N

N

Learning from fights: Males’ social dominance status impact
reproductive success in Drosophila melanogaster

Antoine Prunier, Severine Trannoy

» To cite this version:

Antoine Prunier, Severine Trannoy. Learning from fights: Males’ social dominance status impact reproductive
success in Drosophila melanogaster. PLoS ONE, 2024, 19 (3), pp.0299839. {10.1371/journal.pone.0299839).
¢hal-04717800)

HAL Id: hal-04717800
https://hal.science/hal-04717800v1

Submitted on 2 Oct 2024

HAL is a multi-disciplinary open access archive L’archive ouverte pluridisciplinaire HAL, est des-
for the deposit and dissemination of scientific re- tinée au dépoét et a la diffusion de documents scien-
search documents, whether they are published or not. tifiques de niveau recherche, publiés ou non, émanant
The documents may come from teaching and research  des établissements d’enseignement et de recherche
institutions in France or abroad, or from public or pri- francais ou étrangers, des laboratoires publics ou
vate research centers. privés.

Au‘to':'lizition
HAL Authorization


https://hal.science/hal-04717800v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr

PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Prunier A, Trannoy S (2024) Learning
from fights: Males’ social dominance status impact
reproductive success in Drosophila melanogaster.
PLoS ONE 19(3): €0299839. https://doi.org/
10.1371/journal.pone.0299839

Editor: Gregg Roman, University of Mississippi,
UNITED STATES

Received: November 21, 2023
Accepted: February 16, 2024
Published: March 7, 2024

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of
all of the content of peer review and author
responses alongside final, published articles. The
editorial history of this article is available here:
https://doi.org/10.1371/journal.pone.0299839

Copyright: © 2024 Prunier, Trannoy. This is an
open access article distributed under the terms of
the Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the manuscript and its Supporting
Information files.

Funding: This work was supported by the French
Research National Agency (ANR) (ANR-19-CE37-

RESEARCH ARTICLE

Learning from fights: Males' social dominance
status impact reproductive success in
Drosophila melanogaster

Antoine Prunier, Severine Trannoy® *

Research Center on Animal Cognition (CRCA), Center for Integrative Biology, Toulouse University, CNRS,
UPS, Toulouse, France

* severine.trannoy @ univ-tlse3.fr

Abstract

In animals, the access to vital resources often relies on individuals’ behavioural personality,
strength, motivation, past experiences and dominance status. Dominant individuals would
be more territorial, providing them with a better access to food resources and mate. The so-
called winner and loser effects induce individuals’ behavioural changes after experiencing a
victory or a defeat, and lead to an individual persistent state influencing the outcome of sub-
sequent fights. However, whether and how development of winner and loser effects affect
individuals’ fitness is controversial. The aim of this study is to evaluate how individuals’ fit-
ness can be influenced by previous fighting experience in Drosophila melanogaster. In this
study, we assess various behavioural performances as indicators for dominant and subordi-
nate fitness. Our results show that subordinates are less territorial than dominants although
their locomotor abilities are not affected. We also demonstrate that in a non-competitive con-
text, experiencing a defeat reduces males’ motivation to court females but not the reproduc-
tive success while in a competitive context, it negatively affects males’ reproductive
success. However, we found no impact upon either males’ ability to distinguish potential
mates nor on females’ choice of a specific mating partner. Overall, these results indicate
that previous defeats reduce reproductive success, a commonly used estimate of individual
fitness.

Introduction

One of the fundamental characteristics of animals is their ability to react appropriately in a
constantly changing and challenging environment, which ultimately benefits their fitness i.e.
the probability of an individual to survive and its capacity to pass its genetic material to its oft-
spring [1]. Behavioural adaptation relays on crucial processes such as integration of environ-
mental sensory cues and animals’ past experiences. Indeed, animals can perceive relevant
information such as the presence of conspecifics or food resources and generate appropriate
behavioural responses, while their past experiences are used to provide adaptive responses to
changing environmental conditions and provide behavioural flexibility.
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Animals often adjust their behavioural responses to information provided by social interac-
tions. Among the latter, aggressive behaviours are widespread across the animal kingdom.
They are essential to the establishment of group structure, and to access to primary resources
(e.g. food, territory, sexual partners. . .) or protection [2]. For this reason, aggression has a high
adaptative value and is often observed in the context of inter-specific competition. On one
hand, animals need to assess the benefits/risks balance when engaging into aggressive interac-
tions: is there something to fight for and is it something valuable? Against whom? Is it risky?
[3]. On the other hand, animals adapt the pattern and intensity of their aggressive behaviours
as well as their fighting strategy depending on the outcomes of previous fights. Such beha-
vioural adaptation is highlighted by the formation of winner and loser effects, consisting in the
increasing probability to win subsequent fights after victories, or to lose after defeats, respec-
tively [4].

In this study, we used the fruit fly Drosophila melanogaster as an animal model capable of
various social behaviours: aggregation [5], courtship [6] and intra-sex aggression [7]. In fruit
flies, cuticular hydrocarbons (CHC), such as some pheromones—e.g.: (Z)-7-tricosene (7T) or
11-cis-vaccenyl acetate (cVA)—play major roles in individuals’ identification, and drive beha-
vioural responses towards courtship or aggression [3, 8-10]. When competing for food or
mates, male flies start interacting with each other until one decides to display some physical
attacks, called lunges. In general, after multiple lunges from the same male, the second one
retreats from the food resource. Wing threats can also be observed as offensive or defensive
behaviours. In rare cases, high-intensity aggressive pattern can be observed, such as tussling or
boxing [7]. The repetition of this behavioural sequence—lunges/retreats—allows the forma-
tion of dominance relationship between competitors, that will generate winner and loser states,
involving learning and memory processes [11, 12].

Winner and loser effects are found in a wide range of species including humans [13], mam-
mals [14], fish [15], birds [16], crustaceans [17], arthropods [18] and in fruit flies [11], and
may durably impact animals’ behaviour. Contests may influence behaviour in various ways
according to the sex and the species. In males, these effects can be explained by an increased
motivation to fight after previous victories while it is reduced following defeats, with a central
role given to sexual steroids such as androgens and monoamines [19, 20]. For instance, andro-
gens level is increased in cichlid fish when fighting, even towards its own reflection, and
increases the likelihood of winning subsequent encounters [15], while in rodents, winning
fights induces testosterone pulses [20]. Another study found an increased tyrosine hydroxylase
expression level in winners’ brain regions controlling social and motivational behaviours [19].
In D. melanogaster, single victory and defeat respectively increases and decreases the likelihood
to win and lose subsequent fight for few minutes to hours [11]. Recently, it has been shown
that serotonin is involved in the short-term loser effect [21]. However, repeated defeats induce
long-lasting loser effects for at least a day and is dependent on de novo protein synthesis [11,
22]. A remarkable case was observed in the mangrove killifish, where a previous defeat contin-
ues to exert its influence on the outcome of further fights, even a month later. These show that
previous fighting experiences may profoundly affect individuals, from their behaviour to their
genes and physiology, in both short- and long-term ways.

