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Chapter 6
General discussion

Old and wise giant tortoise (photo by Martijn Hammers).



155154 

Chapter 6

In this thesis, I investigated a range of potential key drivers of infidelity in the Seychelles 
warbler, a facultatively cooperative passerine that is socially monogamous but genetically 
promiscuous. I focused my investigations on the population on Cousin Island, where 
dispersal is virtually absent and nearly 97% of individuals have been uniquely ringed, 
sampled and intensively monitored for over 20 years. First, I assessed the influence of social, 
demographic and environmental (socio-ecological) factors on female infidelity (chapter 2). 
I then addressed the effect of age, an individual trait which has been often linked to patterns 
of male extra-pair paternity success, on patterns of both male and female infidelity (chapter 
3). Moreover, I estimated the heritability of female infidelity to understand whether this trait 
could have evolved under selection for indirect additive genetic benefits (chapter 4). Finally, 
I addressed a consequence of infidelity in the Seychelles warbler system, i.e. I quantified 
the contribution of extra-group paternity (EGP) to the variance in RS among males and 
assessed whether infidelity increased this variance beyond that arising from the social mating 
system, i.e. increased the opportunity for selection in the population (chapter 5). Below, I will 
collectively discuss my findings and propose avenues for further research.

6.1. Extra-pair reproduction: highly variable and an evolutionary enigma

Across socially monogamous taxa, infidelity and consequent extra-pair paternity (EPP) are 
widespread. For example, in passerines alone, nearly 90% of socially monogamous species 
produce extra-pair offspring (Jennions and Petrie 2000; Griffith et al. 2002; Westneat and 
Stewart 2003; Taylor et al. 2014). The rate of EPP is considerably variable across taxa, 
ranging from 0% in truly monogamous species, such as the Taiwan vole (Microtus kikuchii; 
Wu et al. 2012) to over 70% in the most genetically promiscuous passerine species, the superb 
fairy wren (Malurus cyaneus; Mulder et al. 1994). Furthermore, rates also differ among 
populations within taxa (e.g. Charmantier and Blondel 2003) and, perhaps not surprisingly, 
among individuals within populations (e.g. Reid et al. 2011a). Interestingly, variation in the 
rate of infidelity also occurs across time (e.g. Hsu et al. 2017). For several decades now, 
researcher have attempted to investigate the drivers of this variation at different levels, to 
better understand how and why infidelity has evolved, but evidence so far is mixed (Jennions 
and Petrie 2000; Griffith et al. 2002; Westneat and Stewart 2003; Forstmeier et al. 2014; 
Taylor et al. 2014; Hsu et al. 2015).
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6.2. Extrinsic drivers of variation in infidelity

A large body of work has tested for associations between social, demographic or ecological 
conditions and EPP, but results from such work are often conflicting (Griffith et al. 2002; 
Westneat and Stewart 2003; Brouwer et al. 2017). Notably, most studies have only assessed the 
effect of one or very few factors at a time, thus potentially obscuring the relative importance 
of different conditions, and their interactions, affecting EPP (but see Brouwer et al. 2017). 
Moreover, due to a lack of long-term individual data, temporal variation in socio-ecological 
conditions and their effect on the extra-pair reproduction of the same individuals across time, 
could not be captured in most studies, thus reducing their resolution. 

