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Abstract
In the management and care of farm animals and pets, controlling reproduction is common practice 
to an extent that its justification is rarely questioned. In zoo population management, limited holding 
capacity and difficulties in culling so-called ‘surplus animals’ lead to a widespread use of reproductive 
control measures. The argument that preventing reproductive behaviour represents a welfare 
compromise has been put forward repeatedly in dicussions about zoo population management. 
However, reports on the effect of limiting reproduction on individual or whole group welfare are 
surprisingly sparse. Here, we focus on welfare-relevant aspects of preventing reproduction. Welfare-
based decisions regarding the use and choice of reproductive control methods can only be taken if 
every aspect of a species’ reproductive behaviour and physiology is taken into account. To ensure zoo 
animal welfare, we need not only protect zoo animals from distress, but need to provide a meaningful 
life with solvable challenges on a continuous basis. Reproductive behaviour may be considered a very 
appropriate challenge for an individual animal that its species evidently evolved to solve. Considering 
the lifetime of an individual, reproductive activity may represent a comparatively small portion of its 
activity budget, or a very large portion of its overall lifespan. When considering reproductive control in 
zoo animals, one needs to be aware of the entirety of potential positive and negative welfare effects 
on an individual, and of the possible need to fill the gap in life time no longer occupied by reproductive 
activity.

Introduction

A large body of literature documents how poor animal welfare 
negatively influences reproduction in farm animals (e.g., Tiezzi 
et al. 2019; Pol et al. 2021; da Silva et al. 2023). By contrast, 
how reproduction affects animal welfare has received less 
attention. Whereas reproduction is arguably one of the most 
important characteristics of animals with a very high intrinsic 
motivation (Kaumanns et al. 2020), it has been under human 
control so intensely for such a long time that its absence or 
only marginal occurrence in animal welfare checklists, such as 
the so-called Five Domains Model (Mellor et al. 2020; Miller 
and Chinnadurai 2023), might largely go unnoticed. The active 
management of reproduction, and in particular its prevention, 
is a prerogative of, and precondition for, many forms of animal 
husbandry. Actually, managing animal reproduction is such an 

integral part of agricultural and pet animal husbandry that its 
methods are taught, that health risks related to the different 
contraceptive strategies are known, but its potential effects 
on psychological animal welfare, and putative measures of 
mitigating these effects, are rarely mentioned. The fact that 
we manage animal reproduction, and thus prevent a very large 
number of animals from reproducing, is taken for granted, 
which may or may not be linked to a default perception that 
preventing animals from reproduction is ethically justified and 
does not affect their welfare (e.g., Faria 2025). 

Nevertheless, intervention in natural reproductive behaviour 
has been identified as welfare-relevant in the scientific and 
philosophical literature. For example, there are pathocentric 
welfare concerns related to the short-term pain associated 
with castration (Robertson et al. 1994; Stafford and Mellor 
2005; Prunier et al. 2006; Rault et al. 2011; Yun et al. 2019), 
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health issues associated with hormonal contraception (Murnane 
et al. 1996; Chittick et al. 2001; Munson et al. 2002; Asa et al. 
2014; Needham et al. 2017; Wang et al. 2023) or with the absence 
of reproduction in intact females (Hermes et al. 2006; Penfold et 
al. 2014; Wongsaengchang and McKeegan 2019). Additionally, 
the prevention of reproduction is considered as a psychological 
welfare constraint, because we putatively prevent animals from 
experiencing positive affective states associated with reproductive 
(sexual and parental/social) behaviours (Panksepp 2005; Englund 
and Cronin 2023), including their positive hormonal feedback 
loops involving, for example, endorphins and oxytocin. On the 
other hand, preventing reproduction can be seen as a welfare 
enhancement due to the reduction of stress, energetic demands 
and aggressive behaviours usually associated with mate choice 
competition and mating (or only the sheer motivation to 
reproduce) (Vaughan et al. 2014). In addition, parental care may 
also be considered a stressful task in different species (Klug et al. 
2012; Sawecki et al. 2019; Alekseeva et al. 2020).

Considering the welfare relevance of reproductive activity, 
unrestricted breeding and irreversible gonadectomy (through 
surgical or chemical means, resulting in the reduction of 
reproductive hormones and behaviour) present the two extremes 
of reproductive control (Figure 1). A variety of methods are available 
in animal husbandry that curtail reproduction and reproductive 
behaviour to different degrees. They all have advantages and 
disadvantages, which may vary depending on the species or 
even the individual under treatment (Figure 1). For example, in 

a 15-year old female Asian elephant Elephas maximus, delaying 
reproduction for several years by contraception or separation 
of the sexes may be detrimental for her reproductive potential 
(Hermes et al. 2004; Bertschinger et al. 2018) and the building of 
her future matriline. In contrast, the same method applied to her 
mother, 55 years old and suffering from severe degenerative joint 
disease, may be critical to ensure her health status and group wide 
social cohesion, without needing to separate her from the social 
group. 

No systematic treatment of these questions exists in the zoo 
animal literature to our knowledge. Considerations of welfare-
related aspects of reproduction are particularly relevant for zoo 
animal management, where an optimum of welfare presents 
one of the defined husbandry goals (Ward et al. 2018; Miller and 
Chinnadurai 2023). An exhaustive literature survey is beyond 
the scope of this review, because of the species-specificity of 
reproductive behaviour. Therefore, our intention is to introduce 
readers to the topic, to outline certain concepts we consider 
significant, and thus initiate a more detailed discussion within 
the zoo community and the public concerned with zoo animal 
husbandry and welfare. 

Preventing reproduction: managing animal stress and 
aggression

Apart from the evident aim of preventing offspring, prevention 
of reproduction is mostly related to the management of mate-

Figure 1. The variety of contraception methods applied in zoo animal husbandry and some potential dis-/advantages 
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searching-, mate-choice- and mating-related stress and aggression. 
Reproductive control methods such as contraception can be used 
to manage the social dynamics of animals kept in groups. To state 
some examples of contraception in zoo animal species: castration 
has been used as a management tool to reduce male aggressive 
behaviours, allowing group housing or even multimale groups 
in Japanese macaques (Takeshita et al. 2017), Javan langurs 
Trachypithecus auratus (Dröscher and Waitt 2012), collared lemurs 
Eulemur sp. (Ferrie et al. 2011) and European tortoise species (Hatt 
et al. 2019). Recently, Taberer et al. (2023) investigated the impact 
of a gonadotropin-releasing hormone (GnRH) agonist implant as 
a female contraceptive method on behaviours of adult Guinea 
baboons Papio papio. They found a significant decrease of self-
directed displacement behaviours, affiliative and agonistic social 
interactions, and the duration spent carrying out sentry behaviour, 
as well as fewer changes of behavioural states, suggesting an 
enhancement in welfare due to the removal of oestrus, reducing 
stress for the individuals. These findings are in accordance with 
a previous study on the relationship between the reproductive 
cycle and female-female aggression in free-ranging chacma 
baboons Papio ursinus (Huchard and Cowlishaw 2011). Similarly, 
GnRH agonists were shown to reduce aggressive behaviours in 
rock hyraxes Procavia capensis (Raines and Fried 2016), and GnRH 
immunocontraceptives prevented African Loxodonta africana and 
Asian elephants from expressing musth periods with heightened 
aggression (Lueders et al. 2014; 2017; 2019). And given the 
heightened risk of mortality associated with the rutting period in 
certain groups, such as cervids (Carisch et al. 2017), zoo managers 
are likely to consider a suppression of the rut as a way of ensuring 
survival and welfare in certain species.

Notably, these cases are often, but not always, related to 
unnatural social group composition, animal density, and spatial 
confinement, where the potential for evasion is reduced in 
comparison to natural habitats. For the latter, a recent report 
promotes the potential of contraception to increase the welfare of 
wildlife species by putatively reducing animal density, but without 
considering the direct effect of reproduction suppression on the 
individual animal (Eckerström Liedholm et al. 2024). Practically, 
managing intact male dogs, tomcats, stallions, bulls, rams, 
bucks, boars or roosters is often more difficult, especially in the 
presence of intact female conspecifics, than managing neutered 
dogs, gibs, geldings, oxen, wethers, lapins, haviers, barrows or 
capons. The sheer fact that specific terms exist for the castrated 
state of male animals underpins how ingrained the manipulation 
of animal reproduction is in our human culture. Arguably, the life 
of many of these male animals and their surroundings becomes 
less stressful once they are castrated, as they are less subject to 
social and mate competition. Similarly, taking away the necessity 
of birth or oviposition, and the rearing of offspring, can be 
considered a reduction of stress for animals when no negative 
health effects ensue. Rhetorically, one could thus argue that 
a painless sterilisation is one of the most effective measures of 
reducing stress in animals provided a significant proportion of 
their lifespan would be spent engaging in reproductive activity. For 
surplus animals that originate from breeding populations whose 
sustainability is granted or not in focus, and that have a clearly 
defined purpose by human use, whether as production animals 
for food or as pets for company, the non-reproductive state may 
represent the most stress-free state of being that leads to the 
least conflict with common management practices and goals. 
The fact that in certain husbandry systems, sexual activity and 
offspring production would be disruptive thus makes reproductive 
control an important prerequisite for the welfare of individuals 
living in these systems. Can this be a valid approach to zoo animal 
husbandry?