While previous victory confers fighting advantages to winning individuals, the extent to
which it may also confer mating advantages and may potentially increase males’ overall fitness
remains a subject of controversy. In the mosquitofish for instance, victories increase reproduc-
tive success [23]. In males jumping spider Thiania bhamoensis, quivering courtship behaviour
is enhanced after winning, which increases reproductive success, even though the females tend
to prefer loser males when she did not watch the fight [24]. In crickets Gryllus assimilis how-
ever, females have a preference for dominant males, whether they saw the fight or not [25].
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Studies on D. melanogaster and prolongata have revealed that subordinated status is associated
with longer latency to court and less successful reproductive behaviour while dominant status
do not improve reproductive success compared to naive flies [22, 26-29]. However, the repro-
ductive males’ advantages seemingly provided by the winner effect is not observed in all spe-
cies. In the earwig Euborellia brunneri, only loser effect has been observed in males, and
females do not show preference towards winner, loser or naive males [30]. In the olive fruit fly
Bactrocera oleae, both winners and losers showed higher aggressive behaviours against naive
flies. [31]. In the fruit fly, it has been found that winners get more access to the female but the
losers showed higher post-copulatory investment [29]. Hence, winner and loser effects influ-
ence the outcome of further social interactions either with potential same-sex competitors or
mates, and represent in fine one of the mechanisms contributing to natural selection. Nonethe-
less, the consequences and mechanisms of how previous fighting experience may impact
reproductive success still remain to be clarified.

The aim of the present study was to explore whether and how previous fighting experi-
ences influence some behavioural aspects essential for males’ reproductive success. We first
assessed the territoriality of males and present evidence that subordinate males are less ter-
ritorial than dominants, despite that their locomotor abilities are not affected, leading to a
potential disadvantage to access food resources or potential mates. Then, we examined the
motivation to court females, and show that previous defeat alters this motivation to court
females without affecting the reproductive success of subordinates. However, in a competi-
tive context, subordinates presented a reduced reproductive success over dominant males.
Finally, we demonstrate that males’ perception is not modified by past fighting experiences,
and that females did not present preferences for males with dominant social status. Overall,
this study demonstrates the impact of males’ social dominance status on their future behav-
iours and further social interactions with conspecifics, ultimately leading to potential
impact on their fitness.

Materials and methods
Flies

The Drosophila melanogaster from the strain Canton-Special (CS) was used for this study. Flies
were raised on standard food medium at 25°C and 50% relative humidity in incubators under
a 12:12 hours light:dark cycle with white LED strips.

For behavioural tests, males and females were reared in social isolation from late pupal
stage to the day of testing to ensure reliable aggression [32]. They were kept in 5ml vials closed
by a piece of cotton and containing about 1ml of standard fly food. Behavioural assays were
performed at 7-days old, between 9:00 and 12:00 which is the first 3 hours of the daily light
cycle.

Experimental chamber

The experimental setup used in this study to examine social behaviours has already been
described [33]. Briefly, tests were performed in a circular arena (22mm diameter x 16mm
height) with a food cup in the middle. An opaque plastic divider was inserted from the top of
the lid, separating the arena in two equal sides. Flies were then inserted on each side of the are-
nas by negative geotaxis, and had 10min to acclimatise, without interacting with each other.
Behavioural experiments started once the separator was removed, allowing flies to interact
together. Each experiment was performed at 25°C.
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Behavioural assays

Aggression assays and establishment of winner or loser state. The experimental protocol
was previously described in Trannoy, et al. [33]. Flies were anesthetized with CO, 48 hours before
the behavioural assays and a dot of white acrylic paint was applied on half of the tested flies on the
dorsal thorax to facilitate visual tracking of individual flies. The other half was anesthetized with
CO, but were not painted. A cup (13x6mm) filled with standard food medium (food cup) and
with a drop of yeast paste in the middle were used as an attractive resource in all fights, and was
placed in the middle of the arena and fixed with adhesive paste. The arena was separated with a
divider so both inserted flies could have access to half of the resource without being in physical
contact with the other male. Subordinate males were defined as males that retreated at least 3
times from the food cup after receiving lunges from the opponent. After 20min of fight, the
divider was inserted to separate dominants and subordinates. It was important to not stress flies
by inserting the divider nor induce flight otherwise results might be biased. Then, after having
being separated for 10 or 60 minutes after fighting experiences, dominants and subordinates were
tested for their territoriality, locomotion, courtship and preferences assays described below. Males
were tested only once for behavioural assays and one timing (10 or 60 minutes).

Territoriality assays. Directly after the 20min fights, an opaque divider was inserted
within the arena to separate dominants and subordinates. Then, we recorded their territorial-
ity on each side of the food cup during 5min. Territoriality of dominant and subordinate fly
were scored in BORIS v.7.12.2 [34]. The time to return to the food cup and the time spent on it
have been measured for 5min, both starting from the insertion of the divider. Some flies were
already on the cup when we inserted the divider, we thus excluded these flies from the measure
“Time to return to the food cup” on Fig 1B. The fly was considered on the food cup if at least
three legs of the fly touched the cup or the food, edges of the cup included. It was then
expressed in percentage of time spent on the territory.

Locomotion. After a period of 10 or 60min once the 20min fight has ended, dominants
and subordinates were inserted alone in a novel arena without food resource and were allowed
to acclimate for 1min. Then, the number of midlines crossing was counted during 5 minutes.

Courtship assays. After a period of 10 or 60min once the 20min fight has ended, domi-
nants and subordinates were separated from each other by inserting a divider. Then,
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Fig 1. Previous defeat had negative impact on males’ territoriality. (A) The proportion of flies starting the territoriality assays on the food cup was

significantly larger in winners than losers (n = 22). (B) The time to return to the food cup was not significantly different between winners and losers

(n =22). (C) The proportion of time spent on the food cup was increased in winners compared to losers (n = 22). (D). The number of midline crossings

10 and 60min after fights was not different between losers and winners (10min: n>>8; 60min: n = 15). N = Naive, W = Winner and L = Loser. *p<0.05
*p<0.01; ***p<0.001.

https://doi.org/10.1371/journal.pone.0299839.9001
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dominants, subordinates, and naive males (males that were inserted within the same arena
used for aggression assays, but alone) were transferred into one half of a new arena without
food resource, but containing a living virgin CS female on the other half. Courtship Vigour
Index (CVI) was calculated as W where T, is the time the male did tapping, Tuywe

the time of Unilateral Wing Extension (UWE), Ty, the time of chasing, T,. the time of
attempted copulation and Ty the total time of the observation which was of 10min after the
first courtship behaviour. The latencies to court and to mate were the times between the first
meeting (i.e. the first physical contact between both flies) and the first courtship behaviour or
initiation of mating. The number of abdomen binding were counted and the reproductive suc-
cess (i.e. mating before 10min) for each male was scored.

