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A B S T R A C T

Mating behaviour plays a key role in animal reproduction and profoundly affects the physiological state and 
behavioural performance of individuals. Although numerous studies have focused on the behavioural responses 
of single-sex groups of Drosophila melanogaster under mating contexts, systematic comparisons of male and fe
male fruit flies across different mating contexts are still relatively limited. This study investigated the locomotion 
of 86 male and female fruit flies under different mating contexts, including virgin, continuously exposed to the 
opposite sex (mated), beginning cohabitation with the opposite sex on the 8th day of the experiment (virgin- 
mated), and opposite-sex cohabitation on the 8th day and switching to same-sex cohabitation (mated-deprived). 
The results showed that virgin males exhibited the highest overall movement speed and that continuous exposure 
to the opposite sex led to a transient reduction in male movement speed. In contrast, females displayed a tem
porary increase in movement speed under opposite-sex cohabitation but rapidly returned to levels comparable to 
virgins. These sex-specific and time-dependent changes indicate that mating context exerts dynamic effects on 
movement speed. Moreover, in contrast to the negative effects of social isolation reported in previous studies, our 
findings suggest that mating status and social environment jointly shape locomotor performance under non- 
isolated conditions. Overall, this study highlights how males and females dynamically adjust locomotor strate
gies in response to changing reproductive and social contexts, providing an evolutionary perspective on 
behavioural plasticity and sex-specific trade-offs in insects.

1. Introduction

Mating plays a crucial role in the life cycle of animals, ensuring 
reproductive success while also influencing physiology and behaviour 
(Chapman et al., 1995; Dixson and Anderson, 2004; McGraw et al., 
2004; Simmons, 2019). Across taxa, mating patterns vary widely: in 
mammals, mate choice and courtship often involve complex competitive 
strategies (Clutton-Brock and Parker, 1992; Preston et al., 2001); in 
birds, many species exhibit long-term pair bonding (Griffith, 2019; 
Møller, 2003); and in insects, mating behaviours are generally less 
elaborate but encompass a broad diversity of strategies, ranging from 
mate guarding and sperm competition in beetles (Saeki et al., 2005; 
Simmons et al., 1999) to Sex Peptide (SP)–mediated post-mating re
sponses in fruit flies (Chapman et al., 2003; Wolfner, 2002). Impor
tantly, in insects, mating induces marked physiological and behavioural 

changes—for example, alterations in activity, feeding, and reproductive 
investment—that are particularly pronounced and can be quantitatively 
assessed (Avila et al., 2011; Gillott, 2003; South and Lewis, 2011). Thus, 
mating serves not only as the initiation of reproduction but also as a 
trigger for dynamic changes in physiology and behaviour, with 
sex-specific differences in both the magnitude and nature of these effects 
(Arnqvist and Nilsson, 2000; Bath et al., 2017; Gillott, 2003).

Fruit flies (Drosophila melanogaster), as classical model animals in 
behavioural genetics and systems biology, are highly valuable refer
ences for understanding insect mating patterns (Han et al., 2024; Sakai 
et al., 2002). Females exhibit pronounced post-mating changes—such as 
increased egg laying, reduced receptivity, and altered locomotion and 
feeding (Isaac et al., 2010)—largely mediated by seminal fluid proteins 
such as Sex Peptide (SP) transferred during copulation (Chapman et al., 
2003; Liu and Kubli, 2003; Wolfner, 2002). On the other hand, male fruit 
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flies perform a series of fixed courtship behaviours before mating, such 
as chasing, wing vibration, and licking, which consume considerable 
energy. Energy expenditure and investment of seminal resources during 
mating may also cause changes in their behaviour and physiological 
state (Dew-Budd et al., 2016; Dukas, 2008; Villella and Hall, 2008). 
Overall, previous studies have tended to emphasise changes within a 
single sex, systematic comparisons between males and females under 
comparable experimental conditions remain limited. This omission is 
critical because males and females often exhibit divergent reproductive 
strategies and physiological investments (Arnqvist and Nilsson, 2000; 
Bath et al., 2017; Swanson, 2003), and overlooking sex differences can 
obscure the distinct ways in which mating shapes behaviour and phys
iology in each sex.

Moreover, existing studies also face two important limitations. First, 
most studies use behavioural measurements at a single time point, 
making it difficult to reveal the dynamic process of mating effects 
(Carvalho et al., 2006). Since mating effects may be transient, cumula
tive, or reversible, focusing only on one time window may lead to 
incomplete or even misleading conclusions about how behaviour 
changes across the reproductive timeline (Wigby and Chapman, 2005; 
Wolfner, 2002). Second, existing studies have focused mostly on the 
comparison between the two end states of "virgin vs. mated context," 
and lack attention to transitional states during the mating process (such 
as switching from virgin to mated, or from mated to same-sex cohousing 
after the interruption of mating) (Carvalho et al., 2006; Wigby and 
Chapman, 2005).

