
Female mating patterns and mate quality in the dengue vector mosquito, Aedes aegypti 

By Lori Ying 

Summary 

Dengue fever affects 50-100 million people annually (Rigau, 1998). Scientists have 

recently developed genetic manipulation techniques to create transgenic mosquitoes refractory to 

disease transmission. The success of this strategy hinges on the dispersal of such genes 

throughout a population via matings of transgenic with wild-type mosquitoes. However, little is 

known about mating competitiveness of transgenic mosquitoes, or female mating patterns of 

mosquitoes in general.  

This study explored assortative mating of mosquitoes. Mating frequencies when a wild-

type female mosquito was exposed to ten wild-type and ten mutant (Higgs white-eye) males 

were evaluated. The twenty males were placed in a bucket cage and a female was introduced. 

Immediately after copulation, the pair was aspirated out and the male eye color examined to 

determine its phenotype. A male of the same phenotype was replaced and the procedure 

repeated. A majority of matings resulted in the copulation of mutant males with wild-type 

females.  

Mating frequencies when females were exposed to virgin and twice-mated males were 

also examined. The two types of males were distinguished by florescent powder color. The same 

procedure as stated above was implemented and resulted in the majority of matings with twice-

mated males.  

The mosquitoes were frozen and wings extracted to determine body size. Females from 

the virginity experiment were kept alive and allowed to oviposit. Results were evaluated in 

consideration of time of day, temperature, relative humidity, mosquito age and size, copulation 

time, and female egg counts. These results may suggest the preferential mating of females or that 

certain males carry greater mating competitiveness. This study has significant implications for 

the release of transgenic mosquitoes in a genetic control approach against dengue fever. 

 



Introduction 

There are approximately 50-100 million cases of dengue fever each year1. Over 50% of 

the world population, including those living in the Americas, inhabit areas at risk of infection2,3. 

The development of a vaccine is a considerable challenge to the scientific community especially 

because there are four serotypes of dengue. Exposure to one serotype does not provide immunity 

to all and actually increases the risk factor of contracting dengue hemorrhagic fever1,2. 

Symptoms of this viral disease include headache, fever, body pains, increased capillary 

permeability, decreased platelet count, and vomiting1. Dengue hemorrhagic fever is a syndrome 

that can be life-threatening and can lead to dengue shock syndrome: when circulatory failure 

causes the body to go into shock1. Studies conclude that the use of pesticides against Aedes 

aegypti, the chief vector of dengue, may not be the best option for eradicating the mosquito due 

to its endophilic nature4,5.  Harrington et al. found that this mosquito has a short dispersal range 

(on average, only 36 to 40 meters)6. Additionally, use of insecticides is being restricted due to 

increasing chemical resistance of the virus as well as consumers’ environmental concerns. 

Given these challenges, a plausible alternative solution would be to inhibit the ability of 

Ae. aegypti to transmit the disease. The sterile insect technique (SIT) is one approach that 

involves the release of sterile males into the wild, which will mate with wild-type females. 

Assuming that female Ae. aegypti are monandrous – or only mate once in their lifetime – the 

sterile males render females unfertile, so no viable progeny are produced. Yakob et al. suggests 

that use of the SIT on Ae. aegypti can be undesirable, citing a possible increase in the 

equilibrium density of adult mosquitoes due to a decrease in density of the pre-adult stages4.   

With considerable advances in genetic manipulation, scientists have been able to develop 

transgenic mosquitoes that are refractory to disease transmission. By releasing transgenic 



mosquitoes into the wild, scientists hope that these mosquitoes can out-compete wild-type 

mosquitoes, and pass refractory genes down to progeny. This strategy is reliant on the principle 

of female monandry: the inhibition of sperm reception following the release of matron, a peptide 

produced in the seminal vesicles7. Mosquito transgenesis has been greatly studied and 

established in the laboratory, with methods including the use of transposable elements, meiotic 

drive, homing endonuclease genes, engineered underdominance, Wolbachia, selfish genetic 

elements, and even combinations of these8-14. For example, Ward (1963) was able to decrease the 

susceptibility Ae. aegypti to Plasmodium gallinaceum by 98% over 26 generations, and normal 

susceptibility was not reached thirteen generations after halting selection15. However, Ward did 

not determine if the mosquitoes studied were siblings, an important aspect in the rearing of 

transgenic mosquitoes, which requires extensive inbreeding.  

