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I 

Abstract 

Sexual selection plays a role in evolution and often follows the pattern where males are 
fighting to mate, while females are choosy due to their higher gamete investment. Males 
can also be selective if they have high costs of mating or if females vary a lot in quality. 
By being cryptic and less common than female selection, male mate choice is often 
underestimated. This study investigates male choice in relation to female prior mating 
status in the seed beetle Callosobruchus maculatus. I also study the dynamics between 
male and female mating preference and rejection behaviour. The results showed that 
males were more likely to mate with virgin females than non-virgins. This difference was 
not due to female size nor female repelling behaviours or female handling. Prior mating 
status is the major factor determining male choice and is assessed by males after the first 
encounter with females. Even if males are selective, females could refuse to mate by 
kicking off males and running away or accept mating, showing that male and female 
choices are linked to each other and can be challenging to discern. 
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Introduction 
Mate choice is characterized by individuals of one sex preferring to mate with certain 
individuals while rejecting others, suppressing randomization in mating (Andersson, 1994; 
Darwin, 1871; Halliday, 1983). Selectivity in mates has consequences on evolution, by 
varying the reproductive success of individuals through different mating behavior and sense 
shuffle gene frequencies in the next generation (Halliday, 1983). 

Individuals can be selective when the cost of mating is high and quality difference among 
mates are substantial (Bonduriansky, 2001). The degree of choosiness in mate choice depend 
on reproductive investment in gametes and parental care (Goubault & Burlaud, 2018; Kokko 
et al., 2006; Trivers, 1972). As females invest more in each gamete, her reproductive success 
is more limited by resource while males are limited in access to mates (Bateman, 1948; Parker 
et al., 1972; Trivers, 1972).   

Female mate selection is well studied as this pattern of male competing for access to females 
and females choosing their optimal mate is widespread (Andersson, 1994; Darwin, 1871). 
Darwin mentioned some anomalous cases that did not fit with the traditional sex roles, as in 
the case where males are selective (Darwin, 1871). Male mate choice is often described as 
acceptance or rejection of certain females or inequality in number of mating attempts 
(Bonduriansky, 2001). In systems with reversed sex roles, females may compete for males to 
gain parental care benefits (Gwynne, 1991), but male selectivity is also observed in cases 
where males do not provide care of offspring (Bonduriansky, 2001). Thus, males have also 
evolved to mate selectively and it has been observed through many species (Bonduriansky, 
2001; Edward & Chapman, 2011; Gowaty et al., 2003; Gwynne, 1991)  

The evolution of mate choice is affected by the cost and investment in mating effort (Edward 
& Chapman, 2011). Just as females, males are paying reproductive costs such as 
spermatogenesis, mature sperm maintenance but also costs and risks of finding a mate 
(Dewsbury, 1982; Parker, 1983). The cost of male courtship has been illustrated in a study on 
Drosophila melanogaster where males that copulated more often died earlier (Cordts & 
Patridge, 1996). Thus, there is a positive correlation between mating cost and male selection, 
as shown in the study on scorpion fly (Engqvist & Sauer, 2001). There are also other costs 
that both sexes are paying, for example mating increases the risk of predation (Arnqvist, 
1989; Katvala & Kaitala, 2001) and sexually transmitted diseases (Hurst et al., 1995). 
Additionally, in many insect species, males are producing a nutrient mixture called 
spermatophore, representing between 5 and 10 % of total male weight in certain species 
(Savalli & Fox, 1999; Wedell, 1998; Wedell et al., 2002). The spermatophore is either eaten 
by females or injected in the female genital track during copulation (Ortíz‐Jiménez & Castillo, 
2015; Vahed, 1998). Females can store sperm from several matings creating an internal sperm 
competition and it is optimal to be the last male to mate with the largest quantity of sperm 
(Parker & Pizzari, 2010; Ridley, 1989). By giving this nuptial gift, males assure their 
paternity by copulating long enough to inseminate a worthwhile amount of sperm into 
females and avoid sperm competition (Dickinson, 1986; Martin et al., 1974; Simmons, 2001). 
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Given these mating costs, males are expected to be more selective when encountering females 
that are varying in quality in order to optimize their reproductive success (Bonduriansky, 
2001; Gwynne, 1991; Parker, 1983; Simmons, 1992; Wedell et al., 2002). Indeed, females can 
vary in size, fecundity, prior mating status, age or even receptivity.  These factors are known 
to affect male choice in several species , including the common dung fly Sepsis cynipsea 
(Martin & Hosken, 2002), Drosophila hibisci (Polak et al., 1998), and the bushcricket 
Requena verticalis (Simmons et al., 1993). Males can adapt their investment and selectively 
reduce sperm allocation in one copulation to conserve it for later (Reinhold et al., 2002). This 
adaptation of sperm allocation to female quality is demonstrated in many studies (Byrne & 
Rice, 2006; Gage & Barnard, 1996; Simmons & Kvarnemo, 1997; Wedell & Cook, 1999). 
Males tend to choose females with high fecundity, represented through big body size, by 
different mechanisms of recognition such as direct visual, olfactive cues or tactile assessment 
(Bonduriansky, 2001; Thomas, 2011).This tendency is illustrated in the study on the lekking 
moth (Goubault & Burlaud, 2018), in bugs (Katvala & Kaitala, 2001) and drosophila (Byrne 
& Rice, 2006) where virgins males tend to mate with the heavier females that lay more eggs. 
Another male preference is towards virgin rather than non-virgin females. In a study on the 
moth Plodia interpunctella, males  preferred to mate with virgins and if they copulated with 
mated virgins their reproductive investment were lowered by injecting less sperm than with 
virgins (Cook & Gage, 1995).  

Male choice may be hard to observe due to its cryptic nature or the expectations that males 
would not invest in parental care and thus not be choosy (Martel et al., 2008; Reinhold et al., 
2002). Another reason to explain that male choice has been less in focus is that, compared to 
female selection, male preference does not impact as much females evolution (Schlupp, 
2018). Male choice is underestimated but is still having a role in mating that needs further 
investigations (Goubault & Burlaud, 2018). Male choice is considerable in evolution in 
various ways, for example by affecting the rate of adaptation in the environment (Lorch et al., 
2003; Whitlock & Agrawal, 2009) or by influencing species speciation (Ritchie, 2007). Male 
decision has consequences on population fitness by influencing male investment such as 
parental care and nuptial gift towards preferred females (Parker, 1983; Schlupp, 2018). In 
addition, male preference can respond to female selectivity, leading to a mutual choice. For 
example, in a study on mutual mate choice in parthenium beetle, larger males would prefer 
larger females and vice versa, and both sexes would benefit from being choosy (Afaq, 2013). 
Understanding the dynamics between male and female choice is hence important. 