To overcome these limitations, locomotion is a suitable behavioural 
index. Activity level reflects overall engagement in movement, while 
movement speed indicates the intensity of locomotor output, together 
offering a sensitive readout of physiological state and reproductive costs 
(Han et al., 2024, 2021). Locomotion is tightly linked to reproductive 
strategies: males invest substantial energy in courtship movements, 
whereas post-mating females adjust locomotor activity in relation to 
oviposition and resource acquisition (Isaac et al., 2010; Wicker-Thomas 
and Hamann, 2008). Thus, locomotion offers a powerful framework for 
sex-comparative analyses of mating effects.

In our previously published study (Han et al., 2024), we investigated 
how different mating systems influence locomotor behaviour in male 
and female fruit flies. That study systematically compared behavioural 
differences across four static mating regimes—virgin, monogamous 
pairing, repeated pairing with virgins, and repeated pairing with mated 
partners—and revealed significant sex-specific responses under different 
pairing contexts. However, flies were housed individually during 
behavioural tracking, raising potential confounds of social isolation, and 
the design did not address transitions in mating contexts. Building on 
that work, the present study systematically investigates both sexes under 
dynamic social and mating contexts, thereby disentangling the imme
diate and longer-term effects of reproductive and social experiences on 
behaviour.

Therefore, this study redesigned the experimental paradigm and 
systematically examined the locomotion of male and female fruit flies 
under different mating contexts: virgin, continuously cohoused with the 
opposite sex (mated), switched to an opposite-sex cohousing context in 
the middle of the experiment (virgin-mated), and interrupted opposite- 
sex cohousing followed by same-sex cohousing (mated-deprived). Based 
on previous evidence that mating imposes sex-specific physiological and 
energetic costs, we hypothesised that changes in mating context would 
differentially affect locomotor performance in males and females. Spe
cifically, we predicted that males would exhibit a transient reduction in 
locomotion following mating due to increased energetic expenditure, 
whereas females would show short-term post-mating increases in loco
motion associated with reproductive investment, with these effects 
diminishing over time. By measuring individual movement speed and 
activity level at multiple time points before and after transitions in 
mating contexts, we adopted a within-subject (pre–post) approach to 
assess how different social experiences influence behavioural 

performance across sexes and developmental stages, and to further 
explore the interaction between social environment and mating status, 
thereby providing a new perspective for understanding the plasticity of 
animal behaviour.

2. Material and methods

2.1. Fly strains

Wild-type Drosophila melanogaster (Canton-S strain) was used in this 
study. Flies were obtained from the Bloomington Drosophila Stock 
Centre (BDSC, RRID: BDSC_64349). Flies were maintained on standard 
cornmeal–agar media composed of 33.53 g of cornmeal, 5 g of agar, 
12.5 g of yeast, 20 g of sucrose, and 3 ml of propionic acid, with double- 
distilled water added to a final volume of 500 ml (corresponding to 
~425 ml of water). The medium was dispensed at 10 ml per 95 × 24 mm 
culture vial. Flies were reared at 25 ◦C under a 12:12 h light: dark cycle 
(lights on at 8:00 a.m. and off at 8:00 p.m.). In total, 86 flies were used in 
this study, including 41 males and 45 females.

2.2. Tracking apparatus

Locomotion levels were recorded via a video tracking system (Han 
et al., 2024). Individual flies were transferred into clean, empty fly tubes 
with plastic stoppers. Before recording, flies were given a 5-min accli
mation period: at 13:55, each pair of flies from the same tube was 
separated and placed individually into fresh tubes. This short acclima
tion was chosen to minimise stress while allowing the flies to adapt to 
the new environment. Recording duration was set to 1 min per fly. Re
cordings were performed sequentially between 14:00 and 15:00, a 
period when flies are normally active but outside their peak mating 
time, in order to reduce interference with potential reproductive 
behaviours.

The tubes were horizontally placed on a white paper background and 
visually separated via triangular barriers to prevent mutual visual 
interference. A Huawei P50 Pro smartphone camera mounted on a fixed 
stand at approximately 15–20 cm above the tubes was used to record the 
videos. Raw videos were standardised to 1920 × 1080 resolution (MP4 
format, muted) at 15 fps, which subsequent automated analysis using 
custom Python scripts.

