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Abstract  20 

Given the non-trivial cost of reproduction for males and substantial variation in female 21 

quality, males have been predicted to show mating bias as an evolved strategy. Using a large 22 

outbred population of Drosophila melanogaster, we test this prediction and show that males 23 

may adaptively bias their mating effort in response to the infection status of females. Given a 24 

simultaneous choice between females infected with pathogenic bacteria and sham infected 25 

females, males preferentially mated with the latter, who had a higher reproductive output 26 

compared to infected females. This may provide evidence for pre-copulatory male mate 27 

choice. Assessment of the reproductive behaviour ensured that the observed pattern of mating 28 

bias was not due to differences in receptivity between females infected with pathogenic 29 

bacteria and sham infected females. Further, there was no evidence for post-copulatory male 30 

mate choice measured in terms of copulation duration.  31 

Keywords: Copulation duration, Female receptivity, Male mate choice, Reproductive output, 32 

Serratia marcescens. 33 
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1. Introduction 44 

Theory predicts that males will be less discriminating towards their mates because of lower 45 

investment in reproduction (Bateman, 1948; Trivers, 1972). However, several studies suggest 46 

that males can incur non-trivial costs of reproduction (Dewsbury, 1982; Andersson, 1994; 47 

Gems and Riddle, 1996; Galvani and Johnstone, 1998; Judge and Brooks, 2001; Kotiaho and 48 

Simmons, 2003; Martin and Hosken, 2004; Perez-Staples and Aluja, 2006; Byrne and Rice 49 

2006; Friberg, 2006, Burton-Chellew et al., 2007; Long et al., 2009; Papadopoulos et al., 50 

2010; Edward and Chapman, 2011; Nandy et al., 2012; Wegener et al., 2013). For males that 51 

contribute significantly to parental care or provide nuptial gift, costs of reproduction can be 52 

significantly large. In a polygynous species like Drosophila melanogaster, where there is no 53 

parental care involved or exchange of nuptial gifts, cost of reproduction can still be high due 54 

to high costs of ejaculate production and courtship related behaviour (Lefevre and Johnson, 55 

1962; Partridge and Farquhar, 1981; Gromko et al., 1984; Cordts and Partridge, 1996; 56 

Edward and Chapman, 2011; Nandy et al., 2012). Further, if the cost of reproduction in males 57 

is sufficiently high and variation in female quality is substantial, male mate choice is likely to 58 

evolve as an adaptive strategy (Trivers, 1972; Bonduriansky, 2001; Edward and Chapman, 59 

2011). Accordingly, mating effort and sperm investment of males are often biased towards 60 

females of higher quality (Bonduriansky and Brooks, 1998; Gage and Barnard, 1996; Katvala 61 

and Kaitala, 2001; Pitafi et al., 1995; Wedell and Cook, 1999). Some recent studies 62 

manipulated female quality in D. melanogaster and assessed the ability of males to show 63 

adaptive mate choice. In one set of studies, when offered a choice, males of D. melanogaster 64 

preferentially mated with larger, more fecund females compared to smaller, less fecund 65 

females (Byrne and Rice, 2006; Long et al., 2009; Edward and Chapman, 2011). Nandy et al. 66 

(2012) generated female quality variation in D. melanogaster by manipulating age and 67 

nutrition status of females and found that males preferentially mated with high fitness 68 
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females. More interestingly, the degree of male mate choice was positively correlated with 69 

the variance in female fitness (Nandy et al., 2012). Thus in fruit flies, males seem to be 70 

sensitive to signals of female quality variation and adaptively bias their reproductive efforts.  71 

One of the most important determinants of an individual's quality is its parasitic load 72 

(Hamilton and Zuk, 1982; Mckean et al., 2008). In a previous study, it was shown that 73 

infecting D. melanogaster with pathogenic bacteria, Serratia marcescens resulted in 74 

decreased reproductive output of females while male reproductive fitness remained 75 

unaffected (Imroze and Prasad, 2011).  Hence, it is possible that Drosophila males bias their 76 

mating or show cryptic choice based on the infection status of the females. However, these 77 

possibilities have rarely been addressed to date (but see Sullivan and Jaenike, 2006). 78 