In this study, I investigate mate choice in the seed beetle Callosobruchus maculatus.  It is a 
convenient model system because of their ease of sampling, storage and maintenance but also 
due to their short generation time (Messina & Slade, 1999). C. maculatus are capital breeders, 
which means that they store resources during larval stage and then do not feed for survival 
and reproduction (Messina & Slade, 1999). Both male and female invest a large amount of 
resources in breeding which may select for mutual choice. For females, mating is costly due 
egg production, but they also suffer from male harassment and injury due to the spiny 
intromittent organs of the males (Crudgington & Siva-Jothy, 2000). When mating, males 
deposit a spermatophore that represents a relatively large energetic investment on their part 
(Fox et al., 1995). This parental investment might lead males to show sexual selective 
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behaviors (Trivers, 1972). Females also vary in quality and fecundity and therefore males 
would benefit from being demanding, although virgin males do not appear to be selective in 
response to the size of virgin females (Holme, 2019).  Female choice has been largely 
explored (Fox et al., 2004; Fricke & Arnqvist, 2007; Nojima et al., 2007; Savalli & Fox, 
1999) while male selection still need further investigations (Fox et al., 1995; Holme, 2019).  

The aim of this study was to investigate whether males are selective depending on female 
mating status and how female response may affect mating patterns in the seed beetle 
Callosobruchus maculatus. This was done by giving virgin males a choice between a non-
virgin and a virgin female and recording their respective behaviors. The prediction was that 1) 
males would preferer to mate with virgins, 2) and approach these females more often.  
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Materials and methods 
Study organism 
Callosobruchus maculatus (F.) (Bruchidae) is a cosmopolitan seed parasite and a challenging 
storage pest of cowpea seed Vigna unguiculata, responsible for quantitative losses in legume 
crop (Caswell, 1981; Oluwafemi, 2012; Tiroesele et al., 2014; Tiroeselea et al., 2019). Adult 
females lay eggs on the surface of seed (Fabaceae) and after 4 to 5 days (at ca.28°C), the eggs 
hatch and the larvae burrow into the seed to feed from it (Fox et al., 2004; Messina, 1991). 
Adults emerge after 3 to 4 weeks depending on the type of seed and live for 2 to 3 weeks in 
the lab. The beetle can amass all the resource required for its entire lifespan during larval 
development in the seed, hence can be categorized as a “capital” breeder (Messina & Slade, 
1999). These special traits about female oviposition and reproduction make C. maculatus easy 
to maintain in the laboratory and convenient for our study.  

Rearing and preparation of beetles  
The population used in the present study was imported from Carolina Biological Supply, USA 
to the University of Bergen, Norway in 2016. The culture has been maintained at 28°C with 
constant light and overlapping generations representing at least 500 individuals in Petri dishes 
with access to abundance of cowpea, Vigna unguiculata.  

To avoid bias effect from age or mating status, I isolated each beetle prior to emergence from 
the bean to ensure their virginity. Since females are laying eggs on the surface of beans, it is 
easy to isolate the beetles by placing one bean presenting one larva into separate chambers in 
a 6 by 4 well plate. The beetle boxes were checked every day to collect males and females 
that hatched on the same day. Newly emerged adult beetles were placed into 35mm Petri 
dishes and allowed to mature in an incubator at 28°C. Though males may directly mate after 
emerging, the ejaculate is not fully formed (Fox et al., 1995). Therefore, I waited at least 24h 
after emergence before exposing males to potential mates.  

One day after emergence, half the virgin females were exposed to two males each from the 
main population. The selection was done randomly with respect to female size even though 
males are not known to show size preferences for their first mate (Holme, 2019). Females 
were left with the males in a 60mm Petri dish until mated, which usually took between 30-60 
minutes. Note that this is longer than the average time until mating for virgins, but males from 
the main populations may have already mated and needed time to get ready for remating (Fox 
et al., 1995). Mated females were given 24 hours to recover due to the injuries of mating 
referred as “traumatic penetration”, causing damage on the epithelial surface on the female’s 
genital tract (Crudgington & Siva-Jothy, 2000; Lange et al., 2013).  

I acknowledged the treatment differences between non-virgin and virgin females’ preparation. 
Although half of the collected females were moved from their boxes and mated, the other half 
virgin females remained undisturbed until the experiment. Thus, to control for potential 
effects of handling, I conducted 29 experiments where each virgin females were removed 
from their 35mm Petri dishes and placed individually in another Petri dish for 10 minutes, 
then returned to their original Petri dishes. These additional trials represented a control for the 
effect of handling on virgin female behavior prior to the experiment. 
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Body weight 
All females and males were weighed less than one hour prior to the start of the experiment. 
The beetle was placed in a 1cm3 small container covered with a 1cm2 piece of wax paper. The 
lid was pressed and sealed on the top of the container to prevent beetle escaping before 
placing it on the weight. Weight readings were recorded after 40 seconds to avoid bias from 
beetle movement on the balance. A sartorius® M3P micro balance (0,001mg precision) was 
used for the weightings.  

Male mate choice experiments 
I tested male mating preference depending on female mating status by giving virgin males a 
choice between one virgin and one already mated female. I weighed and paired virgin and 
non-virgin females with a sufficient weight difference (>0,031mg) to be able to distinguish 
them. I randomly selected virgin males, weighted them, and assigned them to a pair of 
females. The males were placed in a 60mm Petri dish that already contained the two females, 
and the timer was started. I observed the beetles continuously until mating. The female that 
was not selected was removed and weighted for identification. At the end of mating, the male 
and female were also weighted for control. If 15 minutes passed without any mating, I 
categorized the trial as unmated. This method is comparable to the protocol used in similar 
experiments of mate choice only that our study focuses on male selectivity instead of female 
choice (Savalli & Fox, 1999). Additional data were recorded such as time until mating, time 
until the females started kicking off the male, and duration of mating. Females kick males 
with their back legs to end copulation, this may be due to the genital damage caused during 
the penetration, leading to a reproductive conflict in C. maculatus (Crudgington & Siva-Jothy, 
2000). In total, 135 mating trial were conducted.  

Male and female mating behaviours experiments 
In the second experiment, I observed and recorded male and female behaviors following mate 
encounters. Each virgin males were assigned a pair of females as described in the first 
experiment. The timer started once the male had been placed in the 60mm Petri dish box 
containing the virgin and mated females. I observed and recorded behaviors and times from 
females and males until mating. The females that were not selected were removed from the 
box and weighted for identification. The behaviors recorded correspond to beetle reactions 
immediately after a male had physical contact with a female. In case of consecutive 
encounters, each behaviour was recorded following each physical contact even in case of 
repetitive behaviours. The recordings were stopped when the male was copulating with one of 
the females and she was not kicking off the male, demonstrating a successful mating.  In total, 
82 behavioral trials were conducted. I categorized the responses of male and females in the 
following types of behavior:  

Male behaviors:  
A. Running away:  the male runs away from the female.  

B. Inactive: either the male does not move or the female runs away which does not let 
time for the male to make any mating attempt.  

C. Chasing: the female runs away and the male chases her by running after her.  
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D. Attempt mating: the male goes on the back of the female and she either accepts the 
mating or kicks back and runs away. 

Female behaviors: 
A. Running away: the female walks or runs away from the male also when the male is 

chasing her.  

