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Abstract

Extra-pair paternity (EPP) is now recognised as a widespread phenomenon
among socially monogamous avian systems, but the factors driving intraspecific
variation in extra-pair mating behaviours are still poorly understood. Here, |
quantified EPP in two promiscuity breeding lines of the zebra finch (Taeniopygia
guttata), which had been selected to have high or low breeding values of male
sex drive. | found that the majority of birds were involved in extra-pair mating
behaviour, and the prevalence of EPP did not differ between the two breeding
lines. | present evidence that males can benefit from an increased reproductive
output by engaging in extra-pair mating strategies. However, | found no
evidence that males reproduced with a larger number of different mates as
compared to the females in the population. | also tested the hypothesis that
extra-pair mating behaviour could be stressful due to its potential to
compromise social pair bonds. To do so, | conducted a within-individual
repeated-measures study of telomere attrition across an experimentally-
controlled breeding season. Telomere dynamics have become widely regarded
as a long-term indicator of cumulative stress and biological age. | found no
conclusive evidence that receiving infidelity or experiencing weaker pair bonds
induces sufficient physiological stress in zebra finches for it to affect telomere
dynamics. | present evidence that in this species, some individuals experienced
telomere lengthening while others experienced shortening, with the longest
telomeres shortening the fastest. | demonstrate that individuals with stronger
social associations produced more eggs together, both within and outside the
social pairs (i.e. through EPP). For this reason, | suggest that future research
investigating extra-pair mating behaviours should consider the role that the
social environment plays in extra-pair reproduction. This could help us gain a
further understanding of how social associations influence extra-pair mate

selection and the prevalence of EPP within socially monogamous species.
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Chapter one: General Introduction

Abstract

Despite a breadth of research aiming to understand the causes of extra-pair
mating behaviour within monogamous systems, relatively little attention has
been paid to the potentially maladaptive consequences of Extra-Pair Paternity
(EPP). Social pair bonds play an important role in socially monogamous
species, but extra-pair mating behaviour has the potential to compromise these
bonds and induce a form of social stress. Exposure to chronic stress can have a
detrimental impact on health and lifespan due to its negative impact on
telomere dynamics. This project investigates the potential impact of pair bond
strength and EPP on proxies of stress physiology and fitness in a well-studied

avian system, the zebra finch (Taeniopygia guttata).



Introduction

The mating system and social environment in which individuals are embedded
can affect multiple aspects of their behaviour and fithess (Wan et al., 2013;
Maldonado-Chaparro et al., 2018). An individual’'s mating behaviours can differ
depending on its social environment, such as the timing of their social mate’s
breeding cycle (Canal et al., 2012; Girndt et al., 2018), its social associations to
others in the population (Beck et al., 2020) and the strength of pair bonds
(Spoon et al., 2006; Forstmeier et al., 2014).

Mating strategy can differ drastically between species due to a range of factors,
such as the requirement of parental care (Ball et al., 2017) and predation risk
(Yuta and Koizumi, 2015). Mating strategy and mating behaviours can also vary
widely within species, but this intraspecific variation is still poorly understood
(Petrie and Kempenaers, 1998; Griffith et al., 2002; Olivero et al., 2017).
Understanding the factors influencing this variation is important because it can
have substantial consequences for individual fitness (Griffith et al., 2002;
Westneat and Stewart, 2003). The prevalence of particular mating strategies
within a species can also have broader impacts on the evolution of sexual
characteristics and social mating systems (Mgller and Birkhead, 1994; Sheldon
and Ellegren, 1999; Mgller, 2000; Yuta and Koizumi, 2016).

Social monogamy and Extra-Pair Paternity

The development and application of molecular genetic tools has dramatically
changed how we view mating systems, particularly in birds. It was previously
thought that monogamy was widespread and common in avian mating systems
(Lack, 1968; Westneat and Stewart, 2003). However, a substantial proportion of
species thought to be socially as well as genetically monogamous have turned
out to be sexually promiscuous; some estimates suggest that true genetic
monogamy occurs in only 25% of the socially monogamous species studied
(Griffith et al., 2002). The phenomenon of individuals copulating outside their
social pair is termed “extra-pair copulation” (EPC), and the production of
offspring from EPCs is termed “extra-pair paternity” (EPP) (Wan et al., 2013).

