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Sperm and sex peptide stimulate aggression in 
female Drosophila
Eleanor Bath1* , Samuel Bowden1, Carla Peters1, Anjali Reddy1, Joseph A. Tobias1, 2, Evan Easton-Calabria3,  
Nathalie Seddon1, Stephen F. Goodwin4 and Stuart Wigby1

Female aggression towards other females is associated with reproduction in many taxa, and traditionally thought to be related 
to the protection or provisioning of offspring, such as through increased resource acquisition. However, the underlying repro-
ductive factors causing aggressive behaviour in females remain unknown. Here we show that female aggression in the fruit fly 
Drosophila melanogaster is strongly stimulated by the receipt of sperm at mating, and in part by an associated seminal fluid 
protein, the sex peptide. We further show that the post-mating increase in female aggression is decoupled from the costs of 
egg production and from post-mating decreases in sexual receptivity. Our results indicate that male ejaculates can have a sur-
prisingly direct influence on aggression in recipient females. Male ejaculate traits thus influence the female social competitive 
environment, with potentially far-reaching ecological and evolutionary consequences.

Female aggression directed towards other females (hereafter 
‘female aggression’) can have important fitness consequences 
for females and their offspring1–4. In both vertebrate and inver-

tebrate taxa, females act aggressively to acquire resources or mates, 
defend territories, and protect and provision eggs or offspring5–10. 
Females are expected to be more flexible than males in their use of 
aggression, with aggression heightened at particular stages of repro-
duction or life-history11, and aggression is generally associated with 
maximizing the production or survival of their offspring10. One 
observed pattern is an elevation of female aggression after mating, 
whether it be during offspring development6 or after egg produc-
tion12–14. These increases in aggression typically occur in parallel 
with other notable changes in female behaviour and physiology, 
including alterations in sexual receptivity, feeding rates and hor-
mone levels4,15–17.

In many species, male ejaculate components can induce strik-
ing changes in female post-mating behaviour and physiology. For 
example, in insects such as the fruit fly, Drosophila melanogaster, 
male ejaculate components increase ovulation and egg laying, alter 
immunity and decrease female receptivity to re-mating15,18. Thus, 
ejaculate components are potential candidates for stimulating post-
mating increases in female aggression. Male ejaculates could either 
act as a cue for females to optimally modify their behaviour, indicat-
ing upcoming physiological changes that require females to increase 
their levels of aggression, or could alter female behaviour for the 
male’s benefit, which could either be in the interests of females or 
represent a source of conflict between the sexes19.

There are two main pathways through which male ejaculates 
could stimulate post-mating aggression in females. First, by stimu-
lating increased egg production20, ejaculates increase the demand 
for resources, which could in turn lead to aggressive behaviour 
(Fig.  1a). Females lay eggs at high rates after mating and require 
more, or different, nutrients relative to virgin females16,17,21–23, poten-
tially increasing the motivation for females to compete aggres-
sively over food. Another possibility is a more direct stimulation of 
female aggression by males during mating, with egg production as a  

separate, but simultaneous, pathway (Fig. 1b). Disentangling these 
alternatives is required to understand the physiological and molecu-
lar pathways that coordinate female aggression with reproduction, 
and thus to unravel the processes that drive the evolution of female 
aggressive behaviour.

In this study, we tested whether mating induces changes in 
female aggression in D. melanogaster. In the wild, this species aggre-
gates on rotting fruit24,25, and laboratory studies have shown that 
females will engage in fights when food and oviposition sites are 
limited26,27. Differential reproductive success may therefore result 
from variation in female ability to aggressively acquire and defend 
food and oviposition sites. Males and females both display aggres-
sive behaviours in D. melanogaster in the laboratory, although there 
are significant sex differences in the duration of encounters and 
the types of behaviour observed27,28. There are also differences in 
aggressive behaviour between mated and virgin females, with mated 
females fighting for longer and potentially more likely to escalate to 
higher levels of intensity27. In addition, female D. melanogaster dis-
play other marked post-mating changes in reproductive behaviour, 
such as reductions in receptivity to re-mating, increases in feeding 
and reductions in sleep15. These identified post-mating responses 
are mediated by male seminal fluid proteins, some of which associ-
ate with sperm, such as the ‘sex peptide’29,30, suggesting that female 
aggression could also be influenced by male ejaculate components.

We hypothesize that mating may stimulate aggression in females 
through two potential pathways, either indirectly through egg pro-
duction or directly through ejaculate contents (Fig.  1). We tested 
for these pathways by assessing the levels of aggression in females 
with genetically reduced egg-laying or blocked vitellogenesis, and in 
females mated to males lacking specific ejaculate components, such 
as sperm and sex peptide.

Results
Mating elevates female aggression. We found that aggression 
was significantly elevated by mating: pairs with two mated females  
spent more time fighting over food (generalized linear model, 
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Supplementary Figures 

 

 

Supplementary Figure 1: Females mated to SP0 males produced fewer eggs than those 
mated to SP+ males 
Eggs counted from overnight vials in block 2 of SP experiment. Black bar indicates females 
mated to SP+ males (N = 46), dark grey bars indicate females mated to SP null males (N = 
56), and light grey bars indicate virgin females (N = 62). Bars represent means, while error 
bars indicate standard errors. 
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Supplementary Figure 2: Offspring from sex peptide receptor experiment  
Experimental females were kept in individual vials overnight (see ‘Methods’). Offspring that 
emerged from these vials were frozen and counted 14 days later. As only mated females 
produced offspring, only data from the wild-type mated (N = 50) and SPR- mated (N = 56) 
treatments are presented. Bars represent means, while error bars indicate standard errors. 
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Supplementary Figure 3: Time spent in feeding posture 

Effects of male ejaculate components, and female egg-production and the sex peptide 
receptor on female feeding duration. a) Effect of egg production ability on female feeding 
duration. N females: Mated sterile (ovoD1) = 66, Virgin (ovoD1) = 62, Mated control = 62, 
Virgin control = 66. b) Effect of sperm transfer on female feeding duration. N females: 
Control = 52, tudor = 50, Virgin = 52. c) Effect of sex peptide transfer on female feeding 
duration. N females: SP+ = 78, SP null = 84, Virgin = 98. d) Effect of sex peptide receptor 
presence or absence on female feeding duration. N females: Mated control = 50, Virgin 
control = 48, Mated SPR deficiency = 56, Virgin SPR deficiency = 50. Bars represent means, 
while error bars indicate standard errors.  

 

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

NATURE ECOLOGY & EVOLUTION | DOI: 10.1038/s41559-017-0154 | www.nature.com/natecolevol	 4

SUPPLEMENTARY INFORMATION

http://dx.doi.org/10.1038/s41559-017-0164


 5 

 

Supplementary Figure 4: Proportion of fights won shows no relationship with feeding 
behaviour 

Relationship between proportion of fights won and feeding behaviour in mated and virgin 
wild-type flies. MM = black solid line and filled circles (N = 86) and VV = grey dashed line, 
filled triangles (N = 83). The model prediction is represented by the line across the graph 
(Proportion won: Dev1, 152 = 0.08, P = 0.6; proportion won * mating status: Dev1, 149 = 0.08, P 
= 0.6). 
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