In chapter 2, I simultaneously assessed the effect of multiple socio-ecological factors on the 
occurrence of infidelity in female Seychelles warblers over a period of 18 years. I showed 
that group size, rather than group composition (i.e. number and sex of subordinates/helpers), 
best predicted the likelihood of infidelity in both dominant and subordinate females (via a 
positive association), while territory quality and both local and population-wide breeding 
density and breeding synchrony were not associated to female infidelity. These findings 
suggest that, regardless of territorial and demographic conditions, large breeding groups 
enable females to be more unfaithful, though why that is remains unclear. I think that the 
two more likely explanations for this positive group size–female infidelity relationship are 
the following. First, group size may cause an impairment in the ability of dominant males 
to closely keep track of and effectively mate-guard females (Van Noordwijk and Van Schaik 
2004). Given that mate-guarding is an effective cuckoldry prevention mechanism in the 
Seychelles warbler (Komdeur et al. 2007), a reduction in the effectiveness of mate-guarding 
in large groups would cause a positive association between group size and female infidelity. 
In the future, this should be tested by gathering and analysing data on mate-guarding by 
dominant males living in groups of different sizes. Another plausible explanation for the 
positive effect of group size on female extra-group reproduction is that group size reflects the 
former reproductive success of the breeding female(s) and is used as a social cue by males 
seeking EGP. Studies have shown that reproductive success can be adopted by conspecifics 
as public information for mate and habitat selection (see e.g. Drullion and Dubois 2011; Pärt 
et al. 2011). If Seychelles warblers use group size as public information indicating breeder 
and/or territory productivity, males would preferentially seek extra-pair fertilizations with 
females living in larger groups, thus leading to higher EGP in larger groups. I therefore 
encourage the collection and analysis of data on territorial intrusions by extra-group males 
(during the fertile period of focal females) in large vs small groups/pairs.
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Moreover, I think that, whenever possible and ethical, an experimental approach is 
advisable. In the Seychelles warbler, group size manipulation has occurred via the removal 
of subordinates from some territories during conservation-driven translocations (Richardson 
et al. 2006; Wright, Shah, et al. 2014). Gathering more data in future translocations and 
analysing how the experimental change in group size affects EGP is therefore advisable. 
More generally, I encourage studies in other species to also employ an experimental approach 
(whenever possible and ethical). To my knowledge, only a few studies, within the vast body of 
work assessing the impact of extrinsic factors on infidelity, have experimentally manipulated 
any socio-ecological variable under investigation (see e.g. Gowaty and Bridges 1991; Dunn 
et al. 1994; Rätti et al. 2001; Václav and Hoi 2002; Vaclav et al. 2003; Charmantier and 
Perret 2004; Stewart et al. 2010). Across taxa, I advise experiments involving, for instance, 
food supplementation – i.e. manipulation of territory quality, predicted to increase EPP if 
males reduce paternal care when females are unfaithful (Gowaty 1996) or to decrease EPP 
if extra-pair males provide additional resources to females (Gray 1997) – manipulation 
of nest site availability – i.e. alteration of breeding density, predicted to increase potential 
mate encounter rate and, consequently, EPP frequency (Alexander 1974; Birkhead 1978) 
– or the removal of individuals via conservation-driven translocations – i.e. manipulation 
of group size and/or (breeding) density. I also urge that studies employing an experimental 
approach pay specific attention to any other (socio-ecological) factor that can be affected by 
the experimental manipulation of the variable(s) of interest (e.g. a change in food availability 
while manipulating breeding density) and control for this in the analyses. Finally, I think that 
to further our global understanding on the variation in EPP across levels (from individuals 
to populations and species), more research assessing inter-population and, especially, 
inter-specific variation is advisable. To avoid the confounding effect of phylogeny, the 
relationship between socio-ecological factors and EPP/EGP should be addressed either in 
groups of closely related species (Brouwer et al. 2017) or across distantly related taxa too, 
but employing specific software to correct for phylogeny.

6.3. Indirect genetic benefits of infidelity

Some of the most influential hypotheses on the evolution of infidelity maintain that this 
mating strategy evolved because it biases paternity towards genotypes that increase the 
genetic quality and, consequently, the fitness of offspring, thus providing an indirect advantage 
to polyandrous females (Hamilton & Zuk 1982; Zeh & Zeh 1996; Brown 1997; reviews: 
Andersson 1994; Jennions & Petrie 2000; Forstmeier et al. 2014). To date, the multitude of 
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studies assessing these adaptive hypotheses on the evolution of infidelity has provided mixed 
evidence and has sparked heated debate (see reviews e.g. Jennions and Petrie 2000; Griffith 
et al. 2002; Westneat and Stewart 2003; Forstmeier et al. 2014).

