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Layman’s summary

Animals need to express normal behaviors to adapt to their environment. While welfare research
often focuses on for example foraging as a normal behavior, we tend to overlook the importance
of mate choice behavior for animals. Choosing a mate involves behaviors like courtship and
copulation. Courtship behavior serves to attract and evaluate a potential mate, and copulation
behavior leads to reproduction. Animals are motivated to perform both courtship and copulation
because they are rewarding, and provide various benefits. For example, they can give animals a
sense of control over their environment, provide access to resources bound to their partner and
increase their chances of successful reproduction. However, in captivity, animals often cannot
choose their mates freely, which may cause stress and other welfare problems. This review
investigates how mate choice relates to animal welfare by examining the existing studies in birds
and mammals. For courtship behavior, these studies showed that animals were still motivated to
perform courtship, even when they could not copulate. Furthermore, animals experienced stress
when they could not perform courtship with a preferred partner, which may reduce their welfare.
Additionally, animals paired with non-preferred partners had less reproductive success, than
animals that were paired with their preferred partners. Reproductive success was, for example,
measured by the number of surviving offspring, or the time to egg-laying in birds. This higher
reproductive success may indirectly indicate that animals had higher motivation to invest in
offspring when they were paired with their preferred partner. For copulation behavior, animals of
species that mate often and with multiple partners in the wild tended to face more welfare
challenges than species that do not naturally mate often. This suggests that the captive
environment does not adhere to the sexual needs of these animals, which negatively impacts their
welfare. Furthermore, animals that were allowed to copulate, and monogamous animals, tended
to live longer compared to animals that were not allowed to mate or were naturally promiscuous.
In conclusion, mate choice likely influences the welfare of captive animals. To improve animal
welfare, captive animals should be allowed to exhibit mate choice behavior. Monogamous
species should be able to choose a compatible partner and be pair-housed with them for the long
term. Polygamous species, on the other hand, should have access to a variety of potential mates
to meet their natural needs. This review highlights the need to not only address current welfare
challenges but also point out potential new welfare risks. Future research should include more
behavioral and physiological welfare indicators to better understand how mate choice affects
welfare within and across different species.

Abstract

The ability to express normal behavior is crucial for animal welfare. While behaviors such as
foraging are often recognized as critical to animal welfare, reproductive behaviors — including
mate choice — are generally overlooked. Mate choice behaviors, such as courtship and
copulation, are not only highly motivated and rewarding but they also contribute to both proximate
benefits, such as a sense of control, and ultimate benefits, such as access to resources, genetic
fithness and reproductive success. However, captive environments often restrict the ability of
animals to express mate choice, potentially leading to welfare issues. This review explores the
relationship between mate choice and animal welfare through a review of the relevant literature.
The findings demonstrated that courtship behaviors remained motivated even when copulation
was not possible. Moreover, as courtship is important for evaluating partner quality and
compatibility, the inability to court a preferred partner elicited stress which may ultimately result
in reduced welfare. More indirectly, successful courtship with preferred partners correlated with
higher reproductive success, suggesting that animals are more motivated to invest in offspring
with preferred compared to non-preferred partners. In terms of copulation, species that naturally
engage in frequent mating with several individuals often experienced lower welfare in captivity
than species with a lower need for sexual behaviors. This difference may indicate that captive
environments fail to meet the sexual needs of these animals, negatively impacting their welfare.
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Additionally, the ability to perform copulation behaviors and mating system may influence
lifespan, as animals that were allowed to copulate and animals in monogamous mating systems
lived longer than animals deprived from copulation and polygamous animals. Survival is not
necessarily indicative of welfare yet it may suggest whether the captive environment fits the
animal’s needs. Based on these findings, mate choice appears to be a key factor in shaping
welfare outcomes for captive animals. Overall, this review highlights the need to integrate mate
choice into welfare assessments in captive settings. For monogamous species, providing multiple
potential partners may enhance welfare by enabling the selection of a compatible partner, and
housing established pairs together may further support welfare outcomes. In contrast,
promiscuous species should have sufficient mating options and variation in partners to align with
their natural behaviors. This review underscores the importance of addressing existing welfare
issues while remaining vigilant to other factors potentially influencing animal welfare. Future
research should focus on incorporating direct welfare indicators, i.e. behavioral and physiological
parameters, to further examine the link between mate choice and welfare within and across
species.



1. Introduction

The dynamic animal welfare concept (DAWCon) states that an animalis in a positive welfare state
when it can adapt to environmental changes by expressing normal behaviors, eventually leading
to a positive affective state (Arndt et al., 2022). Consequently, a key aspect of animal welfare is
the ability to perform normal behaviors, i.e. innate, intrinsic, and predictable behaviors reflecting
an animal’s biological functioning (Arndt et al., 2022). A commonly studied normal behavior is
foraging, which is crucial for food acquisition and therefore, for survival. Foraging behavior is, at
least partly, innately regulated (Lépez-Cruz et al., 2019), and intrinsically motivated by hunger-
related stress (Spruijt et al., 2001). The longer an animal does not eat, the higher the chance it will
display foraging behavior, i.e. foraging is predictable within the context. Importantly, both food
acquisition and food consumption are rewarding to animals, contributing to a positive affective
state leading to a positive welfare state (Spruijt et al., 2001). Hence, when an animal is unable to
perform its normal behavioral repertoire, welfare issues may arise.

