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RESEARCH ARTICLE

Key Concepts for Enhancing Zoo Animal Welfare: Coping, Comfort, 
Choice, Control, Challenge, and Compassion
Paul E. Rosea,b and Jack Lewtonc#

aCentre for Research in Animal Behaviour, University of Exeter, Exeter, UK; bWildfowl & Wetlands Trust, WWT 
Slimbridge, Gloucestershire, UK; cDepartment of Life Sciences, Imperial College London, Ascot, UK

ABSTRACT
Zoo animal welfare is subject to increasing scrutiny by many audiences. 
Although zoo husbandry and management techniques have progressed, 
common welfare issues are still apparent. To encourage further improve-
ments, converting theoretical welfare definition into practical application is 
key. This paper evaluates a familiar definition to form a baseline for practical 
welfare assessment that benefits animals and zoo operations. If we consider 
coping and comfort as measurable indicators, plus choice and control to 
cement autonomy for the animal, achieving positive welfare is more likely. 
Providing positive cognitive challenge results in improvements to beha-
vioral diversity. When husbandry is ecologically relevant, this welfare- 
friendly approach evolves into husbandry-based evidence, further justifying 
approaches to animal care. The human element of husbandry (e.g., devel-
opment and training of personnel) impacts on welfare, necessitating a 
compassionate approach to daily operations. Compassion – for animal 
and human wellbeing – ultimately embeds welfare as a core zoo goal. 
The unique environment of the zoo, with its mix of wild species, human 
workforce and visitors, coupled with the amount we still must learn about 
species’ husbandry needs emphasizes continual development of welfare 
approaches.
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Introduction

Across different animal populations, defining welfare is a complex undertaking, with many 
theories being debated and reviewed (Devlin & Ogle, 2022; Grethe, 2017; Veasey, 2017). This is 
challenging for zoos and aquariums (hereafter “zoo/s”) as these organizations are under pressure 
to ensure they house animals to a high standard of welfare. It is therefore important that animal 
welfare is defined and explained in a practical and logistically possible way that ultimately 
translates into metrics for assessment. Agricultural systems face similar pressures, but it could 
be argued that defining and measuring welfare for zoo animals is even more of a complication 
(Ward & Hosey, 2020) due to their species variety, enhanced animal longevity, captivity-associated 
stressors that change over time (Brando & Buchanan-Smith, 2018; Brando & Coe, 2022), and the 
zoo’s differing roles (e.g., conservation outcomes, educational messaging, research requirements) 
that such species fulfil in their zoo. Despite these differences, baselines from agricultural research 
can provide fundamental support for deeper consideration of how to evaluate welfare across zoo 
housed species. For example, the UK’s originally-for-agriculture “Five Freedoms” are written into 
zoo animal husbandry standards as the Five Welfare Needs (Defra, 2012) and help raise welfare 
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standards as well as being presented in format that enables for review during licensing and 
inspection.

Practical measurement of animal welfare is important (S. P. Hill & Broom, 2009), and this must 
include physical, behavioral, and psychological states (Blackett et al., 2017; Broom, 1991) that are 
expressed across the course of a 24-hr cycle. Focus on inputs (e.g., resources and environmental 
conditions that the animal responds to) and outputs (e.g., fitness, feelings, and emotions that make 
up these responses) may enhance validation of welfare measures (Rushen et al., 2011), to provide the 
completest possible picture of welfare at a specific time or within a specific situation (Bousfield & 
Brown, 2010; Veasey, 2017; J. Webster, 2005).

One of the most cited definitions of animal welfare is “the state of the individual as it attempts to 
cope with its environment” (Broom, 1986). Coping describes an animal being able to maintain and 
regulate the stability of its body and mind, including tolerance and responses to a range of stimuli 
(Broom & Fraser, 2007; S. P. Hill & Broom, 2009); therefore, this baseline is useful for considering 
what to measure and what the results from such measurement may mean. Examples of identifiers to 
measure coping include performance of repetitive abnormal behavior, indicators of lethargy/bore-
dom, uneven enclosure usage, and uncharacteristic social behavior. These coping identifiers are not 
straightforward to measure and can be subject to inconsistency/subjectivity biases. For example, 
when does an animal tip from coping into failing to cope? And what if two measures of coping (e.g., 
behavioral and physiological) are observed which contradict? Successful welfare assessment using 
welfare identifiers such as coping is dependent on robust species-specific definition and methods. 
Meaningful measures of animal welfare that are relevant to the species, their ecological needs, and 
how they engage with inputs from their environment are key (Rose, 2023; Veasey, 2017).