Zoo animal purpose 

The first question arising from these considerations is that of 
the purpose of zoo animals. Is their purpose mainly one of 
display, entertainment and education that justifies measures 
that manipulate the animals so that husbandry conditions are 
more easily tolerated without undue stress? Or is their purpose 
mainly one of species conservation with an inherent need for 
continuous breeding? The answer to this question may vary 
between institutions, and between species. On the one side of 
the spectrum are, for example, species (of populations whose 
sustainability is granted) used for encounters fostering human 
health in ‘Animal Assisted Interventions’ (Sahlin et al. 2019). 
On the other side of the spectrum are populations managed in 
breeding programs for long-term sustainability. A major nominal 
aim of most European zoos today will lie in fulfilling the European 
Unions’ (EU Council 1999) as well as the International Union 
for the Conservation of Nature’s (IUCN SSC 2023) mandate for 
species conservation, requiring sufficient reproductive turnover. 
Suppressing reproductive activity in all individuals of a species 
is therefore usually not a viable long-term option. However, in 
zoo population management, limited holding space across the 
institutions that manage a population may lead to the situation 
that if the population would reproduce at its full capacity (which 
may even be higher than in free-ranging populations due to 
reproduction at earlier ages, extended reproductive lifespan 
and reduced interbirth intervals, and may come with it’s own 
positive or negative impacts on individual welfare), not all animals 
could be provided with adequate holding space, and hence 
individuals would have to be killed (i.e., subjected to management 
euthanasia, ‘breed and cull’ or ‘breed and feed’). This may lead 
to the limitation of reproduction even in populations whose main 
aim is long-term sustainability.

In this review, we do not address the question about population 
management in terms of what proportion of non-reproducing 
individuals a population can afford while still remaining sustainable, 
nor do we address the danger of zoo populations managed mainly 
by reproductive control from becoming over-aged (Clauss et al. 
2025). Rather, we restrict ourselves to considerations about the 
welfare aspect of maintaining individuals while curtailing their 
reproductive activity, independent of the purpose they are kept 
for in human care.

Concepts of (zoo) animal welfare

Therefore, we need to address our concepts of animal welfare 
(Figure 2). Fundamental harm and fundamental anxiety must 
be rigorously prevented under human care. In the realm of 
Panksepp’s (1998) emotional command systems, this corresponds 
to the aversive ‘fear’, ‘rage’ and ‘panic’ that we associate with 
negative affective states, clear distress, and compromised welfare. 
In our own scheme, this corresponds to the demand that animals 
in managed care should have an ‘anxiety-free’ life (Clauss and 
Schiffmann 2022). This also links to the concept that not all aspects 
of natural environments (e.g., predation), and not all emotional 
and physiological capacities of animals, should be replicated or 
triggered in managed care (Veasey 2018; Browning 2020).

Rather, we need to move ‘beyond the Five Freedoms towards A 
Life Worth Living’ (Mellor 2016), aware of an affective experience 
domain that comprises both negative and positive mental states 
(Mellor 2017), and engage with those of Panksepp’s (1998) 
emotional command systems that refer to appetitive behaviours 
of ‘seeking’, ‘lust’, ‘care’ and ‘play’, and that we associate with 
positive affective states and eustress. The trigger of such behaviour 
can be intrinsic, deriving from within the animals (e.g., hunger, 
or a seasonal motivation to mate), or extrinsic, as a reaction to 
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outside stimuli such as weather, or other animals of the same or 
other species. Under managed care, these stimuli should ideally 
never have an intensity that triggers fundamental anxiety but 
represent eustress, or in other words, ‘solvable challenges’. In the 
realm of feeding, for example, it is no longer considered state-of-
the-art to place food so that it can be ingested instantly, in large 
amounts, at a time; rather, it should be spatially and temporally 
distributed, and require species-appropriate effort to obtain it 
(Fens and Clauss 2024). This is because we do not consider the 
rhetorical ‘morphine high’, the ‘valium numb’ or plainly ‘nothing 
to do’, i.e. a state of constant, unchallenged, physical wellbeing, 
as a desirable state of welfare. ‘Nothing to do’ represents its own 
kind of distress, giving rise to undesired (stereotypical) behaviours 
(e.g., Ödberg 1987; Anderson et al. 2010; Lutz 2014) (Figure 2).

When animals solve challenges, they experience that their own 
actions matter, giving them ‘meaning’ and ‘control’, resulting in 
what we consider a ‘meaningful life’ (Clauss and Schiffmann 

2022). Note that in order to remain true challenges, challenge 
situations need to comprise some species-appropriate option of 
failure (without that option being cause of fundamental anxiety). 
Solving such challenges will foster competence and confidence 
(Figure 2).

Putting welfare concepts into practice

Applying these concepts in practice leads to the question which 
of Panksepp’s (1998) list of appetitive emotional command 
systems (‘seeking’, ‘lust’, ‘care’ and ‘play’) can be used under the 
logistical constraints of the given husbandry concepts, and which 
modifications of existing husbandry concepts would be required 
to allow the use of these systems. 

Arguably, assigning value to behaviours is conceptually easy 
in the domains of nutrition, environment or health, where the 
motivation of the animal – to feed, rest, to avoid damage – aligns 

Figure 2. Concept of stressors under managed animal care. A stressor that represents a solvable challenge will cause eustress and may result in an appetitive 
state. In the long-term, this supports a state of fundamental confidence. In contrast, absent or inappropriate stressors will be perceived as distress resulting 
in an aversive state. While possibly not detrimental when of rare frequency and mild intensity, when present in the long-term or at higher intensities, these 
likely support a state of fundamental depression or even anxiety. Note that the absence of any stressor is considered a relevant, un-solvable challenge.
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having to weigh the benefit of the satisfaction of the underlying 
motivation itself against potential physiological and psychological 
harm or distress resulting from the reproductive activity – 
especially if the husbandry concept makes this harm and distress 
likely (Powell et al. 2024). Thus, certain husbandry concepts that 
eliminate reproduction and therefore largely preclude the positive 
use of Panksepp’s (1998) ‘lust’ and ‘care’ are left only with two 
emotional command systems – ‘seeking’ and ‘play’. 

The attempt to manage animal lives, based on these concepts, 
in a way that ensures ‘net positive balance’ of experiences (Mellor 
2016; Mellor 2017) faces the challenge of having to fill not only the 
24 h of a day, but also the lifetime of an animal with meaningful 
activity – lives fluctuating between moments of eustress and 
relaxation, interspersed with rare, accidental incidents of mild 
distress (Figure 3). What are the practical resources for structuring 
lives this way? In those private companion dog ownership systems 
where dog and human share the same space around the clock, 

with our concept of a positive or non-negative experience – 
finding food, finding a suitable resting spot, being free of damage. 
In these domains, the initial ‘negative affective state’, such as 
hunger, triggers an appetitive ‘seeking’ motivation (Panksepp 
1998) that can be used, when offering food or other environmental 
components in ways that necessitate species-appropriate problem 
solving, to achieve a ‘life worth living’ (Mellor 2016). 

Reproduction, by contrast, might be considered somewhat 
differently. As reviewed by Powell et al. (2024), motivations have 
not per se evolved to achieve a state of high welfare, but to ensure 
fitness, defined as reproductive success. Panksepp’s (1998) ‘lust’ 
and ‘care’ systems drive animals to seek mating and parental 
experiences. Yet, these experiences, like mate choice competition, 
mating, and raising offspring, may also represent stressful and 
energetically demanding situations. Motivation satisfaction, so to 
speak, may not automatically align with a state of high welfare 
in the form of physiological benefit. This creates the dilemma of 

Figure 3. A hypothetical undulating stress level for three consecutive days in a well-managed, diurnal animal as compared to a baseline 
of relaxation. Note that because of management measures such as appropriate group composition, enclosure design and food provision, 
stress levels never reach areas of fundamental anxiety. While this graph was inspired by the undulating positive-negative-experience 
pattern depicted on the Animal Welfare webpage of the Zoo and Aquarium Association of Australasia (https://www.zooaquarium.org.
au/public/Public/Animal-Welfare/The-Five-Domains.aspx), the fundamental difference is that challenges (like hunger, separation from 
mother, environmental disturbance or intraspecific aggression) are not uniformly placed on the negative side of the pattern, but can 
be positioned within the realm of eustress when they represent challenges the animal can, or has learnt to, solve, and can thus meet 
without anxiety and aversion but in an appetitive, confident approach. Note that the temporal distribution and intensity of stress peaks 
is hypothetical and may be different depending on species and husbandry system characteristics.
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this seems possible by constant human-animal interaction. In 
systems of private cat ownership where the cat can roam freely in 
an environment devoid of apex predators, this is possible through 
the options for intra-specific contact and inter-specific hunting 
opportunities, although at the cost of ecosystem disturbance and 
compromised wildlife welfare (Loss et al. 2022). In zoo animal 
husbandry systems, where animals cannot roam freely and are 
without human contact for the majority of the 24 h cycle due to 
regular working hours, other ways to fill their lives are required.