Certain normal behaviors also qualify as behavioral needs: behaviors that animals are internally
motivated to perform, regardless of their environment or its functional consequence (Duncan,
1998; Spruijtetal., 2001). Behavioral needs are often appetitive behaviors, which promote access
to resources (Hughes & Duncan, 1988). For example, in birds, behaviors important to prepare
reproduction such as nest building are considered behavioral needs (Greggor et al., 2018). The
inability to perform such behaviors may lead to poor welfare (Duncan, 1998). Generally, appetitive
behavior leads to consummatory behavior, which is the act of achieving the resource that
appetitive behavior usually leads to. For example, foraging, i.e. appetitive behavior, leads to food
ingestion, i.e. consummatory behavior (Hughes & Duncan, 1988). Both types of behavior are
considered rewarding, though different parts of the reward system regulate them (Harst & Spruijt,
2007). Berridge et al. (2009) distinguished between two neural systems of reward; ‘wanting’,
driven by dopamine and related to motivation and ‘liking’, driven by opioids and associated with
obtaining the ‘wanted’ stimulus (Berridge & Robinson, 2016). Thus, normal behavior involves both
appetitive (‘wanting’) and consummatory (‘liking’) actions, which are rewarding and may promote
welfare (Figure 1).
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Figure 1. The dynamics between motivation, appetitive and consummatory behavior and reward.
Arrows indicate the direction of the interaction and the broken arrow indicates that one phenomenon does
not necessarily follow the other.

Although many people would agree that a lack of food is a serious welfare concern, not everybody
would agree that this also applies to reproductive behaviors. However, one could argue that
reproductive behaviors, including courtship and copulatory behaviors, also meet the criteria for
normal behaviors outlined by Arndt et al. (2022). First, reproductive behavior is fundamental for
biological functioning, as reproduction is a crucial part of fitness. Second, reproductive behaviors
are initially innate but can be refined through learning and experience (Rodriguez-Manzo &
Canseco-Alba, 2014). Third, the motivation for sexual behavior arises from both internal and



external stimuli (review: Singer & Toates, 1987), such as the presence of the opposite sex or
seasonal changes, upregulating sex hormones to act in the brain (Rodriguez-Manzo & Canseco-
Alba, 2014). Fourth, in the presence of these stimuli, sexual behavior is likely to occur, making the
behavior predictable. Lastly, reproductive behaviors are social behaviors important for fithess
that are intrinsically rewarding, contributing to a positive affective state (Paredes, 2009; Spruijt et
al., 2001). Therefore, these behaviors are expected to have a strong influence on an individual’s
affective state and thereby welfare status.

In many species, reproductive behavior consists of courtship, known as the appetitive phase, and
copulation, the consummatory phase. Usually, copulation is preceded by a mate selection
process that involves courtship. This process can be referred to as mate choice (Martin-Wintle et
al., 2019). Mate choice behavior is pivotal both on a proximate and ultimate level. Proximately, the
presence of an attractive individual triggers hormonal changes that enhance motivation for sexual
behavior (Hernandez-Gonzalez et al., 2007). Being able to act in alignment with this motivation by
performing sexual behaviors is rewarding, causing a positive affective state crucial for welfare,
according to the DAWCon (Arndt et al., 2022). Additionally, the ability to engage in mate choice
may provide animals with a sense of control over their environment, which is a crucial
requirement for good welfare as it enhances an animal’s psychological state (Edgar et al., 2013;
Englund & Cronin, 2023). From an ultimate perspective, mate choice behavior offers direct and
indirect fitness benefits (lhle et al., 2015). Direct benefits include access to resources, such as
territory or parental care, quality and coordination (lhle et al., 2015; Lindsay et al., 2019). Indirect
benefits, on the other hand, are related to genetics, which can improve offspring health via genetic
compatibility and fithess as supported by, for example, the good genes theory (survival) and sexy
genes theory (reproduction) (Lindsay et al., 2019; Wedekind, 2002). According to evolutionary
theory, behaviors that promote fitness, such as reproductive behavior, are rewarding and
therefore highly motivated (Spruijt et al., 2001). Hence, both proximate and ultimate arguments
highlight the motivation related to sexual behavior.

Despite animal’s strong motivation for (free) mate choice behaviors, captivity often restricts this
ability (Lewis et al., 2022). For example, farm breeding programs often strive to maximize
reproductive output by keeping their lines of breeding pure, i.e. minimal genetic variation, often
through artificial insemination (Ritter et al., 2019). These procedures leave no room for free mate
choice or even any ‘natural’ reproductive behavior. For instance, in cattle, estrus is regulated by
hormonal injection followed by artificial insemination (Ritter et al., 2019). This means that
breeding cattle never encounter each other, causing no natural stimuli for sexual behavior to be
present. Similarly, in horse breeding, mares are often confined, limiting the mare to take a
receptive posture and preventing natural interactions between the mare and stallion (McDonnell,
2000). This management procedure often leads to resistance in mares, possibly leading to safety
hazards, injury and reduced welfare. Problems regarding restricted mate choice also occur in
zoos. Although zoos generally allow normalreproductive behavior, mate preferences are often not
taken into account because breeding pairs are mostly assigned based on achieving maximum
genetic variability and reproductive success (Schulte-Hostedde & Mastromonaco, 2015).
Nevertheless, the breeding advice of the Population Management Center of the Association of
Zoos and Aquaria for achieving a viable population has a low success rate; only 20% of selected
pairings lead to offspring (Faust et al., 2019). This may suggest that lack of mate choice may
negatively impact animals’ motivation to reproduce. Thus, breeding programs used in captivity
generally do not consider the preferences and motivations of breeding individuals, which
potentially has negative consequences for their welfare.

