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Abstract 

In insects, reproduction is often costly for females due to high costs of egg production and/or 

offspring production. Meanwhile, males often invest in reproduction by donating large nutritious 

ejaculates or nuptial gifts. When mating is costly, reproductive rate becomes limited by the 

amount of available recourses which leads to a trade off between current and future reproduction 

as each individual have limited amount of resources during life. Here, mating indiscriminately i.e. 

mating with any possible mate is not necessarily the best strategy. 

Megabruchidius dorsalis and M. tonkineus are two sex role reversed species of seed beetles with 

female active courting behavior. Copulation is beneficial to females as they receive nutritious 

ejaculate from males. Females are known to show preference for greater investing males on a 

post-copulatory basis and the last male to mate has sperm precedence. We investigated male 

mating cost in both species using lifespan as a measure of cost. We also investigated the mate 

choice behavior in order to find the choosier sex in each species considering the cost of mating. 

We found that mating is costly for males of both species and the cost is not dependent on food 

availability. There is evidence of mutual mate choice in these seed beetles with a relatively higher 

male choice in M. dorsalis and a relatively higher female choice in M. tonkineus.  
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Introduction 

In most promiscuous species, sexual selection acts stronger on males due to higher potential 

reproductive rate (PRR) compared to females (Een and Pinxten 2000). According to Bateman’s 

principal, in females reproduction is often limited by the number of eggs and the amount of 

resources available for maternal investment, while male reproduction is limited primarily by the 

number of available females (Leonard 2005). The correlation between mating success and 

fecundity is the key aspect of mating systems and is characterized by the regression slope known 

as Bateman’s gradient (Arnold and Duvall 1994; Andersson and Iwasa 1996). The slope of this 

gradient is an indicator of fitness benefits gained by multiple mating and the intensity of pre-

copulatory sexual selection on traits correlated with mating success (Jones 2009). A steep slope 

for males then suggests males would benefit from competing over mating and being consistent to 

mate with as many females as possible, while shallow slope for females shows the benefit of 

mating less and being choosy. This pattern is to some extent the basis of the conflict between the 

sexes over different mating strategies. 

The fact that females being the less eager sex for mating and males being competitive over access 

to mates is considered the conventional sex role system, can be explained by females lower 

potential reproductive rate compared to males (Owens and Thompson 1994). Since female 

fertilization rate is limited by the amount of resources required for egg and offspring production, 

operational sex ratio (OPR) i.e. the average ratio of fertilizable females to sexually active males at 

any given time (Emlen and Oring 1977)  is commonly male-biased and populations face 

intrasexual competition between males. Nevertheless, there are many cases where male’s 

reproduction is resource limited and male PRR is lower than females. Here, females have a 

steeper Bateman gradient and sexual selection is stronger in females. The result would be sex role 

reversal i.e. females courting males more actively while males perform parental care and mate 

more discriminately (Gwynne 1991). 
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But when does male reproduction become resource limited? When males invest in offspring 

production, either by mating investment or parental care, male reproduction can become limited 

by the amount of available resources. It is noticeable that paternal investment leads to sex role 

reversal only if the investment limits males PRR. If males are able to care for many clutches 

simultaneously, the PRR may not drop below that of females (Clutton-Brock and Vincent 1991; 

Een and Pinxten 2000). For example, male sticklebacks, Gasterosteus aculeatus, receive broods 

from several females and although they show parental care, the PRR is still higher than females 

hence; males are the competitive sex (Andersson and Iwasa 1996). There are several examples of 

sex role reversal in the nature. For example male pipe fishes, Syngnathus typhle, care for female 

eggs in their brood pouch and provide them with oxygen and nutrients. Females compete over 

access to mating and put on a temporary coloration during competition with other females and 

nuptial dance with males. Males show clear mating preference for large body size and coloration 

in females (Berglund et al 1996, Berglund and Rosenqvist 2008). In a species of cardinalfish, 

Apogon notatus, sex role reversal is observed as males invest in parental care by mouth brooding 

and thus have PRR lower than females (Kuwamura 1985). In the midwife toad, Alytes cisternasii, 

males perform parental care by carrying fertilized eggs twined to their hind limbs. The tad poles 

then release in to the water. OSR can be female biased in midwife toad populations due to 

limitation of number of clutches males can carry. Both males and females show vocalization prior 

to amplexus while during amplexus only females produce vocalization (Marquez and Verrell 

1991; Bosch 2001). In Wilson’s phalaropes, males care individually for eggs and chicks while 

females show aggressive competitive behavior among themselves (Colvel and Oring 1988). In the 

Wattled Jacana, females are ornamented and dominant over males whereas males incubate the 

eggs, perform paternal care and show a preference for larger females (Emlen and Wrege 2004).  

In the dance fly, Ramphomyia longicauda, females lack ability to hunt on their own and are 

completely dependent on nuptial gifts provided by males. Females hover in leks at dusk while 

males bring nuptial gifts in to the swarm and choose and exchange the prey for mating. Before 

entering the leks, females expand their body size by inflating their pleural extensions with air. 

The abdomen width then increase by 3-4 times the usual size. Females also have pinnate scales 

on the lateral margin of their legs. This strategy is due to male preference for larger females 

(Funk and Tallamy 2000). In some species of dance flies, males wrap the prey in a silk balloon 
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before they represent to females. Empis geneatis males pass empty silk balloons to females before 

mating (Kessel 1955). 

