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  Courtship is the series of behaviors that fly pairs engage in before potentially mating. 

These behaviors play a huge role in the mating success between fly pairs and certain 

variables such as the courtship index is used to measure this relationship. This study will 

analyze the unblinded results of distinct fly pairs from different strains , specifically the 

Canton S. and Dahomey strains, after being isolated to test their mating success. The 

statistical data of the fly pairs’ courting and mating behaviors, which has been output from 

the Jupyter Python program, will be analyzed. Furthermore, the supporting tables and graph 

will be used to distinguish between significant differences of the two strains, and the 

possible reasons for these differences will be further discussed in the final section.  
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Courtship Behavior In Drosophila 

The Drosophila melanogaster, commonly known as the fruit fly, displays courtship 

behaviors before mating as an indication that a male fly wants to mate with a female fly. 

The courtship behaviors are a series of commonly displayed behaviors by the male 

Drosophila as a response to sensory inputs that will be discussed later on in the paper. The 

courtship behaviors displayed typically consist of  (a) orientation, (b) tapping, (c) wing 

vibration, (d) wing flicking, (e) wing waving, (f) wing waving, (g) wing semaphoring, (h) 

wing scissoring, (i) leg vibration, (j)leg rubbing, (k) circling, (l) licking, and (m) 

mounting.(Speith) 

       During orientation, the male fly raises its body and orients its body towards the 

female fly and begins to chase her as she moves. Typically, shaking of the wings and 

body occur simultaneously with orientation. The next behavior, tapping, includes lifting 

its foreleg, and knocking or hitting the female fly in series of short bursts as if to get her 

attention. This gesture enables the female fly to identify the sex of the fly courting her, 

specifically by sensing the female sex pheromones through the gustatory organs that are 

found on its sex combs of the foreleg. The wing vibration behavior is when the oriented 

male fly extends his wing towards the female’s head and vibrates it in a quick motion. 

Certain elements of the wing vibration can vary such as the “degree of extension, 

amplitude and speed of vibration, and angle of extended vane with respect to substrate 

i.e. horizontal tilted, vertical” (Spieth) The wing vibration are followed by the less 

important actions such as wing flicking, wing waving, semaphoring, and wing scissoring, 

Wing flicking consists of flicking a wing out and taking it back to the resting state while 

wing waving is the extension of a wing and waving it up and down. Wing semaphoring is 
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the repetition of flipping the wing outward then back to the resting position. Wing 

scissoring is the fast repetition of “both wings horizontally outward and back to the 

resting position.” (Spieth) 

            Leg vibration occurs at the rear end of the female fly and the male’s foreleg 

vibrates against the female’s abdomen. The leg rubbing follows leg vibration and is 

basically the rubbing of the forelegs against the sides. Next, circling is when the male fly 

faces the female fly and circles about her. The male fly can extend their proboscis to lick 

the female’s genitalia, which they may “lick intermittently and repeatedly or continuously 

for a prolonged period.” (Spieth). Mounting happens right before copulation with the 

male fly moving its head under the female’s spread wings and holding on to her body 

with its leg. This is followed by intromission, the act of mating. 

     While the processes discussed above describe courtship and mating in a successful 

scenario, there are many instances when the female fly may refuse to mate and reject the 

male. In these cases, the female fly may display certain behaviors to repel the male fly’s 

endeavors. According to Spieth, the female repelling behaviors include (a) decamping, 

(b) kicking, (c) fluttering wings, (d) abdomen elevation, (e) abdomen depression, and (f) 

extrusion. (Speith) The first behavior, decamping, is when the female fly avoids courting 

by running, flying or jumping. The fly can harshly kick its hind legs to hit the face of the 

male fly behind her. In the event of the male tapping the female fly, the female fly can 

flutter its wings rapidly to stop the courting behavior. To prevent the courtship behaviors 

of licking and leg vibration, the female fly can engage in abdomen elevation and 

abdomen depression. For abdomen elevation, this is raising the tip high above substrate 

and abdomen depression is described by depressing the “tip of abdomen and wing tips 
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against substrate.”(Spieth) In order for intromission to occur, the female fly must exhibit 

receptive behaviors such as wing spreading during mounting, genital spreading, and 

ovipositor extrusion. During mating, when mounting has successfully occurred, “the male 

and female stay still for 10 to 20 min. while the male ejaculates seminal fluid into the 

female.” (Ejima)  

