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ABSTRACT  

Nasonia (Hymenoptera, Pteromalidae) is a genus of parasitic wasps, that has become a 

model for evolutionary and genetic studies. The genus consists of four species, of which N. 

longicornis, N. giraulti and N. oneida are endemic to North America, while N. vitripennis is 

cosmopolitan. In this study, we describe male courtship and mating behaviour of the 

youngest species in this genus: Nasonia oneida. N. oneida displays the same basic courtship 

and mating behaviour pattern as the other Nasonia species but there are small 

presence/absence differences of specific components and quantitative differences in 

number and duration of elements, that are diagnostic for the species. These differences are 

discussed in the context of the recent evolution of N. oneida and the role in reproductive 

(prezygotic) isolation. 
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INTRODUCTION 

The genus Nasonia (Hymenoptera, Pteromalidae) has been used for genetic research for 

over 50 years (Whiting 1967) and is now established as a model system for evolutionary 

and genetic studies (e.g., Beukeboom and Desplan 2003; Shuker et al. 2006; Werren and 

Loehlin 2009; Raychoudhury et al. 2010a; Werren et al. 2010; Gadau et al. 2012; 

Buellesbach et al. 2013; Giesbers et al. 2013). In addition to the three species previously 

known, Nasonia vitripennis (Walker 1836), Nasonia longicornis and Nasonia giraulti (Darling 

and Werren 1990), Nasonia oneida is a recently discovered species (Raychoudhury et al. 

2010a). It occurs sympatrically with N. vitripennis and N. giraulti in eastern North America. 

On a phylogenetic tree N. vitripennis is the first species that split from its sister species 

lineage approximately 1.0 million years ago (Campbell et al. 1993). About 0.46 million years 

ago N. longicornis and N. giraulti diverged, and N. oneida split from N. giraulti about 0.41 

million years ago (Raychoudhury et al. 2010a). 

        In nature, the Nasonia species are reproductively isolated owing to infection with 

species-specific strains of the endosymbiont Wolbachia, which causes postmating isolation. 

Interspecific crosses result in cytoplasmic incompatibilities and hybrid breakdown 

(Breeuwer and Werren 1990, 1995; Breeuwer et al. 1992; Bordenstein et al. 2001). 

Raychoudhury et al. (2010a) investigated the degree of postzygotic isolation of N. oneida 

with the other three Nasonia species and found significant levels of hybrid breakdown with 

N. vitripennis, asymmetric and unidirectional isolation with N. longicornis but little or none 

with N. giraulti. The latter result is consistent with the most recent divergence of N. oneida 

from N. giraulti. Raychoudhury et al. (2010a) also reported strong prezygotic isolation in 

terms of mate discrimination between N. giarulti and N. oneida. This suggests that certain 

mate recognition cues have diverged between these two species. As N. oneida is sympatric 

with N. vitripennis and N. giraulti in its native range in New York State (Raychoudhury et al. 

2010a), this high level of mate discrimination probably has a role in maintaining genetic 

integrity of the species in nature. 

        Reproductive isolation of the Nasonia species is likely determined by a combination of 

prezygotic isolation factors, such as male courtship behaviour, pheromone and other 

chemical communication, and male courtship song characteristics. For N. vitripennis, N. 

longicornis and N. giraulti, courtship and mating behaviour have been well described 

(Cousin 1933; Barrass 1960a, 1960b, 1961; Whiting 1967; van den Assem 1986; van den 