B. Remain passive: the male runs away before the female moves. 

C. Refuse mating: the male climbs on the female’s back, but she kicks him with her hind 
legs and runs away.  

D. Accept mating: the female is not moving and accepts the male’s mating attempt.  

 

Statistical analysis 
Data were analyzed using R studio version 1.3.959 (R Core Team, 2020). Since the data are 
following a Poisson distribution and the days when the beetles emerged may have an effect on 
my experiments, I compared generalized linear models (GLM) to generalized linear mixed 
effects models (GLMM) with the days as random effects. I picked the models with the lowest 
Akaike information criterion AIC (Akaike, 1974)(See the appendix for coding and 
comparison of AIC). Generalized linear models (GLM) with Poisson distribution were 
performed to investigate male mate choice and male behavior on first and second encounters. 
GLM were analyzed by a Chi squared test through ANOVA and for deeper analysis of each 
factors’ effect, pairwise comparisons with “emmeans” package were applied. The same 
statistical method was used with females to examine the effect of handling virgin females 
prior the experiment, the visited females and their behaviors, and the effect of female size and 
behaviors on male choice. A Kruskal-Wallis test, also known as one-way ANOVA on ranks, 
was used to test whether male takes same mean time until first visit between the two types of 
females.
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Results 
Male mate choice 

 

Figure 1: Males mating with females of different prior mating status. N= 122 (13 cases 
with no mating within 15 min are removed from the 135 trails).  

Virgin males copulated predominately with virgin females and seldom with females that were 
previously mated (GLM: Dev=133.92, N=122, df= 1, p<0.001).  

 

Male and female mating behaviours  

 

Figure 2: Male choice on the first visit. A: Males first visit depending on female mating 
status. N= 75 B: Time until first male visit depending on female mating status. N=75. 



 

 8 

The male’s first close encounter with a female did not depend on whether she was virgin or 
previously mated (GLM: Dev= 1.0826, N=75, df= 1, p= 0.3) as shown on Figure 2A.  
Behavioural trials (N = 82 in total) where the male remained unmated after 15 minutes (N=7) 
were not included in the analysis. Time until the first encounter between a male and a female 
did not significantly differ between females of the two mating types (Figure 2B; Kruskal-
Wallis test: chi-squared = 1.3145, N= 75, df = 1, p= 0.25). 

 

 

Figure 3: Male behaviours after first encounter with a female depending on her mating 
status.  All behaviours described are observed after the male had a first physical contact with 
the female. See method section for description of behaviours categories. N = 75. 

Males may not be able to assess females mating status at a distance but once they have close 
contact with females, their subsequent behavior are significantly different depending on 
female mating status (GLM: Dev= 18.2369, N=75, df=3, P< 0.001). On the first close contact 
with a female, males mated more often with virgins than non-virgin females (P= 0.01) but 
there were no significant differences in how often he ran away (P= 0.08), remained inactive 
(P= 0.73) or chased the females (P= 0.14).  

Female behaviours are different depending on female mating status (Figure 4; GLM: Dev= 
86.226, N=75, Df=3, P<0.001). Only virgin females accepted to mate on the first visit and 
they also accepted more to mate compared to non-virgin females in general (P <0.001). There 
was no difference in the frequency of females kicking off the male (P= 0.49) and both virgins 
and non-virgins were frequently running away from the males (P= 0.58). 
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Figure 4: Female passive/active behavior depending on each encounter.  Encounters are 
numbered from 1 to 10 on the y axis. All behaviours described are observed after the male 
had a first physical contact with the female. See method section for description of behaviours 
categories. N = 75. 

In Figure 2 and 3, I showed that the likelihood of approaching a female of a certain mating 
status were equal, but that males behaved differently towards females after the encounter. 
This tendency is also observed in subsequent encounters as showed on Figure 4, males are not 
significantly visiting one female type more than the other on each encounter (GLM: Dev= 
3.261, N=75, df=7, P= 0.85)  

After observing that females reacted differently to male contact depending on their mating 
status, I investigated male’s choice from first to second encounter. Male choice was 
significantly different depending on the female mating status (Figure 5; GLM; Dev= 6.1896, 
N=22, Df=1, P= 0.012) and males were more likely to switch to the other female after 
encountering a non-virgin compared to when encountering a virgin female (P=0.04). 

Male tendency to change female on the second encounter was not dependent on female 
behaviour on the first visit (GLM: Dev= 0.04734, N=64, Df=1, P= 0.82) 
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Figure 5: Proportion of males changing female on second encounter depending on 
female mating status on the first encounter. N= 64 as 8 females mated on the first visit 

where N=75.  

 

 

Figure 6: Male mating preference and encounter rate with females of different size. A: 
Male mating choice depending on female size. B: Male first encounter choice depending on 

female size. N=75. 

 



 

 11 

Males did not show a mating preference depending on female size (GLM: Dev= 0.33358, N= 
75, df=1, P=0.56) and male’s first encounter with a female did not depend on her body size 
(GLM: Dev= 0.33358, N= 75, df=1, P=0.56). Since size does not affect male choice on 
mating and first encounter, I did not consider it as a random effect in generalized linear 
models (GLMER).  

As mentioned in the method, all non-virgin females and some virgin females were handled 
while other virgins remained undisturbed during the preparation of the experiment. I am 
testing then if handling has an effect on female subsequent behaviour after male encounter.   

 

 

Figure 7: Handling effect on virgin female behaviour. The virgin females remained 
undisturbed in 53 trials while 29 trials were conducted after displacing the virgin females into 

another Petri dish for 10 minutes prior the experiment. N= 154. 

I found no significant difference in female behaviour between virgin females that were 
undisturbed and those that were handled prior to the mating trial (GLM: Dev= 1.13399, df=3, 
N=154, P=0.76)  

For R codes used in statistical analyses, see Appendix. 
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Discussion 
General results: Males copulate more often with virgin females than females that were 
already mated. On the first encounter with a female, males were approaching females 
independent of mating status. After the first physical contact with a female, males were 
actively attempting to mate with virgin females but such attitude difference was not observed 
in running away, chasing and inactive behaviours. The behavioural response of females 
following close contact with a male was different depending on the female mating status: only 
virgins accepted to mate on the first encounter but females of both mating types often refused 
to mate and ran away. Males were more likely to continue following virgin females once they 
had first encountered her and this was not due to female size nor due to female repelling 
behaviours or female handling prior the experiment. 

My results show that males tend to avoid mating with already mated females, which may be a 
way to avoid sperm competition with other males. This preference for virgins has also been 
found in other species including the common bed bug Cimex lectularius (Wang et al., 2016), 
the flour beetles (Haubruge & Arnaud, 1999; Lewis & Iannini, 1995), the moth Plodia 
interpunctella (Cook & Gage, 1995) or the parasitoid Trichogramma turkestanica (Martel et 
al., 2008). The preference is explained by males attaining low fertilization success when 
mating with already mated females  (Bonduriansky, 2001; King et al., 2005). In C. maculatus, 
the low fertilization success might outweigh the benefit of investing a large amount of sperm 
or being the last male copulating (Dickinson, 1986; Martin et al., 1974). Differences in sperm 
investment has also been observed in other species where males copulate with both virgins 
and non-virgins (Bukowski & Christenson, 1997; Lüpold et al., 2011; Wedell, 1998; Wedell 
& Cook, 1999). In these examples,  males copulated longer and invested more sperm with 
non-virgin females to maximizing fertilization success (Wedell et al., 2002).  

