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Abstract (150 to 250 words) 40 

Mate discrimination contributes to the co-existence of related species by 41 

reducing the risk of interspecific copulation. In pollination mutualistic systems where 42 

pollinators utilize host plants as mating places, sharing of host plants with other related 43 

species could increase non-adaptive interspecific copulation. Although such host-sharing 44 

species are expected to have strong mate discrimination systems, little is known about 45 

whether and how they discriminate species for mating. Here, we investigate mate 46 

discrimination of two fly species, Colocasiomyia xenalocasiae and C. alocasiae  47 

(Diptera: Drosophilidae), which share host plants; they are essentially anthophilous, 48 

depending exclusively on specific aroid host plants throughout their entire life cycles. 49 

Our field observations showed that the males of C. alocasiae and C. xenalocasiae 50 

preferentially paired with conspecific, but not heterospecific, females. This indicates that 51 

they discriminate species for mating in the natural habitat. Such mate discrimination was 52 

also observed under laboratory conditions. To investigate how these flies discriminate 53 

species, we defined distinct behavioral elements in courtship sequence in both species, 54 

and compared sexual interactions in each element between conspecific and heterospecific 55 

pairs. We found that males discriminate female whilst tapping, whereas females 56 

discriminate male before or during males’ attempted mounting. This suggests that mate 57 

discrimination systems in both males and females reduce the incidence of heterospecific 58 

mounting; mounting is a necessary step in the sequence of courtship for successful 59 

copulation. The mate discrimination system found in this study potentially allows for the 60 

co-existence of C. xenalocasiae and C. alocasiae on the same host plant by effectively 61 

suppressing interspecific copulation. 62 

  63 
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Introduction 64 

Mate discrimination is essential to maintain the co-existence of closely related 65 

species by avoiding fitness reductions due to interspecific copulation (Noor 1999). In 66 

pairs of related species that co-habit in the same place as a mating site, the risk of non-67 

adaptive interspecific copulation could increase. In such species pairs, mate 68 

discrimination is expected to be essential to reduce the risk of interspecific copulation 69 

(Friberg et al. 2008). 70 

Many Colocasiomyia fly species (Diptera: Drosophilidae) co-exist, or co-habit, 71 

with closely-related species in their host plants, which mainly belong to the subfamily 72 

Aroideae (Sultana et al. 2006; Takano-Takenaka et al. 2021). Such intimate sharing of 73 

the same host plant by a pair of closely related species, a particular mode of pollination 74 

mutualism, is often reported in this genus, although some Colocasiomyia species 75 

monopolize their host plants (reviewed in Takano-Takenaka et al. 2021). The fly’s life 76 

cycle completely depends on the host plants; they grow, feed, mate, and lay eggs in the 77 

host inflorescences. The host plants also depend on the flies for pollination (Yafuso 1993; 78 

Miyake and Yafuso 2003, 2005; Takano-Takenaka et al. 2012). Such brood-site 79 

pollination mutualism might be a major factor for the diversification of Colocasiomyia 80 

species and their host plants ( c.f. Sakai 2002).  81 

 In southern Japan, Colocasiomyia xenalocasiae co-exists with C. alocasiae, both 82 

of which belong to the Colocasiomyia cristata species group, on inflorescences of 83 

Alocasia odora (Araceae) (Yafuso 1983, 1993). Previous studies suggest that this host-84 

plant sharing was achieved by the ancestors of the cristata and colocasiae species 85 

subgroups, to which C. xenalocasiae and C. alocasiae belong respectively (Okada 1980; 86 