Currently, the potential existence of a link between welfare and mate choice has been largely
overlooked in research. Nevertheless, Mellor & Mason (2023) recently hypothesized that welfare
might be impaired in species that exhibit strong mate preferences that are unable to select their
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mates or in promiscuous species that are unable to access multiple partners. In this review, | will
explore the potential link between mate choice and welfare, based on the few studies that have
addressed this topic as well as research on the motivational aspects of mate choice. To achieve
this, | searched for relevant literature on mate choice, welfare, courtship and copulation behavior,
sexual motivation, fitness, and compatibility in captive birds and mammals using Google Scholar
and ScienceDirect. | based my review on a selection of the most relevant studies related to the
subject and with a reliable source. In the following sections, | will start by defining and
contextualizing mate choice behaviors, then | will discuss the potential welfare implications of
restricted mate choice (behaviors), and finally, | will conclude with a discussion of whether there
is indeed a link between mate choice and welfare. With this review, | aim to emphasize not only
the importance of addressing and improving existing welfare issues but also staying alert to other
potential factors that could impact welfare, which may not yet be fully recognized.

2. Mate choice behaviors

Mate choice behaviors can be categorized into two stages: courtship and copulation. Below, | will
define both categories and discuss their causes and functions using some examples. | will also
shortly examine how inter-individual and species differences influence these mate choice
behaviors.

2.1. Courtship

Courtship behavior consists of behaviors attracting mates to initiate and sustain copulation
(Ventura-Aquino et al., 2018). Other courtship functions include species and sex recognition,
synchronizing copulation behavior, and enabling mate choice of either sex (Mitoyen et al., 2019).
In some species, courtship is elaborate and consists of many repeated sequences. For example,
Huxley (1914) described the complex and elaborate synchronized courtship rituals of the great
crested grebe. Grebes repeatedly shake their heads near each other at the start, and between
other courtship ceremonies, which take place in a random order. One of these ceremonies
consists of the pair searching and finding each other again through a specialized call, whereafter
the found individual dives and emerges around the initial searching individual, which is in a so-
called cat-display where the head is close to the body and the wings are arched against the body,
with the last emergence being back-to-back with the individual in cat-display. Another ceremony
is when both individuals dive, extract weed from the lake, go up, find each other, and raise their
bodies against each other’s breasts in an upright position while stamping on the water's surface.
Furthermore, a variety of different and incomplete outings of these ceremonies have been
observed.

In contrast, courtship in some other species is far simpler. For example, the courtship behavior of
female Japanese monkeys consists of three brief phases (McDonald, 1985). The first phase is
showing her receptivity and choosing a potential mate, which usually involves vocalizations and
estrous behaviors. The second phase includes increasing proximity by following and sometimes
touching the male she chose in the first phase. The third phase of the female courtship sequence
includes encouraging mounting from the chosen male by presenting her backside. This striking
difference in courtship sequences between species is likely related to different mating systems.
In monogamous species like Grebes, where long-term partner selectionis crucial, more elaborate
courtship rituals may allow for more careful selection for a good and compatible mate. In non-
monogamous species, such as Japanese monkeys, where multiple mates are common, courtship
may be less elaborate, reflecting the shorter-term investment in mate choice with less lasting
consequences. Thus, courtship behavior is important for mate choice and is highly variable
between species, likely depending on their mating system.



Courtship behavior is driven by the motivation for acquiring a resource: a partner to mate with,
making it an appetitive behavior (Figure 2)(Duncan, 1998; Swaisgood, 2007). This motivation is
driven by ‘wanting’ in the reward system, causing the expression of courtship behavior to be
experienced as rewarding (Berridge et al., 2009; Ventura-Aquino et al., 2018). Appetitive behaviors
are sometimes considered a behavioralneed and one could argue that courtship qualifies as such
because internal states are crucial for its expression; specifically, the upregulation of steroid
hormones mediates brain regions responsible for sexual motivation and sexual behavior (Jennings
& de Lecea, 2020). Nevertheless, courtship behavior is mainly triggered by external stimuli: a
potential mate, often accompanied by the appropriate season-related environmental cues, such
as photoperiod (Mitoyen et al., 2019). Thus, courtship behaviors are appetitive, rewarding and,
potentially, a behavioral need.
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Figure 2. The dynamics between crucial elements of mate choice. Motivation is colored grey to
emphasize its link with welfare. Terms in blocks are the main themes described in this review.