Only in a few trials, did mating occur on the first close encounter. The behaviour of males and 
females following the first contact may hence be important for understanding the mate 
selection and mating result. At first, males were equally likely to approach any female 
independent of mating status. This may be due to males lacking information about female 
mating status before physical contact.  Here, it is hard to know if males were aware that 
females of different mating status were available. Males in the experiment had never been in 
contact with other beetles, which are known to affect their behavior and investment towards 
females (Kelly & Jennions, 2011; Parker & Pizzari, 2010; Van Lieshout et al., 2014). 

Males can recognize females visually but more often by touching them with their antennae 
that receive female sex pheromones (Battaglia et al., 2002; Bonduriansky, 2001; Carazo et al., 
2004; Santos et al., 2017; Vuts et al., 2015). In many insect species, there are two types of 
female sex pheromones: sex attractant pheromones that are volatiles with a long-distance 
effect and contact sex pheromones that are effective in short distance (Birch, 1974; McNeil & 
Brodeur, 1995; Tanaka et al., 1986). For example, this mechanism is observed in the 
parasitoids Aphidius ervi (McClure et al., 2007) and Aphidius nigripes (McNeil & Brodeur, 
1995), in Drosophila melanogaster (Tompkins & Hall, 1981) and in Argynnis butterflies 
(Vane-Wright & Boppre, 1993). In Callosobruchus maculatus, females emit sex pheromones 
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with low volatility after emergence, then the amount of pheromones decreases after mating 
while male attraction to pheromones stays constant (Qi & Burkholder, 1982). Sex 
pheromones play important roles in Callosobruchus reproduction by improving copulation 
activity, affecting behavioral responses and recognition of other individuals and influence 
pheromonal communication in general (Howard, 1993; Lextrait et al., 1994; Nojima et al., 
2007; Qi & Burkholder, 1982; Tanaka et al., 1986). 

The presence of higher sex attractant volatile pheromones emission by virgin females, 
suggests that males would tend to visit virgin females first. However, I did not observe such 
discrimination on the first visit. A reason could be that female pheromones emission declines 
with age and may be affected by temperature, humidity or even atmospheric pressure which 
could bias male detection and choice (McClure et al., 2007; McNeil & Brodeur, 1995).  I also 
used a different Petri dish every day but not every experiment and this may have affected the 
distribution and volatility of female sex pheromones. Long distance pheromones may be more 
equally distributed within the dish, hence not readily linked to any type of female and so, 
confusing male detection. Furthermore, in a study with C. maculatus pheromone release was 
coupled with calling behaviours where the females put their heads down and elevate the back 
of their bodies (Qi & Burkholder, 1982). These behaviours were not observed during my 
experiments and may also have altered the released of pheromones and attraction of males.  

Another possible reason that I did not observed male preference on the first visit is due to the 
low volatility sex attractant pheromones of C. maculatus, favouriting antennae contact to 
obtain information about females (Qi & Burkholder, 1982). Female contact sex pheromones 
are produced from the abdomen and spread on the whole female body surface which could 
explain why males need a physical contact to get information about female sexual receptivity 
(McClure et al., 2007; McNeil & Brodeur, 1995). For example, it has been proved that 
antennae contact is fundamental in recognition of mates and mating in the parasitic wasp 
Trichopria drosophila, even if females emit long distance sex attractive pheromones (Romani 
et al., 2008). Antennae contact is also necessary in species where the male produced sex 
pheromones that females use in male recognition and lead to mate acceptance (Barrass, 1960; 
Battaglia et al., 2002). In other species, antenna contact is not necessary, as in the parasitic 
wasp Mormoniella vitripennis where males with antennae removed could still court and 
copulated (Barrass, 1960). Antennae contact may hence have different roles with diverse 
gradient of importance in mating and mate discrimination depending on the species. In 
Callosobruchus maculatus, a physical contact by touching females with their antennae might 
be required in male mate choice.  

Not all males visiting virgin females attempted to mate, and this has also have been observed 
in ladybird beetles (Santos et al., 2017). Savalli and Fox observed that C. maculatus males 
present a variety of courtship persistencies that is not affecting mating success, this could 
explain why males may not attempt to copulate on first female encounter (Savalli & Fox, 
1999).  
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My results show that some males tried to mate with the virgin female immediately, some ran 
away from them, remained inactive or did not have time to make any attempt due to the 
female escaping. Where males ran away or remained inactive, I can assume that this is an 
active male choice. In the other scenarios where the female ran away, it is hard to make any 
conclusion about male choice. To get a better understanding of the effect of female choice on 
male choice, I observed female reaction after the antennae contact to investigate its effect on 
male decisions. The variety of female behaviours observed, have also been described in other 
species, where females refusing mating, move their hint legs to kick off the male, run away or 
accept to mate (McClure et al., 2007; McNeil & Brodeur, 1995; Ortíz‐Jiménez & Castillo, 
2015; Santos et al., 2017).  

Non-virgin females actively avoiding males could be explained by the risk of a second 
mating. C. maculatus mating is defined as «traumatic penetration» which causes damage on 
the epithelial surface on the female’s genital tract (Crudgington & Siva-Jothy, 2000; Lange et 
al., 2013).  Mated females need a recovery time until remating depending on the species.  For 
example, in the study of the neotropical katydid, the females that copulated a second time 
before full recovery from the first mating died (Ortíz‐Jiménez & Castillo, 2015). It would be 
interesting to follow the evolution of the few non-virgin females that remated. Many non-
virgin females refused mating, and the risk of a second mating must be weighed against the 
benefits from obtaining more nutrient from spermatophores (Savalli & Fox, 1998), increasing 
fertility (Martin et al., 2004) or accumulating genetic diversity and get fitter offspring 
(Hosken & Stockley, 2003).  

Not all virgin females accepted to mate on the first visit from males. Similar results have been 
observed in others studies where virgin females remained passive or walked away from males 
and this can be due to female receptivity variation (Byrne & Rice, 2006; McClure et al., 2007; 
Santos et al., 2017; Singh & Singh, 1999). Another reason could simply be female sexual 
selection. As shown in the study of female mate choice in Callosobruchus maculatus females 
would benefit from mating with larger males by obtaining a larger amount of sperm and 
increase their fertility (Savalli & Fox, 1999). They did not find clear evidences for female 
choice towards big males, suggesting that virgins may not be selective in this respect or may 
be limited by short lifespan (Savalli & Fox, 1999).  I can also mention that in my method, 
virgin females were isolated until the experiment, which could create a stress and affect their 
behaviours after male encountering.  

As mentioned by Martel, after a physical contact between males and females, it is challenging 
to discern male choice from female choice (Martel et al., 2008). Male and females C. 
maculatus have different reasons to be selective depending on their mating investment but 
both males and females would benefit from being choosy  (Bonduriansky, 2001; Engqvist & 
Sauer, 2001; Fox et al., 1995; Savalli & Fox, 1999). In this study, I have investigated male 
choice following female reaction, to have a better understand of male decision making. Males 
continue to encounter non-virgin females even if they showed repelling and non-receptive 
behaviors. The male tendency of running away and avoiding mating attempt observed after 
visiting non-virgin females does not align with assumptions that males would inseminating all 
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females and rather adapt their sperm investment during copulation. They rather select only 
virgin females to mate and avoid sperm competition. 