Assem and Werren 1994; van den Assem and Beukeboom 2004; Peire Morais 2007), but 

not for N. oneida. Courtship displays of these three species are sufficiently diverse to be 

diagnostic at the species level, both on qualitative differences (species-characteristic motor 

patterns) and quantitative differences (number and/or duration of similar elements) (van 

den Assem and Beukeboom 2004). As to chemical communication, Ruther et al. (2007, 
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2008) demonstrated that males produce a species-specific long-range sex pheromone to 

attract the female. In addition, Raychoudhury et al. (2010a) and Buellesbach et al. (2013) 

found cuticular hydrocarbon profiles of all Nasonia species, including N. oneida, to be 

strongly divergent. Buellesbach et al. (2013) further provided evidence that the cuticular 

hydrocarbon profiles of the female is used by males to decide whether or not to mount the 

female. Giesbers et al. (2013) also report a role of female cuticular hydrocarbons for 

assortative mating of males in N. oneida. As to the response of the female to these 

components of courtship behaviour, Raychoudhury et al. (2010a) and Giesbers et al. (2013) 

reported a strong interspecific mate discrimination by N. oneida female against males of 

the other three species. 

        The typical Nasonia courtship behaviour is depicted in Figure 2.1. It consists of several 

stages (van den Assem 1986; van den Assem and Beukeboom 2004; Clark et al. 2010). 

During a latency period the male produces a long-range sex pheromone to attract its 

female partner and mounts the female (Buellesbach et al. 2013). Upon taking a stereotype 

position on top of the female, the male starts courtship by touching the antennae of the 

female with its own, followed by a series of movements of the head, called “head-nods”, 

together with vibration of the wings, interspersed with a pause. This pattern of head-nods 

that ends with a pause is termed a cycle, which is repeated several times. At each first head 

nod in a cycle, the male deposits an as yet unidentified short-range pheromone 

(aphrodisiac) on the female’s antennae. After a number of cycles, the female will either 

accept the male by lowering her antennae and raising her abdomen for copulation, or 

reject the male, who will then dismount and terminate courtship. Successfully mated males 

move back on top of the female after copulation to perform post-copulatory courtship 

consisting of a few similar cycles of head-nods and pauses with a pheromone released to 

suppress female receptivity for further mating, and subsequently dismount. 

 

 
 

Figure 2.1: Schematic representation of Nasonia courtship display.  After introduction of the male to the female 
there is a latency period during which the partners locate each other. The male mounts the female and positions 
himself on her head. Following rhythmic display movements include repeated series of head noddings and pauses 
in cycles. Vertical lines represent separate head-nods. The interval between the first nod of two consecutive series 
is used as a measure of the cycle durations. Figure is adapted from van den Assem and Beukeboom (2004). Wasp 
symbols are from Clark et al. (2010). 
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        In this study, we provide a detailed analysis of the male courtship and mating 

behaviour of Nasonia oneida which is the youngest species in Nasonia genus and compare 

it with the other Nasonia species. The results are discussed in the context of the recent 

evolution of N. oneida and the role in reproductive (prezygotic) isolation. 

 

MATERIAL AND METHODS 

Experimental strains and culture conditions 

N. oneida used in this study are from the inbred isofemale lab strain NONY11/36, collected 

in Brewerton, New York (Raychoudhury et al. 2010a). It is the same strain as 

NONY11/36TET (Wolbachia-cured) used for the Nasonia Genome Project (Werren et al. 

2010). Wasps were cultured in the laboratory on Calliphora fly pupae at 25°C, L16:D8 

photoperiod and 45% relative humidity. 

 

Behavioural assays 

Observations were performed under standard laboratory conditions. Procedures were 

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. The easiest way to distinguish the sex is by looking for 

the presence of an ovipositor at the distal end of the ventral side of the abdomen (present 

in female, but absent in male). After eclosion, males and females were placed individually in 

glass tubes (height 30mm, diameter 10mm) one day prior to the mating trial. 24- to 48-h 

old virgin males were paired with either a virgin or previously mated female from the same 

isofemale strain in no-choice experiments. The start of each mating trial was set by joining 

the two glass tubes together. There were two experimental approaches: (1) To obtain data 

on long male courtship displays, virgin males were paired with a previously mated and 

therefore non-receptive female. Mating trials were ended when the male gave up his 

display and dismounted the female; (2) To obtain data on duration of copulation, virgin 

males were paired with virgin receptive females until copulation or dismounting took place. 