Here, affiliative interaction with conspecifics, as in sexual and 
parenting behaviour, represents an important opportunity to fill 

zoo animals’ lives with meaningful behaviour. It is likely that feeding 
and comfort-related behaviours, and human-animal interaction in 
the form of training, will not suffice to fill the repeated 24 h cycles 
that make up a lifetime for many (but not necessarily all) species. 
Currently, the extent to which social interactions not linked to 
reproduction with conspecifics – either of the same sex, or as 
non-reproductive individuals – may be suitable to fill lives with 
meaningful behaviour is unknown.

Suitability depends on the specific husbandry systems and the 
context. A husbandry system that aims for species-specific natural 
interactions and offspring production will aim to offer a stallion 

Table 1. Compilation of the aspects to be considered when evaluating the effect of reproduction on zoo animal species by the rough and rather constructional 
categories “distress” (individual cannot cope with situation, resulting in an aversive state) and “eustress” (individual can cope with situation and solve a 
challenge, resulting in an appetitive state). Please note that this categorization focuses on the coping capabilities of the individual; therefore a switch from 
eustress into distress can occur swiftly or even depend on the resources of an individual to cope. Hence, the threshold between distress and a solvable 
challenge cannot be defined in a general way. 

Aspect Description of behaviour Distress (–)/eustress (+) of relevance for welfare and 
explanation

Potential options 
for substitution 
where reproduction 
is prevented

Mate 
choice and 
courtship

Female or male choice; seasonal or aseasonal mating; 
courtship by female and/or male; multiple mating 
partners or exclusively one defined pair

(+) event of high social relevance
(–) competition, e.g. with several males competing 
for female
(–) physically demanding

Ensure a richness 
of positive and 
meaningful social 
interactions. 
Provide solvable 
challenges on a 
daily basis, covering 
social and physical 
capabilities of the 
species. Note that 
these challenges 
may include short-
term stress for the 
individual or the 
social group.

Mating Only during estrous or also in the absence of 
reproductive intentions; physically demanding/risky/
painful for mating partners; copulation consensual or 
rather motivated one-sidedly; mating seems a special 
event for social group or concerns only mating partners 

(+) social event for group
(–) physically demanding and potentially harmful
(+) short-term positive emotions/feelings (orgasm)
(–) short-term negative emotions/feelings 
(subjugation, pain)
(–) can be coercive in some species (painful or even 
traumatizing)

Parental 
/ sibling / 
juvenile care

Nursing, carrying, guarding, protecting, guiding, 
playing, supporting

(–/+) potentially solvable challenge/ meaningful task 
during 24/7 for the individuals involved in parenting 
(–) physically demanding (e.g. reduced rest, 
decreased foraging)

Social 
behaviour 
and structure

Solitary; monogamous, harem group; mob; family unit; 
pack; relatedness between group members; temporary 
or constant social systems

(+) presence of offspring provides solvable challenge 
to an entire social group
(+) presence of offspring stimulates social interaction 
and cohesion in the group
(–) tensions due to changes in the social rank of 
individuals based on parent status and generation 
sequence

Estimated 
hypothetical 
part of 
adult life 
covered by 
reproductive 
activity or 
impairment 
of 
reproductive 
activity [%]

1-100% depending on species, sex, and social rank.
Rough (intuitive) estimate on the percentage of 
adult life directly covered by reproductive behaviour 
(courtship, mating, parental/sibling/juvenile care). 
Aspects indirectly related to, or preconditions for 
reproductive behaviours (e.g. recovering from the rut 
in deer species, successful hibernation in tortoises) are 
not considered here. We tried to take into account that 
having a longer rearing period may lower the intensity 
over time as offspring get more independent before 
the parents breed again.

The higher the 
proportion the 
more putatively 
relevant are 
compensating 
measures in case of 
contraception.
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the opportunity to grow up in a herd, spend a certain period of 
young adulthood gaining social competence in a ‘bachelor group’ 
of intact males, and – possibly, but not necessarily – become the 
breeding stallion of a herd of ‘his own’. Castrating this animal in 
such a system would limit his contributions to the population, 
but might facilitate his longer participation in a herd or bachelor 
group, with a range of species-appropriate social interactions, at a 
longer lifespan (Kirkpatrick and Turner 2007). Yet, this description 
blends out the question of how offspring production is dealt with 
in that system, and whether a castrated animal uses up space and 
resources that could be used for offspring.

In a husbandry system that does not aim for offspring 
production but is based on the production of surplus animals 
from some (different, remote) breeding system, such as an animal 
shelter, not castrating a stallion may actually limit the animal’s 
option more, because it may make socialisation with a herd or a 
group of geldings more challenging, limiting his opportunity for 
species-appropriate social interactions and possibly leading to 
solitary holding.

To sum up these considerations, there are likely constraints 
of animal physiology, such the impossibility of filling a 24/7 
lifetime with only feeding- and comfort-related activity, and 
constraints of actual husbandry systems, such as an impossibility 
of 24/7 human-animal interaction. These constraints may make 
effective behavioural opportunities that truly compensate for a 
lack of reproductive activity over the lifetime of an animal more 
challenging, and possibly without an acceptable alternative in 
specific cases. As an introduction to the comparative aspects of 
such husbandry questions, we provide a series of examples how 
animal lives are shaped by reproductive activity. 

Reproductive activity: species-specific contributions to 
lifetime experiences

Apart from a universal motivation to reproduce in all animals, the 
effect of reproductive activity on the life of animals is inherently 
species- or even sex-specific. For a somewhat systematic 
understanding, we first define a set of aspects to consider when 
assessing the relevance of reproduction (Table 1). These aspects 
may impact both the individual as well as the entire species-
specific social system. In addition, it should be noted that they 
may not only have immediate but also very long-term welfare 
impacts. As an example, preventing African elephants from 
breeding, by temporarily separating the male from the female 
group during estrous, may mean a short-term negative stress for 
the male. If such a separation protocol prevents a young female 
from breeding for a long time, this individual may lose fertility and 
may not build up her future family herd – a situation which may 
negatively impact this individual’s life for years or even decades 
by denying her a meaningful activity she could have performed. In 
order to provide a starting point for comparative discussions, we 
estimate the percentage of lifetime for either sex of a species that 
is influenced by reproductive activity.

Thus, we give species-specific examples demonstrating the 
wide variety of reproductive behaviours in zoo animal species 
and speculate how these aspects may impact an individual’s life, 
with implicit consequences for that individual’s affective states 
across its lifespan (Mellor 2016) (Table 2). For the proportion of 
lifetime affected by reproductive activity we estimate ranges from 
5% in a female Common cuckoo Cuculus canorus, up to 95% in 
a female Eastern grey kangaroo Macropus giganteus (Table 2). 
For example, the reproductive life of a black-necked swan Cygnus 
melancoryphus consists of lifelong partnership, monogamy, 
joint brood care and courtship rituals associated to the mating 
behaviour. Impairing of reproductive function may likely prevent 
the pair from jointly mastering a relevant solvable challenge, 

although the pair bond will not inevitably be altered through 
the prevention of reproduction in these birds (Wilmore 1974; 
Griffith 2019). A jaguar Panthera onca, on the other hand, lives a 
solitary life with no fixed relationship, showing acceptance of the 
male by the female only for mating, and the rearing of offspring 
is done exclusively by females (Baker et al. 2002). Impairing the 
reproductive function of these animals might affect the life of 
the female more heavily than that of the male. Red deer Cervus 
elaphus form female groups, living in a harem structure during rut, 
and the doe alone is responsible for rearing the offspring (Nowak 
and Paradiso 1991). Impairing reproductive hormone function 
in this species will affect a major annual event in the life of the 
males (the rut – which might be positive or negative), and possibly 
the status of a female in the female group (Clutton-Brock et al. 
1986) for a whole reproductive cycle. A bonobo Pan paniscus 
lives in a highly developed group structure, where the sexual act 
is important for the social structure (Kano 1992). Bonobos are 
polygamous and perform joint care and rearing of young (Kano 
1992). Impairing the reproductive function of certain individuals 
may or may not upset their position in the social group (Agnew 
et al. 2016).