   The courtship behaviors displayed by the male Drosophila are typically driven by 

sensory stimuli’s such as vision. When a male sees a female, he initiates orientation 

towards her and engages in wing shaking. When visual cues are not present, such as 

when it dark, the male fly should be able to find other cues to detect the presence of the 

female fly. These cues might include both olfaction and mechanosensation. When a male 

fly senses the female sex pheromones with the gustatory organs on his foreleg, it is able 

to initiate other courtship behaviors. 

Factors that affect courtship behavior and reproductive success 

   The courtship behaviors of fruit flies can be analyzed using multiple parameters such as 

the courtship index (CI), wing extension index (WEI), courtship latency, wing vibration 

latency, copulation latency, and mating success. The courtship index(CI) represents the 

courtship enthusiasm that male displays, specifically measured as the “total duration of 

the male’s performance of any steps of courtship and calculated as a fraction of the 

observation period (i.e. 10 min or until copulation is achieved).”(Ejima) According to 

Ejima, when the courtship levels are observed, it is evident that the results are sensitive to 

experimental conditions. Specifically, the CI for the wild type male (Canton S) was 

relatively low at 0.3 during dark conditions and higher at 0.9 in bright conditions. The 
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next measurement, the wing extension index is also known as the wing vibration index 

(WEI) and it is measuring the total duration of the wing vibration. It is a more specific 

subset of the courtship index in that it only focuses on the wing vibration during the 

overall courting phase. The courtship latency is defined as the “time lag before 

performance of the first courtship behavior (orientation) after pairing” (Ejima) This could 

be either to a female fly avoiding or rejecting the behaviors displayed by the male fly. 

Certain factors such as the arena size and the light conditions affect the courtship latency 

results. As the size of the chamber increase and the light intensity decreases, the more 

time it takes a male to find the female fly and initiate courtship. The wing vibration 

latency, however, describes the time lag before wing vibration occurs. 

     Another measurement, copulation latency is, “the time lag before successful mounting 

after pairing” and is comparable to mating success, a parameter that “can be measured as 

the number of pairs that achieved successful copulation during a certain period (e.g. 30 

min).”  (Ejima) As stated in the analysis, a measure of mating success is with a deaf 

mutant, beethoven, that yields a bad courtship song, resulting in a normal CI but 

unsuccessful mating. Further in depth analysis of the various courtship relationships are 

detailed in Table 1, and images of the key courting behaviors (orientaion, tapping, 

singing, licking, and attempted copulation) are displayed in Figure 1. 
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Table 1: Specific Descriptions of Courting Behaviors in Drosophila flies 

Adapted from “Courtship behavior in Drosophila” by Herman T. Speith 
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Figure 1: Images of Main Courtship Behaviors and Copulation 

 

The Internal Biological Features That Affect Fly Courtship and Mating 

et al, “Control of Male Sexual Behavior in Drosophila by the Sex Determination 

Pathway”, the relationship between single genes and innate behaviors are explored by 

looking at the Drosophila melanogaster. They analyze how “genes of the sex 

determination pathway in Drosophila orchestrate the developmental events necessary for 

sex-specific behaviors and physiology” (Ejima). Innate behaviors are genetically 

inherited and is demonstrated in male fruit flies when they display courtship behavior. 

They were able to make this conclusion after wildtype males also displayed all courtship 

behaviors even after being raised in isolation. It is further explained that while courtship 

behaviotrs are innate traits that Drosophila male flies are born with, it is important to note 
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that the levels of courtship are varied based on the prior experience that fly has with a 

female. This is referred to as courtship conditioning.  