An important remark that should be made, is that there is not always consensus among the
choosy sex on which potential mate is preferred (Widemo & Saether, 1999). For example, in rats, it
was shown that all females consistently preferred a certain male but the females did not prefer
the same male (Lovell et al., 2007). Similarly, this variability in inter-individual preferences for
mates was observed in fish and birds (Brooks & Endler, 2001; Forstmeier & Birkhead, 2004; Godin
& Dugatkin, 1995; Lehtonen & Lindstrom, 2008). This suggests that mate choice is not purely
based on universal traits of attractiveness but may also depend on genetic or behavioral
compatibility. Nevertheless, some other species do show consensus on which is the most
preferred mate, indicating that mate quality may be important for other species. This difference in
agreement of mate choice may depend on the species’ mating system. Monogamous species may
prefer to pair with a mate with whom they have behavioral coordination and compatibility as they
should provide parental care to their offspring and form a long-term pair bond (Figure 2)(e.g.,
Griffith, 2019; Ihle et al., 2015; Koeninger Ryan & Altmann, 2001; Roth et al., 2021). Here,
courtship behavior may function as a measurement of inter-individual coordination (Figure
2)(Roth et al., 2021). In contrast, hon-monogamous species may prefer a high-quality (good
genes) and attractive (sexy genes) mate, to pass these characteristics on to their offspring (e.g.
Andersson, 1982; Gibson & Bradbury, 1985; Hogan-Warburg, 1966; Méndez-Janovitz & Macias
Garcia, 2017; Petrie et al., 1991; Setchell, 2005) and may therefore reach better agreement on
their preferred partner. Thus, inter-individual and -species differences in partner preference may
be dependent on the species mating system, where monogamous species prioritize compatibility
in mate choice, leading to inter-individual variability in preferences, and non-monogamous
species prioritize mate quality, leading to more uniform preferences.

In conclusion, courtship behavior is an appetitive and rewarding behavior essential for choosing
a mate. The complexity and length of courtship rituals vary widely across species, likely



depending on their mating systems. In monogamous species, courtship is often more elaborate,
as it involves testing coordination and establishing long-term bonds, whereas polygamous
species exhibit simpler courtship behaviors that reflect a shorter-term investment in mate choice.
These differences highlight the crucial role of courtship not only in attracting a partner but also
in ensuring reproductive success through strategies suited to each species' needs.

2.2. Copulation

During copulation, the male usually mounts the female, while the female is in a receptive posture.
Specific male copulatory behavior may vary among species. In male mammals, copulatory
patterns differ in whether locking between genitalia is present, whether thrusting occurs, and the
frequency of intromission and ejaculation (Dewsbury, 1972). In rats, for example, copulatory
behavior consists of the male mounting the female, which causes the female to get into a
receptive position called lordosis in which her back is arched, presenting her genitalia (Pfaff &
Agmo, 2002). The copulatory pattern of male rats typically contains repeated intromissions and
ejaculations, without locking or thrusting (Dewsbury, 1972). Thus, copulation behavior generally
consists of the male mounting the receptive female, in a species-specific manner.

The number of copulations differs tremendously between mating systems. Monogamous species
generally engage in copulation with a single mate for the entire breeding season or for life, whereas
polygamous species nhaturally mate with multiple individuals across a breeding season.
Furthermore, in several bird species, the female copulation rate mainly depends on whether a
male suspects that she had any copulation with another male, causing this male to copulate with
her to increase his chances of producing offspring (Birkhead et al., 1987). If captive conditions
restrict polygamous or naturally high-frequency copulating species from copulating often and
with several individuals, this may pose a welfare problem (Mellor & Mason, 2023). Furthermore,
total abstinence from copulation by prevention of access to members of the other sex or libido-
inhibiting medication of animals may also affect animal welfare, as this prevents this normal
behavior from taking place.

Copulation generally follows from appetitive behavior, i.e. courtship, and is therefore considered
a consummatory behavior. Therefore, copulation is part of ‘liking’ in the reward system: the
consumption of the ‘wanted’ stimulus (Hernandez-Gonzalez et al., 2007). Mate choice eventually
leads to copulation and offspring with a preferred mate (Figure 2). According to evolutionary
theory, behaviors that promote fitness, i.e. mating behaviors, are rewarding (Harst & Spruijt, 2007).
As copulation does not have direct consequences, i.e. offspring, performing the behavior must be
directly motivated through reward (Spruijt et al., 2001). Thus, during copulation, the brain isin a
reward state for both males and females, causing a positive affective state, which is a key feature
of positive welfare (Arndt et al., 2022; Paredes, 2009; Ventura-Aquino et al., 2018).

Note that preference for a partner to copulate with may also be subjected to confounding factors.
First, the Coolidge effect — the phenomenon of the increase of an individual’s sexual behavior
when introduced to a new partner, where its initial sexual behavior stagnated because of
habituation to its available partner (Vasconcelos, 2023; Wilson et al., 1963) — has been widely
documented. In non-human animals, the Coolidge effect is almost exclusively studied and
observed in males (e.g. rats: Bermant et al., 1968; guppies: Jordan & Brooks, 2010). However,
some studies in human males (Koukounas & Over, 1993) and females (Meuwissen & Over, 1990)
also provided some evidence for the presence of the Coolidge effect by showing that habituation
took place after watching an erotic video multiple times, whereafter a different erotic stimulus
increased sexual arousal again. Nevertheless, as arousal is not the same as copulation, results
should be interpreted with caution. Thus, the Coolidge effect might be demonstrated in both
sexes, although, relatively speaking, females appear less affected. This may be due to the high



costs of reproduction for females and the benefits of reproducing with multiple mates for males
(Hughes et al., 2021). Second, mate choice copying, where individuals of the choosy sex are more
likely to copulate with an individual of the other sex based on the number of previous copulations
it had (Pruett-Jones, 1992), is an example of a social influence on mate choice (Galef & White,
2000). Mate-choice copying is hypothesized to be cost-efficient and reliable for mate quality, on
the condition that the initiating individuals know what mates are high quality (Stohr, 1998).
Although it is a well-known biological concept, a lot of the empirical evidence provided (review:
Galef & White, 2000) cannot be directly drawn to mate choice copying. For example, the tendency
of females to be near each other may be due to reasons other than mate choice, e.g. safety, or
males may signal that they copulated lately which attracts females (see review: Clutton-Brock &
McAuliffe, 2009). Therefore, the occurrence of mate choice copying is dubious, but its possibility
should be keptin mind. Overall, mate choice may be confounded by the Coolidge effect and mate
choice copying, although the latter is not yet empirically substantiated.