The courtship performance of males that had mounted on the female was recorded for 10 

minutes under a stereo binocular microscope. Several typical male courtship display 

elements were quantified, including (a) duration from male mounting on female till 

performance of the 1
st

 head-nod; (b) head-nod numbers in each cycle; (c) duration of each 

cycle; (d) duration of copulation. A total of 20 pairs of N. oneida naive males with mated 

females, and 20 pairs of naive males with virgin females were recorded. Individuals were 

used only once. 
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RESULTS 

Courtship and mating behaviour of N. oneida in comparison with other Nasonia species 

The general structure of N. oneida male display is similar to the basic pattern of other 

Nasonia species. It consists of stereotyped motor patterns with repeated movements of 

the head, mouthparts, antennae, wings and legs at intervals in a strict order. N. oneida 

males pursue females not as vigorously as N. vitripennis males, similar to N. giraulti, but 

more vigorously than N. longicornis. In N. oneida, the time from reaching the courtship 

position on the female’s head until performance of the first head-nod is relatively long, 

with duration of 4.75 ± 2.75 seconds (mean ± SD, n = 20) (Table 2.1). In the other three 

species, N. vitripennis, N. giraulti and N. longicornis, this time is 1.9 ± 2.0 seconds (mean ± 

SD, n = 134), 4.9 ± 1.7 seconds (mean ± SD, n = 26), and 10.2 ± 4.6 seconds (mean ± SD, n = 

32) respectively (van den Assem and Werren 1994) (Table 2.1). 

 

Specific stereotyped motor patterns of N. oneida 

Once the N. oneida male arrives at the courtship frontal position on top of the female, the 

antennae are in the angling mode with vibrating flagellae in between the female antennae. 

The first cycle is always preceded by an antennal sweep, as present in N. longicornis and N. 

giraulti, but absent in N. vitripennis. Meanwhile, the N. oneida male starts nodding his head 

with small amplitudes without mandible extrusion, becoming more pronounced in 

combination with the antennae gradually moving more sideways. A head-nod series 

terminates with a clear antennal sweep, the head protrudes to an almost horizontal 

posture and mouthparts are extruded. The N. oneida male does not bend over as far as N. 

giraulti, i.e., the antennae do not make contact with the female’s mouthparts. In 

subsequent cycles within a courtship bout, head-nod amplitudes of N. oneida male are 

more pronounced but without mouthpart extrusion. Forefeet movements appear 

frequently just ahead of the antennal downward stretch, giving the impression of 

“hammering” instead of “stepping” as in N. vitripennis, but very different from the 

alternating typical “rubbing” in N. longicornis. Hind-feet strokes are performed along the 

leading edge of the female’s forewings, which is a N. giraulti speciality (van den Assem and 

Beukeboom 2004). Qualitative aspects of courtship motor pattern in N. oneida and the 

other three Nasonia species (van den Assem and Werren 1994; van den Assem and 

Beukeboom 2004) are shown in Table 2.2. 

 

Head-nod numbers and cycle durations  

Similar to other species, a courtship bout of N. oneida consists of a series of headnods that 

are interrupted by pauses. Consecutive head-nod series contain fewer head-nods, the time 

interval during which head-nods are performed decreases and the pause durations increase 
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within consecutive cycles of a courtship bout. Yet, there are distinct differences in head-

nod numbers per cycle and duration of cycles (Figure 2.2 and Table 2.1). N. oneida has the 

highest average head-nod numbers per cycle and the longest cycle duration, compared to 

the other three species. This is consistent with the species-specific pattern in the number of 

head-nods and duration of cycles in consecutive series for each Nasonia species. The 

number of head-nods in the first series varies, some males started with a low number (5 to 