    Furthermore, when the genes of a male Drosophila fly were studied, it was established 

that the fru gene is responsible for the male sexual behavior. Specifically, the male 

courtship behavior is regulated by the pleiotropic fru gene. The transcripts from the “most 

distal fru promoter are specifically spliced under the control of Tra.”i (Billeter) The fru 

isoforms, called FruM are translated in the male flies only and is “expressed in 2% of the 

central nervous system. Moreover, the fur gene can control the phenotypes by “spatially 

and temporally” (Billeter) controlling the expression of a single isoform of the fru gene or 

a combination of the isoforms. Typically fur mutant may still allow copulation to occur, 

however, these mutants will not be able to transfer sperm and seminal fluids. It is also 

noted that the female flies with FruM expressed exhibit the first few/early steps of 

courting such as “initiation, orientation, following, and wing extension” (Billeter), 

however, they cannot progress to the later steps of licking and copulation. It is still 

unclear whether or not female flies are able to produce courtship song. Moreover, male 

flies that do not have FruM lack sexual interest towards females but do exhibit courtship 

behaviors when grouped with mutant males. 

 Before the male Drosophila initiates the courtship behaviors, it must decide the 

appropriate response for the certain sensory cues.  Hence, “once triggered, courtship is 

not a rigid sequence of motor actions, but rather a finely tuned behavioral display that 

must continually update in response to sensory feedback.” (Rings) The specific sensory 

cue, vision has become more emphasized as it important for feedback for “or precisely 

controlled motor outputs, such as visual tracking and modulation of courtship song.” 
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(Rings) When analyzed specifically, the class of fru+ responsible for visual projection, 

lobular columnar 10 (LC10) has been shown to regulate the visual aspects of courtship 

behavior. In an experimental setting, the LC10 neurons were artificially inactivated, and 

the males behaved like blind flies and can no longer find the female fly to direct courting 

behavior towards, however it was very much still able to perform other visual tests that 

are not related to courtship behaviors. Because LC10 have also been found in female flies 

and also display the same anatomy, it is implied that both “male and female flies detect 

the same visual signals but process them differently to produce distinct behavioral 

responses.” (Rings) 

     Furthermore, there has been more evidence that there is more to courtship than the 

sensory input integration as it also depends on the male fly’s internal state. Even though it 

is known that male mating drive is typically driven by the number of successful mating 

with females, other drives related to the male’s internal states can affect the mating drive. 

One of these factors is the sleep drive as sleep deprivation has been shown to reduce 

courtship behavior, and “conversely, a strong courtship drive was found to reduce sleep, 

even in sleep-deprived males.”(Rings) A cluster of clock neurons, DN1 contributes to the 

circadian rhythmicity of male sex drive and, P1 neuronal activation suppresses sleep in 

flies.  Additionally, there has been shown to be a link between aggression and courtship 

levels. An increased aggression arousal state can take over the drive to court and can 

heighten the decision to fight instead of court. The aggression drive/levels are partly 

innate and like mating can depend on previous aggression. 
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Social Behavior in Drosophila Flies 

Social behavior studies in flies typically serves important purposes such as analyzing the 

neuropsychiatric disorders with abnormal social interactions like autism in humans.  Just 

as normal social interaction is strongly correlated to longevity in humans, it is evident in 

flies with the “fly merging as a powerful model for identifying the basic molecular 

mechanisms underlying neurological and neuropsychiatric disorder.” (Brenman-Suttner). 

In a social setting,  Drosophila flies form groups on food and oviposition that can be “ 

modulated by the distribution of environmental resources, genetic determinants that 

determine the degree of resource exploitation versus exploration/foraging (Sokolowski, 

2010), and social mechanisms.”(Ramdya). An example of this feature is that adult males 

may engage in emitting pheromones that attract females to food. Additionally, the 

Drosophila melanogaster has been a primary model in identifying the cellular and 

molecular functions of human autism-associated genes. This is because there is a gene in 

flies, FMR1, that serves as a homolog to the FMR1 gene in humans and is  responsible 

for “fragile X syndrome” Often times the best way to analyze the effect of socially 

abnormal flies compared to those that are not is to develop assays that test the behaviors 

who have been housed in groups compared to those housed in isolation. To study the 

effects of such an assay, researchers may focus on the effects on circadian rhythms, sleep, 

courtship and aggression.  The autistic related characteristic in flies many include 

“reduced tendency to associate with one another compared with controls, and extensive 

grooming behaviors that may affect mating.  