Although many earlier studies provided detailed estimates of promiscuity
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through observation, the modern study of extra-pair mating strategies is based
almost entirely on quantifying rates of EPP using DNA methods (Griffith et al.,
2002; Griffith et al., 2010; Wan et al., 2013). These methods have revealed that
EPP is especially common in small passerine birds (Wan et al., 2013). The
increased reliability of these methods has allowed us to further investigate how

promiscuity plays a role in mating systems and why these behaviours occur.

There has been much theorising about the evolution and benefits of extra-pair
copulations, and the potential benefits are not as clear as they first might seem.
Generally, males can benefit from extra-pair copulations by increasing their
number of genetic offspring, as they do not have the same energetic limitations
on producing offspring as females (Selman and Houston, 1995). The benéefit to
females of mating outside of the social pair is less clear, as it is unlikely to
increase the number of offspring they produce, so the possible extra benefits of
each copulation partner are most likely relatively small compared to males
(Sheldon, 1993; Wink and Drycz, 1999). Female multiple mating was originally
considered to be a rare occurrence. However, since genetic studies have
revealed its true prevalence, several authors have attempted to pin down the
reasons behind this behaviour (Pizzari and Wedell, 2013; Boulton et al., 2018).

Several hypotheses have been put forward to understand the potential extra-
pair copulation benefits to females, the most prominent being the “genetic
benefits hypothesis”, also known as the “good genes hypothesis”. This
hypothesis proposes that by engaging in EPCs with males of higher genetic
quality than their social mate, females can gain indirect genetic benefits for their
offspring via viability genes or genes for attractiveness (Birkhead and Mgller,
1992; Krokene et al., 1998). Support for this hypothesis had been found in a
number of species, perhaps most notably in studies on blue tits (Parus
caeruleus). These studies showed that female extra-pair mating behaviour
related to male phenotype, with the males successful in obtaining EPCs being
on average older with longer tarsi, corresponding to a larger body size
(Kempenaers et al., 1992; Kempenaers et al., 1997). It was also reported that
within nests, extra-pair young were significantly heavier and more likely to be

males, supporting the hypothesis that females engage in EPCs to gain indirect



genetic benefits and obtain good genes for their offspring (Kempenaers et al.,
1997; Jennions and Petrie, 2000; Mingju et al., 2017).

Despite the large numbers of studies discussing the “genetic benefits
hypothesis”, empirical evidence is mixed, and doubts have been raised on the
applicability of this hypothesis to the real world (Wan et al., 2013; Forstmeier et
al., 2014). For example, another study conducted on blue tits found no
association between EPP and either male phenotype or offspring body mass
(Kempenaers et al., 1992; Kempenaers et al., 1997; Krokene et al., 1998). This
demonstrates that the patterns and functions of EPP are likely to differ across
different study populations. The authors of the latter study attributed the
patterns of EPP they observed, not to females attempting to obtain good genes
for their offspring, but instead to females trying to insure against infertility
(Krokene et al., 1998). There has been increasing interest in the “fertility
insurance hypothesis” (Wetton and Parkin, 1991; Hasson and Stone, 2009;
Forstmeier et al., 2014). However, in this scenario all females would have to
pay the costs of extra-pair copulations, such as increased risk of sexually
transmitted diseases (Sheldon, 1993), while only females paired to social males
with low-quality sperm would likely gain a reward by increasing their number of
viable offspring (Petrie and Kempenaers, 1998; Jennions and Petrie, 2000;
Forstmeier et al., 2014).

Thus far, relatively little attention has been paid to potentially maladaptive
consequences of extra-pair mating. For example, successful extra-pair sires are
often older, but fertilization rate tends to decrease with age and these males
often carry an increased risk of de novo mutations in the sperm germ line
(Johnson and Gemmell, 2012). There is the potential for these mutations to be
passed onto offspring, which would mean that extra-pair copulations with these
males would be detrimental to females’ fitness (Forstmeier et al., 2014).
However, a study on blue-footed boobies (Sula nebouxii) showed that females
can use certain secondary sexual signals as an indication of mate quality to
help them avoid pairing with males with oxidative damage to their germline
(Johnson and Gemmell, 2012), so perhaps female mate choice is more

important in extra-pair copulations than previously thought.
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Females may also engage in polyandry not to gain fithess benefits, but instead
to limit the costs imposed upon them by harassing males; this is known as
‘convenience polyandry’ and is thought to occur when resistance to EPCs is

more costly than mating (Thornhill and Alcock, 1983; Boulton et al., 2018).