In some species sex roles change according to environmental conditions such as seasonal 

changes, ecological resources and mate availability (Mattle and Wilson 2009; Clutton-Brock 

2007). Gwynne (1992) showed that by changing food availability in Mormon crickets, Anabrus 

simplex, it is possible to shift courtship roles from conventional to reversed. In poor diet 

conditions, the importance of the male spermatophore as a resource increases and so does the cost 

of spermatophore production. The result is sexual selection in females and courtship role reversal. 

In many tettigoniid bushcrickets sex role reversal is observed when the environmental conditions 

are poor (Ritchie et al 1998). The cost of producing large spermatophores increases in such 

situations and the OSR becomes female biased. Presence of specific nutrients in the 

spermatophore may also lead to role reversal (Gwinne 1988). In such situations, males sing less 

frequently and reject females more often while females contest to gain mating opportunities 

(Ritchie et al 1998). 

In several insect species, males donate large nutritious ejaculates or nuptial gifts to females. 

Female’s reproduction may then become limited by nutritional contributions of males (Gwynne 

1981, 1982). The underlying force for evolution of such contributions by males has been debated. 

How do males benefit from producing nuptial gifts? Vahed (1997) suggested that presentation of 

nuptial gifts functioning as mating effort is very common among insects. Males present nuptial 

gifts to females in many different forms such as prey items, spermatophores, anal liquid drops, 

nectar, seeds, glandular secretions, spermatophylax, and in some extreme cases parts or whole of 

the male’s body (Vahed 1997). These gifts increase mating duration and often increase female’s 

refractory period and thus reduces sperm competition. As longer gifts take longer time to 

consume, greater investing males will fertilize more eggs. For example males of the scorpion fly 

Harpobirracus similis, present a prey to females before mating. Males discard small prey items 

and only pick larger ones as females refuse to mate long with males which present small preys. 

Larger preys prolong the female refractory period for a longer time (Gwynne 1984). In 

Drosophila subobscura, males present regurgitated crop contents to females before mating. 
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Females receive the drop from the male by proboscis and attend to mating. Similarly, male D. 

nebulosa present an anal drop from the gut content to females during mating (Steele 1986). 

Alternatively, nuptial gifts may function as parental investment when they increase number 

and/or fitness of the offspring sired by the donating male. Gwynne (1987) showed that number of 

eggs laid by female katydids Requena verticalis increases when they receive more 

spermatophylax and offspring hatched from larger eggs are more likely to survive winter. So 

nuptial gifts are used to motivate females to mate, prolong mating duration and minimize sperm 

competition or increase offspring number and/or survival. Sexual selection in form of female 

choice on male body size or gift size also facilitates evolution of nuptial gifts (Vahed 1997). 

It is easy to understand why females are often the discriminating sex as they often invest more in 

reproduction (Bateman 1948; Lorch 2001). They are likely to gain genetic quality for their 

offspring (Hettyey et al 2009) as well as direct fitness benefits such as avoiding harm by males 

and avoiding disease transmission (Andersson and Iwasa 1996; Maklakov and Arnqvist 2009). 

Additionally, the cost of mate search is often less for females if the operational sex ratio is male-

biased and female PRR is lower than males (Johnstone et al 1995). Female mate preference is 

thus towards indicators of direct benefits or genetic quality such as costly ornamentation 

(Andersson and Iwasa 1996).  

Recent studies have shown male mate choice is much more widespread than it was initially 

suggested (Gwynne 1991; Bonduriansky 2009; Tudor and Morris 2009, Zahradnik et al 2009). 

However the understanding of it is yet incomplete. The complexity arises from the question: How 

would males benefit from rejecting a female and loose a current mating opportunity for possible 

future mating with a more preferable female? When males do not invest in parental care and PRR 

is higher in males, OSR is male-biased. Therefore, males require more time to search for a new 

mate after rejecting the available one so mate choice may not be beneficial (Johnstone et al 

1995). Moreover, since female fecundity often does not increase with multiple mating, evolution 

of attractive female traits and male preference for these traits seems unlikely as attractive females 

would not necessarily produce more offspring than others (Nakahashi 2008). So, what could 

cause selection for male mate choice?  
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Theory predicts than when mating is costly to males as a result of parental care, producing large 

ejaculates, providing nuptial gifts, fighting over females, etc, male life time mating success 

becomes limited and there will be a trade off between current and future mating success (Parker 

1983; Bonduriansky 2001; Reinhold 2002). Even if males do not invest in mating directly, they 

still pay a cost in terms of energy, time and risks (Bonduriansky 2009), so it may be beneficial for 

males to mate discriminately. Benefits of choosiness also depend on the level of female quality 

variance. If females are greatly variable in quality, males can increase their fitness by mating with 

individuals of higher quality (Johnstone et al 1995; Bonduriansky 2009). Therefore males often 

prefer female traits directly correlated with increased individual fecundity such as body size 

(Clutton-Brock 2008; Nakahashi 2008). 

A study by Byrne and Rice (2005) showed that in Drosophila melanogaster, males have a clear 

preference for female large body size which is positively correlated to female fecundity. The 

preference was stronger in resource limited and/or recently mated males as a result of increase 

cost of mating. Copulation is costly for male fruit flies and females vary greatly in fecundity. A 

study on feral soay sheep provides evidence for male mate choice in a mammalian system. Males 

focus their mating activity and mate guarding towards heavier females with higher fitness. 

