02 (122) 
112.46±101. 

69 (93) 
125.59±90. 

23 (36) 
117.72±70. 

43 (77) 
143.72±114. 

00 (539) 

 Mounting to 1st nod       

 
3.27±5.51  

(58) 
2.25±4.17 

(105) 
1.57±3.14 

 (47) 
2.49±3.64 

(122) 
1.41±1.48  

(91) 
4.84±15.31 

(36) 
1.59±1.68 

(77) 
2.29±5.23 

(536) 

 Bout time        

 
64.92±36.44 

(58) 
78.70±48.32 

(106) 
84.70±32.00 

(47) 
98.30±42.50 

(122) 
77.94±41.20 

(92) 
77.47±45.42 

(36) 
57.22±39.18 

(77) 
78.90±43.69 

(538) 

 

Correlation between latitude and male courtship components  

To test whether male courtship components of the seven European populations follow a 

latitudinal gradient, a correlation test was performed with latitude. Significant negative 

correlations with latitude were found for courtship initiation time, latency time, and head-

nod numbers in the 1
st

 and the 2
nd

 series. No significant latitudinal trends were found for 

other traits (Table 3.4).  

 

Table 3.4: Correlations between male courtship components and latitude in European N. vitripennis populations.  
 

 Latitude 

 correlation coefficient P - value 

Number of   
Total cycles r536= -0.065 P = 0.131 
1st series head-nod r531 = -0.105 P = 0.015* 
2nd series head-nod r495 = -0.113 P = 0.011* 
3rd series head-nod r451= -0.075 P = 0.110 
4th series head-nod r431 = -0.070 P = 0.145 

Duration of    
Courtship initiation time r543= -0.212 P < 0.001* 
Latency time r537 = -0.202 P < 0.001* 
Mounting to 1st nod r534 = -0.202 P = 0.407 
Bout time r536= -0.075 P = 0.083 
1st cycle r531 = -0.035 P = 0.415 
2nd cycle r495 = -0.000 P = 0.997 
3rd cycle r451 = -0.068 P = 0.147 
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        Regression analyses revealed that only very small amounts of variation were explained 

(Figure 3.5). Latitude explained 4.3% of the variation in courtship initiation time (linear 

regression: F = 25.58, P < 0.001),  3.9% in latency time (linear regression: F = 22.74, P < 

0.001), 0.9% in head-nod numbers of the 1
st

 series (linear regression: F = 5.96, P = 0.015, 

estimated slope: y = -0.024x + 7.00, adjusted R
2
 = 0.009) and 1.1% in head-nod numbers of 

the 2
nd

 series (linear regression: F = 6.44, P = 0.011). These results indicate that there is 

either none or only weak negative correlation between behavioural traits and latitude in N. 

vitripennis of Europe.  

 

 
 
Figure 3.5: Significant linear regressions between latitude and behavioural traits, including (A) courtship initiation 
time, (B) latency time, (C) head-nod numbers of the 1st series, and (D) head-nod numbers of the 2nd series. 
Estimated slope, adjusted R2 and P-value are shown in the right upper corner of each panel. X-axis is the degree of 
latitudes where the samples were collected throughout Europe. Sample sizes of the trait are listed at bottom of 
each panel. 

 

Intra- and inter-population variation in mate discrimination  

Female mate discrimination by “mate rejection” was measured in intra- and inter-

population crosses of the seven European populations. Almost no mate discrimination was 

observed as indicated by an overall low value of 0.9% ± 1.1 (mean ± SD, n = 20) for mate 

discrimination and high value of 97.3% ± 1.7 (mean ± SD, n = 20) for copulation occurrence 
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(Figure 3.6). There were no significant differences in mate discrimination rate between 

intra-population (glm, effect of population crosses: χ
2 

= 0.15, P = 0.701) and inter-

population combinations (glm, effect of population crosses: χ
2 

= 11.11, P =0.851). The lack 

of variation in the data precluded a sensible correlation analysis with latitude. This result 

indicates that no substantial mate discrimination is present in Europe, suggesting sufficient 

gene flow between the populations.  

 

 
 

Figure 3.6: Intra- and inter-population female mate discrimination in European N. vitripennis populations. 
Experimental design is shown in Table 3.2. Mate discrimination was recorded by “mate rejection” i.e., when the 
male mounted the female but the female did not become receptive. For each pie, sample size of “no interest” and 
“mate acceptance” are included within the pie, whereas the number of “mate rejections” is indicated outside of 
the pie at the top. Locality abbreviations are explained in Figure 3.1. 