Despite the multitude of theories, it is still not clear in what circumstances extra-
pair copulations in birds are most likely to occur and to what extent females
might reap fithess benefits. We still have little understanding of many of the
factors influencing intra-specific variation in EPP and further research is needed
to understand the prevalence, drivers and consequences of EPP among

socially monogamous species.

Mating strategies in a ‘model’ species

The zebra finch (Taeniopygia guttata) has been, and is likely to continue to be,
one of the most widely used avian model systems in evolutionary biology and
animal behaviour (Griffith et al., 2017). It has been a key species in the
development of our understanding of areas of research such as sexual
selection, reproductive investment and sperm competition; the species has
even been described as a ‘supermodel species’ (Griffith and Buchanan, 2010;
Griffith et al., 2010).

The zebra finch is a highly social small passerine that forms long-lasting, in
many cases lifelong, social pairs (Zann, 1996; Mariette and Griffith, 2012). In
the wild, it has very low levels of extra-pair paternity (1.7% offspring in 5% of
broods), suggesting that this is one of the most genetically monogamous bird

species that has been surveyed so far (Griffith et al., 2010).

In its native Australian habitat, this species has no fixed breeding season and
birds breed whenever environmental conditions and food resources are most
favourable (Selman and Houston, 1996; Zann, 1996). The same holds true in
domesticated populations, where birds will breed continuously when food is
abundant. Both males and females contribute to nestling rearing and the
synchrony in nest visiting has been found to correlate to reproductive output,
including factors such as hatching rate and number of offspring (Zann, 1996;

Mariette and Griffith, 2012). However, domesticated zebra finch populations are
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often very different to the wild type in that they show much higher levels of
promiscuity, with EPP rate ranging from 10-30% (Forstmeier et al., 2011; lhle et
al., 2013; Maldonado-Chaparro et al., 2018). The difference in observed EPP
rates between wild and domesticated zebra finch populations could be caused
by social or environmental factors, as well as the artificial selection pressures
imposed by aviculturists on over 100 zebra finch generations since their export
from Australia (Griffith et al., 2010; Griffith et al., 2017). Although it is thought
that life history strategies have remained the same in wild and domesticated
zebra finch populations, it is likely that the domestication process has led to
behavioural changes that may also influence reproduction and the social
system (Tschirren et al., 2009). Further investigation into the differences
between populations of the same species, including factors influencing
promiscuity, could help to uncover the root cause of extra-pair mating

behaviours and their effects on sociality and fitness (Griffith et al., 2010).

The importance of pair bonds

Pair bonds play an important role in reproduction, particularly in species that
provide parental care. Variation between pairs in reproductive success is often
attributed to compatibility between mates and the strength of pairs bonds
(Spoon et al., 2006). In species with long-lasting pair bonds such as the zebra
finch, pair bond strength may influence pair coordination in providing parental
care, which in turn can influence reproductive success (Mariette and Giriffith,
2012). Evidence for the importance of pair bonds for reproductive success is
provided by other bird species such as barnacle geese (Branta leucopsis),
where individuals that maintain long-lasting pair bonds over their lifetime
produce more offspring compared to those with shorter-term pair bonds; it is
thought that the requirement of female-male cooperation during breeding
attempts has selected for long-term pair bonds in this species (Black, 2001).
Similarly, several studies on cockatiel pairs (Nymphicus hollandicus) showed
that mates with higher behavioural combability (e.g. behavioural synchrony)
showed better coordination of parental care and higher reproductive success
(Millam et al., 2004; Spoon et al., 2006). Although pair bond duration did not
predict behavioural compatibility, pairs that laid eggs did have significantly

longer relationships than those pairs that failed to lay eggs.
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In zebra finches, like in other species, pair bond strength is thought to increase
with pair bond duration (lhle et al., 2013). Social pairs are thought to maintain
strong pair bonds all year round (lhle et al., 2013). These bonds can be
physically costly to maintain, with behaviours such as vocalizations and
grooming common after pairs are temporarily separated (Remage-Healey et al.,
2003). Further evidence of the importance of pair bonds in zebra finches is
provided by the observation that individuals will remain with their bonded mate,
even in situations where it may be more beneficial to break the pair bond and
find a new mate, such as in cases of egg hatching failure (lhle et al., 2013). This
may be because separation from the social mate has been shown to be
stressful for zebra finches (Remage-Healey et al., 2003). The latter study
showed that stress hormone levels rose during separation from the social mate,
and only returned to baseline levels when the original mates were reunited, not

when individuals were placed with a new partner.