2.3. Experimental design

Newly eclosed flies were collected within 8 h under light CO₂ 
anaesthesia, sexed under a stereomicroscope, and confirmed as virgins. 
All experimental flies were derived from the same cohort and allocated 
at a density of two flies per vial with food medium. Flies were then 
assigned to five experimental groups: (1) virgin male and (2) virgin fe
male, each maintained in same-sex pairs throughout the experiment; (3) 
mated, opposite-sex pairs housed together continuously; (4) virgin- 
mated, initially housed in same-sex pairs and switched to mixed-sex 
pairs on Day 8; and (5) mated-deprived, initially housed in mixed-sex 
pairs and separated into same-sex pairs on Day 8. For clarity and brev
ity, these descriptive labels are used throughout the manuscript, omit
ting the term “context.” Movement speed and activity level were 
measured on Days 4, 9, and 15, and flies were subsequently maintained 
until death (Fig. 1).

2.4. Data analysis

All behavioural recordings were obtained via a smartphone camera 
positioned above the test area. The videos were then analysed offline via 
a custom Python 3.8 script to extract the position of each fly frame by 
frame. The resulting movement trajectories were recorded as sequences 
of x–y coordinates over time. From these coordinates, frame-to-frame 
Euclidean distances were calculated. A frame was classified as “active” 
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if the displacement between consecutive frames was greater than zero. 
The activity level was then defined as the proportion of active frames 
relative to the total number of frames.

To quantify movement speed, the total path length (sum of all 
Euclidean distances) was divided by the fixed recording duration (60 s). 
This definition emphasises the fly’s overall locomotor capacity per unit 
time under standardised recording conditions, rather than instantaneous 
speed during active periods. Conceptually, “actual locomotor speed” 
could also be defined as the total path length divided by the time spent 
moving; however, this metric can be derived by dividing our movement 
speed by the activity level. We deliberately adopted the fixed-duration 
approach here because it more directly reflects the fly’s ability to 
generate movement within a standardised timeframe, which was the 
aspect of locomotion we were most interested in.

Thus, the coordinate data were directly converted into two quanti
tative measures of locomotion—activity level and movement speed (Han 
et al., 2025a,b, 2024, 2021). In this study, we use the term “locomotion 
levels” to collectively refer to these two measures. Locomotion levels 
were analysed to evaluate sex differences (virgin male vs. virgin female) 
as well as the effects of different mating contexts across three time points 
(Days 4, 9, and 15).

Sample sizes varied across treatments due to the initial allocation of 
individuals, mortality during the experiment, and the application of 
exclusion criteria. At the outset, virgin males (8 pairs, 16 flies) and 
virgin females (7 pairs, 14 flies) were assigned relatively larger sample 
sizes because they served as reference groups for comparison. Mated- 
deprived flies (15 pairs, 15 males and 15 females) were also allocated 

more individuals based on our previous findings (Han et al., 2024) 
suggesting potential post-mating effects on locomotion. In contrast, 
mated flies (8 pairs, 8 males and 8 females) and virgin-mated flies (10 
pairs, i.e., 10 virgin males and 10 virgin females) were initiated with 
fewer individuals. During the experiment, mortality further reduced the 
number of flies available for testing. In addition, data points were 
excluded if either activity level or movement speed on a given day 
exceeded two standard deviations from the group mean; once excluded, 
all subsequent measurements from that individual were omitted, even if 
the fly remained alive. As a result, sample sizes differed across days and 
mating contexts. Missing values in the deposited dataset indicate either 
mortality or data exclusion. The exact sample sizes for each group at 
each time point are provided in the dataset and detailed in the accom
panying figure legends.

2.5. Statistical analysis

All valid data were analysed using generalised linear mixed models 
(GLMMs) in SPSS (version 22.0). For both activity level and movement 
speed, GLMMs were specified with a normal distribution and identity 
link function. Fly identity (ID) was included as a random intercept to 
account for repeated measures across Days 4, 9, and 15. Fixed effects 
included treatment (sex or mating context), time (Day 4, 9, 15), and 
their interaction.

To examine sex-specific effects, we compared virgin male and virgin 
female fruit flies across time. For mating context effects, we compared 
virgin, mated, virgin-mated, and mated-deprived flies within each sex. 