 

 

https://jeb.biologists.org/content/220/1/35#ref-75
https://jeb.biologists.org/content/220/1/35#ref-75
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Specific Aims 

The Ja lab at Scripps Research focuses on fly behaviors, analyzing the outcomes of 

genetic manipulation and lifestyle changes of the Drosophila melanogaster and how it 

serves as a model for human disease and drug recovery. Some of these behaviors studied 

include the relationships between Drosophila and microorganisms, the genetic pathways 

involved with aging and nutrition, and the short term and long-term food consumption of 

flies. For the purpose of this study, however, we analyzed fly mating and how it affects 

their sleep in the short-run and their lifestyle in the long-run. Specifically, we analyzed 

the effect of sleep loss on flies’ lifespan when unsuccessful mating occurred during the 

nighttime. 

 

Methods 

 In our study of social behavior in flies and how it affects sleeping and aging, we worked 

with the genetic bottleneck fly strains, the Canton S and Dahomey flies. Specifically, the 

Dahomey flies originated from present day Benin in Africa and the Canton S wild flies 

originated from Canton, Ohio. When male Dahomey flies were grouped together, the 

males displayed courtship behaviors in the nighttime and due to the fact that only males 

were present, they experienced unsuccessful mating. In an attempt to successfully mate, 

the Dahomey flies would spend a prolonged amount of time executing courtship 

behaviors and would spend less time sleeping. Based on previous research on sleeping 

and longevity, as will be further discussed below, sleep deprivation in flies is strongly 

correlated with fly longevity. Due to their short life span, flies serve as effective models 

for studying the correlation between sleep deprivation and longevity. To effectively 
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analyze if the male Dahomey flies were capable of successful mating with a female 

counterpart in the daytime, and were most likely failing in the nighttime due to their 

reduced vision, we put a male and female fly pair in a chamber for 48 hrs.  This was 

executed as follows: 

• A mating behavioral assay is created by placing a male and female fly pair of 

various species, Canton S., Dahomey and Drosophila melanogaster in chambers. 

The fly pairs where left in the chambers for a total time interval of 48hrs. and 

were left to initiate courting and mating 

• The interval each pair spent together was recorded and put in a video frame of 

4500 on MATLIB as seen in Figure 2. The videos were scored for time durations 

where courting behaviors occurred, and durations were the fly pairs were mating. 

All scoring was performed in a blinded fashion, with the fly species unknown to 

the scorer. This was to create reduced bias of what was deciphered as 

courting/mating behaviors by the scorer. 

• Using the Jupyter python coding program, I was able to create a code that would 

load the time stamps of every action into a data frame and calculate the duration 

each fly pair spent conducting each action. I created a loop that allowed for the 

computer to recognize each unique fly pair and calculate the percentage of time 

each pair spends courting, mating and being idle. The statistical analysis of the 

total percentages courting and mating values were computed for the first 7 pairs. 

A boxplot of all the 7 fly pairs values were graphed and a separate pie chart for 

each fly’s action was computed and graphed. This analysis was computed while 

the data was still blinded, however when the results are unblinded and videos are 
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scored in the future, predictions of the species can be made off of how related the 

data is to the pie charts. Additionally, certain aspect of the boxplot as seen in 

Figure -, show that there is more variability in the time spent courting compared 

to that of mating.  

 

 

Figure 2: Video of fly pair in the Chamber (Mating Behavioral Assay) 

 

 

 



 
 

 
 

13 

Results 

After all 49 videos of the fly pairs are scored and analyzed, the program was ran again to 

recompute the statistical tables and print out the new box plots and pie charts for each fly 

pair. With all the videos scored, a better assessment of existing outliers and the average 

amount of time typically spent courting and mating was assessed. The larger population 

of fly pairs scored allowed for trends to be identified and predictions to be made about 

which fly pairs were the same species. Moreover, when compared to the original sample 

size of 7 fly pairs, the larger sample size gave a clearer depiction of how much time flies 

spent conducting each behavior overall. Hence, there was less variability in the larger 

data set. The following data tables and figures include the information after the larger 

sample size was included in the program. 