It is possible that extra-pair mating behaviour might result from a weakness in
the social pair bond. It has been suggested that the high levels of EPP reported
in domesticated populations of zebra finches is due to the domestication
process selecting for weaker pair bonds (Forstmeier et al., 2014). Divorce in this
species is rare and costly, particularly in the wild; environmental conditions are
highly unpredictable and remaining with a partner speeds up the initiation of
reproduction when suitable breeding conditions occur (Adkins-Regan and
Tomaszycki, 2007; Crino et al., 2017). However, captive breeding of
domesticated zebra finches, which often involves forced pairing and repairing,
may have selected for weaker pair bonds and favoured the ability to divorce, so
that individuals are able to quickly re-pair and reproduce when separated from

their previous partner (Forstmeier et al., 2014).

Stress and telomere dynamics

When investigating the causes and consequences of EPP, focus has often
been on reproductive output and fitness (Forstmeier et al., 2014). Few studies
have focussed on the effect of extra-pair mating behaviour on the individuals

themselves, particularly the physical effects. It is possible that an individual
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engaging in extra-pair copulations could have negative impacts on the fitness
and physiology of their social partner. As mentioned above, in highly gregarious
species like zebra finches, social bonds play an important role. The occurrence
of EPP, where these bonds are compromised, could act as a stress-inducing
situation. In addition, it is likely that defending social mates from other potential
partners looking for extra-pair copulations is a stressful experience. Pair bond
challenges by un-paired challenger males has been shown to increase

corticosterone levels in monogamous geese (Hirschenhauser et al., 2000).

While the immediate stress response provides significant benefits in the short-
term, the stress response may be detrimental and even fatal if activated for the
long-term (Monaghan et al., 2011). Long-term over-secretion of glucocorticoids
is referred to as ‘chronic stress’ (Romero, 2004; Monaghan, 2014), and may
result in the shortening of telomeres, the repetitive, noncoding sequences of
DNA that occur at the ends of chromosomes. There is a well-established
relationship between ageing and telomere attrition, with good evidence that
telomeres generally get shorter with age (Monaghan, 2010). However, a
number of environmental factors have also been linked to accelerated telomere
shortening. For example, it has been suggested that the well-established link
between chronic stress and poor health in humans is due to the effect of stress
on telomeres (Epel et al., 2004). The reason for this relationship is that cortisol
causes telomere attrition by reducing telomerase activity, therefore slowing
telomere repair (Campisi et al., 2001; Choi et al., 2008). Indeed, stress-induced
telomere attrition has been observed across a number of taxa and the
measurement of telomere attrition has been proposed as a method of
assessing the lifetime experience of captive animals (Bateson, 2016). The study
of telomere dynamics can thus help provide insight into the effect of

environmental factors and particular stressors on animals’ fitness and

physiology.

The potential impact of pair bond strength and EPP on zebra finch

physiology and fithess

The aims of my thesis were to investigate sociality and extra-pair mating

behaviour in the zebra finch, and to study the potential effects of pair bond
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strength and EPP on telomere dynamics. | conducted a within-individual
repeated-measures study of telomeres across an experimentally-controlled
breeding season to quantify the influence of infidelity and pair bond strength on
telomere attrition. | used zebra finches from two captive populations maintained
at the Department of Behavioural Ecology and Evolutionary Genetics, MPI1O
Seewiesen, Germany. The zebra finches were from two different domesticated
selection lines, experimentally selected over three generations for either high or
low breeding values of male sex drive (rate of courtship in standardized tests:
Mathot et al., 2013; Forstmeier et al., 2011; Forstmeier et al., 2014). These
were designated high and low promiscuity breeding lines. The project was
conducted on site at the Max Planck Institute of Ornithology in Radolfzell,
Germany, in collaboration with researchers from the University of Konstanz. My
first data chapter investigates variation in extra-pair mating behaviours and the
relationship between pair bond strength and reproductive output. My second
data chapter tests how pair bond strength and extra-pair mating behaviour link
to telomere dynamics in zebra finches.