Fig. 1. Schematic diagram of the experimental design. Flies were assigned to five groups with different mating contexts: virgin male and virgin female groups were 
maintained in same-sex pairs throughout the experiment; mated flies were kept in continuous male-female pairs; virgin-mated flies were initially housed in same-sex 
pairs and switched to mixed-sex pairs on Day 8 to allow mating; and mated-deprived flies were initially kept in mixed-sex pairs and separated into same-sex pairs on 
Day 8 to terminate mating interactions. Locomotion levels were assessed on Days 4, 9, and 15.
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Estimated marginal means (EMMs) were obtained, and simple effects 
analyses were conducted at each time point when main effects or in
teractions were significant (or when time-specific comparisons were of 
particular interest).

Post hoc pairwise comparisons of EMMs were adjusted for multiple 
testing using the Holm–Bonferroni (sequential Bonferroni) correction. 
This approach controls the family-wise error rate while maintaining 
greater statistical power than the classical Bonferroni correction. Unless 
otherwise stated, all p values presented in the manuscript correspond to 
Holm–Bonferroni–adjusted post hoc comparisons.

Sample sizes for each group and time point are provided in the 
corresponding figure legends, and reflect the exclusion criteria 
described above (see Data Analysis for details). Unless otherwise indi
cated, data are shown as mean ± SEM. P values < 0.05 were considered 
statistically significant; exact p values are reported where possible, and 
results with 0.05 ≤ p < 0.1 are described as trends.

Model fit was evaluated using corrected Akaike’s Information Cri
terion (AICc) and Bayesian Information Criterion (BIC). Because the 
GLMMs were specified with a normal distribution and identity link 
function, equivalent linear mixed-effects models were fitted to obtain 
these model fit indices.

Post hoc power analyses were conducted to assess whether the 
available sample sizes were sufficient to detect the observed effects. 
Power was estimated for the primary model effects (sex and mating 
context on movement speed) based on the observed F statistics and 
corresponding degrees of freedom. Effect sizes derived from the model 
outputs were entered into G*Power (version 3.1) to calculate achieved 
power, indicating that the main effects underlying the central conclu
sions of this study were detected with adequate statistical power.

3. Results

3.1. Virgin male flies exhibit greater movement speed than virgin female

To assess sex differences in locomotor performance, virgin males and 
virgin females were maintained unmated throughout the experiment, 
and their movement speed and activity level were measured on Days 4, 
9, and 15 (Fig. 1). Generalised linear mixed models revealed a signifi
cant main effect of sex on movement speed, with virgin males moving 
faster than virgin females (F(1, 57) = 9.467, p = 0.003; Fig. 2a). Post 
hoc analyses indicated that this difference was significant on Day 4 and 
Day 9, but not on Day 15. Model fit indices based on AICc and BIC were 
used to evaluate the mixed-effects models applied across all analyses 
(Table S1).

In contrast, activity level did not differ significantly between virgin 
males and virgin females, either as a main effect (F(1, 57) = 0.053, 
p = 0.819) or at any individual time point (Fig. 2b). Thus, the observed 

sex difference in locomotion was driven entirely by movement speed. 
Notably, virgin male speed declined with age, whereas virgin female 
speed remained relatively stable. However, as age increases, the 
movement speed of virgin male gradually decreases, whereas that of 
virgin female remains relatively stable.

3.2. Temporary decline and recovery of movement speed in male flies 
exposed to mated context

We next examined the effects of mating context on movement speed 
and activity level in male flies (Fig. 3; Fig. S1). For movement speed, a 
significant main effect of group was detected among virgin male, mated, 
virgin-mated, and mated-deprived males (F(3, 94) = 5.056, p = 0.003; 
Fig. 3a). Post hoc comparisons showed that virgin males moved signif
icantly faster than both mated males and mated-deprived males.

In addition, time-specific analyses revealed that group differences in 
movement speed were most evident at earlier time points. On Day 4, the 
virgin-mated group exhibited higher movement speed than both the 
mated and mated-deprived groups, and virgin males also moved faster 
than mated-deprived males, while the comparison between virgin males 
and mated flies approached significance (p = 0.055; Fig. 3b). By Day 9, 
group differences in movement speed were no longer statistically sig
nificant and similarly approached significance (p = 0.052; Fig. 3c), and 
by Day 15, no group differences were detected (Fig. 3d).

On the other hand, in terms of activity level, there was a significant 
main effect of group among virgin male, mated, virgin-mated, and 
mated-deprived flies (F(3, 94) = 3.314, p = 0.023). Post hoc compari
sons revealed that the mated group had significantly lower activity 
levels than all the other groups did (Fig. S1a). However, post hoc com
parisons at individual time points did not reveal consistent or statisti
cally significant differences after correction (Fig. S1b–d). Taken 
together, these results indicate that exposure to a mated context in males 
primarily affected movement speed in a transient manner, while effects 
on activity level were weak and inconsistent.