Male preference assays. After a period of 60min once the 20min fight has ended, domi-
nant and subordinate males were inserted into a novel arena containing a food cup. On the
food cup, a decapitated virgin CS female and a decapitated CS naive male were placed. To
decapitate Cs females and males, they were anesthetized within a clean cold vial for 30 seconds.
Using a clean razor blade, we cut off the heads of the sleepy flies. Their body were then put on
each side the food cup with clean forceps. Decapitation was used to score interacting time of
the test fly itself without bias due to behaviours of target flies. The time spent to interact with
each were quantified. The amount of time obtained allowed the calculation of an index repre-
senting the time spent with a preferred individual. A positive index of 1 would reflect that a
given male spent all the observation time interacting with the immobilized female. Conversely,

a negative one of -1 would reflect that the male spent all the observation time interacting with
Tp—Ty
Tops

the immobilized and naive male. The index was calculated as equal to where Tk is the

total time spent with the female, Ty with the male and Ty, the total time of the observation,
everything being expressed in seconds.

Female preference assays. After a period of 60min once the 20min fight has ended, domi-
nant and subordinate males were used for preference assays. In a new arena containing a food
cup, one virgin CS female was inserted on one half of it. On the food cup, a decapitated domi-
nant and subordinate were placed, using the same decapitation protocol described above.
Once the divider was removed, the female was allowed to interact with immobilized males. As
in the male preference assays, the time spent interacting with the dominant or the subordinate
male allowed the calculation of an index reflecting the proportion of time and the preferred
male, from -1 to 1. A positive index of 1 would reflect that female spent all the observation
time interacting with dominants, while a negative one of -1 would reflect that they spent all

her time interacting with subordinates. The index was calculated as equal to TVT“O;T’/ where Tyy is

the total time spent with the winner, Ty with the loser and Tqy, the total time of the observa-
tion, everything being expressed in seconds.

Courtship competition assays. Males fought during 20min to establish dominance rela-
tionship. They were then separated with the divider and kept in the same arena. After 60min, a
virgin female was inserted in arenas which met dominance criteria, randomly from the side of
the dominant or subordinate. Then, the separator was immediately removed. Males were
allowed to compete for the female until a male succeeded to mate with the female. The status
of the first male displaying the first courtship event (i.e. one-wing extension), and the one
which succeeded to copulate with the female were noted.

Statistical analysis

Statistical analysis was performed using GraphPad Prism 8.2.1 (GraphPad Software, San
Diego, California USA) and RStudio 2021.09.1+372. All data were subjected to a Grubb’s test
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Fig 2. Losing fight influence males’ motivation to court females. (A) The latency to court virgin CS females was significantly increased in
losing males. However, the latency to mate (B), the Courtship Vigor Index (CVI) (C), the number of abdomen binding (AB) (D), the mating
success (E) and the mating duration (F) were not significantly affected. (10min: ny = 19 nyw = 26 n, = 26; 60min: ny = 21 ny = 29 n;, = 30).
*p<0.05; **p<0.001.

https://doi.org/10.1371/journal.pone.0299839.9002

(00 =0.05) to determine whether extreme values were outliers and were excluded from analysis.
Since most of the datasets did not pass a Shapiro-Wilk normality test, non-parametric statisti-
cal tests were used for all our data analysis. Mann-Whitney and Kruskal-Wallis tests were used
to compare data. Dunn’s multiple comparisons test was used as a post-hoc test to determine
which groups significantly differed. Survival analysis for CVI data (S1 Fig) were performed
with RStudio by using survival and survminer packages and were compared using the log-rank
test. Proportions (Figs 1A, 2E and 3A) were compared on RStudio by using Generalized Linear
Model (GLM) following a binomial distribution and analysed with a Type-II ANOVA.

Results
Dominance status and territoriality

As a first step to investigate the influence of males’ dominance status, we have assessed males’
territoriality directly after 20min-fights. Following the separation of both opponents within
the arena, we noticed a higher proportion of dominants already on the food cup when starting
the assays compared to the losers (Chi® = 4.2712, df = 1, p = 0.0388) (Fig LA). For flies that
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were not on the food cup at the start of the assays, we observed no significant difference in the
time to return to the food cup between subordinates and dominants (Mann-Whitney test,

U =69, p=0.1038) (Fig 1B). However, dominants spent significantly more time on the food
cup than the subordinates during the 5min of observation (Mann-Whitney test, U = 92,

p = 0,0003) (Fig 1C). The difference cannot be assigned to locomotor deficit as any statistical
differences between winners and losers were observed when measured 10min or 60min after
fights (Mann-Whitney test, 10min U = 34.5, p = 0.6486; 60min U = 112, p = 0.9919) (Fig 1D).
These results showed that winning a fight enhances males’ attraction to the food cup and
potentially their territoriality.

Dominance status and courtship behaviour

Beside territoriality, the capacity to meet and court females to ultimately mate and produce oft-
spring is crucial for animals’ survival. To assess the influence of previous fighting experience
on courtship and mating success, we performed male-male aggression assays followed by
courtship assays by pairing independently previous winners and losers with a CS virgin female.
The results revealed that previous losers showed a significant increase in their latency to court
females compared to winner and naive males 60min after fights (Kruskal-Wallis test,

H =10.68, p = 0.0048 and post-hoc Dunn’s multiple comparisons test pyajvesLosers = 0-0143;
Pwinners>Losers = 0.0164 and pnaiveswinners>>0.999), but not after 10min (Kruskal-Wallis test,

H =0.5570, p = 0.7569) (Fig 2A). However, the latency to mate did not differ after both timings
(Kruskal-Wallis test10min, H = 0.6380 and p = 0.7269; Kruskal-Wallis tests60min, H = 1.177,
p = 0.5552) (Fig 2B). Similarly, the CVI which reflects the time spent by males courting females
for 10min after the first courtship event, and the number of abdomen binding (AB) were not
significantly different in their intensity (CVI: H10min = 0.5680, p = 0.7528; H60min = 2.206,

p = 0.3319; AB: H10min = 1.421, p = 0.4914; H60min = 0.6318, p = 0.7291) (Fig 2C and 2D)
nor in their extinction (10mn: Chi* = 0.4, Df = 2 and p = 0.83; 60mn: Chi® = 3.5, Df = 2 and

p = 0.17) (S1A and S1B Fig). Then, to assess mating behaviours, we analysed the mating
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success and the persistence to mate. Both mating success and mating duration were not signifi-
cantly different after both timings (mating success: Chi*10min = 2.1898, df = 2, p = 0.3346;
Chi’*60min = 3.6535, df = 2, p = 0.1609; Mating duration: Kruskal-Wallis test10min,

H =4.053, p = 0.1318; H60min = 0.4939, p = 0.7812) (Fig 2E and 2F). These results demon-
strate that only previous losing experiences negatively affect males’ motivation to court females
60 min after fights, but had no significant influences on other courtship and mating capacities.