Together, my findings provide some novel insights into the factors influencing
variation in EPP and telomere attrition within a species. This might contribute to
our understanding of telomere dynamics and the role that social environment, in
particular pre-breeding social associations, plays in the prevalence of EPP

within socially monogamous systems.
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Chapter two: Sociality and extra-pair mating behaviour

Abstract

Extra-Pair Paternity (EPP) is a common occurrence among monogamous bird
species, yet we still have a limited understanding of the factors that cause
variation in an individual’s propensity to engage in extra-pair mating behaviours.
This study focusses on the social and reproductive behaviour of the socially
monogamous zebra finch (Taeniopygia guttata), a passerine that forms long-
term pair bonds. Wild populations show lower levels of EPP than their derived
domesticated populations, and the latter also vary in EPP rates. However, the
drivers and consequences of this variation in EPP remain unclear. We
examined the variation in promiscuity and reproductive output between captive
zebra finches from two domesticated breeding lines, selected for high or low
breeding values of male sex drive. Contrary to our predictions, we did not find
significant evidence of variation in promiscuity between the two breeding lines.
We discuss how the measure of infidelity our study used, rate of EPP, may not
provide us with the whole picture of the mating behaviours occurring in a
population. Looking at individual-level differences, our findings support previous
theory on sex-based variation in mating strategy; males benefitted more from
EPP in terms of reproductive output, despite both sexes showing similar levels
of promiscuity. The social environment in which an animal is embedded may
also influence patterns of reproduction and EPP within socially monogamous
populations. Previous research has had difficulty clarifying the influence of pair-
bond strength on reproductive output due to confounding factors, such as
individual age and bond duration, which are known to influence reproduction.
The design of our study system enables us to clearly present further evidence
that pair-bond strength, separate from other factors, is a strong predictor of a
pair’s reproductive output. Examining the influence that pair bond strength can
have on reproductive behaviour could help to explain the variation in

reproductive success and rates of EPP within other species.
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Introduction

Mating systems are characterised by the reproductive biology, social behaviour
and mating strategies of the individuals within them. In turn, the social
environment and mating system an individual is embedded in can have a major
influence on its mating behaviour and reproductive output (Maldonado-
Chaparro et al., 2018). It was initially thought that in birds, monogamy was the
most widespread and common mating system. In a review of avian breeding
systems, Lack (1968) declared that more than 90% of the 9000+ species
reviewed were monogamous, a viewpoint which remained prominent for several
decades (Westneat and Stewart, 2003). Within the framework of socially
monogamous systems, several mating strategies exist to try and maximise
individual fitness. Although many species reap the benefits of monogamy,
mainly in the form of higher reproductive output and faster initiation of
reproduction, we now know that genetic monogamy is not as prevalent as it
once appeared (Black, 2001; Adkins-Regan and Tomaszycki, 2007).
Monogamy imposes constraints on mate choice which can be overcome by
engaging in Extra Pair Copulations (EPCs) (Mgaller, 2000). Genetic studies have
revolutionised our understanding of avian mating patterns and it is now
apparent that Extra Pair Paternity (EPP), which results from mating outside the
social pair, is a widespread phenomenon among monogamous avian systems.
Parentage studies have revealed that in more than 70% of bird species, there
are offspring sired by a male other than the social father (Griffith et al., 2002;
Westneat and Stewart, 2003).

The frequency of EPP varies hugely among species, populations and
individuals. A large body of research has been dedicated to understanding what
factors drive this variation and the conditions under which extra-pair mating
behaviour may be adaptive (Petrie and Kempenaers, 1998; Griffith et al., 2002;
Westneat and Stewart, 2003; Yuta and Koizumi, 2016). Variation in extra-pair
mating behaviour may arise from variation in the relative costs and benefits of
this mating strategy between species (Westneat and Stewart, 2003). The
benefits to males of engaging in extra-pair reproductive behaviour seem to be

clear; given that sperm is relatively cheap to produce, males can try and
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increase their reproductive success through EPCs (Petrie and Kempenaers,
1998). The costs to males appear to vary depending on the social system, but
often time spent seeking extra pair copulations could leave female partners
unguarded and potentially lead to within-pair paternity loss (Freeland et al.,
1995; Petrie and Kempenaers, 1998).

Uncovering the adaptive benefits of EPP in females has been more
complicated. Unlike in males, engaging in EPCs does not necessarily increase
a female’s reproductive success, i.e. her number of offspring (Wink and Drycz,
1999; Forstmeier et al., 2014). The main exception to this is if a female has a
social male with low-quality sperm leading to unviable or low-quality within-pair
offspring, then she may be able to increase her number of viable offspring
through EPP (Petrie and Kempenaers, 1998; Jennions and Petrie, 2000).