3.3. Temporary increase and recovery of movement speed in female flies 
exposed to mated context

We then examined the effects of mating context on locomotor per
formance in female flies (Fig. 4; Fig. S2). For movement speed, the main 
effect of group was not statistically significant (F(3, 94) = 1.190, 
p = 0.318; Fig. 4a). Nevertheless, time-specific analyses revealed tran
sient differences on Day 4, when mated-deprived females moved 
significantly faster than both virgin females and virgin-mated females, 
and mated females also moved faster than virgin-mated females 
(Fig. 4b). These differences were no longer present on Day 9 or Day 15 
(Fig. 4c–d).

Fig. 2. Locomotion levels of virgin male and virgin female fruit flies on Days 4, 9, and 15. a Movement speed of virgin male (blue line) and virgin female (red line) 
flies. b Activity levels of virgin male (blue line) and virgin female (red line) flies. The shaded areas represent the standard error of the mean. The data are presented as 
the means ± SEMs. Statistical comparisons between groups at each time point were conducted via GLMM. Asterisks indicate statistically significant differences 
between groups at the corresponding time points (**p < 0.01). Sample sizes (Day 4 / Day 9 / Day 15): virgin males, n = 15 / 13 / 9; virgin females, n = 13 / 9 / 4.
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In contrast, activity level in females was not significantly affected by 
mating context, either as a main effect (F(3, 94) = 0.334, p = 0.801) or 
at any individual time point (Fig. S2). Overall, these results indicate that 
exposure to mating contexts induces a short-term increase in locomotion 
in female flies, driven primarily by movement speed. This enhancement 
is most pronounced immediately after mating but is transient, as females 
rapidly return to locomotor levels comparable to those of virgins. 
Although activity level showed a similar trend, these differences were 
not statistically significant. Furthermore, transferring mated females 
into same-sex housing (mated-deprived group) did not produce signifi
cant changes in their locomotor behaviour.

4. Discussion

In this study, we systematically investigated the effects of mating 
context on the locomotion levels of fruit flies, and specifically compared 
sex differences by focusing on the virgin male and virgin female groups 
as a baseline. Across five mating contexts—virgin male, virgin female, 
continuously cohabiting with the opposite sex (mated), switched to 
opposite-sex cohabitation midway (virgin-mated), and switched to 
same-sex cohabitation midway (mated-deprived)—we found that virgin 
males had the highest overall movement speed, and continuous 

exposure in the mated context led to a temporary decline in their speed. 
In contrast, females showed a temporary increase in movement speed in 
the mating context, which then returned to the level of virgins. Although 
copulation was not directly observed, it is highly likely that flies in 
mixed-sex conditions did mate. Thus, these results indicate that mating 
context influences movement speed in a time-dependent and sex-specific 
manner. Importantly, the effects of mating context on movement speed 
were transient and varied with recent social experience, indicating that 
locomotor output is dynamically adjusted rather than fixed across 
reproductive contexts. Such patterns are consistent with sex-specific 
trade-offs between reproductive investment and other performance- 
related demands under changing social conditions.

Notably, in the present study, sex differences in movement speed 
were examined exclusively through comparisons between virgin males 
and virgin females, rather than through direct male–female contrasts 
across all mating contexts. We consider this approach to be justified by 
the fundamentally different physiological and behavioural conse
quences that mating elicits in male and female Drosophila melanogaster. 
Previous studies have demonstrated that females typically undergo a 
period of post-mating behavioural suppression and face substantial 
reproductive investment costs, including egg production and associated 
energetic demands, whereas males primarily experience mating-related 

Fig. 3. Movement speeds of male fruit flies under different mating contexts across three time points. a Line plot showing the movement speed of virgin male (blue), 
mated (red), virgin-mated (green), and mated-deprived (yellow) flies on Days 4, 9, and 15. The shaded areas represent the SEM. b-d Bar plots showing group 
comparisons on Day 4 (b), Day 9 (c), and Day 15 (d). Each dot represents an individual fly. The data are presented as the means ± SEMs. Statistical comparisons 
between groups at each time point were conducted via GLMM. Asterisks indicate significant differences between groups (**p < 0.01, ***p < 0.001, p values are 
shown directly when p < 0.1). Sample sizes (Day 4 / Day 9 / Day 15): virgin male, 15 / 13 / 9; mated, 5 / 4 / 4; virgin-mated, 7 / 7 / 5; mated-deprived, 14 / 13 / 10.
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energy expenditure linked to courtship activities and ejaculate produc
tion (Chapman et al., 2003, 1995; Liu and Kubli, 2003; Wigby and 
Chapman, 2005). Consequently, behavioural changes observed under 
post-mating conditions reflect not only inherent sex differences, but also 
sex-specific reproductive states and trajectories. Under such conditions, 
any male–female difference detected after a given mating context could 
arise from a combination of intrinsic sex differences in speed and the 
sex-specific consequences of mating, making it difficult to disentangle 
these two sources of variation. By focusing on virgin males and virgin 
females, we aimed to establish a clear baseline for intrinsic sex differ
ences in locomotor performance prior to mating. This baseline then 
served as a reference framework for interpreting how different mating 
contexts modulate locomotion within each sex. Accordingly, the pri
mary emphasis of this study was placed on within-sex comparisons 
across mating contexts, rather than on direct male–female comparisons 
under post-mating conditions, which could conflate baseline sex dif
ferences with mating-induced effects and obscure sex-specific mecha
nisms underlying behavioural modulation.