Intense sperm competition and limitation on sperm productions limits males PRR, while females 

show high variability in offspring production (Preston et al 2004). 

Many empirical studies have shown that mate choice is not usually one sided i.e. one sex being 

choosy and the other one being indiscriminate. Instead, mate choice seems to be mutual in many 

species and both sexes may benefit from mating discriminately in order to increase their 

reproductive success (Bergstrom and Real 2000). There are several studies showing mutual mate 

choice in different species for example, female stickle backs show a clear preference for bright 

colored males while males prefer larger females that are more fecund (Kraak and Bakker, 1998). 

In Bearded Tits Panurus biarmicus, mutual mate choice have caused evolution of long tails in 

both sexes but the strength of sexual selection is higher on male i.e. females are choosier; thus 

males have longer tails than females (Romero-Pujante et al 2002). It is noticeable that in mutual 

mate choice, genetic and environmental conditions and also individual experiences result in 

http://csaweb116v.csa.com.ezproxy.its.uu.se/ids70/p_search_form.php?field=au&query=romero+pujante+m&log=literal&SID=kdarurd7adt39mfcvpp719qvu7
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variation in mate preference in both sexes (Bergstrom and Real 2000). For example in Wandering 

albatross, Diomedea exulans, mating preferences change in both sexes with increasing age. 

Individuals select mates of similar age (Jouventin, et al 1999). Johnstone (1995) suggested that 

mutual mate choice may result in assortative mating between the high quality individuals as they 

can afford being choosy. Mutual mate choice has also been suggested as a mechanism to avoid 

inbreeding in some species. In cockroach Blattella germanica, both males and females prefer to 

mate with non-siblings. As non-related pairs have higher fecundity than inbred ones, this system 

leads to inbreeding avoidance (Lihoreau et al 2008). Overall different theoretical and empirical 

evidence suggest that mutual mate choice can have a positive effect on fitness in both sexes. 

Megabruchidius dorsalis is a bean weevil living on the wild legume Gleditsia japonica, feeding 

on seeds and facilitating the germination of the seeds (Takakura 2002). It is known as sex-role 

reversed as females court actively by touching male’s thorax or head with their antennae and lift 

their abdominal plate in front of males. Females have two oval shaped patches on their abdominal 

plate and males antennate these patches during courtship. Males transfer nutritious ejaculate 

weighting 7% of their body weight which increases female fecundity by 8 times in females that 

mated 10 times compared to once (Takakura 1999). Females prefer the sperm from greater 

investing males on a post-copulatory basis and the last male to mate has sperm precedence 

(Takakura 2001). 

M. dorsalis has a multivoltine life cycle dependent on the development of the host plant (Kurota 

and Shimada2002) and enters diapause at several developmental stages depending on photoperiod 

and temperature of the environment (Kurota and Shimada 2001). Overwintering of M. dorsalis 

shows a geographical variation in Japan and occurs during the final instar in cooler areas and 

during several developmental stages in warmer areas. Adults also undergo reproductive diapause 

under short photoperiods (Kurota and Shimada 2002).  

Takakura (2003) indicated that receiving ejaculate and feeding behavior play the same role in 

female M. dorsalis. Males visit non-host flowers to feed on pollen and nectar during the non-

flowering period of the host plant while females always stay on the host plant. Females mate 

more frequently when given low quality food or received poor male investment whereas; females 

receiving high quality investment feed less frequently. Therefore, feeding and mating behavior 
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can be replaced. Lifetime parental expenditure of females is five times higher than that of males 

(Takakura 2005) and females have the ability to adjust egg size according to seasonal changes in 

host plant seed hardness and there is a significant positive correlation between egg size and larvae 

drilling ability (Takakura 2004). Megabruchidius tonkineus is closely related species to M. 

dorsalis (Tuda and Moromoto 2004), but there is no information available on its biology in the 

literature. 

We designed experiments to test some hypotheses in these species. As females benefit from 

mating and receiving large ejaculates, mating is expected to be costly for males. The cost of 

mating is expected to be higher under starvation as male need to alocate their resources to 

ejaculate. If there is a high cost of mating for males in terms of producing ejaculate, males should 

show mating preference. Mating preference is expected to be more pronounced under starvation 

due to a higher cost of mating. Males are expected to choose larger and unmated females over 

small mated ones as they often have higher fecundity (Bonduriansky 2001; Basolo 2004; 

Herdman et al 2004; Zahradnik et al 2009). Females may show a preference for large and well 

fed males because such male should transfer larger ejaculates. 
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Material and methods  

 
A population of M. dorsalis was received from University of Tokyo in August 2008 (Masakazu 

Shimada). Infested beans of Gleditsia japonica were collected from the field in Tokyo and 

contained about 3000 adult beetles. A stock population of about 400 individuals was generated 

for the experiment. The beetles were kept in growth chambers (9 cm in diameter and 18 cm in 

height) with food including 20% sugar solution, pollen and water. Food was refilled once a week. 