In general, females in monogamous mating systems are thought to suffer direct
costs of infidelity (Westneat and Stewart, 2003). The main potential cost to
females of engaging in EPCs is thought to be the retaliatory withholding of
parental care by her social mate (Birkhead and Mgller, 1992; Arnqvist and
Kirkpatrick, 2005). This idea is supported by the empirical finding that when
males are less certain of their paternity, they provide less parental care (Mgller
and Birkhead, 1993; Perlut et al., 2012). We would expect species where male
parental care is important to show lower levels of EPP, as it would be costly for
females to potentially jeopardise the parental care given by their partner by
engaging in EPCs (Mgller, 2000; Arnold and Owens, 2002; Westneat and
Stewart, 2003). EPP does appear to be particularly common when the male
only plays a small role in parental care and the successful rearing of offspring
(Mgller, 2000). For example, the importance of biparental care for reproductive
success in woodpeckers is thought to be an important reason for their
predominant social and genetic monogamy (Pechacek et al., 2005). Similarly, a
comparison between three species of penduline tit (Remizidae) showed that the
Eurasian penduline tit (Remiz pendulinus) displays low levels of male parental
care and high levels of EPP; in contrast, the other two species exhibit biparental

care and high levels of fidelity (Ball et al., 2017).
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It has been suggested that females engaging in EPCs balance the cost of
potential loss of parental care through indirect fitness benefits, namely
increasing offspring fithess via genetic gains (Jennions and Petrie, 2000). The
“good genes hypothesis” suggests that the good genes of an extra-pair mate
could be passed onto offspring, increasing their chance to obtain higher survival
and reproductive success (Wink and Drycz, 1999). According to this theory, if
males in a population vary in genetic quality, females paired to lower quality
males will benefit from mating with a higher quality extra-pair male (Birkhead
and Mgller, 1992; Petrie and Kempenaers, 1998). However, there is no
consensus on whether females engaging in this strategy are in reality rewarded
with increased offspring fitness, and whether EPP is overall detrimental to
females continues to be debated (Griffith and Montgomerie, 2003; Arngvist and
Kirkpatrick, 2005; Wan et al., 2013; Forstmeier et al., 2014).

Several factors have been investigated for their potential role in driving
interspecific variation in EPP. One of these factors is the species-specific adult
annual mortality rate. Several studies have argued that EPP rate should be
higher in species with higher adult mortality (Mauck et al., 1999; Wink and
Drycz, 1999; Arnold and Owens, 2002). By compiling data for over 100 avian
species, Wink and Drycz (1999) showed that long-lived avian species where
both members of a social pair are likely to survive to breed the next year, had
significantly lower EPP rates. This has been attributed to the idea that by
engaging in EPP, individuals of these species would have an increased risk of
retaliation in the form of reduced parental care or divorce in future breeding
attempts (Arnold and Owens, 2002). Breeding synchrony is another factor that
may lead to high EPP rates, because it may allow females to more easily
compare the quality of potential mating partners (Westneat and Stewart, 2003;
Ferretti et al., 2019). This hypothesis was tested by comparing several species
of swallow in the genus Tachycineta, in which the percentage of nests
containing extra-pair young varies widely from 13 to 87% between species
(Ferretti et al., 2019). However, the study found that this variation in EPP was
not explained by differences in breeding synchrony. Indeed, recent work has
suggested that several factors previously thought to be important drivers of
promiscuous behaviour, such as breeding synchrony and population density, do

not affect EPP as consistently or strongly as first proposed (Westneat and
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Stewart, 2003; Yuta and Koizumi, 2016; Ferretti, 2019). This emphasises the
need for continued investigation into what factors are driving variation in this

mating strategy.

In addition to variation in EPP between species, there is also a surprisingly
large amount of variation in extra-pair mating behaviour between populations of
the same species (Petrie and Kempenaers, 1998). For example, one study
found 0% extra-pair offspring in willow warblers (Phylloscopus trochilus)
(Gyllensten et al., 1990) whilst another study reported that 50% of all broods in
a different population contained extra-pair offspring (Petrie and Kempenaers,
1998). Within a socially monogamous species there may be significant variation
in mating strategies and reproductive behaviours between individuals (Griffith et
al., 2002). As the frequency of EPP is a population-level variable that results
from interactions and behaviours at an individual level (e.g. occurrence of
EPCs), uncovering why individuals engage in this behaviour is key to
understanding population differences (Petrie and Kempenaers, 1998; Westneat
and Stewart, 2003).

The social environment in which an animal is embedded may influence extra-
pair mating decisions and patterns of EPP within socially monogamous
populations (Maldonado-Chaparro et al., 2018). Monogamous mating systems
are typically characterised by the presence of stable breeding pa