6.3.1. Indirect ‘good genes’ benefits
According to one of the most influential indirect genetic benefit models, the ‘good genes’ 
hypothesis (Hamilton and Zuk 1982), infidelity enables socially constrained females to 
acquire higher-quality paternal alleles for their young. The only point of general consensus 
across studies assessing indirect ‘good genes’ benefits to promiscuous females has perhaps 
been on the positive association of male age, i.e. an individual trait expected to signal intrinsic 
quality (via viability), and EPP success (see meta-anlyses and references therein: Ackay and 
Roughgarden 2007; Cleasby and Nakagawa 2012; Hsu et al. 2015). However, most studies 
have been unable to differentiate whether this age effect on EPP occurs because higher quality 
males that live longer are preferred by females (the good genes hypothesis; Hamilton and 
Zuk 1982) or, alternatively, because males increase their ability to gain paternity with age, 
via experience and/or physical improvements (the competitive ability hypothesis; Nakagawa 
et al. 2015). Resolving such questions requires an examination of how EPP success changes 
within an individual as it ages, as compared to across individuals that reach different ages.

In chapter 3, I set out to determine within-individual changes in the occurrence of male 
and female infidelity with age, while accounting for between-individual changes that occur 
through selective appearance or disappearance. I found that the production of extra-group 
offspring was predicted by an individual’s age in both sexes, increasing in an individual 
in early life but then displaying a senescent-like decline in late life. Furthermore, the 
probability of losing within-group paternity decreased within males until mid-life and was 
stable thereafter. These results are in accordance with the only other two studies that, to 
my knowledge, have assessed the within-male change in EPP success (Hsu et al. 2017) 
and in WPP loss (Schroeder et al. 2016) with age (both studies were conducted in a natural 
population of the house sparrow, Passer domesticus). Importantly, the results from chapter 
3 indicate that patterns of infidelity are determined by within-individual changes with male 
age, rather than by differences between males in intrinsic quality (reflected by longevity and/
or age of first dominance/reproduction). This challenges the idea that patterns of age-related 
EPP success support the good genes hypothesis (Kokko 1998; Brooks and Kemp 2001), 
which maintains that the association between male age and EPP is due to females seeking 
high quality paternal genes for their offspring.
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The results from chapter 3, however, are in apparent contrast with previous research in the 
Seychelles warbler, which has provided evidence for indirect genetic benefits in the form 
of heterozygosity. This work has shown that dominant females that are paired with males 
exhibiting low MHC diversity (heterozygosity) appear to use extra-pair fertilisations (with 
more MHC-diverse males) to gain higher MHC diversity in offspring, which is associated 
with improved offspring survival (Richardson et al. 2005; Brouwer et al. 2010). However, 
such female (pre-/post-copulatory) preference for MHC-diverse extra-pair males would not 
cause a between-individual age-dependent effect on EPP because the survival benefit of 
MHC diversity is only observed in juveniles, and my analyses in chapter 3 included sexually 
mature males with a breeding opportunity (i.e. in a dominant position). In these males, there 
is no differential survival linked to MHC diversity, so any (pre-/post-copulatory) preference 
for MHC-diverse males would not generate an age-related pattern of infidelity. Further work 
is now required to understand the mechanisms through which males improve their ability to 
gain EGP with age, and whether this also provides any benefits to females.

Most studies to date have assessed the occurrence of good genes benefits to unfaithful females 
via phenotype-based investigations, i.e. by testing for a relationship between phenotypic 
traits signalling intrinsic male quality (e.g. sexual ornaments) and paternity (EPP and 
WPP) success, or by comparing the phenotypic fitness components of within- vs extra-pair 
offspring. These studies have provided contrasting results (reviewed in e.g. Griffith et al. 
2002; Ackay and Roughgarden 2007; Cleasby and Nakagawa 2012; Hsu et al. 2015). On 
the other hand, the evolutionary (genetic) mechanism underlying the good genes hypothesis 
itself, i.e. the strength of selection on female infidelity via indirect additive genetic benefits, 
or, at least, individual components of such selection, including heritability, have been very 
rarely estimated (Arnqvist and Kirkpatrick 2005; Reid et al. 2011b).