Dominance status and reproductive success in a competitive context

Dominant and subordinate males did not present drastic differences in their abilities to court
and mate, but a decreased in the subordinates’ motivation to court females 60 minutes after
fights has been observed. Thus, we then asked whether dominance status would have an
impact on reproductive success when the pressure of competition is strong. To tackle this, 60
minutes after fights, we inserted a CS virgin female within the arena and scored courtship
behaviours from both males. In such context, we demonstrated that winners and losers had
the same probability to perform the first courtship event (Chi’ = 0.5816, Df = 1, p = 0.4457),
whereas losers had a significantly lower probability to mate first compared to winner males
(Chi* = 7.9791, Df = 1, p = 0.0047) (Fig 3A). Subordinates’ courtship performances were not
quantitatively altered as their CVI did not differ significantly from that of the dominants, even
though a trend can be noticed (Mann-Whitney test, U = 350,5, p = 0.0649) (Fig 3B). However,
over time, the losers’ CVI shows a faster decline compared to that of the winners (Chi® = 4.3,
df =1, p=0.037) (S1C Fig). This suggests that subordinates may displayed fewer UWE
explaining their lower probability to mate. Yet, when they succeed, we found that the mating
duration differed significantly, such that the winners had longer mating duration than the los-
ers (Mann-Whitney test, U = 55, p = 0.0348) (Fig 3C). Our results showed that previous losing
experiences have mostly negative consequences on reproductive success only when individuals
face competitors.

Males and females’ preferences

To explain the lower reproductive success of subordinates in a competition context, we carried
out preferences assays. First, a previous defeat may lead to an impairment of correctly identify-
ing females or a reduction of motivation to interact, court and ultimately mate with females.
To disentangle these points, 60 minutes after fights, previous winners and losers had the choice
to interact with a decapitated CS virgin female or CS naive male. Both winner and loser males
showed a clear preference for interacting with the decapitated female, and the time of interac-
tion did not differ between both males (Mann-Whitney test, U = 6, p = 0.4127). They also
showed the same lack of interest for the decapitated naive male (Mann-Whitney test, U = 6,

p = 0.4127) (Fig 4A). As a consequence, the male preference index did not differ significantly
between winners and losers (Mann-Whitney test, U = 7, p = 0.5635; m;, = 0.91, sd,,;, = 0.12
and my, = 0.86, sdj,s = 0.14) (Fig 4B). Second, females may be more receptive to dominant
males’ status, and would be more willing to mate with previous winners. To test this hypothe-
sis, CS females were able to interact with decapitated winners and losers that have fought 60
minutes before, and we measured the time of interaction with both decapitated males. The
results showed that females spend as much time interacting with winners as losers (Mann-
Whitney test, U = 203, p = 0.3664) (Fig 4C), which is also outlined by a females’ preference
index around 0 (m = -0.08, sd = 0.43) (Fig 4D). These results suggest that previous defeat may
directly impact males’ motivation to court, and to the end, affect their reproductive success in
a competitive context, rather than on females’ preference for dominant males.
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Fig 4. Previous fighting experiences did not alter males’ perception for females. (A) Previous losers spend as much
time than winners interacting with decapitated females. They spend more time interacting with females than males.
(B) Male preference Index was equivalent between winners and losers (n>4). (C) CS females spend as much as time
interacting with decapitated winners and losers (D) Female preference Index is equivalent to zero, showing no
preference for winner or loser males (n = 23).

https://doi.org/10.1371/journal.pone.0299839.9004

Discussion

The aim of our study was to determine the short-term effects of fights’ outcome on some Dro-
sophila melanogaster males’ behavioural aspects that are considered as proxies for individual
fitness. First, we examined the territoriality with respect to the contested resource when domi-
nants and subordinates were physically separated directly after fighting experiences. 40% (9/
22) of winners, but only 13% (3/22) of losers, were still present on the food cup at the begin-
ning of the assays, meaning that they did not leave the food cup between the end of the fight
and the start of the territoriality assays. This difference suggests that winners may demonstrate
greater territoriality or motivation to access food compared to losers. When assessing the time
it took for flies that were not initially on the food cup to return to it, no significant difference
was observed between the two groups. However, defeated males tend to take a longer period of
time to return to the food cup compared to victorious males. Besides, despite the absence of
physical contact with dominant flies during the territoriality assay, defeated males presented a
reduced time spent on the food cup. Access and defence of a territory has been shown to be an
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advantage for males’ reproductive success since females aggregate on it [35]. Therefore, the
reduced territoriality behaviour of subordinates may directly lead to decrease likelihood to
mate. Such results demonstrate that fights have rapid effects on individuals’ behaviours that
persisted even in absence of physical contact with their opponent. These observations were
likely due to changes in internal state of flies induced by fighting experiences, as winning or
losing fights did not impair males’ locomotor activities nor sex-identification. Previous studies
have shown that fighting strategy adopted by dominant and subordinate males is influenced
by potential territory markings [36], implying that the social-cue theory would explain beha-
vioural changes after fighting experiences. This theory entails that individuals are able to per-
ceive environmental sensory cues deposited by the opponent to guide further behaviours and
social interactions [37]. To test whether the social-cue theory would explain why subordinate
males were less territorial because they could detect territorial markings left by dominants dur-
ing fights, one could perform the same territoriality assays but in novel arena exempt of any
males’ pheromones cues.

We then assessed the courtship and reproductive behaviours of dominant, subordinate and
naive males at two different timings after a fighting experience, 10 and 60 minutes. Overall, no
behavioural differences were statistically detected between the three groups of males 10 mins
after fights. However, 60 mins after previous defeat, subordinates present a decreased in their
motivation to court virgin females, and tend to display fewer UWE. This shows that previous
defeat can affect males’ behaviours at different timing scales, inducing immediate changes in
term of territoriality, but short-term changes in term of motivational internal state that
develop 60min after fights. However, courtship behaviours 10min after fights are not affected
in losers. This could be explained by the fact that winning and losing experiences, as any social
interactions and environmental changes, may induce specific quantitative changes in the cutic-
ular profiles of winners and losers [38-40]. Such changes would require new synthesis of CHC
in oenocytes, taking more than 10min. Quantitative modifications of some CHC may induce
changes in self-perception and motivational states of the animals causing the increased latency
to court females seen in our study, only 60min after fights. Our observation is consistent with
others studies presenting evidence that defeated flies have a reduced motivation to court
females [29] and to attempt copulation [27]. Besides, Filice and collaborators have revealed
that subordinates have a mating duration slightly increased compared to dominants but the
average number of offspring sired by both males were equivalent [29], suggesting that males’
fitness is not related to the time invested in the mating part per se. However, in our study, we
found that mating duration was not different between subordinates and dominants in a non-
competitive context, while it was reduced in a competitive context. Such discrepancy could be
explained by the different experimental protocols. Although different aggression and courtship
assays protocols were used in these studies, the conclusion is consistent: previous defeat nega-
tively affect courtship motivational state of males. Interestingly, multiple defeats have been
shown to induce long-lasting loser effect that persist at least a day and dependent of de novo
protein synthesis [11, 22]. In addition, Kim and collaborators have shown that multiple defeats
also induce a reduction of courtship behaviours that can be observed after 1 day [22]. Put
together, these results suggest that fighting experience can induce changes in males’ internal
state in both short- and long-term ways, depending on how many defeats animals have
experienced.