In conclusion, copulation is a consummatory and rewarding behavior. The pattern and frequency
of copulatory behavior vary widely across species, influenced by mating systems and factors such
as the Coolidge effect and mate choice copying. Importantly, both courtship and copulation are
driven by strong motivational and reward mechanisms. Therefore, restricting these natural
behaviors in captive settings could raise welfare concerns. In the next chapter, | will explore the
relationship between mate choice behaviors and animal welfare in more detail.

3. The link between mate choice and welfare

Mate choice behaviors encompass both courtship and copulation, each playing distinct yet
interconnected roles in sexual behavior. Courtship facilitates mate choice, while copulation
ensures reproduction. In this chapter, | will go into the potential relationship between these mate
choice behaviors and welfare using the existing literature and studies on the motivational aspects
of mate choice behavior.

3.1. Courtship

Courtship is an important behavior to assess partner preference based on either direct or indirect
benefits. Below, | will first explore whether animals exhibit motivation to engage in courtship,
despite being unable to copulate. Then, | will examine whether pairing with a non-preferred mate
induces stress and whether free-choice pairs demonstrate greater behavioral compatibility,
coordination and affiliation. Given the limited number of studies directly addressing courtship
and welfare, | will also review indirect evidence to further explore the relationship between mate
choice and animal welfare.

According to Berridge et al. (2009), ‘wanting’ (courtship) may occur without ‘liking’ (copulation).
To directly measure an animal’s motivation to perform courtship behaviors at all, the prevalence
of courtship behavior was examined in animals that were unable to copulate. Research showed
that mice, rats, hamsters and goats with lesions in brain regions important for the copulatory
reflex lose the ability to copulate but still express appetitive courtship behaviors (Bean et al., 1981;
Edwards & Isaacs, 1991; Giantonio et al., 1970; Hart, 1986; Powers et al., 1987). On the contrary,
male cats with similar lesions lost both copulation and courtship behaviors (Hart et al., 1973),
suggesting species-specific differences of the effect of this lesion. Overall, the majority of studies
show that courtship behavior is motivated independently from copulation, implying its
importance in the behavioral repertoire even when the consummatory act cannot be
accomplished.

The inability to perform courtship, and ultimately copulation, with a preferred partner may have
physiological impacts which potentially lead to negative welfare effects. For example, Griffith et
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al. (2011) set up experiments with Gouldian finches in two settings; 1) an aviary where the only
limitations were the social composition within the aviary and the number of still available
individuals of the other sex, and 2) a forced pairing paradigm, in which preferred and non-preferred
partners were paired in an isolated cage. Results showed that female finches of non-preferred
pairs had a higher concentration of plasma corticosterone, a stress indicator, compared to free
choice pairs after 12 hours of introduction in the forced pairing paradigm and, when she laid her
second egg in both experiments (Figure 3). Unfortunately, no other studies directly measured
proxies for stress related to preferred and non-preferred pairings. Nevertheless, this study
suggests that pairing with a non-preferred partner elicits stress, which may eventually become
long-term, posing a potential welfare issue.
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Figure 3. Mean concentration of plasma corticosterone in female Gouldian finches after they laid their
second egg after pairing with a preferred partner (grey) and a non-preferred partner (black) in both the
aviary and the forced pairing paradigm. Error bars represent the SEM. Differences in corticosterone
concentration between preferred and non-preferred partners were significant in the aviary (p = 0.005) and
the cage (p <0.001). Reprinted from “Constrained mate choice in social monogamy and the stress of having
an unattractive partner,” by Griffith, S. C., Pryke S. R., and Buttemer, W. A., 2011, Proceedings of the Royal
Society B: Biological Sciences, 278(1719), p. 2798-2805.

In pair-forming or monogamous species, behavioral compatibility, coordination and affiliation
may also be an important requirement for mate choice as these factors play an evident role in
providing parental care and pair bonding. Courtship behavior may help to assess the presence of
these elements, allowing for the evaluation of potential mates and eventually choosing a
preferred mate. For example, the monogamous zebra finch chooses its mate based on behavioral
compatibility as opposed to genetic compatibility, as embryo mortality did not differ between
preferred and non-preferred partners but survival during rearing was higher within preferred
(foster) pairs (lhle et al., 2015). Similarly, Spoon et al. (2006) studied the influence of behavioral
compatibility of cockatiel free-choice pairs, measured by their proximity, behavioral synchrony,
copulatory rates, allopreening receptivity and aggression rates, on reproductive success and
behavioral coordination. It was shown that pairs that laid eggs had a higher behavioral
compatibility score than pairs that did not lay eggs. Furthermore, pairs with a higher behavioral
compatibility score had better coordination of their parental care (incubation) and hatched more
viable offspring compared to pairs with lower behavioral compatibility. These results suggest that
behavioral compatibility is important for cooperation between parents and their reproductive
success. Furthermore, a study in titi monkeys found that pairs of preferred mates displayed more
affiliative behaviors together compared to pairs that were put together quasi-randomly (Baxter et
al., 2023). This finding may suggest that allowing for mate choice may enhance pair bonding,
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expressed through increased levels of affiliation, which is used as an indicator of positive welfare
(Rault, 2019). In other species, species-typical courtship displays between partners seem to
indicate relationship quality: in siamangs, Geissmann & Orgeldinger (2000) found a positive
relationship between duet frequency and relationship quality, meaning that pairs that duetted
more spent more time on affiliative behavior, had a higher level of behavioral synchronization and
were in closer proximity to each other. Taken together, these studies suggest that courtship is
important for assessing compatibility between mates in monogamous species which may
enhance parental care and pair bonds, eventually benefitting their welfare.