In chapter 4, I quantified the additive genetic variance and narrow-sense heritability of female 
extra-group reproduction to understand the role that indirect additive genetic benefits may 
play in driving the evolution of female infidelity in the Seychelles warbler. We found both 
additive genetic variance and heritability of female likelihood of extra-group reproduction to 
be non-zero, but heritability was moderately low (h2 = 0.12). This indicates that the indirect 
additive genetic benefits are unlikely to be that important in the evolution of infidelity in this 
species. This is because the maximum force of selection that can act on female extra-pair 
reproduction via indirect additive genetic benefits (i.e. ‘good genes’) is equivalent to the 
mathematical product of heritability (which was moderately low), the maximised phenotypic 
standard deviation in extra-pair reproduction in the population (which was also not high) 
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and the difference in mean additive genetic fitness of extra-pair vs within-pair offspring (not 
estimated here; see Arnqvist and Kirkpatrick 2005; Reid et al. 2011b).

Female EGP likelihood in Seychelles warblers showed a similar heritability to female EPP rate 
in a natural population of the song sparrow (Melospiza melodia), a species in which it was also 
concluded that female infidelity does not seem to have evolved via indirect additive genetic 
benefits  (Reid et al. 2011b; Reid and Sardell 2012). Female EGP likelihood in Seychelles 
warblers was also similar to the heritability in female EPP likelihood in the same wild song 
sparrow population (Reid 2012; Reid, Arcese, Keller, et al. 2014) and to female EPP rate in 
a captive population of the zebra finch (Taeniopygia guttata; Forstmeier et al. 2011). To my 
knowledge, the aforementioned song sparrow studies are the only ones that have quantified 
the additive genetic variance and heritability of female extra-pair offspring production in a 
socially monogamous natural population (see also: Reid and Wolak 2018). More, though 
still few, studies have calculated the narrow-sense heritability of polyandry, in terms of 
multi-male mating by females, in promiscuous species (commonly in lab systems). These 
have also provided moderately low heritability estimates (see e.g. Simmons 2003; Shuker et 
al. 2007; Evans and Simmons 2008; McFarlane et al. 2011). Moreover, to my knowledge, 
only one study has compared the additive genetic value (rather than just phenotypic fitness, 
which mirrors both genetic and environmental effects) of extra- and within-pair offspring 
(Reid and Sardell 2012). This study on song sparrows found that extra-pair offspring had 
lower additive genetic value (for recruitment) and has suggested that there may actually be 
(weak) indirect selection against female extra-pair reproduction in this species.

In the Seychelles warbler, MHC-related studies have shown that extra-pair offspring may 
be fitter (in terms of higher first year survival) than the within-pair offspring that they 
have substituted, and that this fitness difference is due to over-dominance genetic effects 
(heterozygous advantage; Richardson et al. 2005; Brouwer et al. 2010). By definition, such 
effects would not be detected by studies quantifying additive genetic effects. Whether within- 
and extra-pair offspring differ in their additive genetic fitness in the Seychelles warbler is not 
yet known. In any case, the moderately low heritability of female extra-pair reproduction, 
suggests that the force of selection via indirect additive genetic benefits is unlikely to be 
strong in this species. Future comparisons of the additive genetic value of extra-group 
offspring and the within-pair offspring they have substituted may be helpful in providing 
further evidence for a weak strength of selection via indirect good genes benefits to females. 
Taken together, the results emerging from chapters 3 and 4 do not seem to provide support 
for the good genes hypothesis on the evolution of female infidelity.
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6.3.2. Inbreeding avoidance
Mechanisms other than selection via indirect additive genetic benefits are likely responsible 
for the evolution of infidelity in the Seychelles warbler. In chapter 2, I tested whether 
extra-group reproduction may enable females to avoid inbreeding when the dominant male in 
their group is a close relative, thus conferring an adaptive advantage to polyandrous females 
(the inbreeding avoidance hypothesis, part of the genetic compatibility framework). I found 
support for this hypothesis for subordinate females only: I showed that subordinate females 
were more likely to produce extra-group offspring when the dominant male in their territory 
was more closely related to them. Given that the level of pairwise relatedness between 
dominant vs subordinate females and the dominant male in their group did not differ, it is 
unclear why only subordinate females would avoid inbreeding via infidelity. Subordinate 
females may have more opportunities to obtain extra-group copulations, as they are generally 
less mate-guarded than dominant females (Komdeur J, unpublished data). However, given 
that close inbreeding does occur in Seychelles warblers (Richardson et al. 2004) and 40% 
of offspring from dominant females have EGP, there may be other reasons why dominant 
females do not avoid inbreeding. 