In nature M. dorsalis feeds on nectar and pollen from the host plant as well as other plants 

(Takakkura 2003). Population of M. tonkineus was received from the Hungarian natural history 

museum in Budapest (Gyorgy zoltan) in August 2008. About 400 adults hatched from infested 

beans and were kept in the same growth chambers of the same kind. Populations were kept in 

climate chambers in 26°C, 70 % humidity and 16L: 8D photoperiod. The beetles did not hatch in 

lower humidity. Light should be regulated as M. dorsalis and probably M. tonkineus tend to enter 

diapauses in short light conditions (Kurota and Shimada 2001). Beans of Honey Locust, Gleditsia 

triacanthos were used for maintenance instead of the host plant seed Gleditsia japonica which are 

not available. Beetles were moved to growth chambers with new beans every 3 days in order to 

keep the generations discrete. Old beans were moved to virgin chambers afterwards. Virgin 

beetles start to emerge after 4-6 weeks. First we cultured a tentative generation of beetles to find 

the appropriate temperature and humidity. 

 

Male mating cost experiment 

 

One to two days old virgin males were collected from virgin chambers and placed in Petri-dishes 

individually (90mm in diameter and 18mm in height). Water was given to all individuals 

continuously in Eppendorf tubes. Petri-dishes were kept in the climate chambers and were taken 

out only for feeding and mating. Individuals were randomly assigned to different food and mating 

treatments. We chose two treatment levels of food and 4 treatment levels of mating rate. The food 

treatments consisted of fed and non-fed treatment. Individuals of the fed treatment were given 

20% sugar solution and pollen on weekends, while non-fed treatment individuals received no 

food.  



11 

 

The mating treatments consisted of virgin, once mated, once a week exposed to mating and five 

times a week exposed to mating. Each treatment had 12 replicates and the total number of 

individuals was 96 per species. One virgin female was placed in each Petri-dish for 90-120 

minutes at each mating occasion. Once mated treatments were observed to mate once and 

separated afterwards. Lifespan was chosen as a measure of male mating cost (Hall et al 2009; 

South et al 2009). 7 individuals did not die before the analysis therefore we assigned assumed 

lifespan to these 7 in order to allow the analysis. 

 

We also performed a mating rate assay to compare the mating rate between the two species. We 

checked the proportion of mated to non-mated males in the two mating treatment of once a week 

and five times a week exposed to females during one mating occasion (90-120 minutes). Here we 

assume an equal average of mating rate between the two feeding treatment. 

 

Male mate choice experiment 

 

The stock population was used to get virgin individuals of M. dorsalis and M. tonkineus. A no-

choice test was employed to investigate male mate preference in two species (Kozak and 

Boughman 2009; Parker 2009) to control for variation in mate choice. Males were kept under two 

food treatments of fed, with water sugar and pollen constantly and non-fed, with only water. 

Females belonged to two mating treatments of virgin and non-virgin. Virgin males were collected 

and put in to anaesthesia under CO2 to be marked with a drop of white water soluble paint on 

their right elytra in order to easily distinguish them from the females. No death or injury was 

observed from the anaesthesia. Males were then placed in pools of 10 males and 10 females in 

glass Petri-dishes one day after emergence, with or without food according to the treatment to 

give males the opportunity to choose between possible mates and gain experience in mate choice. 

Afterwards, they were transferred to individual Petri-dishes (90 mm in diameter and 18 mm in 

height), two days before the experimental trials. Females were kept in individual Petri-dishes 

directly one day after emergence. The non-virgin females were given one virgin male for one day 

and were separated two days before the trials. All the males were 3 days old on the trial day while 

females were 4-6 old to be certain that they were receptive to mating. 
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Mating behavior was recorded in 5 trial days with a Panasonic camera (NV-Mx300EG). Pairs of 

males and females were placed in Petri-dishes (33 mm in diameter and 11 mm in height) in a 

crossed order according to food and mating treatment. 6 Petri-dishes were placed under the 

camera at each shot and behavior was recorded for one hour. After the trials individuals were 

placed in Eppendorf tubes filled with 96% ethanol and kept in refrigerator. Different behavioral 

parameters were then measure from the tapes: Time at first encounter, Time at 1st courtship, 

Duration of the 1st courtship, Number of female courtship turns in 1st courtship, Time at mate-

courtship, Duration of the mate-courtship, Number of female turns in mate-courtship, mate 

courtship duration, whether mating occurred or not, Time at mating, mating duration, Number of 

interactions and number of rejections by each sex. Any resistance or walking away from a 

courtship was counted as rejection. 

 

 Mating speed was calculated by adding mating values (1=mated, 0=not mated) to mating at first 

encounter values (1=mated at first encounter, 0=did not mate at first encounter). So mating speed 

has three levels: 2=mated at the first encounter, 1=mated at a later encounter and 0=not mated. 

Female turning rate was calculated by dividing numbers of turns by courtship duration. 

 

Male and female body morphometric information was collected using a digitizing tablet 

(Summasketch® III)  placed under a side-mounted camera lucida attached to a dissecting 

microscope, Leica® MZ8 (South and Arnqvist 2009). Average elytra length as a measure of body 

length and average antennae length were measured in males. In females, the abdominal plate 

length, patch length and width were also measured. Patch area was calculated as ellipse area. 