A more indirect measure of the motivation for mate choice is reproductive success. Reproductive
success is an ultimate measure related to fitness, whereas for welfare, proximate measures are
usually used as indicators. Nevertheless, as previously mentioned, behaviors that are crucial for
fitness tend to be driven by strong motivation, and hence important for welfare (Spruijt et al.,
2001). Therefore, when an individual achieves higher reproductive success in a particular setting,
it suggests a higher motivation to reproduce in that setting. Thus, reproductive success may be
interpreted as an indirect measure of motivation, and therefore suggestive of enhanced welfare.
In the studies | discuss below, reproductive success is assessed for preferred versus non-
preferred or random partners, in which preferred partners were identified by a preference test or
behavioral observations in a social group. A different setup that was often used is free versus
forced pairing, which also tests the effect of mate choice on reproductive success.

Many studies on reproductive success with preferred partners compared to random or assigned
partners were conducted with birds. For example, both female great tits and partridges laid their
first clutch of eggs significantly earlier when paired with a preferred mate compared to a less-
preferred mate according to a preference test (Delaitre et al., 2023; Prieto et al., 2018). These
findings suggest that females may be more motivated to invest reproductive effort in the offspring
of preferred partners. However, not all bird species exhibit the same pattern. In female zebra
finches, the time to egg laying and brood mass did not differ between preferred and non-preferred
pairings (Pogany et al., 2014). Yet, another study with zebra finches revealed that pairs formed
through free mate choice had 37% higher relative fitness compared to individuals of assigned
matings, with more offspring surviving until independence (lhle et al., 2015). Similarly, female
mallards had more offspring that survived until independence when paired with a preferred
partner (Bluhm & Gowaty, 2004). These results suggest that, depending on the species,
reproductive investment may either occur earlier (pre-laying) or later (post-breeding), indicating
that mate choice may influence both reproductive effort and long-term offspring viability in birds.

In mammals, parallel trends have been observed. First, female dunnarts conceived faster and had
more litters when allowed to choose their mate based on scent, although litter size remained
unaffected (Parrott et al., 2019). However, litter size may not be the most reliable measure of
reproductive success in this species, as it is limited by the mother’s humber of teats (Parrott et
al., 2019). Second, studies in house mice provided further evidence that mate preference
enhanced reproductive success. Preferred pairings consistently produced more offspring, with
these offspring exhibiting greater fitness in their adult life (Drickamer et al., 2000, 2003; Gowaty et
al., 2003). These results suggest that mate choice may have long-term benefits for offspring,
possibly through genetic compatibility between preferred partners. Third, similar effects were
found in giant pandas, where preferred matings resulted in more successful intromission and
more offspring, even more so when there was mutual preference (Figure 4)(Martin-Wintle et al.,
2015). These findings emphasize the critical role of mate choice in enhancing zoo breeding with
endangered species. Lastly, in humans, a study comparing offspring outcomes in assigned and
chosen partnerships across three tribes (two from Asia and one from South America) found no
evidence in offspring quantity or mortality (Sorokowski et al., 2017). However, the complexities of
arranged marriages and potential alighment between parental and individual mate preferences
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may have confounded these results. Furthermore, social, cultural and ethical factors complicate
the study of mate choice in humans. Taken together, these studies illustrate that mate choice
positively influences reproductive success across various species, whereby reproductive
success may serve as an indirect measure of motivation to invest in offspring with a preferred
partner.
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Figure 4. Percentage of dyads of combinations of preferred and non-preferred partners adhering to a
measure of reproductive success. NP: non-preferred partner, P: preferred partner. Female preference is
depicted in front of the hyphen, and male preference isbehind the hyphen. Light bars represent
intromission success, and dark bars show cub production. Different letters (a,b) indicate significant
differences between groups. Reprinted from “Free mate choice enhances conservation breeding in the
endangered giant panda,” by Martin-Wintle, M.S., et al., 2015, Nature Communications, 6(1), 10125.

In conclusion, courtship behavior is a highly motivated behavior, important for assessing partner
compatibility, which is crucial for parental care, pair bonding and, eventually, reproductive
success. The inability to perform courtship with a preferred partner can induce stress which could
lead to reduced welfare. Based on the discussed findings, the ability to express mate choice
through courtship behavior is highly motivated and seems to significantly impact welfare.

3.2. Copulation

Copulation is a natural behavior that elevates an individual’s fitness and is therefore highly
motivated. The ability to express this behavior is important, especially for individuals of species
that normally mate often. Restricting copulatory behavior may therefore pose a welfare issue.

Studies on sexual deprivation may indicate whether animals are more motivated to copulate after
this period. | could identify only one study on sexual behavior after sexual deprivation. This study
on rhesus macaques showed no significant differences in copulatory behaviors between 6-
months deprived and non-deprived males (Phoenix & Chambers, 1984). This finding suggests that
there is no rebound effect after sexual deprivation, indicating that copulation behavior is not
motivated extra after its absence.