6.4. Other explanations for the evolution of female infidelity

Overall, the results from this thesis do not provide evidence for the good genes hypothesis 
(chapter 3 and 4) and offer limited support for the inbreeding avoidance hypothesis (chapter 
2), though they do not rule out non-additive genetic benefits gained from mating with 
MHC-diverse (heterozygous) males (Richardson et al. 2005; Brouwer et al. 2010). Given that 
female extra-pair reproduction shows non-zero heritability, there seems to be potential for a 
continued response to selection on this female trait, which is likely to occur via mechanisms 
other than indirect additive genetic benefits. Such mechanisms may be, in addition to indirect 
genetic benefits (in terms of MHC diversity), direct material (non-genetic) benefits to 
promiscuous females or genetic constraints (see below). 

6.4.1. Direct material benefits
Among the adaptive hypotheses for the evolution of EPP, explanations involving direct 
material benefits to female have perhaps received less attention than hypotheses on indirect 
genetic benefits. An explanation of infidelity based on direct material benefits, which may 
fit the Seychelles warbler system, is the fertility assurance hypothesis (Sheldon 1994). This 
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hypothesis maintains that polyandry ensures that females obtain adequate sperm supplies 
for fertilization. Until now, most empirical work, including an experimental study in a 
captive zebra finch population (Ihle et al. 2013), has provided mixed evidence on the fertility 
assurance hypothesis. Furthermore, theoretical models have shown that benefits of fertility 
assurance are only present under specific circumstances, i.e. true male infertility caused by 
low sperm counts/mobility (Hasson and Stone 2009). Given that there is strong selection 
against infertility in nature, this trait is likely to be very rare and, therefore, the potential costs 
associated with infidelity (including polyspermy) are probably not offset for most females 
(Forstmeier et al. 2014). Moreover, in the Seychelles warbler, knowledge of age-dependent 
patterns of EGP and WGP gain and loss, render fertility assurance unlikely (see chapter 
3) – i.e. throughout their lives, many males can gain both WGP and EGP, as well as loose 
WGP, and the likelihood of WGP loss is not higher in very old males (which are less fertile). 
However improbable, it may still be worth confirming whether fertility assurance, at least 
against truly infertile males, does or does not occur in this system. An accessible way to do so 
is to use lifetime reproductive success (RS) data of stable pairs (i.e. males and females paired 
to each other their whole life) and examine whether females paired to truly infertile males (with 
zero lifetime RS) their whole life are those that produce exclusively extra-group offspring. 