Sparse yet naturally occurring infertility (e.g., Packard et al. 
1985; Morrow et al. 2002) will affect the welfare of free-ranging 
animals in ways not yet understood. For certain species, being 
part of a bachelor herd is part of an individual’s life history, may 
be important for gaining social competence, yet may result in 
a life of an ‘eternal bachelor’ with social relationships distinct 
from those of a breeding individual (e.g., Fischhoff et al. 2009). 
In other species, social suppression of reproduction by dominant 
animals may determine the reproductive fate of individuals who 
often contribute to the raising of the dominant animals’ offspring 
(e.g., Montgomery et al. 2018). Replicating these life histories in 
managed care may be a relevant contribution to providing animals 
that do not breed with solvable challenges.

As such, there are large species- and sex-specific differences 
in the efforts required to compensate for the ensuing lack 
of meaningful behavioural opportunity when preventing 
reproduction.

Reproduction related-welfare effects: in sum positive or 
negative?

Reproductive activity clearly contains elements of distress, 
such as mate competition, mating activity, labour during birth, 
energetically demanding lactation or in general the overtaxing 
of first-time maters and first-time parents (the ‘primipara’ effect) 
(Anderson 1986; Snyder et al. 2016; Meyer and Redifer 2024). 
Obviously, mate choice competition and mating can bear the 
potential to negatively affect individual welfare due to conflict 
between competitors, injuries during copulation and reduced 
feeding and resting during intense courtship. In addition, natural 
mating may involve sexual coercion (Smuts and Smuts 1993; 
Clutton-Brock and Parker 1995; McKinney and Evarts 1998; Bisazza 
et al. 2001; Muller et al. 2011; Feldblum et al. 2014). At the same 
time, parenthood presents a demanding task with potentially 
negative welfare effects. As examples, duration of lying rest 
was distinctly reduced in a primiparous African elephant with a 
suckling calf (Schiffmann et al. 2020) and in a female giraffe during 
the peri-parturition phase (Takagi et al. 2019). Undoubtedly, 
lactation is one of the most energetically demanding periods in 
a female’s life (Gittleman and Thompson 1988; Speakman 2008). 
Corresponding cortisol peaks, indicators of physiological stress, 
during the suckling period have been reported in the domestic cat 
(Alekseeva et al. 2020), and in Asian as well as African elephants 
during pregnancy, around parturition and during lactation 
(reviewed in Pokharel and Brown 2023).
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Table 2. Exemplary compilation on the wide variety of relevant aspects of reproduction across different species; %time denotes the estimated % of the 
lifetime activity affected by whether reproductive activity is permitted or not (as described in Table 1).
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Table 2. Continued.
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Table 2. Continued.
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Table 2. Continued.
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On the other hand, reproductive activity also holds rewards 
in the sense of eustress for those individuals that master these 
challenges, the winners of mate competition, individuals that 
mate successfully with their intended mating partner (the ‘lust’ 
emotional command system; Panksepp 1998), and for individuals 
that give birth and raise offspring successfully (the ‘care’ emotional 
command system; Panksepp 1998); the latter will not only apply 
for the birthing and nursing parent but, in many species, also for 
the other parent and a larger social group. As with any challenges, 
one can claim that individuals make it through periods of variable 
distress and eustress, provided they have the opportunity and 
capability to respond to the stressors. They will become more 
resilient with repetition, which increases the likelihood of eustress 
in corresponding future situations. 

Only very few studies have tried to address the effects of 
reproductive activity on welfare indicators as compared to the 
absence of reproductive activity. In individually housed domestic 
horses, the presence of a foal reduced the prevalence of abnormal 
behaviours in mares compared to females without a foal on foot 
(Benhajali et al. 2010). In two different studies on zoo giraffes 
Giraffa camelopardalis, oral stereotypies of a female decreased 
after giving birth and caring for the offspring (Schüßler et al. 
2015; Walldén 2023). A pair of otters Lontra canadensis showed 
distinctively fewer abnormal repetitive behaviours during periods 
of parenting than periods when they were not caring for young 
(Island et al. 2023). By contrast, in chimpanzee Pan troglodytes 
groups that contained females with and witout offspring, no 
differences in abnormal behaviours and in play behaviour 
between mothers and non-mothers were observed (Cronin et 
al. 2016); however, apart from play, no other positive behaviours 
were investigated, there was no comparison within individuals 
before or after giving birth, and no comparison to groups without 
any young. Still, mothers had a higher score in ‘proximity to young’ 
than non-mothers, indicating that offspring had some social 
effect. To our knowledge, more systematic studies on the topic are 
lacking. 

There are examples where the presence of sexually intact 
individuals is important for conflict management in, or the cohesion 
of, social groups. While sexually driven aggressive behaviours will 
be eliminated through castration, the absence of one or several 
reproductive and thus dominant individuals may also increase 
the overall aggressive behaviours in a social system. This may 
be particularly relevant in primates, such as golden-headed lion 
tamarins Leontopithecus chrysomelas (De Vleeschouwer et al. 
2003), chimpanzees (Ross et al. 2009), Sulawesi crested macaques 
Macaca nigra (Cowl et al. 2021), but has also been shown in African 
elephants where the presence of dominant males suppressed 
the abnormal inter-specific aggression of sub-adult individuals 
(Slotow et al. 2000). It can be suspected that reproductively active 
or at least physically dominant individuals of both sexes play a 
crucial role in maintaining social structures based on hierarchies in 
many other social species. Most importantly, however, parenting 
and the presence of neonates/juveniles in the group may have a 
positive effect on the activity budgets of zoo animal species, as 
shown in Asian elephants (Whilde and Marples 2012; Finch et al. 
2021).

Finally, it may be important for juvenile individuals to experience 
adult conspecifics perform sexual and parental behaviour, and to 
experience contact to siblings or other young, to develop their 
own social and reproductive competence (Galef and Laland 
2005). In husbandry systems that aim at maintaining population 
sustainability, this is a crucial consideration.

Whether the sum of these effects, and therefore our intervention 
into reproduction, is positive or negative is the critical question for 
a welfare assessment. Ultimately, the judgement about welfare 
consequences of preventing reproduction will depend on the 

effects of the applied method on each species under the specific 
husbandry conditions, e.g. how each member in a functional 
social group is affected by the (reversible/irreversible) impairment 
of reproductive function of one or several individuals, or how 
mating partners are affected by temporal separation during the 
breeding season. Temporary impairments of reproduction, such 
as in management systems that apply reversible contraception to 
prolong the interbirth interval of females, will likely have a lesser 
effect on welfare than irreversible methods of contraception 
that eliminate natural reproductive physiology and behaviour. 
Even within species, there may be different possible outcomes, 
depending on the individual with its characteristic personality, its 
social rank and the availability of an appropriate mating partner. 
Notably, while the ‘lust’ emotional command system (Panksepp 
1998) can be eliminated by some forms of reproductive control, 
one might argue whether the ensuing absence of offspring is 
sufficient to eliminate the ‘care’ emotional command system 
(Panksepp 1998), possibly leaving an appetitive emotional system 
unanswered in those individuals of species usually involved in 
parental care.

Obviously, mate choice competition and mating can bear the 
potential to negatively affect individual welfare in a significant way 
due to conflict between competitors, injuries during copulation 
and reduced feeding and resting during intense courtship (Table 
2). In contrast, although definitely demanding for the individual, 
parental care is rather considered to have a positive effect on 
welfare – not only because it provides the individual parent or 
even the entire social unit with a meaningful 24 h task. Caring for 
offspring might be one of the biggest solvable challenge an animal 
may face. And if the appropriate species-specific conditions are 
provided by the husbandry system, a breeding individual will 
have the capabilities to solve this challenge. Therefore, reducing 
negative effects related to mate choice competition and mating, 
but using the positive effects of raising offspring by solitary parents 
or in social groups, could be considered the combination with the 
highest welfare benefit. This could also be realised through the 
use of effective assisted reproductive techniques such as artificial 
insemination or embryo transfer (Van Den Berghe et al. 2012). 

However, evidently, this view hinges on the assumption that 
parental and social behaviour related to offspring and juveniles 
is, overall, more positive than an enriched life without offspring 
or juveniles. The philosophical as well as practical answer to this 
latter question will determine what we consider to be the best 
welfare of an individual.

Our human perspective: multiple limitations included

In the discussion about how population management should 
be performed in the face of limited holding capacity and the 
requirement of reproductively active and competent individuals, 
the argument of ‘lost opportunity’ is often invoked as a reason 
why even an unexpected death could be construed as a welfare 
impediment (e.g., Faria 2022). By contrast, the ‘lost opportunity’ 
of impaired reproduction is considered less often (but see 
Penfold et al. 2014; Island et al. 2023) or even actively blended 
out (e.g., Faria 2025). Possibly, this stems from the fact that 
preventing reproduction is very common in humans, and that 
an anthropomorphic idea of fertility control is easily applied 
to managed animals. This may result in little awareness for the 
contribution of reproductive activity to a meaningful animal life.