Takano-Takenaka et al. 2021). Larvae of C. xenalocasiae and C. alocasiae feed on 87 

different parts of the host inflorescences and infructescences, resulting in micro-allopatric 88 

breeding niche separation which allows for the co-existence of these two species on the 89 

same host plant (Yafuso 1994). On the other hand, adults of these two species assemble 90 

together and are collected simultaneously from the same inflorescence (Fig. 1) (Miyake 91 

and Yafuso 2005). Temporal and spatial habitat isolation of the adults has not been 92 

reported so far. It is predicted that they possess a mate discrimination system to prevent 93 

non-adaptive interspecific copulation. However, whether and how they discriminate 94 

mates from each other has not been investigated.  95 

 In this study, we performed field observations to examine whether C. 96 

xenalocasiae and C. alocasiae discriminate each other for mating in the wild. Next, by 97 

conducting laboratory observations, we first described behavioral elements in the 98 

courtship sequence. Furthermore, by comparing courtship sequences between conspecific 99 
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and heterospecific pairs of these species, we infer how these related species discriminate 100 

mates from each other.  101 
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Materials and methods 102 

Field observations   103 

Field observations were performed on the Nishihara Campus of University of the 104 

Ryukyus (26°14'51.3"N 127°45'54.5"E) in Okinawa Main Island, Japan from April to 105 

June 2021. Coupling (i.e., a fly mounting another fly) pairs of Colocasiomyia flies were 106 

carefully aspirated from inflorescences of A. odora. Collected pairs were maintained 107 

separately for each pair and the species of each male and female was identified under a 108 

microscope using ice anesthesia based on the bristles of the costal vein (Okada 1975; 109 

1980). In total 28 pairs were collected from four inflorescences of A. odora. Field 110 

collection of these species is not prohibited in the sampling area. 111 

 112 

Fly maintenance under laboratory conditions 113 

In addition to the coupling pairs, other adult flies of Colocasiomyia were collected from 114 

inflorescences of A. odora on the Campus from April to June 2021 and April 2022. 115 

After collection, the living flies were transferred to the laboratory in Nagoya University, 116 

Japan, identified their species and sexes, and maintained using Drosophila standard 117 

yeast-based media at 25℃ in 40% to 60% relative humidity under a 12-h light/dark 118 

(LD) cycle. Males of C. xenalocasiae and C. alocasiae were maintained individually 119 

under isolated conditions. Females of C. xenalocasiae and C. alocasiae were 120 

maintained in a group of 10-20 individuals. These field-collected flies were used for 121 

video recording 5-10 days after the collection. 122 

 123 

Video recording of mating behaviors 124 

To describe the behavioral elements during courtship sequences (Fig. 2), a pair of male 125 

and female of C. xenalocasiae or C. alocasiae was introduced into each acrylic artificial 126 

chamber (diameter 1 cm, height 4 mm) and observed with the aid of video recording. To 127 

examine which behavioral elements of courtship contribute to mate discrimination (Figs 128 

3-6), two males and two females were introduced and recorded in the same chambers. 129 

For the conspecific pairing condition, two C. xenalocasiae or C. alocasiae males were 130 

paired with two conspecific females. For the heterospecific paring condition, two C. 131 

xenalocasiae or C. alocasiae males were paired with two C. alocasiae or C. 132 

xenalocasiae females, respectively. Video recording, using a CMOS camera (DFK 133 

33UP1300, The Imaging Source Asia Co., Ltd) equipped with a zoom lens 134 

(MVL50M23, Thorlabs, Inc.), was started immediately after the introduction of flies 135 

into the chambers (diameter 1 cm, height 4 mm; bottom is coated with Drosophila 136 
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standard yeast-based media) and lasted for 30 min with a resolution of 1280 x 1024 137 

pixels at 30 fps. Behavioral assays were performed during the light phase of the LD 138 

cycle at 25℃ and 40% to 60% relative humidity.  139 

The numbers of chambers (i.e., replicates) for C. xenalocasiae males were 14 140 

for conspecific pairs and 18 for heterospecific pairs. Those for C. xenalocasiae males 141 

were14 for conspecific pairs and 36 for heterospecific pairs. 142 

 143 

Behavioral analysis  144 

For the behavioral analysis, we defined the behavioral elements during the courtship 145 

sequence as follows:  146 

Orientation: male directing his body axis toward a female when she was within one-147 

body length from the male. 148 

Tapping: male touching a female’s body with his forelegs. 149 

Attempted mounting: male turning behind a female and grasping her abdomen with his 150 

forelegs.  151 

Mounting: male being on a female, grasping her thorax with his forelegs. 152 

Wing lifting: female lifting both wings immediately after male’s attempted mounting. 153 