Infidelity may also be promoted by other material benefits to promiscuous females, such as 
non-genetic advantages for extra-pair offspring. In particular, in a territorial species as the 
Seychelles warbler, when habitat saturation limits the availability of independent breeding 
positions (which, for males, translates into virtually zero RS, because subordinate males 
almost never sire offspring), extra-group offspring sired by males from adjacent territories 
may be more tolerated by these males. Such tolerance may enable male extra-group offspring 
sired by neighbours to establish new territories that incorporate part of the sire’s territory, in 
addition to the natal territory. In the Seychelles warblers, the ‘budding off’ of territories from 
the natal territory and neighbouring territories has been documented (Komdeur and Edelaar 
2001). Moreover, it has been shown that ‘budders’ have higher lifetime RS than subordinate 
and floater males (Komdeur and Edelaar 2001). Therefore, I recommend assessing whether 
budding from adjacent territories is more often undertaken by extra-group offspring sired 
by males from such territories. In the Seychelles warbler, both genetic relatedness and 
social familiarity are known to reduce the likelihood of fights between male neighbours 
(Bebbington et al. 2017), but whether males can identify extra-group offspring sired in 
neighbouring territories is unknown. A first clue may be provided by examining interactions 
among socially familiar male neighbours and assessing whether they are even less aggressive 
when they occur between sires and their extra-group offspring. 
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6.4.2. Non-adaptive hypotheses
The rarely considered non-adaptive hypotheses for the evolution of EPP propose that 
infidelity does not increase female fitness and that it evolves simply because it is genetically 
correlated to other traits under positive selection in males or females (Halliday and Arnold 
1987; Arnqvist and Kirkpatrick 2005; Forstmeier et al. 2011; Forstmeier et al. 2014). In 
particular, cross-sex genetic correlations between polyandry and (traits increasing) paternity 
success have been hypothesised to arise via pleiotropic effects (Halliday and Arnold 1987) 
and/or linkage disequilibrium caused by assortative mating between promiscuous females 
and successful sires (Keller and Reeve 1995). The very few studies that have estimated 
cross-sex genetic correlations between female infidelity and components of male fitness 
have, however, failed to support this hypothesis. To my knowledge, the only exception is a 
study on captive zebra finches, which showed a high positive between-sex genetic correlation 
for propensity to engage in extra-pair copulations (Forstmeier et al. 2011). On the other 
hand, in a natural population of the song sparrow, female liability for extra-pair reproduction 
showed a near-zero genetic correlation with male within-pair paternity success (Reid, Arcese, 
Keller, et al. 2014) – which is positively correlated to EPP success in song sparrows (Reid, 
Arcese, and Losdat 2014) –  and with male lifetime reproductive success (Reid and Wolak 
2018). Moreover, a study in humans failed to find a cross-sex correlation in extra-pair mating 
behaviour, suggesting that the predisposition of women for polyandry was unlikely to result 
from selection on men (Zietsch et al. 2015).  

Female infidelity may also have evolved because it is genetically correlated to traits enhancing 
female fitness, via pleiotropic effects (Arnqvist and Kirkpatrick 2005; Forstmeier 2007). To 
our knowledge, only two studies have estimated any such correlations and failed to provide 
supporting evidence. Specifically, these studies estimated the genetic correlation between 
female propensity for extra-pair mating and female responsiveness to the social male (a trait 
enhancing female RS) in captive zebra finches (Forstmeier et al. 2011) and between female 
liability to produce extra-pair offspring and two female fitness components (annual RS and 
survival to recruitment) in wild song sparrows (Reid 2012).

In the future, when a larger pedigree is available for the Seychelles warbler, there may be 
enough power to perform analyses addressing genetic correlations between infidelity and 
traits under positive selection (which, unfortunately, require a vast amount of data). In 
particular, I encourage the quantification of a genetic correlation between female extra-pair 
reproduction and the lifetime RS of females (within-sex genetic correlation) and males 
(between-sex genetic correlation). I urge more studies to test for such correlations whenever 
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data is available. In general, I think that more work that quantifies the variance and covariance 
components of infidelity in females and males is needed if we are to fully understand the 
genetic mechanisms underlying the evolution of this enigmatic mating behaviour.

6.5. Infidelity and sexual selection 

Extra-pair paternity is expected to play a key role in promoting sexual selection in socially 
monogamous species (Webster et al. 1995). Several studies to date have tested whether, and 
by how much, EPP increases the variance in male RS and, consequently, the ‘opportunity 
for selection’ (i.e. the maximum strength of selection that can act on any trait) beyond that 
resulting from the social (monogamous) mating system, but results have been very variable 
across studies (reviewed in: Lebigre et al. 2012). Due to the challenges involved in gathering 
complete data on social and genetic lifetime reproduction for all males within a population, 
most studies were unable to perform accurate comparisons of the variance in actual (genetic) 
vs apparent (social) RS. Moreover, the few studies that have analysed lifetime reproductive 
data, have mostly done so without analysing age-specific patterns (Webster et al. 2007; 
Lebigre et al. 2012; Grunst et al. 2019)(but see: Lebigre et al. 2013), despite the fact that 
EPP has been shown to be age-dependent in many species (Ackay and Roughgarden 2007; 
Cleasby and Nakagawa 2012; see meta-analyses: Hsu et al. 2015). 