In narratives about curtailing animal reproduction, a common 
narrative is that the distress of sexual behaviour is avoided (see 
above). In humans, by contrast, a common narrative is that 
contraception represents a liberation that allows humans to reap 
the emotional benefits of sexual behaviour without the burden 
of offspring production and raising. A comprehensive review 
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of scientific studies in humans – which may not be universally 
transferrable to other animals – summarizes that maximum life 
satisfaction and well-being are reached by childless individuals 
(Hansen 2012). Parenthood may even have a negative effect on 
life satisfaction at older ages (Bauer et al. 2023). Welfare-reducing 
effects of parenthood in humans are linked to (i) ‘psychological 
costs, in terms of worries, fatigue, sleep deprivation, and sacrifice 
and loss of personal freedom’, (ii) marital costs in terms of 
reduced time for the marital couple, (iii) financial costs due to the 
necessity to provide resources for children, and (iv) opportunity 
costs where children prevent parents from achieving a career 
or obtaining further education (Hansen 2012). For zoo animals 
under human care, reasons (ii-iv) can be considered negligible, 
and the psychological costs (i) of worries may be reduced by the 
supportive nature of appropriate husbandry. Evidence in humans 
suggests fewer negative effects of parenthood in societies that are 
more supportive in terms of legislation and finances for parents 
(Hansen 2012). Most notably, humans typically become parents 
at the expense of other life plans. For zoo animals, arguably, 
the alternatives to the solvable challenge of reproduction and 
parenthood may be less bountiful. Even if a creative husbandry 
provides meaningful alternatives, the practicalities of a zoo animal 
husbandry may not allow such alternatives to be provided at a 
sufficient timescale to be effective compensation.

Hansen (2012) explains that humans may confuse happiness 
– what we would typically equate with ‘welfare’ in animals – 
with meaning. The authors state that “meaning can be defined 
as having a sense of purpose and direction in life, and that one’s 
activities and efforts make sense …”, and need not necessarily 
parallel happiness. We suggest that ‘meaning’ or ‘purpose’ can 
be ensured through the continuous provision of species-specific 
solvable challenges covering the entire capabilities of an individual 
animal and considering their biological motivations (Clauss and 
Schiffmann 2022). Facing such challenges will not only make each 
day meaningful, but also rewarding with each challenge that can 
be solved (Van Ree et al. 2000). We believe that this will finally 
result in a net positive welfare for an individual.

Conclusions
Managed care will always face a conflict between the practicalities 
of the husbandry system on the one side, and the consequences 
of reproductive activity – the associated behaviour and in 
particular the resulting offspring – on the other. There is generally 
limited conflict with human interests when offering food to 
animals, as it is a prerogative of keeping them alive. Depending 
on the husbandry concept, there may be more conflicts of interest 
when it comes to space, comfort or objects for interaction, as 
these might require more elaborate and expensive approaches. 
However, reproduction is the domain where human interests, 
based on practicality, logistics, and the aversion to kill a certain 
group of animals, most heavily oppose animal motivation. With 
respect to reproduction, zoo husbandry concepts may have to 
include controlled mortality to allow it at a larger scale (Lacy 1991; 
Walraven et al. 2018; Clauss et al. 2025).

Our review emphasizes the relevance of reproduction as a 
behavioural complex that can be used to fill the lives of animals 
in managed care with meaningful activity. To what extent it can 
be used will depend on whether killing of zoo animals is socially 
or legally accepted or not (Allen et al. 2023; Allen et al. 2025), 
because offspring production and holding space limitations are 
difficult to align perfectly (Alroy 2015; Wilson et al. 2019). For the 
time being, we encourage assessing welfare of zoo animals not 
by asking whether they are allowed to reproduce, but whether 
they are provided with species-appropriate, meaningful, solvable 
challenges on a continuous basis that corresponds to their biology 
– or not. 

References
Agnew M.K., Asa C.S., Clyde V.L., Keller D.L., Meinelt A. (2016) A survey of 

bonobo (Pan paniscus) oral contraceptive pill use in North American 
zoos. Zoo Biology 35: 444–453. https://doi.org/10.1002/zoo.21310 

Alekseeva G.S., Loshchagina J.A., Erofeeva M.N., Naidenko S.V. (2020) 
Stressed by maternity: Changes of cortisol level in lactating domestic 
cats. Animals 10: 903. https://doi.org/https://doi.org/10.3390/
ani10050903 

Allen B., Abraham A.J., Arlinghaus R., Belant J., Blumstein D.T., Bobier 
C., Bodenchuk M., Clauss M., Dawson S., Derbyshire S., Ferreira 
S., Fleming P.J.S., Forssman T., Gorecki V., Gortazar C., Griffin A.S., 
Hampton J., Haswell P., Kerley G., Lean C., Leroy F., Linnell J.D.C., Lynch 
K.E., Maré C., Melville H., Minnie L., Moodley Y., Nayeri D., O’Riain 
M.J., Parker D.M., Périquet S., Proulx G., Radloff F., Schwab A., Selier 
S.-A.J., Shephard S., Somers M.J., Van Wart T.A., VerCauteren K., von 
Essen E. (2025) Ethical arguments that support intentional animal 
killing. Frontiers in Ecology and Evolution 3: 1684894. doi: 10.3389/
fevo.2025.1684894

Allen B.L., Bobier C., Dawson S., Fleming P.J., Hampton J., Jachowski D., 
Kerley G.I.H., Linnell J.D.C., Marnewick K., Minnie L., Muthersbaugh 
M., O’Riain M.J., Parker D., Proulx G., Somers M.J., Titus K. (2023) Why 
humans kill animals and why we cannot avoid it. Science of the Total 
Environment 896: 165283. 

Alroy J. (2015) Limits to captive breeding of mammals in zoos. Conservation 
Biology 29(3): 926–931. 

Anderson C.M. (1986) Female age: Male preference and reproductive 
success in primates. International Journal of Primatology 7(3): 305–
326.

Anderson C., Arun A.S., Jensen P. (2010) Habituation to environmental 
enrichment in captive sloth bears—effect on stereotypies. Zoo Biology 
29(6): 705–714. 

Asa C.S., Bauman K.L., Devery S., Zordan M., Camilo G.R., Boutelle S., 
Moresco A. (2014) Factors associated with uterine endometrial 
hyperplasia and pyometra in wild canids: implications for fertility. Zoo 
Biology 33(1): 8–19. https://doi.org/10.1002/zoo.21069 

Baker W., Deem S., Hunt A., Munson L., Johnson S. (2002) Guidelines for 
Captive Management of Jaguars. 

Bauer G., Brandt M., Kneip T. (2023) The role of parenthood for life 
satisfaction of older women and men in Europe. Journal of Happiness 
Studies 24: 275–307. https://doi.org/10.1007/s10902-022-00600-8 

Benhajali H., Richard-Yris M.A., Ezzaouia M., Charfi F., Hausberger M. 
(2010) Reproductive status and stereotypies in breeding mares: a brief 
report. Applied Animal Behaviour Science 128(1–4): 64–68. https://
doi.org/10.1016/j.applanim.2010.09.007

Bertschinger H.J., Delsink A., Van Altena J.J., Kirkpatrick J.F. (2018) Porcine 
zona pellucida vaccine immunocontraception of African elephant 
(Loxodonta africana) cows: A review of 22 years of research. Bothalia 
- African Biodiversity & Conservation 48(2): a2324. 

Bisazza A., Vaccari G., Pilastro A. (2001) Female mate choice in a mating 
system dominated by male sexual coercion. Behavioral Ecology 12(1): 
59–64. 

Browning H. (2020) The natural behavior debate: Two conceptions of 
animal welfare. Journal of Applied Animal Welfare Science 23(3): 
325–337. 

Carisch L., Müller D.W.H., Hatt J.-M., Bingaman Lackey L., Rensch E.E., 
Clauss M., Zerbe P. (2017) Seasonal mortality in zoo ruminants. Zoo 
Biology 36(1): 74–86. 

Chittick E., Rotstein D., Brown T., Wolfe B. (2001) Pyometra and uterine 
adenocarcinoma in a melengestrol acetate–implanted captive coati 
(Nasua nasua). Journal of Zoo and Wildlife Medicine 32(2): 245–251. 

Clauss M., Roller M., Bertelsen M.F., Rudolf von Rohr C., Müller D.W.H., 
Schiffmann C., Kummrow M., Encke D., Ferreira S., Duvall E., Maré C., 
Abraham A.J. (2025) Zoos must embrace animal death for education 
and conservation. Proceedings of the National Academy of Sciences 
122(1): e2414565121. 

Clauss M., Schiffmann C. (2022). Concepts of animal welfare in natural 
habitats and in zoos: meaning and anxiety. In: Miller R.E., Calle P.P., 
Lamberski N. (eds.). Fowler’s Zoo and Wild Animal Medicine Current 
Therapy 10. St Louis, MO: Elsevier, 255–260. 

Clutton-Brock T.H., Albon S.D., Guinness F.E. (1986) Great expectations: 
dominance, breeding success and offspring sex ratios in red deer. 
Animal Behaviour 34(2): 460–471. 