In a competitive context where dominants and subordinates compete for a female, our find-
ings align with the existing literature, confirming that prior fighting experience has an influ-
ence on reproductive success. However, in our study, the reproductive success of losers was
significantly decreased only in a competitive context, suggesting a potential interaction
between experiencing prior defeat and competing against an opponent for a female. This
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hypothesis can be reinforced by the fact that losers tend to i) show lower reproductive success
in a non-competitive context, and ii) spend less time displaying UWE toward the female in a
competitive context. This interaction -fighting experience/presence of opponent- could also
explain why, in this competitive context, losers have same likelihood of courting first the
female. Competing against an opponent for females could overcome the negative effect of
prior defeat, and increase losers’ motivation to court females. However, as subordinates tend
to perform fewer UWE in a competitive context, they might be ultimately less likely to mate
with the female. While we cannot completely rule out the possibility that initial intrinsic differ-
ences, such as distinct energetic resources or courtship abilities, existed between actual losers
and winners in our study, Teseo et al. in 2016 [27] provided supporting evidence against this
hypothesis. They measured courtship behaviours before and after fighting experiences and
demonstrated that decrease in courtship performance were observed only after losing experi-
ences. This supports the idea that our observations are experience-dependent.

A question still remains: What serves as a predictor of males’ reproductive success? Is it the
males’ fighting performances themselves or their subsequent dominance status that influence
their reproductive success? In any scenario, previous fighting experiences may have crucial
direct or indirect impacts on behavioural and phenotypical traits involved in courtship and
reproductive success of dominant and subordinate males perceived by females. Distinguishing
between the influence of males’ fighting experiences and mating choice of females is a complex
task. While some studies suggest that previous fighting experience may impact males’ motiva-
tion to court females [17, 27-29], some others show that these are some males’ phenotypic
traits perceived by females that explain differences in reproductive success after fights [23, 41].
In another context, such as eavesdropping situation, female can assess dominance status of
males by having watched their aggressive interactions. This effect has already been reported in
fish [42] or birds [43]. Even though female flies are fitted with social learning capacities and
can base their mating choice according to other females mating choice [44], to date, there have
been no studies examining whether female flies after observing male fights, can accurately
gauge the dominance status of males, and subsequently exhibit a mating preference for domi-
nant males.

Development of winner and loser effects can be accompanied by changes in the quantity of
chemical or olfactory signals emitted, leading to communication of males’ dominance status to
potential rivals and mates. This, in turn, can influence further social interactions. This has
been shown in snapping shrimp and crayfish, that males can assess dominance status of oppo-
nent using olfactory cues [37], or in rodents, that female can detect odours of less aggressive
males [45]. Results of our study indicate that, under our experimental conditions, females did
not show an active preference for either decapitated dominants or subordinates based on
chemicals, physicals or behavioural traits. This suggests that mating success may not primarily
hinge on females themselves, or that females rely on additional behavioural and sensory cues
not available when males are decapitated. If females do have preferences for winners, it would
likely be influenced more by behavioural cues (such as UWE and song quality) rather than
intrinsic traits alone (such as pheromones, size, etc.), or possibly a combination of both. To
explore this hypothesis, one can perform experiment inspired from Loranger & Bertram’s
work [25] to see whether females would show an active preference towards alive males by
blocking physical contact between dominants, subordinates and females.

Other studies have examined how fighting experience can modulate female fertility and
number of offspring produced. In crickets, it has been shown that females that mated with
dominant males laid more eggs [46], suggesting that females can either allocate more energy
after mating with dominants to produce offspring, or that dominant males can enhance off-
spring sired by females. Fighting experiences can also affect females’ fertility through various

PLOS ONE | https://doi.org/10.1371/journal.pone.0299839 March 7, 2024 11/15


https://doi.org/10.1371/journal.pone.0299839

PLOS ONE

Males’ social dominance status and mating success

mechanisms. i. Physiological effects: sperm quality of males can be altered by stress of aggres-
sive interactions, potentially leading to fewer fertilized eggs after mating [47]. ii. Resource
access: dominants would have better access to food, which can indirectly benefit females and
their progeny [48] iii. Female choice: female preference for dominant may enhance female fer-
tility by increasing the genetic quality of their offspring [49]. iv. Sperm competition: sperm of
dominants may have competitive advantage in fertilizing eggs [50]. v. Territoriality: dominant
males may create secure environments where females can raise their offspring more success-
fully, indirectly enhancing female fertility. vi. Males attractiveness: Females may be attracted to
the displays and behaviours of males during fights, which can represent a signal of male qual-
ity, potentially increasing female interest and subsequently, fertility [51]. Collectively, these
studies demonstrate how previous fighting experience significantly affect males’ courtship
behaviours, their reproductive success and their overall fitness, and might modulate female
fertility. Nevertheless, it remains challenging to distinguish whether these impacts are direct or
indirect, and whether they originate from males, females, or both.

Conclusions

Fighting experiences may lead to deep changes in animals’ behaviour and physiology. In gen-
eral, consequences of previous defeats tend to be more profound, widespread and long-lasting
than those of previous victories. Consistent with the existing literature, our findings in males
D. melanogaster indicate that losing a fight leads to behavioural changes in subordinates:
reduction in their territoriality, their motivation to court females, and their likelihood to mate
in a competitive context. These effects can be observed at different temporalities, with an
immediate impact on territorial defence, and after one hour on courtship and mating behav-
iours. However, fighting experiences have no influence either on males’ ability to differentiate
potential mates nor on females’ choice to choose a mating partner. Overall, our findings con-
tribute to a better understanding of how previous fighting experiences influence different
behaviours that play a critical role in determining animals’ fitness.

Supporting information

S1 Fig. The CVI extinction only differ in a competitive context. (A) The CVI extinction do
not differ between Winners, Losers, Naive 10min (Chi” = 0.4 and p = 0.83) and (B) 60min
(Chi* = 3.5 and p = 0.17) after fight in non-competitive context. (C) However, CVI does
decline faster in losers in competitive context against winners.

(PDF)

S1 File. Raw data collected from experiments. Each sheet corresponds to a figure. Outliers
detected by Grubb’s test are in italic, blue and signalled with an *. Mean and Sd are calculated
when it is possible.