Antennae were cut of before measurement. We took the average measures of right and left parts 

and standardized all the morphological measures within species. 
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Statistical Analysis 

 

From data collected in the first experiment, the relationship between lifespan, mating status and 

feeding treatment was investigated using analyses of variance (ANOVA).The statistics program 

used was SYSTAT 11. We used lifespan as a dependent and mating status and feeding treatment 

as independent variables in the analyses. From data collected in the second experiment, the effect 

of all morphological covariates (body measures), male feeding treatment, female mating status, 

species, female courtship behavior i.e. female turning rate (number of females turns divided by 

courtship duration), etc,  and their interactions were investigated on mating duration using full 

analyses of variance (ANOVA). In this model we took 4 mating duration values as outliers (value 

of the studentized residual larger than 2 were removed). Effects of the same variables were also 

investigated on mating speed and whether or not mating occurs after first courtship. 

 

We also investigated the relationship between the rejection patterns of males and females with 

morphology and courtship behavior. First we calculated the proportion of interactions in which 

males and females rejected their prospective mates by summing the total number of interactions 

and dividing the number of male and female rejects by this number. We then analyzed this ratio, 

in models where observations were weighted by the square root of the total number of 

interactions. We investigated the association of morphological traits with male and female 

rejection rates. 
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Results 

 

Male mating cost experiment   

 

The results of the mating rate assay showed that 58.3% of the males mated in M. dorsalis and 

83.3% mated in M. tonkineus. We investigated the effects of different food and mating treatments 

on male lifespan in the two species M. dorsalis and M. tonkineus. We ran the model with raw 

lifespan data and also the relative lifespan which was calculated by dividing lifespan values by 

the average lifespan of virgin males in each species and food treatment. In the raw data model, 

the effect of both treatments and their interaction were greatly significant (Table 1). 

 

Table1. The effect of mating treatment, Food treatment and species on male lifespan; the effect of 
both treatment and their interactions are greatly significant. 

Source     Sum-of-square df F-ratio P 
               
Mating treatment  22773.6  3 27.7 <0.001 

Food treatment  7.6*105  1 2.8*103 
<0.001 

Species   37.5  1 0.1 0.711 
Mating treatment*Species 1108.7  3 1.3 0.260 
Food treatment*Species 289.2  1 1.0 0.305 
Mating treatment*Food 11786.5  3 14.3 <0.001 

Mating treatment*Food*species 47368.8  173 0.8 0.5 
Error     47368.8   173     

 

 Both mating and food treatment have great effects on life span (figure 1) but the effects do not 

differ significantly between the two species (figure 1, 2). 
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Figure 1. Effect of Mating treatment (first graph) and Food treatment (second graph) on average 
male lifespan in both species (± SE); A= Virgin, B= Once mated, C= Once a week exposed to 
mating and D= Five times a week exposed to mating. Lifespan decreases with increased number 
of mating opportunities. Lifespan is much higher in the fed line compared to the none-fed 
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Figure 2. Effects of the interaction of species with mating status (first graph) and food treatment 
(second graph) on average male lifespan (± SE); the effects are not significantly different 
between the two species. 
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However the interaction between mating treatment and food treatment is highly significant 

(figure 3). 
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Figure 3. Effect of the interaction between mating treatment and food treatment on average male 
lifespan (± SE). The effect of mating treatment greatly differs between the two food treatments.  

 

We ran the models again with the relative lifespan data (calculated by dividing lifespan values by 

the average lifespan for virgin males in each species and food treatment) (Table 2). The results 

were different from the raw data model and all the interactions disappear after data 

transformation which suggests that the proportional lifespan only depends on mating frequency. 

The interaction between food and mating treatments is not significant and the pattern looks very 

different from the raw data model. Species behave similarly to different treatments (figure 5, 6). 

It is noticeable that the assumptions of normality and homogenous variances are both violated in 

our models. However, our effects are clear and strong while, ANOVA is typically robust against 

such violations (the key result is presented in figure 6). 
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Table2. The effect of mating treatment, Food treatment and species on male relative 
lifespan; only mating status has an effect on relative lifespan. 

Source     Sum-of-Squares df F-ratio P 
                
Mating treatment  2.4  3 26.7 <0.001 
Food treatment  0.0  1 0.0 0.950 
Species   0.0  1 0.5 0.461 
Mating treatment*Species 0.1  3 1.5 0.215 
Food treatment*Species 0.0  1 2.3 0.129 
Mating treatment*Food 0.1  3 0.8 0.492 
Mating treatment*Food*species 0.0  3 0.5 0.703 
Error     5.1   173     
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Figure 4. Effect of Mating treatment (first graph) and Food treatment (second graph) on male 
relative lifespan (± SE); A= Virgin, B= Once mated, C= Once a week exposed to females and D= 
Five times a week exposed to females. Lifespan decreases with increased number of mating 
opportunities. Food treatment does not have any effect on relative lifespan.  
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Figure 5. Effects of the interaction of species with mating status (first graph) and food treatment 
(second graph) on male relative lifespan (± SE); the effects are not significantly different between 
the two species. 
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Figure 6. Effect of the interaction between mating treatment and food treatment on male relative 
lifespan (± SE); the effect of mating treatment does not significantly differ between the two food 
treatments.  
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Mate choice experiment 

 

We investigated the effects of different morphological and behavioral variables on copulation 

duration, mating speed and whether mating occurs after the first courtship or not. No significant 

effect of male and female body measures on copulation duration was detected. However, there 

were significant effects of species, female mating status and male feeding treatment on copulation 

duration (Table 3). The interactions are discarded as none of them were significant. 