Male fruit flies exhibited reduced movement speed after mating 
(mated and virgin-mated groups), which may have resulted from both 
behavioural and physiological influences. During mating, males engage 
in energetically costly courtship and copulation behaviours, which may 
lead to a short-term depletion of energy reserves and consequently lower 

speed (Bretman et al., 2013; Byrne and Rice, 2006; Fricke et al., 2008; 
Vartak et al., 2015). In addition, continuous cohabitation with females 
may reduce exploratory motivation, thereby diminishing behavioural 
activity (Kent et al., 2008). Although we found that males transferred to 
single-sex groups (mated-deprived context) showed no statistically sig
nificant difference from continuously mated males, the scatter distri
bution in Fig. 3c indicates that a larger proportion of individuals 
exhibited increased movement speed after the transfer. We speculate 
that the suppressed locomotion observed in the mated group may be 
related to persistent sperm competition, which drives repeated mating 
attempts and sustained reproductive investment (Arbuthnott et al., 
2014). Such ongoing investment likely increases energetic costs and 
contributes to reduced movement speed as resources are diverted to
ward reproduction. By contrast, the mated-deprived group may expe
rience relief from sperm competition pressure once removed from 
female contact, thereby reducing reproductive expenditure and allowing 
some recovery of speed. Alternatively, as previously reported, males that 
remain with females may continue to engage in repeated copulation 
attempts, which could further prolonged reduction in movement speed 
(Reuven and Katherine, 2012). Nevertheless, these interpretations 
should be regarded with caution given the lack of statistical significance.

On the other hand, the behavioural characteristics of female flies 
distinctly differ from those of males. Our results indicate that females 

Fig. 4. Movement speeds of female fruit flies under different mating contexts across three time points. a Line plot showing the time course of movement speed on 
Days 4, 9, and 15 in virgin female (blue), mated (red), virgin-mated (green), and mated-deprived (yellow) flies. b-d Bar plots showing group comparisons at each time 
point with individual data points overlaid. Same measurements and analysis method as in Fig. 3 (GLMM; *p < 0.05, **p < 0.01). Sample sizes (Day 4 / Day 9 / Day 
15): virgin female, 13 / 9 / 4; mated, 8 / 7 / 7; virgin-mated, 9 / 8 / 6; mated-deprived, 15 / 14 / 6.
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exhibited a transient increase in movement speed following mating 
context, after which they quickly declined. In other words, the effect of 
mating on females followed a rise-then-fall pattern. This may be related 
to females rapidly entering an egg-laying state post-mating, which in
creases foraging and exploratory behaviours (Carvalho et al., 2006; 
Walker et al., 2015). Furthermore, previous research has shown that 
seminal fluid proteins, particularly the SP transferred from males to 
females during mating, can induce metabolic and behavioural changes 
in females (Carvalho et al., 2006). However, this enhancement was 
short-lived and was no longer significant by Days 9 and 15. Additionally, 
females that were switched to same-sex housing after mating (mated-
deprived) on Day 8 did not show markedly lower movement speed 
compared with continuously mated females on Day 9. This suggests that 
the post-mating increase in movement speed is time-limited. Because 
movement speed was measured 24 h after females were moved to 
same-sex groups, residual effects of seminal fluid proteins, particularly 
SP, were likely still present, leading some mated-deprived females to 
maintain slightly elevated movement speed. Therefore, it is possible that 
some females in the mated-deprived group still exhibited slightly 
elevated movement speed on Day 9. If additional time points had been 
included, such as daily observations between Days 9 and 15, a clearer 
divergence between mated and mated-deprived females might have 
emerged. Unfortunately, due to technical limitations of our current 
video-recording setup, which required housing flies individually in vials, 
we had to balance minimising stress to the flies with the feasibility of 
continuous video recording. We acknowledge this limitation and further 
elaborate on methodological considerations regarding video recording 
later in the Discussion.