My results show that males are selective, but that female behavior is also affecting mating 
results. This idea that males can be the first sex choosing is also discussed in a study on red 
flour beetles (Haubruge & Arnaud, 1999) where males are the ones interacting first by 
encountering females and trigger mating and the same conclusions were found by other 
studies focusing on the role of male choice (Arnqvist, 1988; Hemptinne et al., 1996). The 
female´s confirmation is also discussed in a bumblebee study where males cannot mate after 
only one interaction with the female (Sauter & Brown, 2001). A recent study on Drosophila 
melanogaster highlighted that in mating where females have a lot of control, such as refusing 
to mate by running away or kicking, males are observed to not be harmful while the inverse is 
observed with low male competition and female control (Yun et al., 2021). Following this 
theory, C. maculatus mating is described as harmful (Crudgington & Siva-Jothy, 2000), 
suggesting that males have some power and choice in mating.  

My results confirm a previous study testing C. maculatus male decision given big and small 
virgin females, concluding that virgin males were not selective based on female size (Holme, 
2019). Instead mating status is a major factor in male mating decision, as noticed in several 
other species including bumblebee Bonbus terrestris (Sauter & Brown, 2001).  Other studies 
also concluded that mating status is determinant in male choice and highlighted that females 
are still taking the final decision by accepting to mate or not (Alonso-Pimentel & Tobin, 
1992; Birch et al., 1989; Boake & Hoikkala, 1995).  

Conclusions 
The results of this study highlight the importance of understanding the dynamics of male and 
female mate selection. Callosobruchus maculatus males experience relatively large 
reproductive costs leading them to be selective. I showed that males are more often mating 
with virgin females. They had encountered females of both mating status on the first close 
contact, but behaved differently towards them. This suggest that males require a physical 
contact to obtain information about female receptivity and mating status. From this point, I 
highlighted the challenge of discerning male choice from female choice after a physical 
interaction between the two sexes. Virgin females are more likely to accept mating, but not all 
after a first mating attempt, manifesting their choice in mating.  I finally demonstrated that 
mating status is a principal factor influencing male mating decision by testing the effect of 
others factors as female repelling behaviours, female handling and female size.
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Appendix 
R Code:  

Males mating choice:              
F1.glm  <- glm(counts ~ Female_chosen_to_mate , family=poisson, data= TotalFemale) 
anova(F1.glm, test="Chi")                                                                             
summary(F1.glm) #AIC= 13.876                                       
emmeans(F1.glm, pairwise~Female_chosen_to_mate, type="response", adjust="none") 

F1.glmer <- glmer(counts ~ Female_chosen_to_mate +(1|Day), family=poisson, data= 
GLMER1)                      
summary(F1.glmer) #AIC = 125 

Male choice on the first visit:               
#A:                                  
F2.glm  <- glm(counts ~ Who , family=poisson, data= FirstFemale)                         
anova(F2.glm, test="Chi")                                                                                    
summary(F2.glm)  #AIC = 14.919                                              
emmeans(F2.glm, pairwise~Who, type="response", adjust="none") 

F2.glmer <- glmer(counts ~ Who+(1|Day), family=poisson, data= GLMER2) 
summary(F2.glmer) #AIC =  103.2 

#B                      
#Mann Witney U test / Kruskal Test:          
kruskal.test(Time_in_second~First_female_visited, data=Time1Visit) 

Male behaviours after first encounter:                  
F3.glm  <- glm(counts ~ Observation + Who + Observation:Who, family=poisson, data= 
Malebehavior.df)                              
anova(F3.glm, test="Chi")                                 
summary(F3.glm) #AIC= 46.294                          
emmeans(F3.glm, pairwise~Who|Observation, type="response", adjust="none")  

F3.glmer  <- glmer(counts ~ Observation + Who + Observation:Who + (1|Day), 
family=poisson, data= GLMER3)                    
summary(F3.glmer) #AIC = 137.3 

Female passive/active behavior:             
#per observation                    
F4.glm  <- glm(counts ~ Observation + Who + Observation:Who, family=poisson, data= 
GLM4)                    
anova(F4.glm, test="Chi")                                   
summary(F4.glm) #AIC =92.87                        
emmeans(F4.glm, pairwise~Who|Observation, type="response", adjust="none") 

F4.glmer  <- glmer(counts ~ Observation + Who + Observation:Who + (1|Day), 
family=poisson, data= GLMER4)                   
summary(F4.glmer) #AIC = 358.4  
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#per number of visits                                
F4b.glm  <- glm(counts ~ Nb_of_interaction + Who + Nb_of_interaction:Who, 
family=poisson, data= Visit)                           
anova(F4b.glm , test="Chi")           
summary(F4b.glm) #AIC = 106                           
emmeans(F4b.glm, pairwise~Who|Nb_of_interaction, type="response", adjust="none") 

F4b.glmer  <- glmer(counts ~ Nb_of_interaction + Who + Nb_of_interaction:Who + (1|Day), 
family=poisson, data= Visit)                              
summary(F4b.glmer) #AIC =  381.8 

Male changing female tendency                                                     
F5.glm  <- glm(percent ~ V1 + Behaviour + V1:Behaviour, family=poisson, data= Switch.df) 
anova(F5.glm, test="Chi")           
summary(F5.glm)#AIC = 26.199                                 
emmeans(F5.glm, pairwise~Behaviour|V1, type="response", adjust="none")  

F5.glmer  <- glmer(counts ~ FirstVisit + SecondVisit + FirstVisit:SecondVisit + (1|Day.x), 
family=poisson, data= GLMER5)                              
summary(F5.glmer) #AIC= 111 

Female behaviour effect on male choice                                                                               
F6.glm  <- glm(percent ~ Observation + Who + Observation:Who, family=poisson, data= 
EffectBehav)                    
anova(F6.glm, test = "Chisq")                        
summary(F6.glm) #AIC= 39.725                                                           
emmeans(F6.glm, pairwise~Who|Observation, type="response", adjust="none")  

F6.glmer  <- glmer(percent ~ Observation + Who + Observation:Who + (1|Day), 
family=poisson, data= GLMER6) #percent                
summary(F6.glmer) #AIC= 105 

Female size effect on male choice:                                                
#Effect of size on male mating choice                           
F7.glm  <- glm(counts ~ TendencytoMate, family=poisson, data= MateTendency) 
anova(F7.glm, test = "Chisq")                                
summary(F7.glm) #AIC= 14,929                                   
emmeans(F7.glm, pairwise~TendencytoMate, type="response", adjust="none") 

F7.glmer  <- glmer(counts ~ Matetendency + (1|Day), family=poisson, data= GLMER7) 
summary(F7.glmer) #AIC= 102.7 

#Effect of Size effect on first encounter choice                                                                
F7b.glm  <- glm(counts ~ TendencytoVisit, family=poisson, data= VisitTendency) 
anova(F7b.glm, test = "Chisq")                                                                        
summary(F7b.glm) #AIC= 14,929.                                                                 
emmeans(F7b.glm, pairwise~TendencytoVisit, type="response", adjust="none") 

F7b.glmer  <- glmer(counts ~ Matetendency + (1|Day), family=poisson, data= GLMER7b) 
summary(F7b.glmer) #AIC= 119.5 
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Handling effect on female behaviour                  
F8.glm  <- glm(Percent ~ Observation + Group + Observation:Group, family=poisson, data= 
GroupVS)                                          
anova(F8.glm, test = "Chi")               
summary(F8.glm) #AIC = 53                                 
emmeans(F8.glm, pairwise~Group|Observation, type="response", adjust="none")  

F8.glmer  <- glmer(Percent ~ Observation + Group + Observation:Group  + (1|Day), 
family=poisson, data= GLMER8)                                
summary(F8.glmer) #AIC = 254.7 

 

 

 

 

 

 

 



 

 19 
 

References  
Afaq, U. (2013). Evaluation of Darwin’s fecundity advantage hypothesis in Parthenium 
beetle, Zygogramma bicolorata. Insect Science, 20(4), 531–540. 