 The mounting duration of males toward conspecific or heterospecific females 154 

was measured using the video annotation software vCode (Hagedorn et al. 2008) 155 

(https://social.cs.uiuc.edu/projects/vcode.html). The duration was defined as the length 156 

of time between when a male started to mount a female after her wing lift and when the 157 

male dismounted from the female or the end of video recordings (at 30 min). Because 158 

there are two males in a chamber, we used the mean value of mounting durations of the 159 

males as a representative value. The mounting index was then calculated for each 160 

chamber as the percentage of mounting duration to the 30 min observation period.  161 

The numbers of chambers for males having performed orientation, tapping, and 162 

attempted mounting were manually counted. We assigned the chamber as positive when 163 

at least one male in a chamber showed the corresponding behavior during the 164 

observation period. Then the incidence of each behavioral element was calculated by 165 

!!"#$%$&'
!())

, where 𝑁"#$%&%'( and 𝑁)** are the number of positive chambers and all 166 

chambers, respectively. The numbers of chambers for females having performed wing 167 

lifting toward conspecific and heterospecific males were manually counted and 168 

calculated by !!"#$%$&'
!())

	as described above. Here, we used the chambers in which males 169 
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had performed attempted mounting for analysis. The numbers of chambers were as 170 

follows: For C. xenalocasiae, n = 14 chambers for conspecific pairs and n = 18 171 

chambers for heterospecific pairs; for C. alocasiae males, n = 14 chambers for 172 

conspecific pairs and n = 36 chambers for heterospecific pairs (Figs 3, 4 and 6). For C. 173 

xenalocasiae females, n = 14 chambers for conspecific pairs and n = 5 chambers for 174 

heterospecific pairs; for C. alocasiae females, n = 6 chambers for conspecific pairs and 175 

n = 12 chambers for heterospecific pairs (Fig. 5). 176 

 177 

Statistics 178 

Statistical analysis was performed using the R software (version 4.0.3). Fisher’s exact 179 

test for count data was used to compare the incidence ratios of chambers that contained 180 

flies having performed each behavioral element (i.e., orientation, tapping, attempted 181 

mounting, wing lifting, and mounting). The Brunner-Munzel test was used for 182 

comparison of mounting index between conspecific and heterospecific pairs, after 183 

verifying the equality of variance and normality of the values by F-tests and Shapiro-184 

Wilk tests, respectively. For the Brunner-Munzel test, the brunnermunzel package 185 

(version 1.4.1) was used (https://github.com/toshi-ara/brunnermunzel). Graphs were 186 

prepared using Prism7 (GraphPad Software Inc.).  187 

  188 
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Results 189 

To examine whether C. xenalocasiae and C. alocasiae discriminate conspecifics as a 190 

mating partner, we observed their mating behavior in the field. In the wild population of 191 

these species, flies mounting other individuals were often observed (Fig. 1B), which 192 

was considered to be post-mounting male courtship because similar behavior is often 193 

observed in Drosophila species, including the montium species subgroup (Hoikkala et 194 

al. 2000; Chen et al. 2013, 2019). We collected 28 coupling pairs (i.e., a fly mounting 195 

another fly) of the Colocasiomyia flies from inside of A. odora inflorescences blooming 196 

in the wild and identified the sex and species. All pairs were comprised of a male and a 197 

female, implying the mounting is a part of mating behavior for these species. Seven out 198 

of 28 pairs were C. xenalocasiae, and the other 21 pairs were C. alocasiae, while no 199 

heterospecific pairs were found (Table 1). Colocasiomyia xenalocasiae and C. alocasiae 200 

were often collected from the same inflorescences (Table 1). These results indicate that 201 

both species discriminate conspecific mates for mating even when they co-exist in the 202 

same host inflorescences in the wild.  203 

Flies discriminate species through courtship rituals (Coyne and Orr 1989; 204 

Yukilevich and Peterson 2019). However, how Colocasiomyia interacts with their 205 

potential mating partners during courtship has not been reported so far. Here, we first 206 

describe behavioral elements of the courtship sequence of C. xenalocasiae and C. 207 

alocasiae in the experimental condition with an artificial chamber (C. xenalocasiae: 208 