Some features of the fitness of transgenic mosquitoes have been studied. Irvin et al. 

found that transgenic Ae. aegypti were not as competitive with a wild-type Orlando strain 

regarding fecundity, egg production, and survival rate, particularly at the pre-adult stages16. 

Another study testing the fitness of Ae. aegypti mosquitoes refractory to Plasmodium 

gallinaceum confirmed that the transgenic strain produced fewer eggs and had a shorter lifespan, 

also adding that the developmental time prior to eclosion was significantly shorter, that the 

transgenic mosquitoes had a smaller body size, and that they took smaller amounts of blood 

meals than a susceptible Kenyan strain17. Sperm motility and oviposition success of Anopheles 

gambiae were not correlated with refractory or susceptible strains to transmitting the parasite 

Plasmodium yoelii nigeriensis
18. In addition, females who mated earlier-emerging refractory 

males demonstrated greater egg production than females who mated later-emerging susceptible 



males18. However, this may be partly due to the difference in ages, since male Anopheles 

gambiae are most receptive for mating at seven days old19. 

Before releasing transgenic mosquitoes into the wild, it is important to understand their 

mating patterns. Many models of gene drive systems are based on random mating, but it is more 

likely that mosquitoes partake in assortative mating by phenotype20,21. However, the latter topic 

has rarely been studied in mosquitoes.  Although female mating preferences have been examined 

in a large number of other insects, there is little information on it for mosquitoes7,22-24. 

Furthermore, mating competitiveness in transgenic mosquitoes has rarely been tested and 

requires assessment of each new transgenic strain with ecologically relevant wild-type 

comparisons. In this study, I investigated the mating patterns of Ae. aegypti to provide insight on 

whether females can discern the quality of their mate, an indication of assortative mating.  

To investigate female mating patterns, two experiments were designed. The first (referred 

to as the HWE experiment) involves testing if a Mexico strain of  wild-type female mosquitoes 

had a greater chance of mating with wild-type males or with a mutant strain, Higgs’ white-eye 

(HWE) males. The HWE strain was used to represent transgenic mosquitoes in this study. I 

tested the hypothesis that wild-type females mate more frequently with wild-type males. 

The second experiment (referred to as the virginity experiment) tested to see if female 

mosquitoes have a greater chance of mating with a virgin male or twice-mated male. For this 

experiment, I tested the hypothesis that females mate more frequently with virgin males, who 

have more sperm than mated males25. The virgins were also assumed to have more accessory 

gland proteins available for transfer to females26. Receiving greater quantities of these semen 

components maximizes female fitness. 

Materials and Methods 



Mosquito Rearing  

Mosquito eggs of the wild-type Mexican strain of Aedes aegypti (MEX) and Puerto Rico 

Rexville D white-eye (HWE) were vacuum-hatched to simulate an ideal low oxygen 

environment27. The vacuum pump was operated at 250 MM of Hg for thirty minutes, following 

standard procedures as described by Ponlawat and Harrington25. Then, 38 mg of Ae. aegypti food 

(1:1 lactalbumin:Brewer’s yeast) was added to the flask. The flask was gently swirled and placed 

in an incubator at 28˚C. After 24 hours, 750 larvae were removed from the flask and transferred 

to a 3.9 L tray. The tray was filled with 1L distilled water and 38 mg Ae. aegypti food was added. 

The larvae then were fed on a standard feeding protocol of 38, 0, 75, 75, 113, and 150 mg food 

on successive days25. Small, medium, and large larvae are all given the same food and water. 

Competition for food and space determines their size. Small mosquitoes are reared in trays with 

750 larvae, medium mosquitoes are reared with 200 larvae, and large ones with 75 larvae. 

As soon as larvae pupated, they were transferred to individual 

test tubes plugged with cotton to ensure the virginity of eclosed 

mosquitoes (Figure 1). Mosquitoes were given at least 72 hours to 

mature before experimentation because male mosquitoes become 

sexually active 12-36 hours after eclosion, when their terminalia rotate 

and their antennal fibrillae become erect, and females will reject male 

mating attempts until 30-60 hours after emergence28. The mosquitoes 

used in the first replicate of the HWE experiment were small seven-day-

old females, large 21-day-old MEX females, medium 21-day-old MEX 

males, and medium 9-day-old HWE males. The mosquitoes used in the 

first replicate of the virginity experiment were seven-day-old medium males and large females. 