Akaike, H. (1974). A new look at the statistical model identification. IEEE Transactions on 
Automatic Control, 19(6), 716–723. https://doi.org/10.1109/TAC.1974.1100705 

Alonso-Pimentel, H., & Tobin, T. R. (1992). Discriminant function analysis of the courtship 
behavior ofDrosophila mojavensis (Diptera: Drosophilidae). Journal of Insect Behavior, 5(1), 
131–139. 

Andersson, M. (1994). Sexual selection (Vol. 72). Princeton University Press. 

Arnqvist, G. (1988). Mate guarding and sperm displacement in the water strider Gerris 
lateralis Schumm.(Heteroptera: Gerridae). Freshwater Biology, 19(2), 269–274. 

Arnqvist, G. (1989). Multiple mating in a water strider: Mutual benefits or intersexual 
conflict? Animal Behaviour, 38(5), 749–756. 

Barrass, R. (1960). The courtship behaviour of Mormoniella vitripennis walk.(Hymenoptera, 
Pteromalidae). Behaviour, 15(3–4), 185–208. 

Bateman, A. J. (1948). Intra-sexual selection in Drosophila. Heredity, 2(3), 349–368. 

Battaglia, D., Isidoro, N., Romani, R., Bin, F., & Pennacchio, F. (2002). Mating behaviour of 
Aphidius ervi (Hymenoptera: Braconidae): The role of antennae. European Journal of 
Entomology, 99(4), 451–456. 

Birch, M. (1974). Aphrodisiac pheromones in insects. 

Birch, M. C., Lucas, D., & White, P. R. (1989). The courtship behavior of the cabbage moth, 
Mamestra brassicae (Lepidoptera: Noctuidae), and the role of male hair-pencils. Journal of 
Insect Behavior, 2(2), 227–239. 

Boake, C. R., & Hoikkala, A. (1995). Courtship behaviour and mating success of wild-
caughtDrosophila silvestrismales. Animal Behaviour, 49(5), 1303–1313. 

Bonduriansky, R. (2001). The evolution of male mate choice in insects: A synthesis of ideas 
and evidence. Biological Reviews of the Cambridge Philosophical Society, 76(3), 305–339. 
https://doi.org/10.1017/S1464793101005693 

Bukowski, T. C., & Christenson, T. E. (1997). Determinants of sperm release and storage in a 
spiny orbweaving spider. Animal Behaviour, 53(2), 381–395. 
https://doi.org/10.1006/anbe.1996.0329 

Byrne, P. G., & Rice, W. R. (2006). Evidence for adaptive male mate choice in the fruit fly 
Drosophila melanogaster. Proceedings of the Royal Society. B, Biological Sciences, 
273(1589), 917–922. 



 

 20 

Carazo, P., Sanchez, E., Font, E., & Desfilis, E. (2004). Chemosensory cues allow male 
Tenebrio molitor beetles to assess the reproductive status of potential mates. Animal 
Behaviour, 68(1), 123–129. 

Caswell, G. H. (1981). Damage to stored cowpea in the northern part of Nigeria. Samaru: 
Journal of Agricultural Research. 

Cook, P. A., & Gage, M. J. (1995). Effects of risks of sperm competition on the numbers of 
eupyrene and apyrene sperm ejaculated by the moth Plodia interpunctella (Lepidoptera: 
Pyralidae). Behavioral Ecology and Sociobiology, 36(4), 261–268. 

Cordts, R., & Patridge, L. (1996). Courtship reduces longevity of maleDrosophila 
melanogaster. Animal Behaviour, 52(2), 269–278. https://doi.org/10.1006/anbe.1996.0172 

Crudgington, H. S., & Siva-Jothy, M. T. (2000). Genital damage, kicking and early death. 
Nature, 407(6806), 855–856. https://doi.org/10.1038/35038154 

Darwin, C. (1871). The descent of man and selection in relation to sex (Vol. 1). Random 
House, Modern Library, New York. 

Dewsbury, D. A. (1982). Ejaculate cost and male choice. The American Naturalist, 119(5), 
601–610. 

Dickinson, J. L. (1986). Prolonged mating in the milkweed leaf beetle Labidomera clivicollis 
clivicollis (Coleoptera: Chrysomelidae): A test of the “sperm-loading” hypothesis. Behavioral 
Ecology and Sociobiology, 18(5), 331–338. 

Edward, D. A., & Chapman, T. (2011). The evolution and significance of male mate choice. 
Trends in Ecology & Evolution, 26(12), 647–654. 

Edward, D. A., & Chapman, T. (2012). Measuring the fitness benefits of male mate choice in 
drosophila melanogaster. Evolution, 66(8), 2646–2653. 

Engqvist, L., & Sauer, K. P. (2001). Strategic male mating effort and cryptic male choice in a 
scorpionfly. Proceedings of the Royal Society of London. Series B: Biological Sciences, 
268(1468), 729–735. 

Fox, C W, Bush, M. L., Roff, D. A., & Wallin, W. G. (2004). Evolutionary genetics of 
lifespan and mortality rates in two populations of the seed beetle, Callosobruchus maculatus. 
Heredity, 92(3), 170–181. https://doi.org/10.1038/sj.hdy.6800383 

Fox, C W., Hickman, D. L., Raleigh, E. L., & Mousseau, T. A. (1995). Paternal Investment in 
a Seed Beetle (Coleoptera: Bruchidae): Influence of Male Size, Age, and Mating History. 
Annals of the Entomological Society of America, 88(1), 100–103. 
https://doi.org/10.1093/aesa/88.1.100 

 

 



 

 21 

Fricke, C., & Arnqvist, G. (2007). Rapid adaptation to a novel host in a seed beetle ( 
callosobruchus maculatus ): the role of sexual selection: adaptation and sexual selection. 
Evolution, 61(2), 440–454. https://doi.org/10.1111/j.1558-5646.2007.00038.x 

Gage, A., & Barnard, C. (1996). Male crickets increase sperm number in relation to 
competition and female size. Behavioral Ecology and Sociobiology, 38(5), 349–353. 

Goubault, M., & Burlaud, R. (2018). Do males choose their mates in the lekking moth 
Achroia grisella? Influence of female body mass and male reproductive status on male mate 
choice. Insect Science, 25(5), 861–868. 

Gowaty, P. A., Steinichen, R., & Anderson, W. W. (2003). Indiscriminate females and choosy 
males: Within‐and between‐species variation in Drosophila. Evolution, 57(9), 2037–2045. 