In the present study, we address this issue using a population of Drosophila melanogaster 79 

that harbours substantial genetic variation as the host and a gram negative bacterium, Serratia 80 

marcescens as the pathogen. We created males and females of three different infection 81 

statuses (infected, sham infected and non-infected/ unhandled controls).  We combined them 82 

factorially and assessed their reproductive output and reproductive behaviour. We measured 83 

mating latency (ML) as an indicator of female receptivity to mate and copulation duration 84 

(CD) as an indicator of male ejaculate investment and post-copulatory cryptic male mate 85 

choice (Friberg, 2006; Bretman et al., 2009; Nandy and Prasad, 2010; Nandy et al., 2012). 86 

We then examined whether males bias their mating when offered a simultaneous two way 87 

choice between infected and sham infected females.  88 

 89 

 90 

 91 



  

5 

 

2. Materials and methods 92 

2.1 Fly maintenance 93 

We used a laboratory population of Drosophila melanogaster (called LH) that harbours 94 

considerable amount of genetic variation for this study (Chippindale and Rice, 2001). Larry 95 

Harshman founded this population with 400 wild caught inseminated females from central 96 

California in 1991 and since then it has been maintained as a laboratory population with an 97 

effective population size of >5000. Flies are maintained on a 14-day discrete generation 98 

cycle, at 25◦C, 50% RH and 12:12 h light: dark cycle on cornmeal–molasses diet. Flies are 99 

cultured in vials (9.5cm height × 2.5cm diameter) with standard cornmeal-molasses food 100 

medium. Each generation, approximately 150 eggs are cultured per vial with 8-10 ml of food. 101 

A total of 60 such vials are set up. After 12 days when almost all flies have eclosed, adults 102 

from different vials are mixed and redistributed into 60 fresh food vials at a density of 16 103 

pairs (16 males and 16 females) per vial. In addition to standard cornmeal-molasses food 104 

medium (identical to the one that the larvae fed on), these vials are provided with a limiting 105 

quantity of live yeast supplement. After two days of interaction, the flies are transferred to 106 

fresh food vials and allowed to oviposit for 18 hours, following which the adult flies are 107 

discarded. Egg density in these oviposition vials is then adjusted to ~150 per vial to start the 108 

next generation.  109 

2.2 Generation of experimental males and females 110 

To generate all experimental males and females, eggs were collected from adult flies of the 111 

stock population (LH) and dispensed into vials (9.5 cm height × 2.5cm diameter) containing 112 

8-10 ml of cornmeal-molasses food at the  density of ~150 per vial. The vials were incubated 113 

at 25◦C, 50% RH and 12:12 h light: dark cycle. During peak eclosion (10th day post egg 114 
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collection) males and females were collected as very young virgins (<4 hrs post eclosion). 115 

Virgin flies were then housed for 2 days at a density of 10 per vial in single sex groups for the 116 

experiments described below.  117 

2.3 Micro-organism and infection protocol  118 

The strain of bacteria used for all the experiments was S. marcescens ATCC 13880 (Lazzaro 119 

et al., 2006). It is a pathogen that has a wide range of hosts. It has also been isolated from 120 

Drosophila (Flyg et al., 1980; Flyg and Xanthopoulas, 1983; Cox and Gilmore, 2007). 121 

Consequently, several studies of evolutionary ecology of immune response have used S. 122 

marcescens as a model bacterial pathogen (Lazzaro et al., 2004; Lazzaro et al., 2006; Khan 123 

and Prasad, 2013). 124 

On the evening before infection, we inoculated a fresh bacterial culture in Luria Broth and 125 

allowed it to grow overnight at 37°C to OD 1.0. We then centrifuged the resulting population 126 

of bacteria and made it into slurry. Experimental flies (see section 2.2) under light CO2 127 

anaesthesia were infected by pricking at the lateral side of the thorax with a 0.1 mm minutien 128 

pin (Fine Science Tools, Foster City, CA) dipped into the bacterial slurry. For sham infection, 129 

we pricked the flies with a pin dipped in Drosophila Ringer solution (McKean and Nunney, 130 