  

 Table 2: Statistical Data of Time Spent Courting and Mating for first 7 Fly 

Pairs 
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Table 3: Total Summation of Time Spent Courting and Mating for Each Fly Pair 

 

 

 

Table 4:  Statistical Data of Time Spent Courting and Mating for first 49 Fly Pairs 
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Figure 3:  Output of the Calculated Average Percent of Time Spent Conducting 

Each Behavior 
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Table 5:  Total Summation of Time Spent Courting and Mating for 49 Fly Pairs 

 



 
 

 
 

18 

 

Figure 4:  Box Plot of Percentage of Time Spent Courting & Mating 

 

 

 

Sample data of percentage of time courting and mating 

  
 

Figure 5: Sample Pie Chart of a Fly Pair 

 

 

 

 

Blue: Percentage Mating 

 

Orange: Percentage Courting 
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    For the purpose of comparison, there will be a sole emphasis on the percentages of 

time spent courting each other, rather than the total courting and total mating.  As is 

shown in Table 4, the mean percent of time spent courting by all flies was 58.566%, 

which was higher than the 53.219% from the original sample size. In Table 4, the mean 

percentage of time spent mating was 14.89%, while in Table 2, the mean percentage was 

33.62%.  In contrast, the percentage was lower in the second larger sample of the flies 

which gave a clearer depiction of how much time the flies actually spent mating. This 

typically highlights the fact that there was an outlier making the mating time seem 

drastically higher than what it really is. As seen in Table 5, such data points may have 

included fly pair 3, where the percentage pf time spent mating was 72%, fly pair #5 

which was 95%, and fly pair #6, which was 66%. For many of the other fly pairs in the 

original sample size, the percentage of time spent mating was around 0%. Hence, these 

outliers greatly skewed the statistical data made available in the Table 2.  

 Moreover, when analyzing the variability in the first sample size compared to the second 

sample size, it is important to look at the quartiles recorded in Tables 2 and 4, and the 

boxplots depicted in Figure 4. The interquartile are useful in assessing the outliers 

compared to the central values and basically highlights the variability of the data. 

Furthermore, the min and max rows of the data tables also indicate variability in the data 

set as they show outliers in both directions, high and low. A comparison between the 

initial data set and the latter one show that there was more variability with the larger 

population of flies.  

         Figure 4 shows the boxplot representing the mating and courting behavior patterns 

that were seen in all flies, There was a roughly equal distribution of data in the courting 
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boxplot as the mean lies roughly above 50%,  and the outliers rage from 0% to slightly 

below 100%. The mating boxplot was less equally distributed with a clear outlier lying 

close to 100% and most of the data skewed towards the bottom of the graph; the mean 

was around 70%. A full breakdown of all the data points from each data set can be found 

in Tables 3 and 5. Furthermore, in Figure 5  a depiction of a pie chart for one of the fly 

pairs gives a clearer visual of the percent of time spent conducting each behavior. Though 

not pictured, a pie chart was printed for each fly pair in the Jupyter Python program. Even 

though the box plots show the variability in the data set, it is likely that most of the fly 

pairs that resist mating and even courting are from the same species. Likewise, the fly 

pairs that exhibited mostly mating and persistent courting may have been from the 

species. Because the graphs and tables were printed before the results were unblinded, the 

fly pairs weren’t able to be categorized into strains they belonged to or named 

accordingly in the pie charts. 

  

Table 6: Unblinded Results of the Scored Data Files 
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Unblinded Results 

      After all the videos were scored and the data was input into the program to run the 

statistical analysis, the results were unblinded. Due to limited access to all the unblinded 

results, I was unable to reveal the fly strain of each pair. However, if similar trends 

reoccurred across flies of the same species, there might be the chance that a fly pair that 

wasn’t unblinded but displayed similar patterns falls under that specific strain. As seen in 

Table 6, the file names of the fly pair marked in red corresponded to the Dahomey 

species. The names marked in black corresponded to the Canton S species.  

A proper re-assessment of the tables and the pie-charts that corresponded to the fly pairs 

marked as Canton S and Dahomey strains were done to search for frequent patterns. 