Clutton-Brock T.H., Parker G.A. (1995) Sexual coercion in animal societies. 
Animal Behaviour 49(5): 1345–1365. 



Journal of Zoo and Aquarium Research 13(4) 2025
http://doi/org/10.19227/jzar.v13i4.902

261

Welfare and reproduction in zoo animals

Cowl V.B., Walker S.L., Shultz S. (2021) Reproductive males are effective 
at managing conflict in captive Sulawesi crested macaques (Macaca 
nigra). American Journal of Primatology 83(7): e23266. 

Cronin K.A., West V., Ross S.R. (2016) Investigating the relationship 
between welfare and rearing young in captive chimpanzees (Pan 
troglodytes). Applied Animal Behaviour Science 181: 166–172. 

da Silva W.C., da Silva J.A.R., Camargo-Júnior R.N.C., da Silva É.B.R., 
dos Santos M.R.P., Viana R.B., Maciel e Silva A.G., da Silva C.M.G., 
Lourenço-Júnior J.d.B. (2023) Animal welfare and effects of per-
female stress on male and cattle reproduction—a review. Frontiers in 
Veterinary Science 10: 1083469. 

De Vleeschouwer K., Leus K., Van Elsacker L. (2003) Stability of breeding and 
non-breeding groups of golden-headed lion tamarins (Leontopithecus 
chrysomelas). Animal Welfare 12(2): 251–268. 

del Hoyo J., Elliott A., Sargatal J. (1992) Handbook of the Birds of the World 
(Vol. 1). Barcelona, Spain: Lynx Ediciones. 

Douglas-Hamilton I. (1972) On the ecology and behavior of the African 
elephant: “the elephants of Lake Manyara. Unpublished Doctoral 
Thesis, University of Oxford:. Oxford. 

Dröscher I., Waitt C.D. (2012) Social housing of surplus males of Javan 
langurs (Trachypithecus auratus): Compatibility of intact and castrated 
males in different social settings. Applied Animal Behaviour Science 
141(3–4): 184–190. 

Eckerström Liedholm S., Hecht L., Elliott V. (2024) Improving wild animal 
welfare through contraception. BioScience 74(10): 695–700. 

Englund M.D., Cronin K.A. (2023). Choice, control, and animal welfare: 
Definitions and essential inquiries to advance animal welfare science. 
Frontiers in Veterinary Science 10: 1250251. https://doi.org/10.3389/
fvets.2023.1250251 

EU Council. (1999) Council Directive 1999/22/EC of 29 March 1999 Relating 
to the keeping of wild animals in zoos. Official Journal of the European 
Communities, L 94, 24–26. 

Faria C. (2022) Animal Ethics in the Wild: Wild Animal Suffering and 
Intervention in Nature. Cambridge, UK: Cambridge University Press. 

Faria C. (2025) Creating life, creating strife? Assisted reproductive 
technologies, extinction, and wild animal welfare. Journal of Applied 
Animal Ethics Research 7(1): 68–90. 

Feldblum J.T., Wroblewski E.E., Rudicell R.S., Hahn B.H., Paiva T., Cetinkaya-
Rundel M., Pusey A.E., Gilby I.C. (2014) Sexually coercive male 
chimpanzees sire more offspring. Current Biology 24(23): 2855–2860. 
https://doi.org/ 10.1016/j.cub.2014.10.039 

Fens A., Clauss M (2024). Nutrition as an integral part of behavioural 
management of zoo animals. Journal of Zoo and Aquarium Research 
12(4): 196–204. 

Ferrie G.M., Becker K.K., Wheaton C.J., Fontenot D., Bettinger T. (2011) 
Chemical and surgical interventions to alleviate intraspecific aggression 
in male collared lemurs (Eulemur collaris). Journal of Zoo and Wildlife 
Medicine 42(2): 214–221. https://doi.org/10.1638/2009-0193.1 

Finch K., Sach F., Fitzpatrick M., Rowden L.J. (2021) Insights into activity 
of zoo housed Asian elephants (Elephas maximus) during periods of 
limited staff and visitor presence, a focus on resting behaviour. Journal 
of Zoological and Botanical Gardens 2(1): 101–114. 

Fischhoff I.R., Dushoff J., Sundaresan S.R., Cordingley J.E., Rubenstein D.I. 
(2009) Reproductive status influences group size and persistence of 
bonds in male plains zebra (Equus burchelli). Behavioral Ecology and 
Sociobiology 63(7): 1035–1043. 

Fox M.W. (1984) The Whistling Hunters: Field Studies of the Asiatic Wild 
Dog. New York, NY: State University of New York Press. 

Galef B.G., Laland K.N. (2005) Social learning in animals: empirical studies 
and theoretical models. BioScience 55(6): 489–499. 

Galeotti P., Sacchi R., Fasola M., Rosa D., Marchesi M., Ballasina D. 
(2005) Courtship displays and mounting calls are honest, condition-
dependent signals that influence mounting success in Hermann’s 
tortoises. Canadian Journal of Zoology 83(10): 1306–1313. 

Getz L., Carter C. (1996) Prairie vole partnership. American Scientist 84(1): 
56–62. 

Gittleman J.L., Thompson S.D. (1988) Energy allocation in mammalian 
reproduction. American Zoologist 28: 863–875. 

Griffith S.C. (2019) Cooperation and coordination in socially monogamous 
birds: Moving away from a focus on sexual conflict. Frontiers in Ecology 
and Evolution 7. https://doi.org/10.3389/fevo.2019.00455 

Hansen T. (2012) Parenthood and Happiness: A review of folk theories 
versus empirical evidence. Social Indicators Research 108(1): 29–64. 
https://doi.org/10.1007/s11205-011-9865-y 

Hatt J.M., Kummrow M., Wenger S., Clauss M. (2019) Orchiectomy in 
Testudo species: technical aspects and effect on courtship behaviour. 
Veterinary Record 184(18): 555. https://doi.org/10.1136/vr.105095 

Hermes R., Hildebrandt T.B., Walzer C., Göritz F., Patton M.L., Silinski S., 
Anderson M.J., Reid C.E., Wibbelt G., Tomasova K., Schwarzenberger 
F. (2006) The effect of long non-reproductive periods on the genital 
health in captive female white rhinoceroses (Ceratotherium simum 
simum, Cs cottoni). Theriogenology 65(8): 1492–1515. https://doi.
org/10.1016/j.theriogenology.2005.09.002 

Hermes R., Hildebrandt T.B., Göritz F. (2004) Reproductive problems 
directly attributable to long-term captivity–asymmetric reproductive 
aging. Animal Reproduction Science 82: 49–60. 

Huchard E., Cowlishaw G. (2011) Female–female aggression around 
mating: an extra cost of sociality in a multimale primate society. 
Behavioral Ecology 22(5): 1003–1011. 

Island H.D., Smith B., Winn E.M., Newberry K., Manfredini J., Slyngstad 
R.J., Strack S. (2023) A longitudinal study of parenting conditions on 
two adult, North American river otters’ (Lontra canadensis) repetitive 
behavior. Journal of Applied Animal Welfare Science 26(1): 15–28. 

IUCN SSC. (2023) Position statement on the role of botanic gardens, 
aquariums, and zoos in species conservation. IUCN Species Survival 
Commission (SSC). 

Jelinek V., Prochazka P., Pozgayova M., Honza M. (2014) Common Cuckoos 
Cuculus canorus change their nest-searching strategy according to the 
number of available host nests. Ibis 156(1): 189–197. 

Johnsingh A.J.T. (1982) Reproductive and social behavior of the dhole, 
Cuon alpinus (Canidae). Journal of Zoology 198(4): 443–463. 

Kano T. (1992) The Last Ape: Pygmy Chimpanzee Behavior and Ecology. 
Redwood City, CA: Stanford University Press. 

Kaufmann J.H. (1975) Field observations of the social behaviour of the 
eastern grey kangaroo, Macropus giganteus. Animal Behaviour 23: 
214–221. 

Kaumanns W., Begum N., Hofer H. (2020) Animals are designed for 
breeding: captive population management needs a new perspective. 
Journal of Zoo and Aquarium Research 8(2): 76–85. 

Kirkpatrick J.F., Turner A. (2007) Immunocontraception and increased 
longevity in equids. Zoo Biology 26(4): 237–244. 

Klug H., Alonzo S.H., Bonsall M.B. (2012) Theoretical foundations of 
parental care. In: Royle N.J., Smiseth P.T., Kölliker M. (eds.). The 
Evolution of Parental Care. Oxford, UK: Oxford University Press, 21–39. 

Lacy R.C. (1991) Zoos and the surplus problem: an alternative solution. Zoo 
Biology 10(4): 293–297. 

Loss S.R., Boughton B., Cady S.M., Londe D.W., McKinney C., O’Connell T.J., 
Riggs G.J., Robertson E.P. (2022) Review and synthesis of the global 
literature on domestic cat impacts on wildlife. Journal of Animal 
Ecology 91(7): 1361–1372. 