2001).  131 

2.4 Assay for reproductive behaviour and reproductive output  132 

On day 2 post eclosion, the vials (containing virgin males and females, see section 2.2) were 133 

randomly divided into 3 groups. Flies in the first group of vials were subjected to infection 134 

with live bacteria (I), flies from the second group of vials were subjected to sham infection 135 

(SI) and flies from the third group of vials were used as non-infected (un-handled) controls 136 
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(NI). Following the treatment (infection/ sham-infection), flies were held for one day in 137 

single sex groups of 5 per vial. 138 

On day 3 post eclosion, we constituted mating vials in an orthogonal 3 male types ×3 female 139 

types design. Five females of given treatment type (i.e., I or SI or NI) were combined with 140 

five males of given treatment type (i.e., I or SI or NI) in a fresh food vial without using 141 

anaesthesia and were allowed to interact for 45 minutes. Since in this experiment, the males 142 

in a vial were combined with only one type of female (i.e., the males could not choose 143 

between different types of females), we call this condition as ‘no-choice’ condition. Females 144 

were then separated (under light CO2 anaesthesia) and transferred individually into test tubes 145 

(12mm × 75mm) containing corn meal-molasses medium (one female per test tube) to 146 

oviposit for 18 hours. Following this, females were discarded and test tubes were incubated at 147 

25˚C. The number of progeny emerging from each test tube was counted 13 days later and 148 

averaged across the number of females that produced progeny from each vial to obtain a vial 149 

mean of reproductive output. We also calculated “Mating success” for each vial by taking the 150 

ratio of the females that produced progeny (and hence were mated) to the total number of 151 

females present in each vial. This yields a measure of the proportion of females that were 152 

inseminated within 45 minutes under “no-choice” condition within each vial (Nandy et al., 153 

2012). The 45 minutes interaction time between males and females ensures single mating in 154 

our fly system and has already been standardised as a protocol (Nandy et al., 2012). During 155 

the interaction time, mating behaviour of the flies was closely observed at 25˚C under 156 

uniform overhead illumination. In each of the vials, we recorded the number of mating pairs 157 

over time which gave start and end time of copulation. Observations were continued till all 158 

mating pairs disengaged (this meant that for a small number of pairs, the observation 159 

continued beyond the 45 minute window). Using this data, we calculated the mean time to 160 
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begin copulation and the mean time to end of copulation for each vial (Nandy et al., 2012). 161 

Mean time to begin copulation gave us the mating latency (ML). The difference between the 162 

two values yielded the copulation duration (CD). Therefore, from each vial we obtained one 163 

value of ML and CD. Previous studies using LH population and its derivatives have followed 164 

similar protocol to determine ML and CD and this protocol has been standardised for our 165 

experimental system (Nandy and Prasad, 2011; Nandy et al., 2012).  166 

The assay for reproductive behaviour (ML and CD) and reproductive output were repeated 167 

twice in two independent replicate experiments. In replicate experiment 1, we had 8-9 168 

replicate vials per mating combination while in replicate experiment 2, we had 4-5 replicate 169 

vials per mating combination. In replicate experiment 1, due to an experimental error, food in 170 

some of the test tubes dried up. Hence, we could not get reproductive output data from the 171 

corresponding vials. The details of the exact number of replicate vials used in each of the 172 

replicate experiments have been provided in Table S2. 173 

2.5 Assay for male mating bias 174 

The experimental protocol to detect male mating bias was designed after those of earlier 175 

studies (Byrne and Rice, 2006; Nandy et al., 2012).  Experimental males and females were 176 

collected as described above in section 2.2 and virgin flies were housed at a density of 10 per 177 

vial in single sex groups. On day 2 post eclosion, females were randomly divided into two 178 

groups. The females in the first group were subjected to bacterial infection (I) while those in 179 

the second group were subjected to sham infection (SI). They were then held in single sex 180 

groups of 10 individuals for one more day after which they were combined with males to 181 

assess male mating bias. The males used in this experiment did not receive any treatment and 182 

hence remained ‘unhandled’ till they were combined with females. 183 
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On day 3 post eclosion, we tested for male mating bias. In a fresh food vial, we combined 10 184 

infected females and 10 sham-infected females with 10 unhandled males without using 185 

anaesthesia. The two types of females in the vial were identified by colouring their abdomen. 186 