An additional point requiring consideration is the absence of sig
nificant differences between groups on Day 15. Although Day 15 does 
not represent an advanced age for fruit flies, this convergence may 
reflect a combination of temporal recovery following mating-context 
transitions and habituation to the experimental procedure. First, the 
transition in mating context occurred on Day 8, meaning that by Day 15 
flies had experienced approximately seven days of recovery. Given that 
mating in Drosophila melanogaster typically occurs shortly after initial 
contact between sexes (Greenspan and Ferveur, 2000; Markow, 1987; 
Spieth, 1974), the behavioural effects associated with mating or changes 
in mating context are likely to be most pronounced shortly after the 
transition and may diminish over time. Thus, even though the flies were 
not senescent, a recovery period of seven days may have been sufficient 
for movement speed differences between groups to attenuate. Second, 
repeated transfer of flies to the recording apparatus may have contrib
uted to behavioural habituation. Although considerable effort was made 
to minimise disturbance associated with handling and relocation, such 
effects are difficult to eliminate entirely. Importantly, any habituation or 
handling-related effects would be expected to influence all experimental 
groups in a comparable manner. While this factor may therefore help 
explain the lack of group differences observed on Day 15, it is unlikely to 
fully account for the clear behavioural differences detected during the 
earlier testing sessions. Taken together, we suggest that the convergence 
of movement speed on Day 15 likely reflects the combined effects of 
recovery from mating-context transitions and repeated exposure to the 
experimental procedure.

Moreover, in the present study we examined behavioural changes 
under non-isolated housing conditions, with particular attention to sex- 
specific effects of mating status. In contrast, our previous work showed 
that males kept alone after successive mate replacements exhibited a 
gradual decline in both activity level and movement speed (Han et al., 
2024). In the current study, however, males in the mated-deprived 
group did not show such a decline, likely due to the absence of social 
isolation in the experimental design. Research has shown that social 
isolation can reduce locomotion levels in fruit flies (Yost, 2023). These 
findings suggest that mating status may interact with the social envi
ronment. Notably, in our “mated-deprived” context, flies transitioned 
from a heterosexual mating state to same-sex cohabitation, which 

constituted a change in social context. However, social interactions in 
Drosophila melanogaster are also known to vary with age (Leech et al., 
2017), suggesting that the effects observed here may be further modu
lated by the age of the flies, an aspect that warrants future investigation. 
Future studies could therefore examine how both age and housing 
conditions (comparing individually housed vs. group-housed flies) 
interact with mating status to shape behavioural plasticity, thereby 
providing a more comprehensive understanding of how the social 
environment modulates locomotor and social behaviours in the fruit fly.

Regarding the mechanisms underlying mating-induced behavioural 
changes in fruit flies, we believe that the behavioural alterations 
observed in males and females after mating may be regulated by a va
riety of molecular and neural mechanisms. In males, the post-mating 
decline in movement speed may result from seminal fluid synthesis, 
sperm depletion, and regulation of accessory gland protein (Acp) 
expression, together with the substantial energetic costs of producing 
and transferring seminal fluid components. In addition to SP, recent 
studies have identified novel seminal fluid proteins such as venerose, a 
large glycoprotein that enhances female fecundity but imposes heavy 
biosynthetic and metabolic demands on males (Kim et al., 2024; Singh 
and Soller, 2025). The repeated investment in these energetically costly 
ejaculate components suggests that males face pronounced trade-offs, as 
allocating resources to reproductive expenditure may constrain somatic 
maintenance and movement speed. This is particularly relevant in our 
study, where continuously cohabiting males—presumably investing 
persistently in ejaculate production—exhibited a more marked decline 
in movement speed compared with males transferred to same-sex 
groups. These physiological processes not only demand considerable 
energy but also may influence energy allocation (Chapman et al., 2003; 
Findlay et al., 2008). From a neural regulation perspective, males 
engage neural circuits associated with motivation, reward, and motor 
control during courtship—such as dopaminergic neurons and P1 neu
rons—which may undergo modulation following mating, consequently 
altering behavioural output (Keleman et al., 2012; Kohatsu et al., 2011; 
Philipsborn et al., 2011; Yamamoto and Koganezawa, 2013; Zhang 
et al., 2016). These neural circuits may also be reshaped when males are 
transitioned to same-sex cohabitation. On the other hand, in females, the 
observed post-mating enhancement in movement speed is typically 
attributed to systemic behavioural changes induced by SP. SP acts 
through its receptor in both the female reproductive tract and central 
nervous system, triggering increased feeding, elevated oviposition, and 
reduced receptivity to remating (Chen et al., 1988; Dukas and Dukas, 
2012; Haussmann et al., 2013; Yapici et al., 2008). During this process, 
neuronal activity in central brain regions is likely restructured—for 
instance, pC1 neurons and their associated circuits have been implicated 
as key mediators in post-mating behavioural plasticity (Wang et al., 
2020; Zhou et al., 2014).