Lueders I., Hildebrandt T.B., Gray C., Botha S., Rich P., Niemuller C. (2014) 
Supression of testicular function in a male Asian elephant (Elephas 
maximus) treated with gonadotropin-releasing hormone vaccines. 
Journal of Zoo and Wildlife Medicine 45: 611–619. http://www.
zoowildlifejournal.com/doi/abs/10.1638/2013-0233R.1 

Lueders I., Oerke A.K., Knauf‐Witzens T., Young D., Bertschinger H.J., 
Udayraj S. (2019) Use of gonadotropin releasing hormone (GnRH) 
vaccines for behavioural and reproductive control in managed Asian 
elephant Elephas maximus and African elephant Loxodonta africana 
populations. International Zoo Yearbook 53(1): 138–150. https://
zslpublications.onlinelibrary.wiley.com/doi/abs/10.1111/izy.12220 

Lueders I., Young D., Maree L., van der Horst G., Luther I., Botha S., Tindall 
B., Fosgate G., Ganswindt A., Bertschinger H. (2017) Effects of GnRH 
vaccination in wild and captive African elephant bulls (Loxodonta 
africana) on reproductive organs and semen quality. PLoS ONE 12(1): 
e0178270. https://journals.plos.org/plosone/article?id=10.1371/
journal.pone.0178270 

Lutz C.K. (2014) Stereotypic behavior in nonhuman primates as a model 
for the human condition. Ilar Journal 55(2): 284–296. https://doi.
org/10.1093/ilar/ilu016

Mattioli S. (2011) Family Cervidae. In: Wilson D.E., Mittermeier R.A. (eds.). 
Handbook of the Mammals of the World (Vol. 2). Barcelona, Spain: 
Lynx Edicions, 350–443.

McKinney F., Evarts S. (1998) Sexual coercion in waterfowl and other birds. 
Ornithological Monographs 49: 163–195. 

Mellor D.J. (2016) Updating animal welfare thinking: Moving beyond the 
“Five Freedoms” towards “A Life Worth Living”. Animals 6(3): 21. 

Mellor D.J. (2017) Operational details of the five domains model and 
its key applications to the assessment and management of animal 
welfare. Animals 7(8): 60. 

Mellor D.J., Beausoleil N.J., Littlewood K.E., McLean A.N., McGreevy P.D., 
Jones B., Wilkins C. (2020) The 2020 Five Domains Model: Including 
Human-Animal Interactions in Assessments of Animal Welfare. 
Animals 10(10): https://doi.org/doi:10.3390/ani10101870 



Journal of Zoo and Aquarium Research 13(4) 2025
http://doi/org/10.19227/jzar.v13i4.902

262

Schiffmann et al.

Meyer A.M., Redifer C.A. (2024) The curse of the firstborn: Effects of dam 
primiparity on developmental programming in ruminant offspring. 
Animal Reproduction Science 265: 107469. 

Miller L.J., Chinnadurai S.K. (2023) Beyond the Five Freedoms: Animal 
Welfare at Modern Zoological Facilities. Animals 13(11): 1818. https://
doi.org/10.3390/ani13111818 

Montgomery T.M., Pendleton E.L., Smith J.E. (2018) Physiological 
mechanisms mediating patterns of reproductive suppression and 
alloparental care in cooperatively breeding carnivores. Physiology & 
Behavior 193: 167–178. 

Morrow E.H., Arnqvist G., Pitcher T.E. (2002) The evolution of infertility: 
does hatching rate in birds coevolve with female polyandry? Journal of 
Evolutionary Biology 15(5): 702-709. 

Moss C.J., Croze H., Lee P.C. (2011) The Amboseli Elephants - A Long-Term 
Perspective on a Long-Lived Mammal. Chigaco, Il: The University of 
Chicago Press. 

Mouginot M., Cheng L., Wilson M.L., Feldblum J.T., Städele V., Wroblewski 
E.E., Vigilant L., Hahn B.H., Li Y., Gilby I.C., Pusey A.E., Surbeck M. (2023) 
Reproductive inequality among males in the genus Pan. Philosophical 
Transactions of the Royal Society B 378: 20220301. https://doi.org/
https://doi.org/10.1098/rstb.2022.0301 

Muller M.N., Thompson M.E., Kahlenberg S.M., Wrangham R.W. (2011) 
Sexual coercion by male chimpanzees shows that female choice may 
be more apparent than real. Behavioral Ecology and Sociobiology 
65(5): 921–933. 

Munson L., Gardner A., Mason R.J., Chassy L.M., Seal U.S. (2002) 
Endometrial hyperplasia and mineralization in zoo felids treated with 
melengestrol acetate contraceptives. Veterinary Pathology 39(4): 
419–427. https://doi.org/10.1354/vp.39-4-419 

Murnane R.D., Zdziarski J.M., Walsh T.F., Kinsel M.J., Meehan T.P., Kovarik 
P., Briggs M., Raverty S.A., Phillips Jr. L.G. (1996) Melengestrol acetate-
induced exuberant endometrial decidualization in Goeldi’s marmosets 
(Callimico goeldii) and squirrel monkeys (Saimiri sciureus). Journal of 
Zoo and Wildlife Medicine 27: 315–324. 

Nakamura H., Miyazawa Y., Kashiwagi K. (2005) Behavior of radio-tracked 
common cuckoo females during the breeding season in Japan. 
Ornithological Science 4(1): 31–41. 

Needham T., Lambrechts H., Hoffman L.C. (2017) Castration of male 
livestock and the potential of immunocastration to improve animal 
welfare and production traits: Invited Review. South African Journal 
of Animal Science 47(6): 731–742. https://doi.org/http://dx.doi.
org/10.4314/sajas.v47i6.1 

Nowak R.M., Paradiso J.L. (1991) Walker´s Mammals of the World. 
Baltimore, MD:  John Hopkins University Press. 

Ödberg F.O. (1987) The influence of cage size and environmental 
enrichment on the development of stereotypies in bank voles 
(Clethrionomys glareolus). Behavioural Processes 14(2): 155–173. 
https://doi.org/10.1016/0376-6357(87)90042-8

Packard J.M., Seal U.S., Mech L.D., Plotka E.D. (1985) Causes of reproductive 
failure in two family groups of wolves (Canis lupus). Zeitschrift fur 
Tierpsychologie 68(1): 24–40. 

Panksepp J. (1998) Affective Neuroscience. The Foundations of Human and 
Animal Emotions. Oxford, UK: Oxford University Press. 

Panksepp J. (2005) Affective consciousness: Core emotional feelings in 
animals and humans. Consciousness and Cognition 14(1): 30–80. 

Paz Silva C., Schlatter R., Soto-Gamboa M. (2011) Reproductive biology 
and behavior during incubation of black necked swan (Cygnus 
melanocoryphus). Ornitologia Neotropical 23(4): 555–567. 

Penfold L.M., Powell D., Traylor-Holzer K., Asa C.S. (2014) “Use it or lose 
it”: characterization, implications, and mitigation of female infertility 
in captive wildlife. Zoo Biology 33(1): 20–28. https://doi.org/10.1002/
zoo.21104 

Pokharel S.S., Brown J.L. (2023) Physiological plasticity in elephants: Highly 
dynamic glucocoricoids in African and Asian elephants. Conservation 
Physiology 11(1): coad088. https://doi.org/10.1093/conphys/coad088 

Pol F., Kling-Eveillard F., Champigneulle F., Fresnay E., Ducrocq M., 
Courboulay V. (2021) Human–animal relationship influences 
husbandry practices, animal welfare and productivity in pig farming. 
Animal 15(2): 100103. 

Powell D.M., Beetem D., Breitigan R., Eyres A., Speeg B. (2024) A 
perspective on ungulate management and welfare assessment across 
the traditional zoo to large landscape spectrum. Zoo Biology 43(1): 
5–14. 

Prunier A., Bonneau M., von Borell E.H., Cinotti S., Gunn M., Fredriksen B., 
Giersing M., Morton D.B., Tuyttens F.A.M., Velarde A. (2006) A review 
of the welfare consequences of surgical castration in piglets and the 
evaluation of non-surgical methods. Animal Welfare 15(3): 277–289. 

Raines J.A., Fried J.J. (2016) Use of deslorelin acetate implants to control 
aggression in a multi‐male group of Rock Hyrax (Procavia capensis). 
Zoo Biology 35(3): 201–204. https://doi.org/10.1002/zoo.21290 

Rault J., Lay Jr. D.C., Marchant J.N. (2011) Castration induced pain in pigs 
and other livestock. Applied Animal Behaviour Science 135(3): 214–
225. 