Gwynne, D. T. (1991). Sexual competition among females: What causes courtship-role 
reversal? Trends in Ecology & Evolution, 6(4), 118–121. 

Halliday, T. R. (1983). The study of mate choice. Mate Choice. 

Haubruge, E., & Arnaud, L. (1999). Mating behaviour and male mate choice in tribolium 
castaneum (coleoptera, tenebrionidae). Behaviour, 136(1), 67–77. 
https://doi.org/10.1163/156853999500677 

Hemptinne, J., Dixon, A., & Lognay, G. (1996). Searching behaviour and mate recognition by 
males of the two‐spot ladybird beetle, Adalia bipunctata. Ecological Entomology, 21(2), 165–
170. 

Holme, A. N. (2019, June 21). Male mate choice and selectivity in relation to female body 
size, in the seed beetle Callosobruchus maculatus. University of Bergen. 
https://hdl.handle.net/1956/20315 

Hosken, D., & Stockley, P. (2003). Benefits of polyandry: A life history perspective. 
Evolutionary Biology, 173–194. 

Howard, R. W. (1993). Cuticular hydrocarbons and chemical communication, pp. 179–
226inD. W.Stanley-Samuelson and D. R. Nelson (eds.). Insect Lipids: Chemistry, 
Biochemistry and Biology,University of Nebraska Press, Lincoln, Nebraska. 

Hurst, G. D., Sharpe, R. G., Broomfield, A. H., Walker, L. E., Majerus, T. M., Zakharov, I. 
A., & Majerus, M. E. (1995). Sexually transmitted disease in a promiscuous insect, Adalia 
bipunctata. Ecological Entomology, 20(3), 230–236. 

Katvala, M., & Kaitala, A. (2001). Male choice for current female fecundity in a polyandrous 
egg-carrying bug. Animal Behaviour, 62(1), 133–137. 

Kelly, C. D., & Jennions, M. D. (2011). Sexual selection and sperm quantity: Meta‐analyses 
of strategic ejaculation. Biological Reviews, 86(4), 863–884. 

 



 

 22 

King, B., Saporito, K., Ellison, J., & Bratzke, R. (2005). Unattractiveness of mated females to 
males in the parasitoid wasp Spalangia endius. Behavioral Ecology and Sociobiology, 57(4), 
350–356. 

Kokko, H., Jennions, M. D., & Brooks, R. (2006). Unifying and testing models of sexual 
selection. Annu. Rev. Ecol. Evol. Syst., 37, 43–66. 

Lange, R., Reinhardt, K., Michiels, N. K., & Anthes, N. (2013). Functions, diversity, and 
evolution of traumatic mating: Function and evolution of traumatic mating. Biological 
Reviews, 88(3), 585–601. https://doi.org/10.1111/brv.12018 

Lewis, S. M., & Iannini, J. (1995). Fitness consequences of differences in male mating 
behaviour in relation to female reproductive status in flour beetles. Animal Behaviour, 50(5), 
1157–1160. 

Lextrait, P., Biemont, J.-C., & Pouzat, J. (1994). Comparison of walking locomotory reactions 
of two forms of Callosobruchus maculatus males subjected to female sex pheromone 
stimulation (Coleoptera: Bruchidae). Journal of Chemical Ecology, 20(11), 2917–2930. 

Lorch, P. D., Proulx, S., Rowe, L., & Day, T. (2003). Condition-dependent sexual selection 
can accelerate adaptation. Evolutionary Ecology Research, 5(6), 867–881. 

Lüpold, S., Manier, M. K., Ala-Honkola, O., Belote, J. M., & Pitnick, S. (2011). Male 
Drosophila melanogaster adjust ejaculate size based on female mating status, fecundity, and 
age. Behavioral Ecology, 22(1), 184–191. 

Martel, V., Damiens, D., & Boivin, G. (2008). Male mate choice in Trichogramma 
turkestanica. Journal of Insect Behavior, 21(2), 63–71. 

Martin, O. Y, Hosken, D. J., & Ward, P. I. (2004). Post–copulatory sexual selection and 
female fitness in Scathophaga stercoraria. Proceedings of the Royal Society of London. Series 
B: Biological Sciences, 271(1537), 353–359. 

Martin, O.Y, & Hosken, D. J. (2002). Strategic ejaculation in the common dung fly Sepsis 
cynipsea. Animal Behaviour, 63(3), 541–546. 

Martin, P., Reimers, T., Lodge, J., & Dziuk, P. (1974). The effect of ratios and numbers of 
spermatozoa mixed from two males on proportions of offspring. Reproduction, 39(2), 251–
258. 

McClure, M., Whistlecraft, J., & McNeil, J. N. (2007). Courtship Behavior in Relation to the 
Female Sex Pheromone in the Parasitoid, Aphidius ervi (Hymenoptera: Braconidae). Journal 
of Chemical Ecology, 33(10), 1946–1959. 

McNeil, J. N., & Brodeur, J. (1995). Pheromone-mediated mating in the aphid parasitoid, 
Aphidius nigripes (Hymenoptera: Aphididae). Journal of Chemical Ecology, 21(7), 959–972. 

Messina, F. J. (1991). Life-history variation in a seed beetle: Adult egg-laying vs. Larval 
competitive ability. Oecologia, 85(3), 447–455. 



 

 23 

Messina, F. J., & Slade, A. F. (1999). Expression of a life-history trade-off in a seed beetle 
depends on environmental context. Physiological Entomology, 24(4), 358–363. 
https://doi.org/10.1046/j.1365-3032.1999.00151.x 

Nojima, S., Shimomura, K., Honda, H., Yamamoto, I., & Ohsawa, K. (2007). Contact Sex 
Pheromone Components of the Cowpea Weevil, Callosobruchus maculatus. Journal of 
Chemical Ecology, 33(5), 923–933. 

Oluwafemi, A. R. (2012). Comparative effects of three plant powders and pirimiphos-methyl 
against the infestation of Callosobruchus maculatus (F.)(Coleoptera: Bruchidae) in cowpea 
seeds. SOAJ Entomol, 1, 87–99. 

Ortíz‐Jiménez, I., & Castillo, R. C. del. (2015). Nuptial gifts and female fecundity in the 
neotropical katydid Conocephalus ictus (Orthoptera: Tettigonidae). Insect Science, 22(1), 
106–110. 

Parker, G. A. (1983). Mate quality and mating decisions. Mate Choice, 141–164. 

Parker, G. A., Baker, R. R., & Smith, V. G. F. (1972). The origin and evolution of gamete 
dimorphism and the male-female phenomenon. Journal of Theoretical Biology, 36(3), 529–
553. 

Parker, Geoff A., & Pizzari, T. (2010). Sperm competition and ejaculate economics. 
Biological Reviews, no-no. https://doi.org/10.1111/j.1469-185X.2010.00140.x 

Polak, M., Starmer, W., & Barker, J. (1998). A mating plug and male mate choice 
inDrosophila hibisciBock. Animal Behaviour, 56(4), 919–926. 

Qi, Y.-T., & Burkholder, W. (1982). Sex pheromone biology and behavior of the cowpea 
weevil Callosobruchus maculatus (Coleoptera: Bruchidae). Journal of Chemical Ecology, 
8(2), 527–534. 