Fig. 2A-H; C. alocasiae: Fig. 2I-P). In both species, a male localized toward the female 209 

and tapped her with his forelegs when he encountered a female (orientation and tapping, 210 

respectively; Fig. 2A, B, I and J). These behavioral elements are commonly found in the 211 

courtship of other drosophilid species (Spieth 1952; Wen and Li 2011; Khallaf et al. 212 

2021). After tapping, the male quickly turned behind the female and grasped her 213 

abdomen with his forelegs to attempt to mount (attempted mounting; Fig. 2C and K). 214 

Such direct transition from tapping to attempted mounting is relatively unique in 215 

Drosophilidae, as males of many drosophilid species show further pre-mounting 216 

courtship rituals after tapping, such as wing vibration to emit courtship songs, wing 217 

displaying, and/or licking female’s genitalia (Spieth 1952; Wen and Li 2011; Khallaf et 218 

al. 2021). When males attempted to mount, females showed two types of behavior; one 219 

for acceptance and the other for rejection. In most cases, females showed acceptance by 220 

lifting both wings to enable the male to mount completely (wing lifting of female; Fig. 221 

2D-F, L-N). In a few cases, however, females did not show this wing lifting, which led 222 

to the failure of the attempted mounting. As the failure of the attempted mounting 223 
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resulted in the end of the sexual interaction (data not shown), this female behavioral 224 

choice is the major step to achieving copulation in these species.  225 

After a successful mounting, the male occasionally displayed a quick scissoring 226 

of both wings during mounting (wing scissoring; Fig. 2G and O). In many drosophilid 227 

species, copulation starts simultaneously with the initiation of mounting (Massey et al. 228 

2019). This is not the case, however, in C. xenalocasiae and C. alocasiae males; after 1-229 

2 min from the start of mounting, males attempted to copulate by bending their 230 

abdomens (attempted copulation; Fig. 2H and P). In our observations, only a few cases 231 

of obvious copulation with genitalia coupling were observed. Occasionally, when males 232 

attempted to copulate by bending the abdomen, females extended their genitalia, which 233 

generally functions as rejection in many drosophilid (Wang et al. 2020). Since all 234 

attempted copulations were observed during mounting, mounting was thought to be an 235 

indispensable behavioral step for males to achieve successful copulation. Intriguingly, 236 

in licking, the male licks dorsal thorax of his partner during mounting, was observed in 237 

four out of 8 C. alocasiae males that showed mounting but zero out of 16 C. 238 

xenalocasiae males (Fig. 2O). This licking behavior is unique to this species, as that of 239 

many Drosophila species typically targets female genitalia to lick. Overall, our 240 

observations suggested that the sequence of courtship behavior is common in both 241 

species except the licking behavior (Fig. 2Q). We also found that the incidence of 242 

attempted mounting in C. alocasiae males was much smaller than that in C. 243 

xenalocasiae under our laboratory conditions (42.9% in C. alocasiae, 100% in C. 244 

xenalocasiae,). It is likely that C. alocasiae flies have lower mating motivation than C. 245 

xenalocasiae, or alternatively, our laboratory conditions were not optimal for C. 246 

alocasiae flies. 247 

To verify whether Colocasiomyia males discriminate species under the 248 

experimental condition, we compared the mounting index, i.e., the relative duration of 249 

mounting to the total observation time. In C. xenalocasiae, the mounting index of 250 

conspecific pairs was approximately 50% on average, showing that males spent half of 251 