Specifically, patterns were looked for in the percentage of time spent courting and the 

percentage of time spent mating. Results showed that the Dahomey flies were less likely 

to mate that the Canton S flies. In the unblinded results of the Dahomey flies, 14 out of 

the 17 fly pairs spent 0% of time mating. The fly pairs that had anything higher than that 

included fly pair 0 which spent 0.062% mating, fly pair 31,which had 10.9955% mating 

and the highest outlier, fly pair 37 which spent 48% of time mating. On the other hand, 

the Dahomey flies showed a high percentage of time spent courting with 15 pairs out of 

the 17 pairs spending above 70% of time courting. The few outliers include fly pair 7 

which spent 15% of time courting and fly pair 37 which spent 36% of time courting. In 

fly pair 7, because the mating time percentage was 0% and the courting time was 15%, it 

is evident that the flies exhibited minimal interaction with each other. 
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     The Canton S flies spent more time successfully mating with their counterpart, with 

most of them (9 pairs out of 14 pairs) spending above 50% of time mating. The other 5 

pairs of flies, drastically, spent 0% of time mating. The highest amount of time spent 

mating was 97.22%. Looking at the Canton S flies courting behavior, most of the fly 

pairs spent very little time courting as they were likely to mate pretty quickly. All the 

flies that mated spent less than 30% courting, while those that did not mate, specifically 5 

fly pairs, spent above 70% of their time courting. The most time spent courting was 

89.15% while the least amount of time was 2.8%.  While the trends in both species are 

apparent through the data and statistical information, the real question is what are the 

reasons for these differences in species? And what causes unsuccessful mating? These 

questions will be addressed in the following section.                                                                

 

Discussion & Conclusion 

   As was mentioned earlier in the Unblinded Results section, the Canton S exhibited a 

higher success rate of mating and mated quickly, spending very little time courting. The 

Dahomey flies however were not as successful when mating as many of them rarely made 

it past courtship. The few that did, spent very little time mating. With all other factors 

held constant during the experiment, the most plausible explanation for the different 

outcomes, may be differences in the strains. 

       In research that has been conducted in the past by University of Washington 

researchers showed that Canton S male flies display transitivity when selecting a mating 

partner. This means that that the flies had a clear ranking of preference when isolated 

with several female flies. In this case, each fly pair was isolated, hence, if Canton S male 
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flies did not want to mate with the other fly, they showed little to no interest. This 

explains the very little percentage spent courting in the cases where the flies did not mate. 

Moreover, it explains why the flies who mated began mating rather quickly as the Canton 

S flies are quick to respond to the visual, chemical and behavioral cues that the female 

counterpart gives them. The researchers found that flies that were more likely to mate had 

a higher secretion of chemicals known as cuticular hydrocarbons or CHCs. This was 

especially true among flies from the same strains as there is an inherent desire to produce 

the next generation. Typically, when two flies do not mate, it is due to the high levels of 

two particular CHCs that act as repellant signals. While this is more prominent in flies 

trying to mate from differing strains, there is a possibility that this is what occurred 

among the few Canton S fly pairs that refused to mate and a majority of the Dahomey 

flies. 

   As stated earlier in the paper, the male Dahomey flies when grouped in a social setting, 

they attempted mating with other male flies. After conducting the experiment and scoring 

the videos, it is clear that even in a female and male setting, the Dahomey flies have low 

success when mating. These flies spent a lot of time courting that if the courtship index 

were to have been calculated, it would have probably been high. This is because many of 

the courting behaviors are initiated by the male fly. Hence, the long durations of courting 

were due to the male’s sexual enthusiasm towards the female. Furthermore, the lack of 

mating was most likely due to rejection from the female flies. As mentioned earlier, the 

release of certain CHCs should indicate that the female does not want to mate. If in a 

given pair, the female released such pheromones and the male did not detect it but 

continued to make advances, there could potentially be an abnormality in the specific 
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strain of Dahomey flies in the lab. This could serve as a further explanation as to why the 

Dahomey flies were not able to detect that the flies they were aiming to court with were 

males and were not releasing the correct pheromones to mate.  

  A future repeat of this test should be done at the same lab with a different population of 

the Dahomey flies in order to eliminate any confounding variablesii that affected the 

current Dahomey flies used. Moreover, to confirm that the Canton S are capable of 

responding to the correct signals, the males should also be housed in a group setting and 

tested to see if they will also exhibit mating behaviors.iiiivvviviiviii 
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