 

DISCUSSION 

In this study, I investigated geographic intraspecific variation in courtship and mating 

behaviour of N. vitripennis with freshly collected populations along a latitudinal gradient in 

Europe. The structure and characteristics of courtship behaviour were found to be similar 
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in all populations and consistent with descriptions of previous reports of N. vitripennis (van 

den Assem 1986; van den Assem and Werren 1994; van den Assem and Beukeboom 2004; 

Peire Morais 2007). The typical N. vitripennis species-specific courtship characteristics were 

found in all populations. Yet significant differences between populations occurred in 

several male courtship display components. There are quantitative differences in the 

number and duration of similar elements, such as head-nod numbers and duration of cycles. 

Despite this, no differences were observed in female mate discrimination in terms of 

copulation success between populations. This means that N. vitripennis in Europe can be 

considered as a single, rather undifferentiated, species with populations large enough to 

prevent strong drift effects, and environmental conditions similar enough to prevent 

selection for differentiation in mating behaviour. This conclusion is in line with Paolucci et 

al. (2013) who found little genetic differentiation (FST values) between these same 

populations. Moreover, Raychoudhury et al. (2010b) also reported low genetic variation 

(FST values) in N. vitripennis throughout Europe.  

        If we look more closely at the components of the male courtship behaviour, we found 

a modest but significant linear relation between latitude and courtship initiation time, 

latency time, and head-nod numbers of the first and second cycle. This may be coincidence, 

but I used the same populations as Paolucci et al. (2013) with the specific purpose to look 

for epistatic effects of clock genes. As all these traits involve some “timing” it may well be 

that an association with clock genes like period can be assumed. Paolucci et al. (2013, 2016) 

found a latitudinal gradient in photoperiodic diapause induction and allelic composition of 

the period gene. As clock genes are known to affect mating behaviour (Ceriani et al. 2002; 

Reppert and Weaver 2002; Stoleru et al. 2004; Sandrelli et al. 2008; Allada et al. 2010; 

Stern 2014), such as courtship song in Drosophila (Stern 2014), a latitudinal gradient may 

also be expected for certain courtship components that involve a timing element. RNAi 

knock down of period results in higher cycle duration and head-nod numbers (E. Dalla 

Benetta unpublished data). I did not find a latitudinal gradient in cycle duration, but in 

head-nod numbers of cycles 1 and 2. Cycle duration is correlated with head-nod numbers. 

In addition, I observed a significant latitudinal cline with shorter courtship initiation time 

towards northern latitudes. This is in line with observations by S. Paolucci and E. Dalla 

Bennetta (unpublished data) of a higher level of locomotor activity in northern populations. 

As at this point the link between clock genes and courtship behaviour is still speculative, 

more detailed functional studies are obviously needed to elucidate the role of clock genes 

in Nasonia mating behaviour and the possible correlated responses due pleiotropic 

responses to photoperiodism.  

        Overall, my study confirmed that male courtship behaviour is not one of the 

behavioural traits that have clearly adapted to environmental climate in contrast to for 
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example diapause. In Chapter 4 and 5, I will further analyse intraspecific and interspecific 

variation in two mating behaviour traits, male courtship song and cuticular hydrocarbon 

(CHC) sex pheromone composition, with the same field populations of N. vitripennis as used 

here.  
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APPENDIX 3.1 

Head-nod numbers and cycle durations of the seven European populations of N. vitripennis. Average ± standard 
deviations are shown with sample sizes in parentheses. Site abbreviations are explained in Figure 3.1. 
 

 COR SWI SCH HAM LAT TUR OUL overall 

Number of head-nods       

1st 5.90±1.57 
(58) 

5.97±1.45 
(104) 

6.43±1.23 
(47) 

5.27±1.80 
(122) 

6.09±1.67 
(92) 

5.17±1.44 
(36) 

5.47±1.37 
(74) 

5.74±1.60 
(533)  

2nd 4.65±1.13 
(51) 

4.67±1.05 
(95) 

4.50±1.35 
(46) 

4.53±1.21 
(122) 

4.78±1.59 
(87) 

4.11±1.12 
(36) 

4.12±1.14 
(60) 

4.53±1.26 
(497)  

2nd - 1st -1.24±1.24 
(51) 

-1.19±1.32 
(95) 

-1.89±1.23 
(46) 

-0.74±1.35 
(122) 

-1.32±1.29 
(87) 

-1.06±1.07 
(36) 

-1.20±1.19 
(60) 

-1.16±1.31 
(497)  

3rd 4.62±0.89 
(45) 

4.89±1.12 
(85) 

4.84±1.48 
(45) 

4.83±1.22 
(117) 

4.94±1.45 
(79) 

4.32±1.17 
(31) 

4.41±1.28 
(51) 

4.76±1.26 
(453)  

4
th

 5.00±1.14 
(41) 

5.28±1.26 
(82) 

5.56±1.53 
(43) 

5.04±1.31 
(114) 

5.32±1.45 
(76) 

4.45±1.09 
(29) 

4.98±1.31 
(48) 

5.13±1.34 
(433)  

5
th

 5.28±1.32 
(40) 

5.44±1.27 
(75) 

5.80±1.58 
(41) 