the observation time engaging in mounting females (Fig. 3A). In contrast, the average 252 

conspecific mounting index in C. alocasiae was approximately 7.2%, much less than 253 

that of C. xenalocasiae (Fig. 3B). The mounting index of heterospecific pairs in both 254 

species was nearly zero, indicating that successful mounting rarely occurred (Fig. 3). In 255 

both species, the mounting index was significantly larger in conspecific pairs than in 256 

heterospecific pairs (Brunner-Munzel Test; C. xenalocasiae: p = 2.2E-16, Statistical 257 

value = -Inf; C. alocasiae: p = 0.012, Statistical value = -2.8938) (Fig. 3). These results 258 
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imply that both C. xenalocasiae and C. alocasiae males discriminate female species 259 

under the experimental condition without host plants.  260 

To determine how the Colocasiomyia flies discriminate species, we compared 261 

the incidence ratio of each behavioral element during the courtship sequence between 262 

conspecific and heterospecific pairs. We quantified the ratios of the chambers (i.e., 263 

replicates) in which the flies showed each focal behavioral element (see Materials and 264 

Methods). For the two early-step behavioral elements, orientation and tapping, the 265 

incidence ratios of conspecific and heterospecific pairs were equally high and not 266 

significantly different (Fisher’s exact test for count data; C. xenalocasiae: p = 1 in both 267 

orientation and tapping; C. alocasiae: p = 1 in both orientation and tapping) (Fig. 4A-268 

D). This implies that males from either species do not discriminate species before 269 

orientation and tapping.  270 

For attempt mounting, on the other hand, C. xenalocasiae males in conspecific 271 

pairs showed a significantly higher incidence ratio compared to those in heterospecific 272 

pairs, although approximately 60% of males attempted to mount heterospecific females 273 

(Fisher’s exact test for count data; p = 0.024; Incidence ratio; conspecific pairs: 1, 274 

heterospecific pairs: 0.67) (Fig. 4E). In C. alocasiae males, the incidence ratio for 275 

attempted mounting showed a higher tendency in conspecific pairs than in 276 

heterospecific pairs, although no significant difference was detected (Fisher’s exact test 277 

for count data; p = 0.15; Incidence ratio; conspecific pairs: 0.43, heterospecific pairs: 278 

0.19) (Fig. 4F). These results suggest that C. alocasiae males partly discriminate species 279 

before the attempted mounting, but the discrimination was not as evident as in C. 280 

xenalocasiae males. 281 

Even though some males in either species attempted to mount heterospecific 282 

females, almost no successful mounting occurred in heterospecific pairs (Fig. 3A and 283 

B). This suggests that females may also discriminate species. To test this idea, we 284 

compared female wing lifting to accept conspecific or heterospecific males' attempted 285 

mounting. To examine the acceptance of the females for whom mounting by a male had 286 

been attempted, we analyzed the chambers in which males had performed attempted 287 

mounting for the following analysis (C. xenalocasiae females; n = 14 chambers for 288 

conspecific pairs; n = 7 chambers for heterospecific pairs; C. alocasiae females; n = 6 289 

chambers for conspecific pairs; n = 12 chambers for heterospecific pairs). In the 290 

conspecific pairs of both species, wing lifting of the females occurred in all chambers 291 

(Fig. 5A and B; but female rejection sometimes happens even when conspecific males 292 

attempt; see Fig. 2I). In the heterospecific pairs, in contrast, wing lifting occurred only 293 

once out of 5 chambers in C. xenalocasiae females and once out of 12 chambers in C. 294 
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alocasiae females (Fig. 5A and B). The incidence ratios of wing lifting were 295 

significantly lower in heterospecific pairs than in conspecific pairs in both species (Fig. 296 