On the other hand, in species with high sexual motivation, the inability to engage in copulation
may lead to frustration and diminished welfare. Lewis et al. (2022) found that captive ungulates
from species with promiscuous mating systems performed more stereotypic behaviors,
compared to species with polygynous mating systems (Figure 5). Promiscuous species, which
typically mate frequently with multiple partners, may be especially vulnerable to welfare concerns
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in environments where opportunities for sexual behavior are restricted. A study on promiscuous
species found that more promiscuous species had more same-sex sexual interactions, which
may confirm the presence of high sexual motivation within these species (MacFarlane & Vasey,
2016). Similarly, ejaculatory frequencies in promiscuous primate species are higher (0.88/h)
compared to monogamous (0.08/h) and polygynous species (0.27) (Dixson, 1997). Thus, in
species with a high motivation for sexual behavior, restricting this behavior may decrease their
welfare.
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Figure 5. Predicted prevalence of stereotypic behavior of captive ungulates per mating system.
Different letters (a,b) indicate significant differences between mating systems and error bars indicate 95%
credible intervals. SB: Stereotypic behavior, hg:= number of studies, ng,= humber of species. Reprinted from
“Risk factors for stereotypic behaviour in captive ungulates,” by Lewis, K., et al., 2022, Proceedings of the
Royal Society B: Biological Sciences, 289(1983), 20221311.

While direct studies on the effects of restricted copulation on welfare are limited, some research
has shown that copulatory behavior may have indirect benefits for health and longevity. Although
survival is mostly important for fithess and not necessarily a component of welfare, it may be
related to the quality of life. For example, male rats that were allowed to perform copulatory
behaviors lived longer than rats that were deprived from copulating (Drori & Folman, 1969). From
this result, the researchers suggest that the exercise coming with copulation may have resulted
in a longer life span. As both exercise and sexual behaviors have rewarding properties (Heyse et
al., 2015; Paredes, 2009), this may indirectly suggest that copulation may be beneficial for health
and welfare. Furthermore, a study in captive ruminants found that the relative life expectancy of
males of monogamous species was higher than that of polygamous species (Miiller et al., 2010).
These findings suggest that the management in captivity may be not adequately adapted to the
sexual needs of polygamous animals. Thus, survival may not be indicative of welfare, yet it may
indirectly indicate whether the captive environment fits the animal’s needs.

Overall, copulation is a natural, rewarding behavior that animals are motivated to perform. In
contrast, sexual deprivation is not related to negative affect and did not cause a rebound effect.
In species with frequent mating behaviors, the inability to copulate may lead to poor welfare
outcomes and a shorter lifespan.
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4. Discussion

This thesis aimed to explore the presence of a relationship between mate choice and welfare in
captive animals, an area that has been largely overlooked in welfare research. While traditional
welfare studies often focus on factors such as health and environmental enrichment, this review
highlights the need to consider sexual behavior — particularly mate choice — as a potential
contributor to animal welfare. Given the importance of mating for fitness and its rewarding value,
incorporating mate choice into welfare assessments may lead to more comprehensive strategies
for improving the lives of captive animals.

Courtship and copulation are mate choice behaviors that play a crucial role in fitness, making
them highly motivated and rewarding. Courtship behavior, which corresponds to the ‘wanting’
componentinthe reward system, is an appetitive behaviorimportant to assess potential partners.
Through courtship, behavioral coordination, compatibility and, eventually, affection between
partners may be predicted. The inability to engage in courtship behaviors with a preferred partner
may lead to stress, which can negatively affect welfare. Additionally, successful courtship and
subsequent copulation with a preferred mate often result in higher reproductive success,
suggesting that animals are more motivated to invest in offspring with a preferred partner.
Courtship behavior typically precedes copulation, a consummatory behavior that is associated
with the ‘liking’ component of the reward system. This behavior is particularly important for
animals that naturally mate frequently and the ability for performing copulation is shown to
positively correlate with survival. This raises concerns that limiting opportunities for courtship
and copulation may cause stress, reflected in physiology and behavior, potentially leading to
welfare issues.

Based on these findings, mate choice appears to be a key factor in shaping welfare outcomes for
captive animals. To enhance welfare in the context of mate choice, it is essential to adapt the
captive environment to the specific mating system and associated needs per species. Mating
systems seem to significantly influence the potential welfare effects of mate choice, as Mellor &
Mason (2023) already proposed. For monogamous species, courtship rituals are often elaborate
as coordination and compatibility are thoroughly tested before forming long-term pair bonds.
Therefore, providing monogamous species with the opportunity to choose from multiple potential
mates allows them to select the most compatible partner, which may improve their welfare. Once
a pair is established, housing them together may further enhance welfare, as continued courtship
behaviors help build, maintain and strengthen the pair bond (Baxter et al., 2023; Geissmann &
Orgeldinger, 2000; Huxley, 1914). While copulation variation and frequency may be less important
for monogamous species, copulation with preferred mates still appears to result in higher
reproductive success. Thus, offering a range of potential mates supports welfare by the selection
of a compatible partner, and keeping established pairs together may further enhance welfare.