This was done by feeding the females with dietary yeast suspension (7mg yeast/ 100µl) 187 

combined with commercially available non-toxic food colours (green and red) for 3 hours 188 

prior to the beginning of the mating bias experiment on day 3 post-eclosion. Further, we 189 

replicated the experiments with reciprocal colouring of females to eliminate the effect of 190 

abdomen-colours on mating bias. After combining the two types of females with males, the 191 

vials were left undisturbed for 45 minutes. This protocol has been standardised in our 192 

laboratory for our fly system and ensures a single mating per fly. Following this, mating was 193 

stopped by mechanically disturbing the vials and females were separated under mild CO2 194 

anaesthesia. Females were then transferred individually to test tubes (12 mm × 75 mm) 195 

containing corn meal-molasses medium to lay eggs for 48 hours, after which they were 196 

discarded. The test tubes were then incubated at 25oC and after 4 days they were examined 197 

under a dissecting microscope to determine the presence of larvae (Byrne and Rice, 2006; 198 

Nandy et al., 2012). If an oviposition tube contained larvae, then the resident female was 199 

scored as ‘mated’ and in those with no larvae, the resident female was scored as ‘unmated’ 200 

(Nandy et al., 2012). Therefore, from each vial we obtained the numbers of infected and 201 

sham infected females that mated. In each vial, a mating bias score was calculated by taking 202 

the ratio of the number of infected females mated to the total number of females mated. 203 

The experiment was performed during the light phase of 12:12 LD cycle of flies at 25oC 204 

under uniform overhead illumination. Male mating bias experiment was repeated four times 205 

in four independent replicate experiments. Within each replicate experiment, two sets of 206 
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female body colour combination (red: infected vs. green: sham infected and vice versa) were 207 

handled and each of these sets was composed of three replicate vials. 208 

2.6 Data analysis 209 

To assay the reproductive behaviour and reproductive output, we first, analysed the data with 210 

three factor mixed model ANOVA with treatments as the fixed factors crossed with replicate 211 

experiments. However, to account for the fact that the two replicate experiments had different 212 

sample sizes and which might lead to complications of unbalanced ANOVA, we further 213 

analysed data from each replicate experiment separately using a two-factor ANOVA treating 214 

male and female infection status as fixed factors.  215 

We used a Wilcoxon rank sum test to analyse the mating success of females of  all three types 216 

within each replicate experiment since this data was not normally distributed (verified by 217 

Goodness -of- fit test by Shapiro-Wilk W test). 218 

While assessing male mating bias, in each vial, mating bias scores were calculated by taking 219 

the ratio of the number of infected females mated to the total females mated. If there is no 220 

mating bias, then a mating bias score of 0.5 is expected. A deviation from this score would 221 

suggest mating bias. For instance, if there is a bias towards the sham infected females, mating 222 

bias score would range between 0.5 and 0, with lower values indicating stronger bias. If the 223 

bias is towards infected females, mating bias score should range between 0.5 and 1, with 224 

higher values indicating stronger bias. Data were analysed with a two-way ANOVA with 225 

body colour as the fixed factor and the replicate experiments as random factor to check for 226 

the effect of female body colour on mating bias.  227 

 228 
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3. Results 229 

3.1 Reproductive behaviour and reproductive output 230 

As stated before, we analysed the data in two different ways (a) data from two replicate 231 

experiments were analysed together in a three-way mixed model ANOVA (see Table 1-3) 232 

and (b) data from the two replicate experiments were analysed separately using a two-way 233 

ANOVA (see supplementary material for Table S 1). However, the two analyses yielded 234 

similar results (see Table 1-3 and Table S 1). Hence, we present results from the three-way 235 

mixed model ANOVA in this manuscript. 236 

Mating latency was not affected by the male or female infection status (Fig 1a, Table 1) 237 

indicating that infection did not change male or female receptivity to mating (Tukey’s HSD). 238 