5A and B; Fisher’s exact test for count data; C. xenalocasiae: p = 0.00013; C. 297 

alocasiae: p = 0.00037). These results indicate that females also discriminate species 298 

before or during attempted mounting. 299 

To examine the effect of discrimination in both males and females on the 300 

successful mounting, we compared the incidence ratio of mounting between conspecific 301 

or heterospecific pairs. In C. xenalocasiae, mounting occurred in all the tested chambers 302 

for conspecific pairs but occurred only once out of 18 chambers in heterospecific pairs 303 

(Fig. 6A). In C. alocasiae, mounting occurred in six out of 14 chambers for conspecific 304 

pairs but only once out of 36 chambers for heterospecific pairs (Fig. 6B). The incidence 305 

ratios of successful mounting were significantly higher in conspecific pairs than in 306 

heterospecific pairs in both species (Fig. 6A and B; Fisher’s exact test for count data； 307 

C. xenalocasiae: p = 3.2E-8; C. alocasiae: p = 1.6E-11). These findings correspond well 308 

with the differences in the mounting durations (Fig. 3). Taken together, these results 309 

suggest that both males and females contribute to mate discrimination to decrease 310 

interspecific copulation between C. xenalocasiae and C. alocasiae. 311 

  312 
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Discussion 313 

In this study, we demonstrated that C. xenalocasiae and C. alocasiae, which 314 

share host plants with related species, discriminate between conspecific and 315 

heterospecific mates in the process of courtship. Mate discrimination by both males and 316 

females contributed to selective mounting to conspecifics, which is a necessary step to 317 

achieve copulation. The mate discrimination system, which we identified in this study, 318 

potentially allows the co-existence of these two species on the same host plant by 319 

reducing the risk of interspecific copulation. Some species in the cristata group 320 

monopolize their host plants without any co-habiting species, e.g., C. sulawesiana on A. 321 

macrorrhizos (L.) G. Don in South Sulawesi (Okada and Yafuso 1989), C. steudnerae 322 

on Steudnera colocasiifolia (Araceae) in Yunnan, southern China (Takenaka et al. 323 

2006), and C. sabahana on A. scabriuscula in Malaysian Borneo (Takano-Takenaka et 324 

al. 2021). Comparison of mate discrimination ability between monopolizing and host-325 

sharing species will reveal how host-plant sharing enhances the mate discrimination 326 

system in Colocasiomyia.   327 

In this study, we rarely observed genitalia coupling, a sign of successful 328 

copulation, even in conspecific pairs. A possible cause for this low copulation success 329 

could be the low level of sexual receptivity in females we tested. Because we used adult 330 

females of C. xenalocasiae and C. alocasiae collected from the field, their copulation 331 

experience, which generally reduces female sexual receptivity (Kubli 1992), was not 332 

controlled, even though we isolated them for 2-8 days before the experiments. Technical 333 

limitations of video recording might also lead to failure of observation of genitalia 334 

coupling. Especially in C. alocasiae, we observed a low incidence of male attempted 335 

mounting and female wing lifting (Fig. 4). Further mate-choice experiments by using 336 

virgin flies are needed to evaluate the actual contribution of mate discrimination to 337 

preventing interspecific copulation.  338 

Colocasiomyia xenalocasiae and C. alocasiae males preferentially court to 339 

conspecific females at the step of attempted mounting, but not before orientation and 340 

tapping, suggesting that they discriminate species by tapping. Previous studies in D. 341 

melanogaster indicated that tapping functions to discriminate species via detecting 342 

cuticular hydrocarbons (CHCs) on the female body surface (Greenspan and Ferveur 343 

2000; Seeholzer et al. 2018; Ahmed et al. 2019). As the CHCs play a pheromonal role 344 

in mate discrimination in many insects including Drosophila (Jallon and David 1987; 345 

Billeter et al. 2009; McKinney et al. 2015; Shahandeh et al. 2018), they are expected to 346 

be involved in mate discrimination by these Colocasiomyia species as well. An 347 

interesting future study in line with this speculation would be to investigate whether 348 
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mate discrimination is affected by the ablation of the male forelegs, a possible sensory 349 

organ necessary for CHCs detection. 350 

We found in our experiment that almost all tested C. xenalocasiae and C. 351 

alocasiae females accepted the attempted mounting of conspecific males, but rarely 352 

accepted heterospecific males, indicating females also discriminate species. In our 353 

observations, no prominent courtship behavioral elements, other than orientation and 354 

tapping, were observed in males before attempted mounting. These findings suggest that 355 