7, n = 11) and some with a high number (12 to 15, n = 9). The head-nod numbers increase 

to 13.95 ± 1.73 (mean ± SD, n = 20) in the second cycle and gradually decreases to 9.95 ± 

2.06 (mean ± SD, n = 18) in the fourth cycle (Figure 2.2A). This pattern of increasing head-

nod numbers from cycle 1 to cycle 2 followed by a gradually decrease in consecutive cycles 

is the same as N. giraulti, whereas N. vitripennis and N. longicornis show an increasing 

pattern from the start. The duration of courtship cycles in N. oneida also resemble that of 

N. giraulti, they are long and remain rather constant during a courtship about, with average 

duration of 21.57 ± 1.27 SD seconds (n = 4 cycles and 20 individuals) (Figure 2.2B). Only the 

first cycle is somewhat shorter when head-nod numbers are low.  

 

 
 
Figure 2.2: Courtship patterns of Nasonia. Shown are average and standard error of (A) head-nods numbers in the 
first four cycles and (B) durations of the first three cycles of all four Nasonia species. Data of N. oneida are from 
this study. Data of the other three species are from (2007). 

 

Copulation durations 

When a N. oneida male mounted a virgin female, female receptivity always followed, with 

100% copulation at the first cycle (n = 20). This is faster than other species that typically 

take three or four cycles (van den Assem and Werren 1994) (Table 2.1). Copulations lasted 

14.97 ± 4.81 seconds (mean ± SD, n = 20) and is very similar to the other Nasonia species 

(van den Assem and Werren 1994) (Table 2.1). Post-copulatory courtship is short with 
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typically two cycles with three to four head-nods each. This is similar to N. vitripennis and N. 

longicornis that display one or two cycles, but shorter than N. giraulti with three to six 

cycles, after which the male dismounts. 

 
Table 2.1: Quantitative aspects of courtship and mating in N. oneida and the other three Nasonia species. Average 
± standard deviations are shown with sample sizes in parentheses. Data of N. oneida are from this study. Data of 
the other three Nasonia species are from van den Assem and Werren (1994). Data on duration of mounting to 1st 
nod were obtained with virgin males and mated females, whereas data on copulation time, percentage of 
receptivity, and number of postcopulatory nodding series were obtained with virgin males and virgin females. 
 

 N. oneida N. vitripennis N. longicornis N. giraulti 

Duration of     

Mounting to 1st nod 4.75±2.75 (20) 1.9±2.0 (134) 10.2±4.6 (32) 4.9±1.7 (26) 

Copulation 14.97±4.81 (20) 22.3±2.6 (134) 18.5±2.8 (25) 15.5±1.6 (15) 

Cumulative percentage receptive at    

1st cycle 100% (20) 35% (157) 8% (2) 40% (6) 

2nd cycle  75% (338) 52% (13) 80% (12) 

3rd cycle  95% (427) 76% (19) 100% (15) 

4th cycle  100% (450) 100% (25)  

Number of      

Postcopulatory nodding series 2 1-2 1-2 3-6 

 
 
Table 2.2: Qualitative aspects of courtship motor patterns in N. oneida and the other three Nasonia species. Data 
of N. oneida are from this study. Data of the other three species are from van den Assem and Werren (1994) and 
van den Assem and Beukeboom (2004). 
 

Male courtship patterns N. oneida N. vitripennis N. longicornis N. giraulti 

Antennal sweep before the 1st series √ × √ √ 

Antennal sweep before the subsequent series √ √ √ √ 

Antennal contact with female’s mouthparts × × × √ 

Mouthpart extrusion during head nodding × 
with every 
headnod 

only during 1st 
nod of each cycle 

with every 
headnod 

Forefeet movements hammering stepping rubbing hammering 

Hindleg movements of stroking along the 
leading edge of the female’s forewings 

√ × × √ 

 

DISCUSSION 

We have analysed male courtship displays in a strain of Nasonia oneida and compared it to 

the other three known Nasonia species. Our results reveal that Nasonia oneida male 

courtship is typical for the Nasonia genus, containing the same components as the other 

species (van den Assem and Werren 1994; van den Assem and Beukeboom 2004; Peire 

Morais 2007). Yet, it is clearly different from the other Nasonia species when considering 
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the overall pattern (Table 2.2). For example, N. oneida does never display male mouthpart 

extrusion during head nodding, in contrast to N. vitripennis and N. giraulti that show it with 

every headnod and N. longicornis which performs it only during the first nod of each cycle. 