(XLSX)

Acknowledgments

We would like to thank members from the IVEP team at the Research Center for Animal Cog-
nition for their comments on the manuscript. Especially, we would like to thank Anthony
Defert (CRCA, Toulouse, France) and Anthony Roig (CNR, Instituo di Scienze e Tecnologie
della Cognizione, Rome, Italy) who helped us with the statistical analysis, and thank the
Edward Kravitz laboratory at Harvard Medical School (HMS, Boston, USA) for collecting pre-
liminary results.

PLOS ONE | https://doi.org/10.1371/journal.pone.0299839 March 7, 2024 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0299839.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0299839.s002
https://doi.org/10.1371/journal.pone.0299839

PLOS ONE

Males’ social dominance status and mating success

Author Contributions

Conceptualization: Severine Trannoy.

Data curation: Antoine Prunier, Severine Trannoy.

Formal analysis: Antoine Prunier, Severine Trannoy.

Funding acquisition: Severine Trannoy.

Project administration: Severine Trannoy.

Supervision: Severine Trannoy.

Writing - original draft: Antoine Prunier.

Writing - review & editing: Severine Trannoy.

References

1.
2.

10.

11.

12

13.

14.

15.

16.

Thoday JM. Components of fitness. 1953.

Blanchard DC, Blanchard RJ. What can animal aggression research tell us about human aggression?
Horm Behav. 2003; 44: 171-177. https://doi.org/10.1016/s0018-506x(03)00133-8 PMID: 14609539

Fernandez MDLP Chan Y-B, Yew JY Billeter J-C, Dreisewerd K Levine JD, et al. Pheromonal and
Behavioral Cues Trigger Male-to-Female Aggression in Drosophila. Waddell S, editor. PLoS Biol. 2010;
8: e1000541. https://doi.org/10.1371/journal.pbio.1000541 PMID: 21124886

Hsu Y, Earley RL, Wolf LL. Modulation of aggressive behaviour by fighting experience: mechanisms
and contest outcomes. Biol Rev. 2005; 81: 33—74. https://doi.org/10.1017/S146479310500686X PMID:
16460581

Simon AF, Chou M - T., Salazar ED, Nicholson T, Saini N, Metchev S, et al. A simple assay to study
social behavior in Drosophila: measurement of social space within a group '. Genes Brain Behav. 2012;
11: 243-252. https://doi.org/10.1111/j.1601-183X.2011.00740.x PMID: 22010812

Yamamoto D, Koganezawa M. Genes and circuits of courtship behaviour in Drosophila males. Nat Rev
Neurosci. 2013; 14: 681-692. https://doi.org/10.1038/nrn3567 PMID: 24052176

Chen S, Lee AY, Bowens NM, Huber R, Kravitz EA. Fighting fruit flies: A model system for the study of
aggression. Proc Natl Acad Sci. 2002; 99: 5664—5668. https://doi.org/10.1073/pnas.082102599 PMID:
11960020

Wang L, Anderson DJ. Identification of an aggression-promoting pheromone and its receptor neurons
in Drosophila. Nature. 2010; 463: 227—231. https://doi.org/10.1038/nature08678 PMID: 19966787

Wang L, Han X, Mehren J, Hiroi M, Billeter J-C, Miyamoto T, et al. Hierarchical chemosensory regula-
tion of male-male social interactions in Drosophila. Nat Neurosci. 2011; 14: 757-762. https://doi.org/10.
1038/nn.2800 PMID: 21516101

Fernandez MP, Kravitz EA. Aggression and courtship in Drosophila: pheromonal communication and
sex recognition. J Comp Physiol A Neuroethol Sens Neural Behav Physiol. 2013; 199: 1065-1076.
https://doi.org/10.1007/s00359-013-0851-5 PMID: 24043358

Trannoy S, Penn J, Lucey K, Popovic D, Kravitz EA. Short and long-lasting behavioral consequences of
agonistic encounters between male Drosophila melanogaster. Proc Natl Acad Sci. 2016; 113: 4818—
4823. https://doi.org/10.1073/pnas.1520953113 PMID: 27071097

Yurkovic A, Wang O, Basu AC, Kravitz EA. Learning and memory associated with aggression in Dro-
sophila melanogaster. Proc Natl Acad Sci. 2006; 103: 17519-17524. https://doi.org/10.1073/pnas.
0608211103 PMID: 17088536

Page L, Coates J. Winner and loser effects in human competitions. Evidence from equally matched ten-
nis players. Evol Hum Behav. 2017; 38: 530-535. https://doi.org/10.1016/j.evolhumbehav.2017.02.003

Kloke V, Jansen F, Heiming RS, Palme R, Lesch K-P, Sachser N. The winner and loser effect, serotonin
transporter genotype, and the display of offensive aggression. Physiol Behav. 2011; 103: 565-574.
https://doi.org/10.1016/j.physbeh.2011.04.021 PMID: 21549735

Dijkstra PD, Schaafsma SM, Hofmann HA, Groothuis TGG. ‘Winner effect’ without winning: Unresolved
social conflicts increase the probability of winning a subsequent contest in a cichlid fish. Physiol Behav.
2012; 105: 489-492. https://doi.org/10.1016/j.physbeh.2011.08.029 PMID: 21939680

Drummond H, Osorno JL. Training siblings to be submissive losers: dominance between booby nest-
lings. Anim Behav. 1992; 44: 881-893. https://doi.org/10.1016/S0003-3472(05)80584-6

PLOS ONE | https://doi.org/10.1371/journal.pone.0299839 March 7, 2024 13/15


https://doi.org/10.1016/s0018-506x%2803%2900133-8
http://www.ncbi.nlm.nih.gov/pubmed/14609539
https://doi.org/10.1371/journal.pbio.1000541
http://www.ncbi.nlm.nih.gov/pubmed/21124886
https://doi.org/10.1017/S146479310500686X
http://www.ncbi.nlm.nih.gov/pubmed/16460581
https://doi.org/10.1111/j.1601-183X.2011.00740.x
http://www.ncbi.nlm.nih.gov/pubmed/22010812
https://doi.org/10.1038/nrn3567
http://www.ncbi.nlm.nih.gov/pubmed/24052176
https://doi.org/10.1073/pnas.082102599
http://www.ncbi.nlm.nih.gov/pubmed/11960020
https://doi.org/10.1038/nature08678
http://www.ncbi.nlm.nih.gov/pubmed/19966787
https://doi.org/10.1038/nn.2800
https://doi.org/10.1038/nn.2800
http://www.ncbi.nlm.nih.gov/pubmed/21516101
https://doi.org/10.1007/s00359-013-0851-5
http://www.ncbi.nlm.nih.gov/pubmed/24043358
https://doi.org/10.1073/pnas.1520953113
http://www.ncbi.nlm.nih.gov/pubmed/27071097
https://doi.org/10.1073/pnas.0608211103
https://doi.org/10.1073/pnas.0608211103
http://www.ncbi.nlm.nih.gov/pubmed/17088536
https://doi.org/10.1016/j.evolhumbehav.2017.02.003
https://doi.org/10.1016/j.physbeh.2011.04.021
http://www.ncbi.nlm.nih.gov/pubmed/21549735
https://doi.org/10.1016/j.physbeh.2011.08.029
http://www.ncbi.nlm.nih.gov/pubmed/21939680
https://doi.org/10.1016/S0003-3472%2805%2980584-6
https://doi.org/10.1371/journal.pone.0299839