C. xenalocasiae and C. alocasiae females discriminate species by detecting something 356 

during males’ attempted mounting. Contact chemosensation is one possible way for 357 

female’s mate discrimination. During the males’ attempted mounting, the females are 358 

physically in contact with males at the dorsal body parts. In D. melanogaster, sensilla 359 

for contact chemosensation on the wing margin of females are suggested to regulate 360 

females' sexual receptivity by sensing the chemicals derived from males (He et al. 361 

2019). Evaluating whether sensilla on the female wing margin contributes to the 362 

discrimination of mate species will elucidate the sensory mechanism underlying female 363 

mate discrimination in Colocasiomyia.  364 

Our observations demonstrated that during pre-mounting courtship C. 365 

xenalocasiae and C. alocasiae males do not show any behavioral elements, such as 366 

wing vibration to emit courtship songs, wing displaying, and/or licking female’s 367 

genitalia, which are conserved in many other drosophilid species (Spieth 1952; Wen and 368 

Li 2011; Khallaf et al. 2021). Such simplification of pre-mounting courtship was also 369 

previously found in the montium species subgroup (Hoikkala et al. 2000; Chen et al. 370 

2013, 2019). One possible ecological factor that leads to the simplification of pre-371 

mounting courtship could be the risk of mate interception, as found in D. prolongata 372 

(Setoguchi et al. 2015). If competitor males are densely present around the target 373 

female, the risk of mate interception would increase. Because C. xenalocasiae and C. 374 

alocasiae live in a dense assembly within the host inflorescences (Fig. 1), they are 375 

expected to be at high risk of mate interception during courtship, which may potentially 376 

lead to simplification of pre-mounting courtship.  377 

The future application of genetic tools to Colocasiomyia species will enable the 378 

dissection of neural circuit mechanisms underlying the mate discrimination system and 379 

the simplified courtship rituals. Recent advances in transgenic and genome editing have 380 

allowed us to develop a better understanding of the neural circuit mechanisms 381 

responsible for species differences in courtship behavior in several Drosophila species 382 

(Tanaka et al. 2017; Seeholzer et al. 2018; Ding et al. 2019). Comparison of neural 383 

circuit mechanisms of Colocasiomyia species with that of other fly species, such as D. 384 
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melanogaster, will move us towards a better understanding of the diversification of 385 

mate discrimination system and courtship rituals. 386 

  387 
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Figure legends 388 

Fig. 1 Assembling and sexual behavior of Colocasiomyia flies in wild inflorescences of 389 

their host plant Alocasia odora 390 

(A) Assembling of Colocasiomyia flies in an inflorescence. (B) A Colocasiomyia fly 391 

mounting another fly (indicated with black arrowheads) in an inflorescence. The right-392 

side panels show magnified views of flies boxed by a dashed black line in the left-side 393 

one. 394 

 395 

Fig. 2 Behavioral elements in the courtship sequence of Colocasiomyia flies 396 

(A-H) C. xenalocasiae. (I-P) C. alocasiae. (A, I) Male orientation: A male orients 397 

himself towards a female. (B, J) Tapping: A male taps a female body with his forelegs. 398 

Black arrowhead indicates a tapping foreleg. (C, K) Attempted mounting: A male 399 

grasps the abdomen of a female with his forelegs. (D, L) Wing lifting: A female lifts 400 

both wings to accept the attempted mounting of a male. Black arrowheads indicate the 401 

lifted wings of a female. (E, F, M, N) Mounting: A male mounts on a female. (G, O) 402 

Wing scissoring: A male continuously opens and closes his wings during mounting. 403 

Black arrowheads indicate the male scissoring wings. C. alocasiae males show licking 404 