5.45±1.45 
(111) 

5.44±1.57 
(71) 

4.54±1.21 
(26) 

5.14±1.63 
(42) 

5.37±1.46 
(406)  

6
th

 5.41±1.61 
(37) 

5.90±1.47 
(68) 

6.30±1.84 
(37) 

5.71±1.52 
(105) 

5.64±1.30 
(64) 

5.00±1.15 
(22) 

5.51±1.57 
(37) 

5.70±1.52 
(370)  

7th 5.39±1.42 
(28) 

6.08±1.27 
(60) 

6.36±1.80 
(33) 

5.84±1.41 
(99) 

6.20±1.63 
(56) 

5.45±1.61 
(20) 

5.73±1.42 
(33) 

5.93±1.50 
(329)  

8th 5.63±1.44 
(24) 

6.29±1.35 
(52) 

6.92±1.77 
(24) 

6.19±1.47 
(85) 

6.02±1.45 
(49) 

5.47±1.47 
(19) 

5.75±1.24 
(28) 

6.10±1.48 
(281)  

9th 5.92±1.98 
(12) 

6.58±1.34 
(40) 

6.39±1.46 
(18) 

6.18±1.42 
(77) 

6.11±1.64 
(38) 

5.87±1.36 
(15) 

5.95±0.97 
(21) 

6.20±1.44 
(221)  

10th 5.70±2.26 
(10) 

6.71±1.19 
(31) 

6.78±1.64 
(9) 

6.39±1.46 
(62) 

6.28±1.62 
(25) 

5.75±1.54 
(12) 

5.84±1.07 
(13) 

6.32±1.50 
(162)  

Duration of cycles       

1st 7.54±1.43 
(58) 

8.08±1.44 
(104) 

8.77±2.10 
(47) 

7.57±1.61 
(122) 

7.81±1.80 
(92) 

7.54±1.64 
(36) 

7.82±1.44 
(74) 

7.85±1.65 
(533)  

2nd 7.76±1.13 
(51) 

8.25±1.19 
(95) 

8.35±1.25 
(46) 

7.82±1.17 
(122) 

8.04±1.31 
(87) 

7.85±1.65 
(36) 

8.15±1.85 
(60) 

8.03±1.35 
(497)  

2nd - 1st 0.13±1.14 
(51) 

0.27±1.28 
(95) 

-0.41±2.53 
(46) 

0.27±1.42 
(122) 

0.25±1.29 
(87) 

0.31±0.82 
(36) 

0.40±1.90 
(60) 

0.21±1.52 
(497)  

3rd 8.53±1.28 
(45) 

9.40±2.21 
(85) 

9.08±1.62 
(45) 

8.63±1.19 
(117) 

8.74±1.24 
(79) 

8.55±1.40 
(31) 

8.84±1.28 
(51) 

8.85±1.53 
(453)  

4th 9.25±1.42 
(41) 

9.83±1.36 
(82) 

10.49±2.91 
(43) 

9.29±1.70 
(114) 

9.59±1.34 
(76) 

9.20±1.51 
(29) 

9.64±1.30 
(48) 

9.59±1.70 
(433)  

5
th

 9.60±1.45 
(40) 

10.15±1.29 
(75) 

10.21±1.07 
(41) 

9.82±1.32 
(111) 

10.00±1.37 
(71) 

9.51±1.46 
(26) 

10.27±1.96 
(42) 

9.96±1.41 
(406)  

6
th

 9.94±1.68 
(37) 

10.75±1.61 
(68) 

10.80±0.95 
(37) 

10.19±1.32 
(105) 

10.41±1.19 
(64) 

10.13±1.70 
(22) 

10.24±1.58 
(37) 

10.37±1.43 
(370)  

7th 10.07±1.75 
(28) 

10.86±1.26 
(60) 

10.97±1.09 
(33) 

10.69±1.40 
(99) 

10.90±1.51 
(56) 

10.44±1.77 
(20) 

10.77±1.87 
(33) 

10.72±1.48 
(329)  

8th 10.29±1.44 
(24) 

11.13±1.21 
(52) 

11.50±0.82 
(24) 

10.92±1.36 
(85) 

11.13±1.41 
(49) 

11.00±2.01 
(19) 

10.80±1.48 
(28) 

10.99±1.39 
(281)  

9th 9.94±1.86 
(12) 

11.49±1.49 
(40) 

11.43±0.90 
(18) 

11.17±1.28 
(77) 

11.34±1.64 
(38) 

11.43±1.66 
(15) 

11.74±4.22 
(21) 

11.28±1.89 
(221)  

10th 10.44±2.06 
(10) 

11.85±1.43 
(31) 

11.56±1.67 
(9) 

11.58±1.47 
(62) 

11.46±1.81 
(25) 

11.36±1.76 
(12) 

10.58±1.40 
(13) 

11.44±1.61 
(162)  
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