PLOS ONE

Males’ social dominance status and mating success

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Kola M, Alexander T, Servidio T, Mathews L. Winner and loser effects influence subsequent mating
interactions in crayfish. Behav Processes. 2021; 192: 104489. https://doi.org/10.1016/j.beproc.2021.
104489 PMID: 34437979

Kasumovic MM, Elias DO, Sivalinghem S, Mason AC, Andrade MCB. Examination of prior contest
experience and the retention of winner and loser effects. Behav Ecol. 2010; 21: 404—409. https://doi.
org/10.1093/beheco/arp204 PMID: 22476369

Schwartzer JJ, Ricci LA, Melloni RH. Prior Fighting Experience Increases Aggression in Syrian Ham-
sters: Implications for a Role of Dopamine in the Winner Effect: Dopamine Alterations in Trained Fight-
ers. Aggress Behav. 2013; 39: 290-300. https://doi.org/10.1002/ab.21476 PMID: 23519643

Fuxjager MJ, Trainor BC, Marler CA. What can animal research tell us about the link between andro-
gens and social competition in humans? Horm Behav. 2017; 92: 182—189. https://doi.org/10.1016/j.
yhbeh.2016.11.014 PMID: 27914879

Hu SW, Yang YT, Sun Y, Zhan YP, Zhu Y. Serotonin Signals Overcome Loser Mentality in Drosophila.
iScience. 2020; 23: 101651. https://doi.org/10.1016/j.isci.2020.101651 PMID: 33117967

Kim Y-K, Saver M, Simon J, Kent CF, Shao L, Eddison M, et al. Repetitive aggressive encounters gen-
erate a long-lasting internal state in Drosophila melanogaster males. Proc Natl Acad Sci. 2018; 115:
1099-1104. https://doi.org/10.1073/pnas.1716612115 PMID: 29339481

Harrison LM, Jennions MD, Head ML. Does the winner—loser effect determine male mating success?
Biol Lett. 2018; 14: 20180195. https://doi.org/10.1098/rsbl.2018.0195 PMID: 29769302

Chan JPY, Lau PR, Tham AJ, Li D. The effects of male—male contests and female eavesdropping on
female mate choice and male mating success in the jumping spider, Thiania bhamoensis (Araneae:
Salticidae). Behav Ecol Sociobiol. 2008; 62: 639—646. https://doi.org/10.1007/s00265-007-0488-x

Loranger MJ, Bertram SM. The effect of male dominance on female choice in a field cricket (Gryllus
assimilis). Anim Behav. 2016; 114: 45-52. https://doi.org/10.1016/j.anbehav.2016.01.020

Amino K, Matsuo T. Reproductive advantage of the winners of male-male competition in Drosophila
prolongata. Behav Processes. 2023; 206: 104831. https://doi.org/10.1016/j.beproc.2023.104831
PMID: 36693576

Teseo S, Veerus L, Mery F. Fighting experience affects fruit fly behavior in a mating context. Sci Nat.
2016; 103: 38. https://doi.org/10.1007/s00114-016-1368-x PMID: 27108453

Toyoshima N, Matsuo T. Fight outcome influences male mating success in Drosophila prolongata. J
Ethol. 2023; 41: 119—-127. https://doi.org/10.1007/s10164-023-00778-1

Filice DCS, Dukas R. Winners have higher pre-copulatory mating success but losers have better post-
copulatory outcomes. Proc R Soc B Biol Sci. 2019; 286: 20182838. https://doi.org/10.1098/rspb.2018.
2838 PMID: 30940060

Van Lieshout E, Van Wilgenburg E, Elgar MA. No male agonistic experience effect on pre-copulatory
mate choice in female earwigs. Behav Ecol Sociobiol. 2009; 63: 1727—-1733. https://doi.org/10.1007/
s00265-009-0788-4

Benelli G, Desneux N, Romano D, Conte G, Messing RH, Canale A. Contest experience enhances
aggressive behaviour in a fly: when losers learn to win. Sci Rep. 2015; 5: 9347. https://doi.org/10.1038/
srep09347 PMID: 25792294

Hoffmann AA. The influence of age and experience with conspecifics on territorial behavior in Drosoph-
ila melanogaster. J Insect Behav. 1990; 3: 1-12. https://doi.org/10.1007/BF01049191

Trannoy S, Chowdhury B, Kravitz EA. A New Approach that Eliminates Handling for Studying Aggres-
sion and the “Loser” Effect in Drosophila melanogaster. J Vis Exp. 2015; 53395. https://doi.org/10.
3791/53395 PMID: 26780386

Friard O, Gamba M. BORIS: a free, versatile open-source event-logging software for video/audio cod-
ing and live observations. Fitzjohn R, editor. Methods Ecol Evol. 2016; 7: 1325—-1330. https://doi.org/10.
1111/2041-210X.12584

Hoffmann AA, Cacoyianni Z. Selection for territoriality in Drosophila melanogaster: correlated
responses in mating success and other fithess components. Anim Behav. 1989; 38: 23—-34. https://doi.
org/10.1016/S0003-3472(89)80062-4

Trannoy S, Kravitz EA. Strategy changes in subsequent fights as consequences of winning and losing
in fruit fly fights. Fly (Austin). 2017; 11: 129—-138. https://doi.org/10.1080/19336934.2016.1259041
PMID: 27834611

Rutte C, Taborsky M, Brinkhof MWG. What sets the odds of winning and losing? Trends Ecol Evol.
2006; 21: 16-21. https://doi.org/10.1016/j.tree.2005.10.014 PMID: 16701465

Farine J-P, Ferveur J-F, Everaerts C. Volatile Drosophila Cuticular Pheromones Are Affected by Social
but Not Sexual Experience. Callaerts P, editor. PLoS ONE. 2012; 7: e40396. https://doi.org/10.1371/
journal.pone.0040396 PMID: 22808151