Figure 1: Male MEX 

after eclosion 



Figure 2: Ae. aegypti mosquitoes in 

copula 

The mosquitoes used in the second and third replicate of the HWE and virginity experiments 

were medium males and females that were three days old in the HWE experiment and four days 

old in the virginity experiment.  

Mating Experiment: the effect of modified strains 

Ten MEX males and ten HWE males were placed in a 

5-liter bucket cage. A MEX female was introduced to the cage 

one at a time. The copulation start and end time in seconds 

was recorded with a stopwatch to determine the total 

copulation time. The time when the pair was oriented venter-

to-venter indicated the start of copulation (Figure 2), and 

either the male lowering his abdomen or the female lowering 

her legs28 signaled the end. Immediately after copulation, the 

copulating pair was aspirated out of the mating cage and transferred to 

a labeled test tube. The test tube was immersed in ice to cold-

anesthetize the pair. The eye color of the male was examined under a 

dissecting microscope; if the eye color was whitish-tan then it was 

identified as a HWE male (Figure 3). If the eye color was black then it 

was identified as a MEX male (Figure 4). The male eye color was 

recorded and a virgin male of that eye color was replaced in the bucket 

cage. Battery-powered HOBO data loggers (HOBO; Onset 

Corporation, Bourne, MA) were used to record temperature and 

humidity during experimental hours. Temperatures for all replicates 

ranged from 22.09-25.56˚C, and relative humidity (RH) ranged from 
Figure 4: MEX male 

Figure 3: HWE male 



35.1-47.8%. The mosquitoes in test tubes were frozen at -20˚C for 48 hours. Afterwards, their 

eye colors were confirmed and their right wings were removed and mounted onto a microscope 

slide. Using an Olympus application software DP2-BSW, the wings were measured as an 

estimate of body size29 (Figure 5). The remaining males in the mating bucket that had not mated 

were also frozen, and their eye colors were examined to confirm that a proper ratio of 

HWE:MEX had been in the bucket during the experiment for all three replicates.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mating Experiment: the effect of virginity 

Figure 5: Use of Olympus digital software to measure the length of mosquito wings as an estimate of body size.  



Preliminary mating had to be conducted to obtain twice-mated males. Twenty-five virgin 

MEX males were placed in a bucket with one virgin MEX or HWE female introduced at a time. 

Copulating pairs were removed and a virgin MEX male was replaced. Mated males were 

transferred to a bucket labeled “Mated 1x,” while mated females were transferred to a carton to 

be discarded. A virgin MEX or HWE female was then introduced into the bucket of once-mated 

males and copulating pairs were removed. Mated males were transferred to a carton labeled 

“Mated 2x.” Mated females were transferred to a carton to be discarded. These mated females 

could not be used again in the actual experiment, because once inseminated, any further 

copulations may not result in sperm transfer28. Males that have been mated twice were dusted 

with orange fluorescent powder. Twenty-five virgin MEX males were transferred to a carton and 

dusted with green fluorescent powder (Figure 6). To dust the mosquitoes, heat-dried fluorescent 

dust (Dayglo Color; Cleveland, 

Ohio) was used as previously 

described by Edman et al
30. 

Briefly, the florescent dust was 

placed in a syringe fitted with a 

large gauge needle, which was 

inserted through the bottom of 

the mosquito carton. The top of the carton (originally made of mesh) was covered with plastic to 

prevent escape of the dust into the surrounding air. After a few pumps of the syringe, the 

mosquitoes were adequately dusted. The carton was left to rest for five minutes. Ten mated 

(orange) and ten virgin (green) males were placed in a new bucket, with a virgin MEX female 

introduced one at a time. Copulating pairs were removed and the male dust color and copulation 

Figure 6: green-dusted mated mosquito 



time were recorded. A male of the same mating status was replaced. The males were frozen at -

20˚ C for 48 hours. Their dust colors were reconfirmed and their right wings were removed and 

mounted onto a microscope slide to be measured. The remaining males in the mating bucket that 

had not mated were also frozen, and their dust colors were examined to ensure that a proper ratio 

of mated:virgin males had been in the bucket during the experiment as described above. Females 

were transferred to individually labeled cartons with small oviposition cups lined with filter 

paper and filled with approximately 5 ml of water. Eggs from the females were collected and 

counted after oviposition was complete. 