When housed with unhandled or non-infected control males, the mating latency of infected 239 

and sham infected females was not significantly different (mean mating latency± SE; 240 

Replicate Experiment 1: Infected= 6.58± 0.912, sham infected= 6.22± 0.641; p=0.75; 241 

Replicate Experiment 2: Infected= 7.94± 1.002, sham infected= 7.8± 0.896; p=0.921). 242 

Copulation duration was also not significantly affected by male or female infection status 243 

(Fig 1b, Table 2; Tukey’s HSD). The mating success of the females from the three treatments 244 

(I, SI, NI) did not differ significantly in either of the replicate experiments (Table 4). This 245 

indicates that the proportion of the females inseminated (Mating success) within 45 minutes 246 

under “no-choice” condition was not significantly different across treatments. 247 

There was no significant effect of male infection status on reproductive output (Fig 1c, Table 248 

3). However, infected females showed approximately ~40% reduction in reproductive output 249 

(Fig 1c, Table 3). Females from the I treatment of each replicate experiment, produced 250 

significantly less progeny compared to females from SI and NI treatments (Tukey’s HSD). 251 

Reproductive output did not differ significantly between SI and NI females (Tukey’s HSD).  252 
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3.2 Male mating bias 253 

We found no significant main effect or interaction of body colour and replicate experiment on 254 

mating bias scores. Hence we pooled data across body colour within each replicate 255 

experiment. To test whether the observed mean mating bias scores are significantly different 256 

from the expected mean value of 0.5, we did a one-sample t-test (two tailed, α= 0.05). Values 257 

for the upper limit and the lower limit of the 95% CI did not overlap with 0.5 in any of the 258 

four replicate experiments (Table 5). Thus, mating bias scores within each of the four 259 

replicate experiments were significantly less than 0.5 indicating a bias in favour of the sham 260 

infected females (see Table 5). Proportion of the infected females fertilised was ~15.2% less 261 

than that of the sham infected females.  262 

4. Discussion 263 

In the present study, bacterial infection resulted in a reduction in the reproductive output of 264 

females whereas male reproductive ability remained unaffected. We found that males 265 

preferentially mated with sham infected females (which have relatively higher reproductive 266 

potential) when subjected to a simultaneous two-way choice between infected and sham 267 

infected females. However, infection status did not change female receptivity towards mating 268 

or male ejaculate investment (in terms of copulation duration).   269 

The observed sexual dimorphism in the fitness consequence of S.marcescens infection in the 270 

present study not only confirms our previous report (Imroze and Prasad, 2011) but also does 271 

so in a very different context of fitness. In the present study, (a) reproductive fitness was 272 

measured under non-competitive condition instead of competitive condition (see Prasad et al., 273 

2007) as in the previous study, (b) flies were exposed to a single mating instead of two days 274 

of male-female interaction as in the previous study and (c) flies were allowed to oviposit for 275 

one day immediately after infection while in the earlier experiment there was a 3-day gap 276 
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between the day of infection and the oviposition. Together, these findings point to the 277 

remarkable robustness of the sex specific fitness effect of S. marcescens infection. 278 

Based on the results presented here and in our previous report (Imroze and Prasad, 2011) it is 279 

clear that female fitness in D. melanogaster is greatly reduced by bacterial infection. Further, 280 

if the cost of reproduction for males is substantial (Dewsbury, 1982; Andersson, 1994; 281 

Galvani and Johnstone, 1998; Judge and Brooks, 2001; Martin and Hosken, 2004; Byrne and 282 

Rice, 2006; Friberg, 2006; Edward and Chapman, 2011; Nandy et al., 2012; Wegener et al., 283 

2013), they might be expected to show at least some degree of mate preference for uninfected 284 

females over the infected ones. Indeed, our data indicated that when offered a simultaneous 285 

two-way choice, males preferentially mate with sham infected females over infected females.  286 