As mouthpart extrusion is likely connected with pheromone release, this may mean that N. 

oneida males do not produce the aphrodisiac or at least not in a similar fashion as the other 

Nasonia species. There are also quantitative differences in the number and duration of 

similar elements, such as head-nod numbers and duration of cycles. Therefore, like the 

other Nasonia species, N. oneida can also be recognized by its species-specific courtship 

characteristics with more resemblance to N. giraulti than the other species, which is 

consistent with the divergence time between the species within the Nasonia genus. 

        Differences in courtship behaviour can be an important prezygotic isolation 

mechanism as part of the process of speciation. N. oneida was recognized as a separate 

species based on its strong mate discrimination against the other Nasonia species 

(Raychoudhury et al. 2010a; Giesbers et al. 2013). In general, we still know little about the 

genetic basis of behavioural differences between species and how easily such behaviours 

can change (Ritchie and Philips 1998; Shaw and Parsons 2002; Velthuis et al. 2005; Peire 

Morais 2007; Arbuthnott 2009; Laturney and Moehring 2012; Giesbers et al. 2013; Niehuis 

et al. 2013). Previous studies have already demonstrated the usefulness of the possibility of 

mating between species in laboratory populations of Nasonia after curing with antibiotics 

(Velthuis et al. 2005; Peire Morais 2007; Diao et al. 2016). They have identified several 

chromosomal regions that are associated with female mate discrimination and male 

courtship components. The underlying genes of these behaviours have, however, not yet 

been identified. Given the strong behavioural isolation of N. oneida from the other Nasonia 

species this species may be very suitable for further genetic analysis of prezygotic isolation 

factors within the Nasonia genus. In Chapter 6, I will present a Quantitative Trait Locus (QTL) 

analysis of mating behaviour by performing reciprocal interspecific crosses between the N. 

oneida and N. giraulti. 
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APPENDIX 2.1 

Data of head-nods numbers and cycle durations of Nasonia. Average ± standard deviations are shown with sample 
sizes in parentheses. Data of N. oneida are from this study. Data of the other three species are from Peire Morais 
(2007). 
 

 N. oneida N. vitripennis N. longicornis N. giraulti 

Number of     

1st head-nods 9.20±4.39 (20) 6.36±1.64 (75) 2.73±2.04 (194) 8.55±7.54 (40) 

2nd head-nods 13.95±1.73 (20) 4.81±1.53 (75) 3.24±1.69 (193) 10.15±7.52 (40) 

3rd head-nods 12.55±1.43 (20) 5.13±1.63 (75) 3.92±2.16 (193) 9.78±4.13 (40) 

4th head-nods 9.95±2.06 (20) 5.73±2.09 (75) 4.57±2.78 (190) 9.03±9.82 (39) 

Duration of     

1st cycle 16.35±5.52 (20) 8.59±1.37 (74) 11.43±10.71 (188) 16.64±41.97 (39) 

2nd cycle 21.35±2.13 (20) 8.30±1.77 (74) 12.91±6.50 (192) 15.72±25.42 (39) 

3rd cycle 22.05±3.00 (20) 8.24±1.31 (74) 13.03±5.57 (190) 15.86±14.58 (36) 



Male courtship and mating behaviour of the youngest species in the Nasonia genus: Nasonia oneida | 

    33 

 



 

34   


	Chapter 2