 

Data analysis 

A two-tailed F test was conducted on data to determine if variances were significantly 

different.  A two-tailed student’s T test (for equal variances or two-sample unequal variance) was 

calculated to determine if the means were significantly different. In addition, means, standard 

errors, and sample sizes were calculated for egg production, wing sizes, and copulation times. 

 

Results: the effect of modified strains 

Raw data collected included the male phenotype, male and female wing sizes, and total 

time in copula. After freezing the mated mosquitoes for 48 hours, the male eye colors were 

reconfirmed to be all correct. Of 21 copulations in replicate one, seventeen females mated with 

HWE (81%), three copulated with MEX (14%), and one mating was unknown because two 

males of both phenotypes were captured in the aspirator after mating. Of 57 copulations in 

replicate two, thirty females mated with HWE (53%), twenty copulated with MEX (35%), and 

seven matings were unknown because they were lost before identification. Of forty copulations 



in replicate three, twenty-three females mated with HWE (58%), eleven females copulated with 

MEX (28%), and six matings 

were unknown because the male 

was lost before capturing in the 

aspirator, or two males were 

caught.  

Because body size can 

influence mating, sizes of males 

and females were estimated by 

measuring wing lengths. Male HWE had an average wing length of 2.39 mm (± 0.033 SEM) in 

replicate one, 2.41 mm (± 0.016 SEM) in replicate two, and 2.32 mm (± 0.02 SEM) in replicate 

three.  The average wing length for male MEX was 2.32 mm (± 0.13 SEM) in replicate one, 2.24 

mm (± 0.016 SEM) in replicate two, and 2.14 mm (± 0.019 SEM) in replicate three. Females that 

mated with HWE males had average wing lengths of 2.82 mm (± 0.11 SEM) in replicate one, 

2.85 mm (± 0.024 SEM) in replicate two, and 2.75 mm (± 0.018 SEM) in replicate three. 

Females that mated wild-type MEX males had an average wing length of 2.66 mm (± 1.66 SEM) 

in replicate one, 2.85 mm (± 0.036 SEM) in replicate two, 2.68 mm (± 0.032 SEM) in replicate 

three. The wing lengths of male HWE and MEX were not significantly different in replicate one 

(Student’s t-test with equal variances, p = 0.473). They were very highly significantly different 

in replicates two and three (Student’s t-test with equal variances, p < 0.001). The wing lengths of 

male HWE and their corresponding females were highly significantly different in replicate one 

and very highly significantly different in replicates two and three (unequal variance t-test for 

replicates one and two, equal variance test for replicate three, p < 0.01 for replicate one, p < 



0.001 for replicates two and three). The wing lengths of male MEX and their corresponding 

females were not significantly different in replicate one (Student’s t-test with equal variances, p 

= 0.18) but were significantly different in replicates two and three (unequal variance t-test for 

replicate two, equal variance t-test for replicate three, p < 0.001). There were no significant 

differences between females who mated with HWE versus those who mated with MEX 

(Student’s t-test with equal variances, p = 0.523, 0.962, and 0.07, respectively). 

Replicate one was conducted on July 17, 2009 from 9:30 AM-1:30 PM, with 

temperatures of 22.09-25.56˚C, and a relative humidity (RH) of 35.1-47.8%. Replicate two was 

conducted on July 26, 2009 from 10:40AM-11:40AM (23.24-24.01˚C, 42.3-42.4% RH), 

12:50PM-4PM (22.48-25.17˚C, 40.2-44.7% RH), and 4:50PM-8:35PM (24.79˚C, 40.1-41.5% 

RH). Replicate three was conducted on July 30, 2009 from 10:50AM-1:25PM (22.09-24.4˚C, 

38.5-44.4% RH) and 2PM-5:10PM (24.4-24.79˚C, 36.6-39.9% RH). This data is important to 

keep in mind when evaluating mating success, for it has been previously demonstrated that 

temperatures of 25-27˚C are optimal for Ae. aegypti mating and  Anopheles stephensi preferred 

higher relative humidities at temperatures below 30˚C31,32. The mean time spent in copulation for 

a female mating with HWE was 16.53 seconds (± 0.89 SEM) in replicate one, 19.45 seconds (± 

0.99 SEM) in replicate two, and 18.3 seconds (± 0.98 SEM) in replicate three. There is an 

apparent correlation between lower temperatures and longer copulation times. The mean time 

females spent in copulation with MEX was 19.67 seconds (± 2.33 SEM) in replicate one, 17.5 

seconds (± 1.13 SEM) in replicate two, and 15.7 seconds (± 0.62 SEM) in replicate three. It is 

interesting to note that replicate one had the lowest copulation time for HWE and the longest for 

MEX. These copulation times were not significantly different in the first two replicates 



(Student’s t-test with equal variances, p = 0.195 and 0.204, respectively). HWE took 

significantly longer to copulate in the third replicate (unequal variance t-test, p = 0.03).  