Broom (1986)’s definition considers an animal’s state within their current environment, based on 
their responses to this environment; as well as whether the environment and/or the animal’s 
responses are suitable; and it considers how such responses are manifested, so they can be observed 
and measured. This definition helpfully acknowledges that animal welfare is a broad term, it 
considers measurable and meaningful aspects of welfare, it suggests that welfare ranges from positive 
to negative, and has capacity for evaluating feelings, physical health, and psychological health 
(S. P. Hill & Broom, 2009). This definition, which is centered around how an animal “copes,” can 
be expanded to include the additional aspects that animal welfare assessment should consider. For 
example, by identifying examples of “comfort” (when an animal experiences positive states that make 
it comfortable as well as when it inhabits a physically comfortable environment); providing oppor-
tunities for ’choice and control’; evaluating the effects of positive “challenge” (i.e., a solvable problem 
that increases behavioral outcomes); and ensuring zoo operations are “compassionate.” Therefore, 
this paper evaluates how a baseline for practical welfare assessment using the six Cs of Coping, 
Comfort, Choice, and Control, Challenge, and Compassion can be useful for understanding what 
species need in captivity, and how it can be better provided to enhance animal welfare (and the well 
being of their human carers too). Human well being relates to “fully rounded humanity” (Taylor, 
2011), which is easier to measure in human animals due to abilities in self-reporting emotional 
states. These core concepts (the six Cs) are defined in Table 1.

This paper describes zoo animal welfare as consisting of how the individual animal copes with 
their current environment, and how coping is balanced against comfort; how choice and control 
over the animal’s immediate situation in the short-, mid-, and long term builds resilience and 
diversity to behavior patterns that can provide coping mechanisms that lead to comfort in the future. 
Finally, it considers how the human element of animal husbandry in the zoo should also be included 
based around the quality of care provided and how to continually uphold relevant animal husbandry 
for all species being housed. The overall objective of this paper is to suggest a holistic view of how 
the animal’s responses to the zoo, plus the involvement of zoo personnel, would identify where 
welfare state is influenced. Encouraging practical welfare assessment using coping, comfort, choice, 
control, challenge, and compassion would yield evidence for the improvement of zoo operations to 
further promote zoo welfare and staff well being.
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The examples of measurable identifiers in Table 1 are not an exhaustive list, but reflect what could 
be practical, easy-to-implement measures of determining different influencers of animal welfare 
states. Consideration also needs to be given to individual animal differences (e.g., personality, past 
experiences, preferences) that will modify how each animal responds to what is considered optimum 
care for that species overall.

Coping

To extend the descriptions presented in Table 1, coping describes how the animal adapts to their 
environment and maintains homeostasis. Broom (1986) describes coping across a range of experi-
ences: when an animal has coped at little expenditure of resources, this indicates satisfactory welfare, 
whereas if the individual fails to cope, this indicates poor welfare. Changes to behavior patterns or 
markers of stress hormone responses can indicate attempts at coping. For example, abnormal 
repetitive behaviors such as stereotypic pacing in leopards, Panthera pardus (Mallapur & Chellam, 
2002), and repetitive licking in giraffes, Giraffa camelopardalis (Bashaw et al., 2001) that manifest 
due to a restrictive environment and/or inappropriate husbandry within the zoo. Behaviors can be 
observed, and these resulting data can be transformed into metrics that give an indicator of that 
behavior’s performance. Thus, observing and scoring the performance of abnormal behaviors may be 
used as performance indicators of coping. Validation of such behavior alongside of species-specific 
endocrine measures (e.g., validated glucocorticoid profiles that illustrate normal functioning, acute 
stress, excitement, chronic stress, and learned helplessness) further support welfare inferences from 
behavioral observation.

Comfort

Comfort is used to describe the positive states that an animal can experience, as well as a physically 
comfortable environment (e.g., correct temperature, humidity, lighting, use of furnishings) and the 
performance of behaviors that leave the animal feeling comfortable. Comfort should also include 
positive psychological states resulting from lack of chronic stress and anxiety (Gonyou, 1986; Mellor, 
2016). Comfort is a welfare influencer, similar to and an extension from coping (Tennessen, 1989; 
Veissier et al., 2012), and a welfare outcome in its own right. For comfort to be achieved, 
a prerequisite of coping must be met, and the animal feels at ease to perform behaviors indicative 
of relaxation or comfort. Consequently, if an animal is coping extremely well, then it is likely to be 
comfortable and has therefore moved from simply surviving in their environment to thriving (Melfi, 
2009). For example, zoo-housed flamingo (Phoenicopteriformes) flocks demonstrate comfort within 
their enclosure by spreading widely across different enclosure areas, whereas an uncomfortable flock 
will clump in one location (Rose et al., 2014), something seen in wild birds when they are disturbed 
(Yosef, 2000). Knowledge of a species’ flight distance (from a perceived or actual threat) has long 
been understood as an important piece of evidence to use when deciding the location of important 
resources within an enclosure (Hediger, 1950); animals will be more comfortable (physically and 
psychological) if they can choose where and when to access resources rather than being forced into 
uncomfortable situations that are beyond their control.