Table3. The effect of female mating status, species and male feeding treatment on copulation 
duration; all variables has significant effect. 

Source 
 

Sum-of-square df F-ratio P 
              
Female mating status 19530.2 

 
1 6.4 0.014 

Species 
 

48408.2 
 

1 16  <0.001 
Male feeding treatment 20247.1 

 
1 6.7 0.012 

              
 

In general, M. dorsalis had a longer copulation duration (Figure 7). Virgin females copulate for a 

longer time than non-virgins in both species and none-fed males copulate significantly longer 

than fed males in both species. 
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Figure 7. The relationship between copulation duration and female mating status, species and 
male food treatment (± SE); Virgins mate longer than none-virgins, M. dorsalis mates longer 
than M. tonkineus and none-fed males mate longer than fed ones. 
 
 

The analysis regarding whether the first courtship results in copulation or not (probability of 

mating at first encounter) revealed that female turning rate during the first courtship has a great 

positive effect on probability of mating at first encounter but the effect is relatively stronger in M. 

tonkineus (Table 4). There is a significant interaction between species and female mating status, 

showing that female mating status affects the probability of mating in the first encounter but in 

opposite ways in the two species. M. dorsalis female are more likely to mate at first encounter 

when they are virgin, while none-virgin female M. tonkineus are more likely to mate at the first 

encounter (Figure 8).  None of the morphological covariates had any effect on probability of 

mating at first encounter except female size (P>0.05 in all cases). The PC1 of the four different 
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size measures including elytra length, antennae length, anal plate length and patch area calculated 

as ellipse area was measured using Principle component analysis. The first PC explained 69% of 

total variation in size. Female size has a marginally non significant effect while there is a 

significant interaction between PC1 and species again showing that female body size has different 

effects on probability of mating after the first encounter in the two species. Large female M. 

tonkineus are less likely to mate at the first encounter, whereas large M. dorsalis females are 

more likely to do so. 

 
Table 4. The effect of female mating status, species, male feeding treatment, female size (PC1) 
and female turning rate in first courtship on probability that first courtship results in mating. The 
effect of female turning rate is greatly significant. There is also significant interaction of species 
with female mating status, female size and female turning rate. 

  

By using mating speed as the dependent variable, the same results as the previous analysis was 

observed; female turning rate and the interaction of species with female size, turning rate and 

mating status have significant effects. 

Source Sum-of-
Squares df F-ratio P 

Female mating status  0.3  1  2.2  0.143 
Species  0.2  1  1.5  0.227 
Feeding treatment  0.2  1  1.3  0.256 
PC1-Size  0.5  1  3.7  0.056 
1st courtship duration  0.0  1  0.1  0.715 
Num female turns  6.3  1  49.8  <.001 
Species*Female mating status  0.8  1  6.4  0.013 
Feeding treatment*Species  0.1  1  1.0  0.320 
Female mating status*Feeding treatment  0.0  1  0.1  0.777 
Species*PC1-Size  1.1  1  8.9  0.003 
Species*1st courtship duration  0.0  1  0.2  0.625 
Species* Num female turns  0.5  1  3.1  0.04830 
Error  13.1  104   
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Figure 8. The effect of mating status on mating speed in M. dorsalis and M. tonkineus (± SE). In 
M. dorsalis virgins are more likely to mate at the first encounter and the pattern is vise versa in 
M. tonkineus.  
 

 In M. tonkineus, 54% of the first male-female interactions were initiated by males while only 

34% of the initial male-female interactions were initiated by males in M. dorsalis (Mann-Whitney 

U test, P=0.032). 45% of M. tonkineus pairs and 40 % of M. dorsalis pairs mated at the first 

encounter. Out of the first courtships that did not result in mating, males were the rejecting sex in 

19% of the cases in M. tonkineus and in 47% of the cases in M. dorsalis (2 = 6.127, df = 1, P = 

0.013). This suggests that there maybe be relatively more male choice in M. dorsalis and more 

female choice in M. tonkineus. 

In total 60% of the pairs mated in M. tonkineus and 50% mated in M. dorsalis. Out of the pairs 

that mated, mating occurred on average after 2.2 interactions in M. tonkineus and 2.1 in M. 

dorsalis. In all but 2 pairs, the pairs that did not mate interacted at least once. The average 

number of courtships/interactions in pairs that did not mate was 12.8 in M. tonkineus and 10.4 in 

M. dorsalis. Thus, the number of interactions is high enough to give the opportunity of mate 

choice. The average proportion of male rejects across pairs that did not mate was 20% for M. 

tonkineus and 39% for M. dorsalis (2 = 5.40, df = 1, P = 0.024). Again, male M. dorsalis reject 

more than M. tonkineus males. 
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We investigated the effects of morphology and behavior on rejection rate of males and females. 

We first summed the total number of interactions and divided the number of male and female 

rejects with this number to get the proportion of interactions in which males and females rejected 

their prospective mates. We then analyzed this ratio, in models where observations were weighted 

by the square root of the total number of interactions (Table 5, 6). 

Table 5. The effect of species, 1st courtship duration and number of female turns during the first 
courtship on proportion of female rejects; female turning rate has a great significant effect. 
 