 

Results: the effect of virginity 

Raw data collected included the male virginity status, male wing size, female egg count, 

and copulation duration. After freezing the male mosquitoes for 48 hours, the male virginity 

statuses were confirmed to be all correct, distinguished by their florescent dust color. Of thirteen 

copulations in replicate one, four females mated with virgin males (31%), eight copulated with 

mated males (62%), and one mating was unknown because the pair copulated in flight and the 

male was lost. Of thirty-five copulations in replicate two, eleven females mated with virgin 

males (31%), twenty-three females copulated with mated males (66%), and one mating was 

unknown because the male was 

lost. Of twenty-one copulations in 

replicate three, sixteen females 

mated with virgin males (76%), 

four females copulated with mated 

males (19%), and one mating was 

unknown because the male was 

lost.  

Body sizes of males were estimated by measuring wing length. Four male wings from 

replicate two and two male wings from replicate three were not available for measurement 

because they were damaged or the mosquito had escaped. Male virgin mosquitoes had an 

average wing length of 2.395 mm (± 0.03 SEM) in replicate one, 2.263 mm (± 0.024 SEM) in 



replicate two, and 2.221 mm (± 0.03 SEM) in replicate three. Male mated mosquitoes had an 

average wing length of 2.386 mm (± 0.07 SEM) in replicate one, 2.226 mm (± 0.022 SEM) in 

replicate two, and 2.135 mm (± 0.014 SEM) in replicate three. The differences in wing sizes 

between mated and male mosquitoes were not significant in the first two replicates (Student’s t-

test with equal variances, p = 0.895 and 0.287, respectively). Virgin males were significantly 

larger than mated males in replicate three (unequal variance t-test, p = 0.014). 

Eight females from replicate two and nine females from replicate three escaped or did not 

blood feed. These females were excluded from the statistical analysis. One female from replicate 

one, two females from replicate two, and six females from replicate three did feed but laid no 

eggs. These females were included in the statistical analysis. Females who mated with virgin 

males laid an average of 73.375 (± 11.67 SEM) eggs in replicate one, 37.3 (± 9.02 SEM) in 

replicate two, and 17.7 (± 8.49 SEM) eggs in replicate three. Females who copulated with mated 

males laid an average of 43.5 (± 24.54 SEM) in replicate one, 41.059 (± 5.46 SEM)  in replicate 

two, and 11 (± 11 SEM) 

eggs in replicate three 

(Appendices 13-15). These 

egg counts were 

insignificant in all three 

replicates (equal variance t-

test, p = 0.33, 0.71, 0.75, 

respectively). 

Preliminary mating for replicate one was conducted on July 24, 2009 from 10AM-1PM 

(21.33-21.71˚C, 49.7-51.6% RH), 2PM-5:30PM (22.09-23.24˚C, 40.4-47.1% RH), and 7:40-



8:40PM (22.48˚C, 43.3% RH). The full experiment was conducted on the same day from 

9:40PM-11:30PM (22.86-24.4˚C, 40.6-44.9% RH). Preliminary mating for replicate two was 

conducted on July 27, 2009 from 10AM-2PM (24.4-24.79˚C, 37.9-40.1% RH) and the full 

experiment was conducted on the same day from 3:30PM-8:30PM (24.4-25.56˚C, 36.2-38.6% 

RH). Preliminary mating for replicate three was conducted on July 31, 2009 from 10AM-

1:15PM (23.63-24.01˚C, 41.2-42% RH) and the full experiment was conducted from 1:45PM-

6:30PM (24.4-25.17˚C, 37.4-38.7% RH). The mean time spent in copulation for a female mating 

with a virgin male was 18.25 seconds (± 1.35 SEM) in replicate one, 16.73 seconds (± 1.4 SEM) 

in replicate two, and 19.2 seconds (± 1.33 SEM) in replicate three, with the lowest mean 

copulation time corresponding to the highest temperature. The mean time females spent in 

copulation with mated males was 13.5 seconds (± 2.02 SEM) in replicate one, 16.35 seconds (± 

1.05 SEM) in replicate two, and 18.75 seconds (± 2.14 SEM) in replicate three. Similar to the 

results obtained in the first experiment, females mated the longest with virgin males in replicate 

one and the shortest with mated males in the same replicate. These copulation times were not 

significantly different (Student’s t-test with equal variances, p = 0.07, 0.83, and 0.88, 

respectively).  