(white arrowhead). (H, P) Attempted copulation: A male attempts to copulate with a 405 

female by bending his abdomen during mounting. (Q) Schematic flow of the courtship 406 

sequence in C. xenalocasiae and C. alocasiae. White and grey boxes indicate male and 407 

female behaviors, respectively. Parentheses indicate the behavioral element observed 408 

only in C. alocasiae. 409 

 410 

Fig. 3 Mate discrimination of C. xenalocasiae and C. alocasiae under laboratory 411 

conditions 412 

(A) Mounting index of C. xenalocasiae in conspecific (49.0 ± 17.4; mean ± standard 413 

deviation (SD); n = 14) or heterospecific (0.0093 ± 0.038; mean ± SD; n = 18) pairs. (B) 414 

Mounting index of C. alocasiae in conspecific (7.2 ± 13.5; mean ± SD; n = 14) or 415 

heterospecific pairs (0.0084 ± 0.050; mean ± SD; n = 36). Columns with error bars 416 

represent the mean of each group with SD. Each dot indicates the mounting index of 417 

each chamber. ***p < 0.001; *p < 0.05 (Brunner-Munzel test). 418 

 419 

Fig. 4 Orientation, tapping, and attempted mounting of males toward conspecific and 420 

heterospecific females 421 

(A, B) Incidence ratios of orientation of C. xenalocasiae (A) or C. alocasiae (B) males. 422 

(C, D) Incidence ratios of tapping of C. xenalocasiae (C) or C. alocasiae (D) males. (E, 423 
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F) Incidence ratios of attempted mounting of C. xenalocasiae (E) or C. alocasiae (F) 424 

male. n = 14 (C. xenalocasiae males toward conspecific females), 18 (C. xenalocasiae 425 

males toward heterospecific C. alocasiae females), 14 (C. alocasiae males toward 426 

conspecific females), and 36 (C. alocasiae males toward heterospecific C. xenalocasiae 427 

females), respectively. *p < 0.05; ns, not significant (Fisher’s exact test for count data). 428 

 429 

Fig. 5 Female wing lifting toward conspecific and heterospecific males. 430 

(A) Incidence ratio of wing lifting of C. xenalocasiae females toward conspecific (n = 431 

14) or heterospecific (n = 7; C. alocasiae) males. (B) Incidence ratio of wing lifting of 432 

C. alocasiae females toward conspecific (n = 6) or heterospecific (n = 12; C. 433 

xenalocasiae) males. ***p < 0.001 (Fisher’s exact test for count data). 434 

 435 

Fig. 6 Mounting ratio in conspecific and heterospecific pairs.  436 

(A) Incidence ratio of successful mounting of C. xenalocasiae in conspecific (n = 14) or 437 

heterospecific (n = 18) pairs (B) Incidence ratio of successful mounting of C. alocasiae 438 

males in conspecific (n = 14) or heterospecific (n = 36) pairs. ***p < 0.001 (Fisher’s 439 

exact test for count data). 440 

 441 

 442 

 443 

C. xen♂ / C. xen♀ C. alo♂ / C. alo♀ C. xen♂ / C. alo♀ C. alo♂ / C. xen♀ 
7 (7) 21 (12) 

 
0 0 

Table 1 Numbers of conspecific and heterospecific coupling pairs of C. xenalocasiae 444 

and C. alocasiae collected from wild inflorescences of A. odora. The number of pairs 445 

collected from two-species mixed assemblies is shown in parentheses. 446 

 447 

Supplementary information 1 Mounting index of C. xenalocasiae in conspecific or 448 

heterospecific pairs in each chamber (14 chambers for conspecific pairs; 18 chambers 449 

for heterospecific pairs). 450 

 451 

Supplementary information 2 Mounting index of C. alocasiae in conspecific or 452 

heterospecific pairs in each chamber (14 chambers for conspecific pairs; 36 chambers 453 

for heterospecific pairs). 454 

 455 

 456 
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