PLOS ONE | https://doi.org/10.1371/journal.pone.0299839 March 7, 2024 14/15


https://doi.org/10.1016/j.beproc.2021.104489
https://doi.org/10.1016/j.beproc.2021.104489
http://www.ncbi.nlm.nih.gov/pubmed/34437979
https://doi.org/10.1093/beheco/arp204
https://doi.org/10.1093/beheco/arp204
http://www.ncbi.nlm.nih.gov/pubmed/22476369
https://doi.org/10.1002/ab.21476
http://www.ncbi.nlm.nih.gov/pubmed/23519643
https://doi.org/10.1016/j.yhbeh.2016.11.014
https://doi.org/10.1016/j.yhbeh.2016.11.014
http://www.ncbi.nlm.nih.gov/pubmed/27914879
https://doi.org/10.1016/j.isci.2020.101651
http://www.ncbi.nlm.nih.gov/pubmed/33117967
https://doi.org/10.1073/pnas.1716612115
http://www.ncbi.nlm.nih.gov/pubmed/29339481
https://doi.org/10.1098/rsbl.2018.0195
http://www.ncbi.nlm.nih.gov/pubmed/29769302
https://doi.org/10.1007/s00265-007-0488-x
https://doi.org/10.1016/j.anbehav.2016.01.020
https://doi.org/10.1016/j.beproc.2023.104831
http://www.ncbi.nlm.nih.gov/pubmed/36693576
https://doi.org/10.1007/s00114-016-1368-x
http://www.ncbi.nlm.nih.gov/pubmed/27108453
https://doi.org/10.1007/s10164-023-00778-1
https://doi.org/10.1098/rspb.2018.2838
https://doi.org/10.1098/rspb.2018.2838
http://www.ncbi.nlm.nih.gov/pubmed/30940060
https://doi.org/10.1007/s00265-009-0788-4
https://doi.org/10.1007/s00265-009-0788-4
https://doi.org/10.1038/srep09347
https://doi.org/10.1038/srep09347
http://www.ncbi.nlm.nih.gov/pubmed/25792294
https://doi.org/10.1007/BF01049191
https://doi.org/10.3791/53395
https://doi.org/10.3791/53395
http://www.ncbi.nlm.nih.gov/pubmed/26780386
https://doi.org/10.1111/2041-210X.12584
https://doi.org/10.1111/2041-210X.12584
https://doi.org/10.1016/S0003-3472%2889%2980062-4
https://doi.org/10.1016/S0003-3472%2889%2980062-4
https://doi.org/10.1080/19336934.2016.1259041
http://www.ncbi.nlm.nih.gov/pubmed/27834611
https://doi.org/10.1016/j.tree.2005.10.014
http://www.ncbi.nlm.nih.gov/pubmed/16701465
https://doi.org/10.1371/journal.pone.0040396
https://doi.org/10.1371/journal.pone.0040396
http://www.ncbi.nlm.nih.gov/pubmed/22808151
https://doi.org/10.1371/journal.pone.0299839

PLOS ONE

Males’ social dominance status and mating success

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.
50.

51.

Karpati Z, Deutsch F, Kiss B, Schmitt T. Seasonal changes in photoperiod and temperature lead to
changes in cuticular hydrocarbon profiles and affect mating success in Drosophila suzukii. Sci Rep.
2023; 13: 5649. https://doi.org/10.1038/s41598-023-32652-y PMID: 37024537

Kuo T-H, Yew JY, Fedina TY, Dreisewerd K, Dierick HA, Pletcher SD. Aging modulates cuticular hydro-
carbons and sexual attractiveness in Drosophila melanogaster. J Exp Biol. 2012; 215: 814-821. https:/
doi.org/10.1242/jeb.064980 PMID: 22323204

Hamalainen A, Alatalo RV, Lebigre C, Siitari H, Soulsbury CD. Fighting behaviour as a correlate of male
mating success in black grouse Tetrao tetrix. Behav Ecol Sociobiol. 2012; 66: 1577—1586. https://doi.
org/10.1007/s00265-012-1411-7

Doutrelant C, McGregor P. Eavesdropping and mate choice in female fighting fish. Behaviour. 2000;
137: 1655-1668. https://doi.org/10.1163/156853900502763

Mennill DJ, Ratcliffe LM, Boag PT. Female Eavesdropping on Male Song Contests in Songbirds. Sci-
ence. 2002; 296: 873—-873. https://doi.org/10.1126/science.296.5569.873 PMID: 11988564

Danchin E, Noébel S, Pocheville A, Dagaeff A-C, Demay L, Alphand M, et al. Cultural flies: Conformist
social learning in fruitflies predicts long-lasting mate-choice traditions. Science. 2018; 362: 1025—1030.
https://doi.org/10.1126/science.aat1590 PMID: 30498121

Ensminger AL, Meikle DB. Effects of male kinship and agonistic behaviour on reproduction and odour
preferences of female house mice, Mus domesticus. Anim Behav. 2005; 69: 1147-1155. https://doi.org/
10.1016/j.anbehav.2004.07.018

Bretman A, Rodriguez-Mufioz R, Tregenza T. Male dominance determines female egg laying rate in
crickets. Biol Lett. 2006; 2: 409—411. https://doi.org/10.1098/rsbl.2006.0493 PMID: 17148416

Sapolsky RM. The Influence of Social Hierarchy on Primate Health. Science. 2005; 308: 648—652.
https://doi.org/10.1126/science.1106477 PMID: 15860617

Clutton-Brock TH, Huchard E. Social competition and selection in males and females. Philos Trans R
Soc B Biol Sci. 2013; 368: 20130074. https://doi.org/10.1098/rstb.2013.0074 PMID: 24167304

Andersson M. Sexual Selection. Princeton University Press; 1994.

Simmons LW. Sperm Competition and Its Evolutionary Consequences in the Insects. Princeton:
Princeton University Press; 2002. https://doi.org/10.1515/9780691207032

Shuster SM, Wade MJ. Mating Systems and Strategies. Princeton: Princeton University Press; 2003.
https://doi.org/10.1515/9780691206882

PLOS ONE | https://doi.org/10.1371/journal.pone.0299839 March 7, 2024 15/15


https://doi.org/10.1038/s41598-023-32652-y
http://www.ncbi.nlm.nih.gov/pubmed/37024537
https://doi.org/10.1242/jeb.064980
https://doi.org/10.1242/jeb.064980
http://www.ncbi.nlm.nih.gov/pubmed/22323204
https://doi.org/10.1007/s00265-012-1411-7
https://doi.org/10.1007/s00265-012-1411-7
https://doi.org/10.1163/156853900502763
https://doi.org/10.1126/science.296.5569.873
http://www.ncbi.nlm.nih.gov/pubmed/11988564
https://doi.org/10.1126/science.aat1590
http://www.ncbi.nlm.nih.gov/pubmed/30498121
https://doi.org/10.1016/j.anbehav.2004.07.018
https://doi.org/10.1016/j.anbehav.2004.07.018
https://doi.org/10.1098/rsbl.2006.0493
http://www.ncbi.nlm.nih.gov/pubmed/17148416
https://doi.org/10.1126/science.1106477
http://www.ncbi.nlm.nih.gov/pubmed/15860617
https://doi.org/10.1098/rstb.2013.0074
http://www.ncbi.nlm.nih.gov/pubmed/24167304
https://doi.org/10.1515/9780691207032
https://doi.org/10.1515/9780691206882
https://doi.org/10.1371/journal.pone.0299839