Source Sum-of-Squares df F-ratio P 
Species  1.3  1  4.8  0.030 
1stcourtship duration  2.0  1  7.4  0.007 
# female turns in 1st courtship  13.9  1  50.4  <0.001 
Species*1stcourtship duration  1.2  1  4.3  0.040 
Species*#female turns in 1st courtship  0.2  1  0.8  0.378 
Error  31.0  112   
 
Table 6. The effect of species, 1st courtship duration and number of female turns during the first 
courtship on proportion of male rejects; female turning rate has a great significant effect 

 
 
So increased female turning rate is associated with a lower female resistance to mating (P=0.007) 

and tend to be associated with a lower male resistance to mating (P=0.057), suggesting that 

”eager” females reject less and that males prefer ”eager” females, although the strength of these 

effects vary in the two species. We also analyzed female turning rate on male rejection rate 

separately for each species using multiple regression analysis. No effect of female turning rate on 

probability of male rejection was detected in M. tonkineus. In M. dorsalis however, the effect of 

female turning rate was close to being significant (P=0.076). We then investigated associations 

between morphological traits on male rejection patterns (Table 7). 

 

Source Sum-of-Squares df F-ratio P 
Species  2.7  1  10.5  0.001 
1st courtship duration  0.9  1  3.7  0.057 
# female turns in 1st courtship  0.1  1  0.5  0.491 
Species*1st courtship duration  1.0  1  3.8  0.053 
Species*#female turns in 1st courtship  0.0  1  0.0  0.970 
Error  28.7  112   
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Table 7. The effect of female morphology on male rejection rate; female elytra length, antennae 
length and species have effects. 
 

Source Sum-of-Squares df F-ratio P 
Species  1.8  1  7.2  0.008 
Female elytra length  1.3  1  5.1  0.025 
Female antennae length  2.0  1  8.3  0.005 
Error  27.8  113   
 
 
Here, interactions are not included as they were not significant. Female elytra length is negative 

in both species and female antennae length is positive. So, low male rejection rates are associated 

with relatively large females with relative short antenna, pointing to a possible role for female 

size regarding male choice. We also investigated the association of male morphological traits 

with female rejection (Table 8). 

Table 8. The effect of male morphology on female rejection rate; There is an interaction of 
species with elytra length  
 
Source Sum-of-Squares df F-ratio P 
Species  0.5  1  1.4  0.239 
Male elytra length  0.3  1  0.7  0.410 
Male antennae length  0.0  1  0.0  0.975 
Species*Male elytra  1.6  1  4.1  0.044 
Species*Male antennae  0.5  1  1.2  0.269 
Error  43.8  111   
 


There is a significant interaction between male elytra and species. By looking at the effect of 

male elytra length on female rejection rate separately for each species, we found that female M. 

tonkineus tend to reject large males less than small males (p=0.037), but no significant effects 

were detected in female M. dorsalis. 
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Discussion 

 

The result of the male mating cost experiment confirms that mating is costly for male M. dorsalis 

and M. tonkineus as lifespan decreases with increased mating frequency by approximately 34% in 

M. tonkineus and 25.6% in M. dorsalis in virgin treatment compared to five times a week exposed 

to females. The difference between reductions of lifespan in the two species is not significant and 

can possibly be explained by the results of the mating rate assay which showed male M. dorsalis 

mate less frequently than M. tonkineus; thus they bear slightly lower cost.  

From the raw lifespan analysis, it is clear that food affects lifespan greatly and there is an 

interaction between food treatment and mating treatment meaning that food treatment determines 

the strength of the effect of mating treatments. Here, the lifespan differences among mating 

treatments seems to be more pronounced in fed treatment  compared to the none fed one (figure 

3). However, this is probably due to the effect of longer lifespan in fed treatment rather than the 

effect of food per se. The effect of mating treatment only seems to be larger in the fed treatment 

as we are not controlling for the number of days the individuals of each treatment live. Therefore, 

the relative lifespan analysis is a better estimate which shows no difference between the cost of 

mating in fed and non-fed treatment. So, the proportional cost of mating does not depend on 

feeding regime. But what does this result suggest? If the cost of ejaculate production arises only 

from the nutritional value of the ejaculate, we expect to see a difference between the costs in the 

two feeding treatments. But this is not the case here which suggests presence of other costly 

components in the male ejaculate. There are examples of species in which males transfer 

components other than nutrition to females through the ejaculate such as proteins or peptides (e.g. 

Chapman et al 2001; Koene et al 2010, Sirot et al 2007; Wigby et al 2009).  In a species of moth, 

Utetheisa ornatrix, males acquire pyrrolizidine alkaloid (PA) from the larval food plant and 

transfer it to females through ejaculate. Females accumulate PA from different copulations and 

transfer it to eggs together with PA she has acquired during larval stage. It has been shown that 

this component protects the eggs from parasitization (Bezzerides et al 2004).  We suggest that in 

M. dorsalis and M. tonkineus males may acquire some useful component from the beans at the 

larval stage and later in life transfer it to females through ejaculate.   
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Our result is consistent with a study by Takakura (2003) which showed that female M. dorsalis, 

depend on males nutritional donation. Even in high quality food abundance, females mated more 

than 80% of their mating opportunities and when mated to poorly fed males, females increased 

their feeding time only by 6%. Takakura (2003) suggests that this pattern is due to female poor 

digestive or assimilating ability or exclusive male ability to assimilate the required nutrients. Our 

results points out to another possible explanation for female dependence on male ejaculate and 

that is the presence of necessary components other than nutrients in the ejaculate that females can 

not aquire from feeding. Further investigation is required to reveal the composition of male 

ejaculate in these two species of seed beetles. 