There are at least three potential explanations for the observed mating bias, including 287 

adaptive male mate choice. First, it is possible that bacterial infection can potentially reduce 288 

female receptivity to mating because of changes in and/or damage to physiology. Therefore, 289 

infected females might be less eager to mate compared to the sham infected females and the 290 

bias in mating pattern observed in our study can be explained in terms of higher receptivity of 291 

the sham infected females compared to the infected females. However in the present study, 292 

bacterial infection did not cause any change in the receptivity measured in terms of ML 293 

among any given pair irrespective of the female or male infection status. We found no 294 

significant difference in the receptivity, measured in terms of ML, of infected and sham 295 

infected of females when housed with non-infected control males (See results; section 3.1). 296 

Therefore, observed mating bias is unlikely to be due to greater receptivity of sham infected 297 

females.  298 

Second, the result can be an artefact of our experimental design. We scored a female as mated 299 

if it produced eggs that hatched into larvae.  Since pathogenic invasion interferes with host 300 
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physiology, it can potentially affect female egg production, leading to sterility in females. 301 

Therefore, it is possible that there might be no larval presence in the oviposition tubes even if 302 

the resident female receives mating during the two way choice experiment. However, our 303 

data of female mating success indicated that the mean proportion of fertilized females across 304 

treatments (I, SI, NI) did not differ significantly from each other (under ‘no-choice’ 305 

condition) in any of the replicate experiments (see Table 4).  306 

Hence, it seems very likely that the mating bias observed in our experiment was due to the 307 

third possibility, i.e., adaptive male mate choice. Males might preferentially mate with sham 308 

infected females because they have higher reproductive output. Alternatively, males might 309 

avoid mating with infected females due to the risk of infection during copulation. A recent 310 

study with D. melanogaster showed transmission of S. marcescence infection from males to 311 

females during mating (Miest and Bloch-Qazi, 2008). However, this was achieved by 312 

experimentally dipping the male genitalia into bacterial slurry before mating. Therefore, there 313 

is still no evidence that “infected” males can transfer bacteria during mating. Similarly, as 314 

yet, there is no evidence that “infected” Drosophila females can transfer bacteria to males 315 

during copulation (Knell and Webberley, 2004; Miest and Bloch-Qazi, 2008). However, 316 

since in our experiment, infected females also have significantly reduced reproductive output, 317 

the mating bias of males towards sham infected females does benefit males and is, hence, 318 

adaptive. It is important to point out that our experimental design to assess possible male 319 

mate choice was very similar to those of other studies which addressed male mate choice 320 

explicitly (Byrne and Rice, 2006; Nandy et al., 2012). We would also like to point out that 321 

this result comes from the same experimental system (LH laboratory population) that was 322 

used by Byrne and Rice (2006) and Nandy et al. (2012). Further, we have used a single 323 

pathogen (S. marcescens). Hence, we would consider the adaptive male mate choice with 324 
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respect to female infection status observed in our study as an indication of an exciting 325 

possibility that needs further strengthening.  326 

Our results about mating bias are in contrast to those of Sullivan and Jaenike (2006) who 327 

found that the number of infected and uninfected females of Drosophila innubila that 328 

received mating was not different in a male mate choice experiment. However, this study 329 

used maternally inherited male-killing pathogen Wolbachia which differs from Serratia 330 

marcescens in its transmission mode and effect on host life-history (Bandi et al., 2001; 331 

Champion de Crespigny et al., 2006).  332 

Males can exhibit mate choice not only in terms of mating bias but also in the form of 333 

variation in ejaculate investment. Copulation duration (CD) is often used as an indicator of 334 

male reproductive investment and is often positively correlated with components of male 335 

reproductive success (Bretman et al., 2009; Friberg, 2006; Nandy and Prasad, 2011). 336 

Additionally, variation in CD is also an indirect measure of cryptic male mate choice 337 