Robertson I.S., Kent J.E., Molony V. (1994) Effect of different methods 
of castration on behaviour and plasma cortisol in calves of three 
ages. Research in Veterinary Science 56(1): 8–17. https://doi.
org/10.1016/0034-5288(94)90189-9 

Ross S.R., Bloomsmith M.A., Bettinger T.L., Wagner K.E. (2009) The 
influence of captive adolescent male chimpanzees on wounding: 
management and welfare implications. Zoo Biology 28(6): 623–634. 

Sahlin E., Johansson B., Karlsson P.O., Loberg J., Niklasson M., Grahn P. 
(2019) Improved wellbeing for both caretakers and users from a 
zoo-related nature based intervention—a study at Nordens Ark Zoo, 
Sweden. International Journal of Environmental Research and Public 
Health 16(24): 4929. 

Sawecki J., Miros E., Border S.E., Dijkstra P.D. (2019) Reproduction and 
maternal care increase oxidative stress in a mouthbrooding cichlid 
fish. Behavioral Ecology 30(6): 1662–1671. https://doi.org/10.1093/
beheco/arz133 

Schiffmann C., Hard T., Hjelm M., Clauss M. (2020) Soft and persistent-The 
influence of sand-flooring and calves on the resting behavior of a zoo-
kept African elephant (Loxodonta africana) group. Zoo Biology 39(1): 
56–62. https://doi.org/10.1002/zoo.21521 

Schüßler D., Gürtler W.D., Greven H. (2015) Aktivitätsbudgets von 
Rothschildgiraffen (Giraffa camelopardalis rothschildi) in der „Zoom 
Erlebniswelt Gelsenkirchen“. Der Zoologische Garten NF 84(1–2): 
61–74. 

Slotow R., van Dyk G., Poole J., Page B., Klocke A. (2000) Older bull 
elephants control young males. Nature 408(6811): 425–426. 

Smuts B.B., Smuts R.W. (1993) Male aggression and sexual coercion of 
females in nonhuman primates and other mammals: evidence and 
theoretical implications. Advances in the Study of Behavior 22: 1–63. 

Snyder R.J., Perdue B.M., Zhang Z., Maple T.L., Charlton B.D. (2016) Giant 
panda maternal care: a test of the experience constraint hypothesis. 
Scientific Reports 6(1): 27509. 

Speakman J.R. (2008) The physiological costs of reproduction in small 
mammals. Philosophical Transactions of the Royal Society B 363(1490): 
375–398. https://doi.org/10.1098/rstb.2007.2145 

Stafford K.J., Mellor D.J. (2005) The welfare significance of the castration of 
cattle: a review. New Zealand Veterinary Journal 53: 271–278. 

Staker L. (2014) Macropod husbandry, healthcare & medicinals. Self 
Published.

Stalling D. (1990) Microtus ochrogaster. Mammalian Species 355: 1–9.  
https://doi.org/10.2307/3504103

Surbeck M., Boesch C., Crockford C., Thompson M.E., Furuichi T., Fruth 
B., Hohmann G., Ishizuka S., Machanda Z., Muller M.N., Pusey A., 
Sakamaki T., Tokuyama N., Walker K., Wrangham R., Wroblewski 
E., Zuberbühler K., Vigilant L., Langergraber K. (2019) Males with a 
mother living in their group have higher paternity success in bonobos 
but not chimpanzees. Current Biology 29(10): 354–355. 

Taberer T.R., Mead J., Hartley M., Harvey N.D. (2023) Impact of female 
contraception for population management on behavior and social 
interactions in a captive troop of Guinea baboons (Papio papio). Zoo 
Biology 42(2): 254–267. https://doi.org/10.1002/zoo.21728 

Takagi N., Saito M., Ito H., Tanaka M., Yamanashi Y. (2019) Sleep‐related 
behaviors in zoo‐housed giraffes (Giraffa camelopardalis reticulata): 
Basic characteristics and effects of season and parturition. Zoo Biology 
38(6): 490–497. 

Takeshita R.S.C., Huffman M.A., Kinoshita K., Bercovitch F.B. (2017) Effect 
of castration on social behavior and hormones in male Japanese 
macaques (Macaca fuscata). Physiology & Behavior 181: 43–50. 
https://doi.org/10.1016/j.physbeh.2017.09.006 

Tamura M., Akomo-Okoue E.F., Mangama-Koumba L.B., Wilfried E.E.G., 
Mindonga-Nguelet F.L. (2024) Does kinship with the silverback matter? 
Intragroup social relationships of immature wild western lowland 
gorillas after social upheaval. Primates 65(5): 397–410. https://doi.
org/https://doi.org/10.1007/s10329-024-01149-1 

Thomas S.A. (2002) Scent marking and mate choice in the prairie vole, 
Microtus ochrogaster. Animal Behaviour 63(6): 1121–1127. 

Tiezzi F., Tomassone L., Mancin G., Cornale P., Tarantola M. (2019) The 
assessment of housing conditions, management, animal-based 
measure of dairy goats’ welfare and its association with productive 
and reproductive traits. Animals 9(11): 893. https://doi.org/10.3390/
ani9110893



Journal of Zoo and Aquarium Research 13(4) 2025
http://doi/org/10.19227/jzar.v13i4.902

263

Welfare and reproduction in zoo animals

Trivedi K., Mukherjee S. (2024) Understanding reproductive strategies: 
Courtship and copulation behaviours of the Asiatic wild dog (Cuon 
alpinus) in captivity. Journal of Science, Humanities and Arts 11(3): 
1–8. https://doi.org/10.17160/josha.11.3.986 

Van Den Berghe F., Paris D.B., Van Soom A., Rijsselaere T., Van der Weyde 
L., Bertschinger H.J., Paris M.C. (2012) Reproduction in the endangered 
African wild dog: basic physiology, reproductive suppression and 
possible benefits of artificial insemination. Animal Reproduction 
Science 133(1–2): 1–9. 

Van Ree J.M., Niesink R.J.M., Van Wolfswinkel L., Ramsey N.F., Kornet 
M.M.W., Van Furth W.R., Vanderschuren L.J.M.J., Gerrits M.A.F.M., 
Van den Berg C.L (2000) Endogenous opioids and reward. European 
Journal of Pharmacology 405(1–3): 89–101. 

Vaughan L.M., Dawson J.S., Porter P.R., Whittaker A.L. (2014) Castration 
promotes welfare in group-housed male Swiss outbred mice 
maintained in educational institutions. Journal of the American 
Association for Laboratory Animal Science 53(1): 38–43. 

Veasey J.S. (2018) In pursuit of peak animal welfare; the need to prioritize 
the meaningful over the measurable. Zoo Biology 36(6): 413–425. 

Walldén W. (2023) Giraffe (Giraffa camelopardalis) feeding: how 
stereotypies and other behaviours changed at Kolmården Zoo in 
Sweden. Journal of Zoo and Aquarium Research 11(4): 393–399. 

Walraven E., Andrew P., Boyle N., Duffy S. (2018) Euthanasia and small‐
population management: development of transparent processes, 
good governance and a practical application. International Zoo 
Yearbook 52(1): 258–266. 

Wang C., Yang C., Zeng Y., Zhang M. (2023) GnRH-immunocastration: 
An alternative method for male animal surgical castration. Frontiers 
in Veterinary Science 10: 1248879. https://doi.org/https://doi.
org/10.3389/fvets.2023.1248879 

Ward S.J., Sherwen S., Clark F.E. (2018) Advances in applied zoo animal 
welfare science. Journal of Applied Animal Welfare Science 21(1): 23–
33. https://doi.org/10.1080/10888705.2018.1513842 

Whilde J., Marples N. (2012) Effect of a birth on the behavior of a family 
group of Asian elephants (Elephas maximus) at Dublin Zoo. Zoo 
Biology 31(4): 442–452. 

Williamson E.A., Maisels F.G., Groves C.P. (2013) Family Hominidae. In: 
Mittermeier R.A., Rylands A.B., Wilson D.E. (eds.). Handbook of the 
Mammals of the World. Barcelona, Spain: Lynx Edicions, 792–854. 

Wilmore S.B. (1974) Swans of the World. Exeter, UK: David & Charles. 
Wilson L., Dorsey C., Moore D. (2019) Challenges and solutions: An analysis 

of community‐reported needs of AZA collaboratively managed animal 
populations. Zoo Biology 38(1): 45–54. 

Wittemyer G., Getz W.M. (2007) Hierarchical dominance structure and 
social organization in African elephants, Loxodonta africana. Animal 
Behaviour 73(4): 671–681. https://doi.org/https://doi.org/10.1016/j.
anbehav.2006.10.008 

Wongsaengchang C., McKeegan D.E.F. (2019) The views of the UK public 
towards routine neutering of dogs and cats. Animals 9(4): 138. https://
doi.org/10.3390/ani9040138 

Yun J., Ollila A., Valros A., Larenza-Menzies P., Heinonen M., Oliviero C., 
Peltoniemi O. (2019) Behavioural alterations in piglets after surgical 
castration: Effects of analgesia and anaesthesia. Research in Veterinary 
Science 125: 36–42.  