According to the result of our mating cost experiment, showing a cost of mating for males, we 

now know that life time mating success is limited for males of both species and there is a possible 

trade off between current and future reproduction for males. On the other hand, female M. 

dorsalis exhibit post-copulatory choice for greater investing males and the last male to mate has 

sperm precedence (Takakura 2001). Therefore mutual mate choice is expected to be observed in 

this system. We found evidence for both male and female choice in the two species. However, it 

is often not easy to distinguish between male and female choice. 

The result of the mating duration analysis shows that virgin females copulate for longer time than 

non-virgins. Since females do not exhibit any visible resisting behavior during copulation, and 

preference for virgin females is commonly observed in many animal species including insects 

(e.g. Zahradnik et al 2008; Bateman and Ferguson 2004; Bondurianksy 2001; Wedell et al 2002), 

this can be seen an evidence for male choice. Since non-fed males need to dedicate their own 

resources to ejaculate, it is surprising that they copulate longer than fed males in case longer 

copulation time equals larger amount of ejaculate. One possible explanation is that non fed males 

need more time to transfer sperm via ejaculate to females than fed ones. A study by Taylor and 

Yuval (1999) showed that well fed males with proteins presented in their diet can transfer more 

sperm in a shorter time than poorly fed males. This is likely to be the case in M. dorsalis and M. 

tonkineus in our experiment as non-fed males do not get pollen which contains proteins, thus they 

need to copulate longer to transfer required amount of sperm. We indicated that males show a 

preference for relatively large females with relatively short antennae. Preference for female large 

size in insects is very common as larger females often have higher fecundity (e.g. Bonduriansky 
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and Brooks 1998; Bonduriansky 2001). Preference for shorter antennae may be a result of higher 

moving rate of shorter antennae compared to larger ones as antenation seems to be one of the 

main components of courtship in these beetles. 

From the analysis regarding the probability of mating at first encounter, we found that species 

behave differently regarding mating status. Female M. dorsalis are more likely to mate after the 

first encounter when they are virgins, while non-virgin female M. tonkineus are more likely to 

mate. It is likely that female M. tonkineus have a maturation time before they become able to lay 

eggs. If this is the case, it would be more beneficial for M. tonkineus males to mate with a mated 

female which is most probably mature and this would be another evidence for male mate choice. 

However, although there was no effect of female mating status on female rejection rate, we can 

not be certain that female choice is not responsible for this pattern.  

We found evidence pointing to relatively stronger male choice in M. dorsalis and relatively 

stronger female choice in M. tonkineus. Firstly, the rejection proportions in mated and non-mated 

pairs revealed that in M. dorsalis males reject females more frequently than M. tonkineus males. 

In both species, females reject more frequently than males. Secondly, the marginal effect of 

female turning rate on male rejection in M. dorsalis suggests that female turning rate may be 

important in male choice as males are less likely to reject females with higher turning rate. There 

was no effect detected in M. tonkineus. Thirdly, there is a tendency in female M. tonkineus to 

mate with larger males, which points out to a role for female choice in this species and is 

congruent with our hypothesis regarding female choice as larger males probably produce larger 

ejaculates. Fourthly, more courtships were initiated by females in M. dorsalis and finally, M. 

tonkineus males mated at a higher rate compared to M. dorsalis males. 

It is not easy to explain the difference between strength of male and female choice between the 

two species given that the cost of mating is not significantly different for males. There are many 

possibilities to explain this pattern which need to be tested. For example investigating the cost of 

reproduction for females of two species may reveal some more information. If the cost of 

reproduction is higher for female M. tonkineus compared to female M. dorsalis, we expect to see 

more female choice in M. tonkineus. Benefits of mating may also be different between the two 

species if the ejaculate components or the amount of ejaculate transferred during each copulation 
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differs. Another noticeable factor regarding mate choice is mate quality variance. It would be 

more beneficial to be choosy when the quality of mates is more variable (Bonduriansky 2001). 

Considering the relatively more male choice in M. dorsalis and relatively female choice in M. 

tonkineus, we can go back to the analysis regarding probability of mating at first encounter and 

argue that virgin females being more likely to mate in M. dorsalis and being less likely to mate in 

M. tonkineus is a result of relatively stronger male and female choice in each species respectively. 

Male M. dorsalis rather mate with virgin females, but virgin M. tonkineus females are less eager 

to mate or are choosier. 

Overall, we found evidence for male mating cost and mutual mate choice in these two sex role 

reversed systems. The cost of mating did not differ in different food regimes pointing out to 

presence of other substances in male ejaculate. Furthermore, we did not detect any difference in 

strength of male choice under different food conditions which again suggests that cost of mating 

does not depend on food. We found evidence of male preference for larger females in both 

species and male preference for virgin females in M. dorsalis. Female preference for large males 

was also detected in M. tonkineus. Although the two species are very similar in behavioral and 

life history traits, we found differences between them which suggest that there are possible 

ecological differences between them or that male-female co-evolution has occurred differently in 

these two species. 
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