(Friberg, 2006; Martin and Hosken, 2002; Siva-Jothy and Stutt, 2003). In the present study, 338 

we did not find any significant effect of male or female infection status on CD, indicating that 339 

there was no difference in male investment across different females. However, a very recent 340 

study by Lüpold et al. (2011) reported that male might adjust their ejaculate investment or 341 

amount of sperm transferred without any alteration in CD. Since we did not measure the 342 

amount of ejaculate or count sperms directly, we cannot completely rule out the possibility of 343 

post-copulatory, cryptic male mate choice.  344 

Our result about CD is similar to those of Pai and Yan (2003) who found that in flour beetles, 345 

Tribolium castaneum, CD was not affected upon rat tapeworm infection (Pai and Yan, 2003). 346 

However, our result is in contrast to a study in crickets which found a negative correlation 347 

between immune activation and copulation duration (Fedorka and Mousseau, 2006). This 348 
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difference can be attributed to (among other things) the difference between mating strategies 349 

of Drosophila and crickets. Unlike Drosophila, nuptial gifts are transferred during copulation 350 

in crickets. In an earlier report, Fedorka et al. (2005) showed that immune-compromised male 351 

crickets have smaller gift sizes and initiate early termination of copulation (Fedorka et al., 352 

2005).  353 

Our results add to the small but growing body of evidence for adaptive male mate choice 354 

(Byrne and Rice, 2006; Long et al., 2009; Edward and Chapman, 2011; Nandy et al., 2012). 355 

While several previous studies have suggested that infection or activation of immune system 356 

can adversely affect male sexual signals (Rantala and Kortet, 2003; Fedorka and Mousseau, 357 

2006) and can therefore potentially affect female choice, ours is the first study to document 358 

pre-copulatory male mate choice in response to female infection status in D. melanogaster. 359 

However, the cues that the males use to ascertain infection status of females in our study are 360 

not clear. In some of the previous studies (Byrne and Rice, 2006; Long et al., 2009; Edward 361 

and Chapman, 2011) males could potentially depend on female body size as an indicator of 362 

female quality. However in our study, body sizes of infected and sham infected females are 363 

not expected to be different. Alternatively, pathogenic bacteria might subtly affect a suit of 364 

traits including behaviour which might be used as a cue by the males. One interesting 365 

possibility is that males could use changes in cuticular hydrocarbon profile as a cue of female 366 

quality (Nandy et al., 2012). In D. melanogaster, cuticular hydrocarbon profile can be 367 

affected by the commensal microbes present in the organism (Sharon et al., 2010). This can 368 

in turn drive rapid divergence of mating preferences (Sharon et al., 2010). Therefore, while it 369 

is not clear whether pathogenic bacteria can drive changes in cuticular hydrocarbons, a 370 

potential for such change does exist and can possibly be used as a cue by the males for 371 

biasing their mating efforts.  372 
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The broader question of how common and important is adaptive male mate choice, is still 373 

open. It is interesting to note that all the studies on male mate choice in fruit flies have used 374 

only two populations of D. melanogaster (LH and Dahomey). While male mate choice in 375 

Dahomey populations seems to be highly variable and dependent upon the exact assay 376 

conditions (Edward and Chapman, 2013), males from the LH population show adaptive male 377 

mate choice when assayed in a wide range of experimental conditions (Byrne and Rice, 2006; 378 

Long et al., 2009; Nandy et al., 2012). Our results obtained under different conditions 379 

compared to previous studies (Byrne and Rice, 2006; Long et al., 2009; Nandy et al., 2012) 380 

clearly show the consistency of adaptive male mate choice in LH populations. It has been 381 

suggested that the differences in male mate choice between the LH and Dahomey populations 382 

might be due to the different selection pressures acting on these populations (Edward and 383 