R Core Team. (2020). R: A Language and Environment for Statistical Computing. R 
Fundation for Statistical Computing, Vienna, Austria. https://www.R-project.org/ 

Reinhold, K., Kurtz, J., & Engqvist, L. (2002). Cryptic male choice: Sperm allocation 
strategies when female quality varies. Journal of Evolutionary Biology, 15(2), 201–209. 

Ridley, M. (1989). The timing and frequency of mating in insects. Animal Behaviour, 37, 
535–545. 

Ritchie, M. G. (2007). Sexual selection and speciation. Annu. Rev. Ecol. Evol. Syst., 38, 79–
102. 

Romani, R., Rosi, M. C., Isidoro, N., & Bin, F. (2008). The role of the antennae during 
courtship behaviour in the parasitic wasp Trichopria drosophilae. Journal of Experimental 
Biology, 211(Pt 15), 2486–2491. 

 



 

 24 

Santos, E. A. dos, Silva-Torres, C. S. A., Barbosa, P. R. R., Torres, J. B., & Blassioli-Moraes, 
M. C. (2017). Sexual behavior in ladybird beetles: Sex with lights on and a twist for 
Tenuisvalvae notata (Coleoptera: Coccinellidae). Behavioural Processes, 144, 93–99. 
https://doi.org/10.1016/j.beproc.2017.09.006 

Sauter, A., & Brown, M. J. F. (2001). To copulate or not? The importance of female status 
and behavioural variation in predicting copulation in a bumblebee. Animal Behaviour, 62(2), 
221–226. https://doi.org/10.1006/anbe.2001.1742 

Savalli, U. M., & Fox, C. W. (1998). Sexual selection and the fitness consequences of male 
body size in the seed beetleStator limbatus. Animal Behaviour, 55(2), 473–483. 

Savalli, U. M., & Fox, C. W. (1999). The effect of male size, age, and mating behavior on 
sexual selection in the seed beetle Callosobruchus maculatus. Ethology Ecology & Evolution, 
11(1), 49–60. https://doi.org/10.1080/08927014.1999.9522841 

Schlupp, I. (2018). Male mate choice, female competition, and female ornaments as 
components of sexual selection. Current Zoology, 64(3), 321–322. 
https://doi.org/10.1093/cz/zoy037 

Simmons, & Kvarnemo, C. (1997). Ejaculate expenditure by malebush crickets decreases 
with sperm competition intensity. Proceedings of the Royal Society of London. Series B: 
Biological Sciences, 264(1385), 1203–1208. https://doi.org/10.1098/rspb.1997.0166 

Simmons, L. (2001). Sperm competition and its evolutionary consequences in the insects 
Princeton University Press. Princeton, New Jersey. 

Simmons, L., Craig, M., Llorens, T., Schinzig, M., & Hosken, D. (1993). Bushcricket 
spermatophores vary in accord with sperm competition and parental investment theory. 
Proceedings of the Royal Society of London. Series B: Biological Sciences, 251(1332), 183–
186. 

Simmons, L. W. (1992). Quantification of role reversal in relative parental investment in a 
bush cricket. Nature, 358(6381), 61–63. 

Singh, B. N., & Singh, S. R. (1999). Mating success in Drosophila ananassae: Evidence for 
greater variation in receptivity of females compared to male mating ability. Current Science, 
77(9), 1200–1203. JSTOR. 

Tanaka, Y., Honda, H., Ohsawa, K., & Yamamoto, I. (1986). A sex attractant of the yellow 
mealworm Tenebrio molitor L., and its role in the mating behavior. Journal of Pesticide 
Science (Tokyo, 1975), 11(1), 49–55. 

Thomas, M. L. (2011). Detection of female mating status using chemical signals and cues. 
Biological Reviews, 86(1), 1–13. 

 

 



 

 25 

Tiroesele, B., Thomas, K., & Seketeme, S. (2014). Control of Cowpea Weevil, 
Callosobruchus Maculatus (F.) (Coleoptera: Bruchidae), Using Natural Plant Products. 
Insects, 6(1), 77–84. https://doi.org/10.3390/insects6010077 

Tiroeselea, B., Ranthoakgalea, G., Ullah, M. I., Mehmood, N., Zahid, S. M. A., & Abid, B. 
(2019). Tamboti wood ash and burnt goat dropping ash, safe alternatives to control cowpea 
weevils, Callosobruchus maculatus (Fabr.) (Coleoptera: Bruchidae) during storage for 
subsistence farming. Environmental Monitoring and Assessment, 191(8), 1–9. 

Tompkins, L., & Hall, J. C. (1981). The different effects on courtship of volatile compounds 
from mated and virgin Drosophila females. Journal of Insect Physiology, 27(1), 17–21. 

Trivers, R. L. (1972). Parental investment and sexual selection. In ‘Sexual Selection and the 
Descent of Man’.(Ed. B. Campbell.) pp. 136–179. Aldinc: Chicago, 13(2). 

Vahed, K. (1998). The function of nuptial feeding in insects: A review of empirical studies. 
Biological Reviews, 73(1), 43–78. 

Van Lieshout, E., McNamara, K. B., & Simmons, L. W. (2014). Rapid loss of behavioral 
plasticity and immunocompetence under intense sexual selection. Evolution, 68(9), 2550–
2558. 

Vane-Wright, R. I., & Boppre, M. (1993). Visual and Chemical Signalling in Butterflies: 
Functional and Phylogenetic Perspectives. Philosophical Transactions. Biological Sciences, 
340(1292), 197–205. 

Vuts, J., Powers, S. J., Caulfield, J. C., Pickett, J. A., & Birkett, M. A. (2015). Multiple Roles 
of a Male-Specific Compound in the Sexual Behavior of the Dried Bean Beetle, 
Acanthoscelides Obtectus. Journal of Chemical Ecology, 41(3), 287–293. 
https://doi.org/10.1007/s10886-015-0560-3 

Wang, D., Wang, C., Singh, N., Cooper, R., Zha, C., & Eiden, A. L. (2016). Effect of Mating 
Status and Age on the Male Mate Choice and Mating Competency in the Common Bed Bug, 
Cimex lectularius (Hemiptera: Cimicidae). Journal of Economic Entomology, 109(3), 1333–
1340. 

Wedell. (1998). Sperm protection and mate assessment in the bushcricketCoptaspissp. 2. 
Animal Behaviour, 56(2), 357–363. 

Wedell, N., & Cook, P. A. (1999). Butterflies tailor their ejaculate in response to sperm 
competition risk and intensity. Proceedings of the Royal Society of London. Series B: 
Biological Sciences, 266(1423), 1033–1039. 

Wedell, N., Gage, M. J. G., & Parker, G. A. (2002). Sperm competition, male prudence and 
sperm-limited females. Trends in Ecology & Evolution, 17(7), 313–320. 
https://doi.org/10.1016/S0169-5347(02)02533-8 

 



 

 26 

Whitlock, M. C., & Agrawal, A. F. (2009). Purging the genome with sexual selection: 
Reducing mutation load through selection on males. Evolution: International Journal of 
Organic Evolution, 63(3), 569–582. 

Yun, L., Agrawal, A. F., & Rundle, H. D. (2021). On Male Harm: How it is Measured and 
How it Evolves in Different Environments. 

 