Onthe other hand, in polygynous and polyandrous species, mate choice is particularly important
for the choosier sex. Courtship behavior is often less elaborate in polygamous species, although
not unimportant, as they still need to select high-quality mates. This is especially pivotal in
species where no long-term bonds and no or limited parental care are established, as offspring
must be of high quality to ensure survival and reproductive success, potentially through genetic
traits like good genes or sexy genes. This was shown in polygamous species, which had more
offspring and offspring with higher fitness (Drickamer et al., 2000, 2003; Gowaty et al., 2003;
Martin-Wintle et al., 2015). Furthermore, copulation behaviors in polygamous species naturally
occur frequently, and involve different mates throughout the breeding season. This makes
copulation behavior an integral part of their behavioral repertoire. Preventing or limiting these
natural behaviors may lead to frustration, expressed in stress-related or even stereotypical
behavior, negatively impacting welfare. To meet the needs of polygamous species, it is crucial to
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provide sufficient options and a variety of partners, mimicking their natural needs. In conclusion,
allowing individuals across all mating systems to express mate choice through courtship and
copulation provides them with more control over their environment and adapting the environment
to their specific needs may enhance their welfare.

However, substantial gaps in our understanding of how mate choice affects welfare remain.
Further research is necessary, particularly studies that focus on direct welfare indicators when
comparing free mate choice with assigned pairings. Such welfare indicators include both
behavioral parameters, such as affiliative and stereotypical behaviors, and physiological
measures, such as oxytocin and cortisol levels. By taking into account positive and negative
welfare indicators, a more holistic image of the welfare effects of mate choice will be achieved.
Comparing these measures before and after being paired with preferred vs. non-preferred
partners could help elucidate its welfare implications, which may also be studied across mating
systems (Figure 6). Species that naturally demonstrate strong mate preferences, such as certain
birds, rodents and primates, are particularly informative model species for such research.
Additionally, comparing welfare measures across species with different mating systems would
provide further insights into how the availability and variability of mate choice influence welfare
(Figure 6). Birds provide good model species for these comparative studies, as they display a wide
range of mating systems. While cross-species comparisons may introduce confounding factors,
larger sample sizes across diverse species may reveal general trends in how mate choice affects
welfare. Thus, further research incorporating direct welfare indicators within and between species
may increase our understanding of the underlying affective state of individuals that are able to
choose their mate and to express the accompanying behaviors.
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Results
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1. Within species: welfare implications of pairing with a preferred and non-preferred partner.
2.Across mating systems: welfare implications of pairing with a preferred and non-preferred partner in monogamous vs. polygamous species.

3. Comparison of welfare measures between housing conditions and mating systems: welfare implications of housing conditions that are (not) aligned with
sexual needs in different mating systems.

Figure 6. Proposed framework for future research on mate choice and welfare. Methods and potential
results for three mate choice studies are shown. Terms in blocks represent experimental practices.

Despite the implications of the mentioned findings, several limitations and considerations must
be acknowledged. First, mate choice is also not always possible in the wild due to factors such as
restricted availability of potential mates, alpha monopolization, or forced mating (Griffith et al.,
2011; McKinney et al., 1983). However, in the wild, animals generally have the opportunity to
escape undesirable situations, which is rather challenging in captivity. Nevertheless, also in the
wild animals have adapted to these challenges. For example, alpha monopolization by male
primates is counteracted by females by secretly mating with subordinate males, followed by
cryptic female choice, where physiological processes determine which sperm causes fertilization
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(Carnes et al., 2011). These processes may also provide the females with some level of mate
choice in captivity. Additionally, sexual conflict, in the forms of intimidation, harassment and
coercion, is an evident phenomenon in several primate species, such as mandrills, orangutans
and chimpanzees. Within sexual conflict, the sexual strategy of one sex reduces the fitness of the
other (Palombit, 2014). Usually, males intimidate, harass and/or force copulation on females, who
have developed counter-strategies, such as harm-inducing defense (Palombit, 2014). It is
important to restrict opportunities for sexual conflicts in captivity to protect the welfare of the
coerced animal. One possible solution is to provide hiding spots that only members of the
coerced sex can access, allowing them to escape by limiting the aggressor’s visual and physical
access. Other solutions may include modifying social group compositions during the breeding
season, allowing access only to preferred mates, or using hormonal interventions to reduce
aggression. However, the latter should not be standard, as it also raises welfare concerns.
Second, logistical and management constraints in captive environments —such as limited space,
the need to transport animals, and the limited availability of individuals, particularly in
endangered species —can complicate efforts to offer free mate choice (Asa et al., 2011). Although
itis challenging to eliminate these constraints, Asa et al. (2011) suggest overcoming unnecessary
practices regarding space and transport by implementing remote mate choice methods by
providing cues such as odor, auditory or visual (video) signals. This approach facilitates mate
choice while minimizing the associated costs and challenges. Lastly, introducing new individuals
to enable mate choice poses its own welfare risks, including increased agonistic behaviors, stress
and potential injury (e.g. Rox et al., 2018; Williams & Abee, 1988). Nevertheless, the practice of
introducing new animals is common in many captive settings, where strategies are already in
place to mitigate these risks.

In conclusion, this review emphasizes the importance of considering mate choice as a factor in
animal welfare. Providing opportunities for mate choice in captivity could enhance welfare by
allowing animals to engage in normal, highly motivated and rewarding behaviors. With this review,
| want to highlight the need not only to address known welfare risks but also to beware for
overlooking other potential factors that may impact animal welfare in captivity. Future studies that
incorporate direct welfare indicators will be crucial in establishing a more pronounced link
between mate choice and welfare within and across species, ultimately guiding improvements in
animal care and management practices.
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