Chapman, 2013). Clearly, further studies would be required to understand the extent of 384 

occurrence and variation in adaptive male mate choice. 385 

To summarise, the present study documents the effect of bacterial infection on male mating 386 

bias in D. melanogaster. We found evidence that female infection status can potentially affect 387 

adaptive male mate choice with males preferring to mate with sham infected females of 388 

higher reproductive potential over infected females. The bias in mating was not due to higher 389 

receptivity of sham infected females. Further, we did not find any evidence of post-390 

copulatory male mate choice in terms of altered copulation duration across different female 391 

types.  392 
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Tables 537 

Table 1. Effect of male and female infection status on mating latency (ML). Summary of 538 

three way mixed model ANOVA on ML with treatment as fixed factor crossed with replicate 539 

experiments as random factor.  540 

Factor df SS F P 

Female infection status (F) 2 5.965 0.389 0.678 

Male infection status (M) 2 8.802 0.574 0.564 

Replicate experiments (R) 1 0.804 0.105 0.747 

F*M 4 20.762 0.678 0.609 

F*R 2 1.032 0.068 0.935 

M*R 2 3.011 0.196 0.822 

F*M*R 4 23.625 0.771 0.546 

Error 104 796.42   

 541 

 542 

 543 

 544 

 545 

 546 
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Table 2. Effect of male and female infection status on copulation duration (CD). 547 

Summary of three way mixed model ANOVA on CD with treatment as fixed factor crossed 548 

with replicate experiments as random factor.  549 

Factor df SS F P 

Female infection status (F) 2 9.274 0.238 0.788 

Male infection status (M) 2 34.917 0.899 0.41 

Replicate experiments (R) 1 0.163 0.008 0.927 

F*M 4 49.225 0.633 0.639 

F*R 2 8.536 0.219 0.8031 

M*R 2 2.598 0.0669 0.935 

F*M*R 4 41.854 0.538 0.707 

Error 104 2019.682   

 550 

 551 

 552 

 553 

 554 

 555 

 556 

 557 
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Table 3. Effect of male and female infection status on reproductive output. Summary of 558 

three way mixed model ANOVA on reproductive output with treatment as fixed factor 559 

crossed with replicate experiment as random factor. Significant value is shown in bold.   560 

Factor df SS F P 

Female infection status (F) 2 2254.1 28.027 <0.0001 

Male infection status (M) 2 70.378 0.875 0.42 

Replicate experiments (R) 1 2.77 0.069 0.793 

F*M 4 21.578 0.134 0.969 

F*R 2 92.947 1.155 0.319 

M*R 2 40.894 0.508 0.603 

F*M*R 4 54.103 0.336 0.852 

Error 93 3739.757   

 561 

 562 

 563 

 564 

 565 

 566 
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Table 4. Summary of Wilcoxon rank sum test of the mating success of the three types of 567 

females.  568 

Replicate Experiments Infection status Mean SE Chi-square df P 

 I 0.904 0.023    

1 NI 0.908 0.022 0.3758 2 0.83 

 SI 0.927 0.023    

 I 0.938 0.032    

2 NI 0.867 0.03 2.7764 2 0.25 

  SI 0.88 0.032       

 569 

 570 

 571 

 572 

 573 

 574 

 575 

 576 

 577 

 578 

 579 
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Table 5. Mean mating bias score from each of the four replicate experiments. The 95% CI 580 

around the mean did not overlap the expected mean value of 0.5 in any of the replicate 581 

experiments. 582 

Replicate 

Experiment 

Mean  

Bias Score 
- 95% CI  +95% CI 

1 0.447 0.412 0.482 

2 0.478 0.465 0.491 

3 0.469 0.419 0.496 

4 0.459 0.424 0.494 

 583 

 584 
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 590 
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Figure captions 594 

Figure 1. Effect of male and female infection status on (a) ML (b) CD and (c) Reproductive 595 

output. Values represent means (±1SE) calculated across the two replicate experiments. 596 

There was no significant effect of male or female infection status on ML and CD. 597 

Reproductive output was significantly affected by female infection status but not male 598 

infection status. Infected females had significantly lower reproductive output compared to 599 

sham infected and non-infected/ unhandled control females. 600 

 601 
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Figures 619 

Figure 1 620 

 621 
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Highlights 623 

  We examined the effect of female infection status on male mate choice in Drosophila 624 

melanogaster.  625 

  Males preferentially mated with sham infected females. 626 

  Sham-infected females had higher reproductive output compared to infected females. 627 

  We found potential evidence of pre-copulatory male mate choice 628 

  We did not find any evidence of post-copulatory male mate choice measured in terms 629 

of variation in copulation duration. 630 
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