 

Discussion 

One of the most significant results obtained from this experiment was the large difference 

between the proportion of MEX female matings with HWE and MEX. Consistently more 

females mated with HWE than with MEX males. It is possible that females were mating 

preferentially with HWE or that HWE were lab-adapted for mating in small cages since they 

have been in colony for years, whereas the MEX strain had been in colony for less than one year. 



In addition, HWE males were significantly larger than MEX males in replicates two and three. 

Larger males have greater fitness and may have greater capacity to mate, or females may 

preferentially mate with larger males31. However, data from replicate one of this experiment 

indicates that HWE males were not significantly larger yet still mated more frequently.  

Another result was the higher percentage of matings with mated rather than virgin males. 

Only in replicate three did more matings with virgin males occur, but virgin males in replicate 

three were significantly larger than the mated males. This result may be because already-mated 

males gained experience in accessing a female for copulation. In two out of three replicates, 

females that mated with virgins demonstrated better fitness, by laying more eggs.  

There were several shortcomings that occurred throughout the experiment that could be 

improved in future studies. A mutant strain was used instead of a transgenic strain, which is 

important to consider when evaluating results. This mutant strain was chosen because like 

transgenic mosquitoes, these mosquitoes are less fit that wild-type mosquitoes. The HWE strain 

is slightly blind (unpublished data). Other limitations include the fact that the replicates were not 

all conducted at the same temperatures, times, and relative humidities, which may have 

influenced the mating process. The mating conditions were not entirely natural; more males were 

kept in the mating bucket to increase the probability of copulation, and at times the experimenter 

shook the bucket to induce flying of the female, since males are attracted to the flight tone of the 

female19,28. Although mosquitoes naturally mate in flight, induced flight is unnatural. In the third 

replicate of the virginity experiment, there was a shortage of virgin male mosquitoes. As a result, 

an equivalent ratio of mated:virgin mosquitoes was kept in the bucket but at the expense of 

density. Beginning with the 14th mating, the mated:virgin ratio was 9:9, 8:8, 7:7, etc. until the 

last mating, which had a ratio 2:2.  



Some mosquitoes were lost in the process of transferring them. Several wings were not 

pulled off correctly and could not be measured. However, this is not a crucial limitation to the 

experiment because only a subset of wing measurements was needed since uniform cohorts were 

reared. Variation in body size of males was a factor. In replicate one of the HWE experiment, the 

males and females used were not of the same size, nor of the same age. These two factors affect 

mating success and amount of accessory gland fluid19,33-37. However, variation in female size is 

trivial to the results and the focus of this experiment was comparing the two male strains, not 

body size.  

This study has important implications for the use of transgenic mosquitoes to reduce the 

mosquito population’s ability to transmit diseases. Before releasing transgenic mosquitoes, it is 

crucial to understand their mating patterns, in order to determine how many mosquitoes should 

be released into the wild. In a sampling of eight countries, the estimated cost for dengue 

treatment, surveillance, and control is estimated to be over 1.8 billion international dollars38. By 

better understanding the amount of mosquitoes needed to be released for a successful transgene 

strategy based on mating, the economic efficiency of the control strategy could be increased. The 

fact that wild-type mosquitoes were extremely willing to mate with mutant mosquitoes is a 

positive indicator that transgenic mosquitoes also may be successful. The result that previously 

mated males had better chances of re-mating with mated males than virgin males was surprising 

and warrants further investigation. If more mated males mate with females, the females may 

produce fewer eggs if males become depleted over time.  

Future research should be conducted to replicate the experiments conducted herein.  In 

addition, experiments with  transgenic mosquito strains are warranted. Future research could also 

use transgenic mosquitoes that have been inbred through several generations, addressing the 



genetic effects of inbreeding as well as sibling mating success. In the virginity experiment, 

preliminary matings were carried out on the same day as the experiment. Future research could 

test the effect of time in between matings on male mating success.  
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