One limitation of this study is that flies were only recorded for 1 min 
per day over 3 days. We acknowledge that such a short recording 
duration may increase variability, as fly behaviour at any given minute 
could be strongly influenced by transient states such as courting, 
feeding, resting, or mating, and may therefore introduce additional 
measurement noise. However, recording conditions were strictly 
standardised across all experimental groups, and the use of mixed- 
effects models partially mitigates the influence of short-term behav
ioural fluctuations on the overall analysis. This limitation arises from 
our current video-tracking approach, which only permits accurate 
measurement when flies are recorded singly in individual tubes. 
Recording multiple flies simultaneously would generate substantial 
tracking errors, as overlapping trajectories make it impossible to reliably 
reassign individual identities once the flies separate. Consequently, flies 
originally housed in pairs had to be temporarily separated for recording. 
To minimise interference with the flies’ normal behavioural state, we 
adopted a compromise between increasing measurement noise and 
reducing experimental disturbance, keeping both the number of 
recording sessions and the duration of each separation as short as 

R. Han et al.                                                                                                                                                                                                                                     Behavioural Processes 235 (2026) 105324 

7 



possible. Future research should focus on developing improved mea
surement approaches that allow accurate assessment of locomotor per
formance in multiple flies within the same tube, while minimising 
measurement noise and preserving natural behavioural and social 
contexts.

A second limitation concerns sample sizes, which were relatively 
small and uneven across groups and time points. Because the recording 
duration was short, some flies exhibited extremely low activity or 
movement speed throughout the entire 1-min session, which led to their 
exclusion under our strict criterion (values exceeding two standard de
viations from the group mean in either locomotor measure were 
removed). Once a fly’s data were excluded at a given time point, sub
sequent measurements for that individual were treated as missing. While 
this conservative procedure ensured that only reliable data were 
retained, it further reduced the available sample sizes and created im
balances between sexes and across days, particularly at later time points 
such as Day 15, which may have limited statistical power for certain 
comparisons. Future work will require optimising existing video- 
tracking systems to continuously and accurately quantify locomotion 
without altering the flies’ original housing contexts, as well as devel
oping improved data-filtering strategies to achieve more stable and 
representative results. In addition, future studies should aim to employ 
larger sample sizes to improve statistical power and obtain more precise 
estimates of locomotor differences across mating contexts.

Finally, this study did not incorporate molecular or genetic tools to 
verify mechanisms, nor were neural activity data collected. Conse
quently, the pathways and signalling processes underlying behavioural 
changes remain unresolved. Other limitations also warrant consider
ation. We did not record the frequency or duration of mating events, 
making it difficult to distinguish between single versus multiple mating 
experiences. Observations were restricted to the first 15 days post- 
eclosion, leaving long-term behavioural and lifespan effects unex
plored. Moreover, only the Canton-S wild-type strain was used, although 
previous work suggests strain-specific differences in mating effects on 
locomotion (Helfrich-Förster, 2000). Future research should integrate 
multiple genotypes, long-term behavioural tracking, neural activity 
monitoring, and molecular manipulations to clarify the regulatory pro
cesses and adaptive mechanisms underlying sex-specific locomotor 
changes in different mating contexts.

In this study, we found that exposure to different mating contexts 
induces time-dependent changes in movement speed, with clear sex- 
specific patterns. Male flies showed a transient reduction in movement 
speed followed by recovery, whereas females exhibited a temporary 
increase that subsequently returned to virgin levels. Collectively, these 
findings highlight the importance of reproductive context in shaping 
movement speed and reinforce the value of Drosophila melanogaster as a 
model for linking social experience with motor regulation. From an 
evolutionary perspective, the observed sex-specific and transient mod
ulation of movement speed is consistent with differential allocation 
strategies following mating, whereby males and females balance distinct 
reproductive costs and benefits. By incorporating dynamic transitions in 
mating and housing conditions, our approach captures how recent social 
experience shapes behavioural output over time, providing a useful 
framework for examining the interaction between social environment 
and behavioural plasticity.
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