In chapter 5, I used complete lifetime data for male Seychelles warblers in the Cousin 
population and found that the overall variance contribution of lifetime EGP to the total 
(lifetime) opportunity for selection was roughly two thirds of the variance contribution of 
WGP. Consequently, the pattern of EGP moderately increased (by 22%) the variance in RS 
over that arising from the social mating system. I went on to partition the total opportunity for 
selection (across all males) and the age-specific opportunity for selection (of males surviving 
to each age) into their age-specific (co)variance components, which has only previously been 
done by one other study (Lebigre et al. 2013). The results revealed that the contribution of 
EGP to the variance in RS was substantial (though smaller than that of WGP) at most, but not 
all, ages, and varied considerably with age. Such age-related differences were probably partly 
driven by age-dependent patterns of EGP and WGP success that occur in Seychelles warblers 
(see chapter 3). These findings suggests that EGP may re-shape the distribution of RS 
across ages, influencing population growth and evolutionary dynamics via genetic drift and 
inbreeding (Arnold and Wade 1984; Engen et al. 2005; Lebigre et al. 2013), in this and other 
age-structured populations. Therefore, I urge more studies to address age-specific patterns 
of variance in EPP and RS across taxa, especially when EPP is known to be age-dependent. 
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6.6. Conclusions

Despite decades of research, the forces underlying the evolution of infidelity in socially 
monogamous systems are still unclear. In this thesis, I showed that both extrinsic (social) and 
intrinsic (individual) factors are related to patterns of infidelity in the Seychelles warbler, a 
facultatively cooperative breeder that is socially monogamous but genetically promiscuous. 
In particular, I found that a social condition – group size – but no demographic and ecological 
conditions, was positively associated to the likelihood of female infidelity. Moreover, I 
showed that patterns of both male and female extra-group reproduction are age-dependent 
(changing within-individuals with age) and that this probably influences changes in the 
age-specific contribution of EGP to the variance in both age-specific and lifetime RS of 
males. Upon addressing indirect genetic benefits to polyandrous females, I provided limited 
evidence for the inbreeding avoidance hypothesis and found that the age-related patterns of 
infidelity did not provide support for the good genes hypothesis. The latter finding did not 
contradict previous work in this species, which found females preferentially gain EGP from 
males of higher MHC diversity, as MHC diversity and adult survival are not linked. Overall 
my findings, in combination with the moderately small heritability of female extra-pair 
reproduction, suggest that infidelity is unlikely to evolve via indirect additive genetic benefits 
to promiscuous females. Other mechanisms, including those that are adaptive to females, 
i.e. indirect non-additive genetic benefits (as evidenced by the MHC studies) and direct 
(non-genetic) material benefits (i.e. adaptive mechanisms), and those that are non-adaptive, 
i.e. genetic constraints, may be at play in the evolution of this mating strategy. In conclusion, 
I propose four main directives for future studies. First, whenever possible, a direct assessment 
of the genetic mechanisms underlying any hypothesis proposed to explain infidelity or, 
at least, the components involved in such mechanisms – e.g. the heritability of extra-pair 
reproduction, the strength of selection on female infidelity via indirect additive genetic 
benefits, genetic correlations between female infidelity and traits linked to RS in males and 
females. Second, more focus on hypotheses that have received little attention but constitute 
a promising avenue of future research, especially non-adaptive hypotheses on the evolution 
of infidelity. Third, whenever possible and ethical, the use of an experimental approach to 
understand the influence of extrinsic factors on the occurrence of infidelity within natural 
populations, in combination with phylogenetically controlled investigations (experimental or 
correlational) to understand inter-specific differences. Lastly and more generally, the inclusion 
of age into analyses assessing the variation in traits, including infidelity, and population and 
evolutionary dynamics, such as sexual selection, within age-structured populations. 
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