Comfort can be balanced between an animal’s attempt at coping against measurement of their 
comfort. Attempts of coping can be measured by monitoring physiological indicators, such as markers 
of stress hormone responses (Mormède et al., 2007), and changes to behavior patterns under certain 
types of husbandry regimes. Measurement of comfort can be based on “luxury” behaviors (Held & 
Špinka, 2011), such as time spent playing for some species. Promoting daily bouts of rumination in 
ruminant herbivores (Baxter & Plowman, 2001), regular consumption of low-quality forage that 
ensures correct gut motility and promotes caecotrophy in lagomorphs (I. Sayers, 2010), maintaining 
strong and stable associates within primate troops (Kanngiesser et al., 2011; Silk et al., 2013) or 
thermoregulating across a range of ecologically relevant gradients for reptiles and amphibians 
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(Warwick et al., 2013) are all examples of behavioral indicators of comfort that could be developed into 
species-specific and potentially individual-specific welfare assessment tools.

Consideration of an affective states approach to animal welfare (Fraser, 2009) is also useful to 
include, especially when evaluating if an individual animal is comfortable with their current situa-
tion. Using methods such as Qualitative Behavioural Assessment (QBA) where behavioral expression 
(“body language) is documented to report on an animal’s internal psychological states and feelings 
(Wemelsfelder, 2007), aspects of husbandry that promote comfort can be identified. The relevance of 
the “tripartite relationship” of how the animal’s feelings, functions, and their natural behavior 
patterns interconnect to influence welfare state (Fraser et al., 1997) should not be ignored. 
Measuring fitness and feelings, e.g., via QBA, would provide further evidence for comfortable states 
and degree of coping in a managed environment.

Reviewing the evidence used for welfare-friendly husbandry practice, such as the design and 
application of environmental enrichment (Brereton & Rose, 2022; Foster-Turley & Markowitz, 1982; 
Markowitz et al., 1995) can identify areas of evidence-based husbandry and for which specific species 
this is used for, compared to areas of anecdote or unsupported practice where welfare benefits are 
not being fully realized. Further use of Delphi method, as per Whittaker et al. (2021)’s survey of 
animal-based welfare indicators for captive reptiles, across taxa would help gather quality evidence 
for how to infer welfare states that indicate comfort. Determining how to measure comfort could be 
based on approaches taken from the agricultural industry, where resting and activity budgets of dairy 
cattle are the outputs for a “cow comfort index” used to determine the suitability of on-farm cow 
management regimes (Haley et al., 2000). Similarly, cow comfort indices can be used to provide 
evidence for welfare-friendly bedding materials that improve animal health and well being (Van 
Gastelen et al., 2011) – assessing indicators of health (e.g., gait scoring) against the type of bedding to 
identify those that enhance normal locomotion. For the zoo, comfort scores could relate to the 
performance of adaptive behaviors, the use of space and time spent interacting with conspecifics. 
Research outputs do suggest that zoos take animal comfort seriously (Wark et al., 2020) and thus the 
outcomes of such studies should be used to inform best practice husbandry guidelines to support 
optimal welfare for specific taxa. However, zoos should consider asking research questions that relate 
to comfort across a wider range of species, especially those that are not charismatic large mammals.

Figure 1 provides an example of how well-used indicators of cow comfort – rumination and 
resting, time spent lying, and movement and joint mobility (Endres, 2017), plus body condition and 
nutrition (Vasseur et al., 2015) – could be adapted and used to determine the comfort of zoo housed 
elephants (Elephantidae). Elephants gain welfare benefits from positive social associations that they 
have choice over (Harvey et al., 2018); their foot and joint health is linked to appropriate substrate 
(Lewis et al., 2010); substrate improves sleeping and rest (Williams et al., 2015); and correct nutrition 
promotes foraging activity as well as regulating good body condition (Morfeld et al., 2016). In the 
same way as is noted for cows, these parameters can be measures of elephant comfort that welfare 
scientists and elephant keepers can use to help identify signs of positive well being and a good quality 
of life in their animals across life stages.

Choice and control

Choice and Control is a well-known term for improving welfare (Englund & Cronin, 2023; Greggor 
et al., 2018; Kagan et al., 2015; S. R. Ross, 2006; Whitham & Wielebnowski, 2013) that, when 
provided in a meaningful way (i.e., ecologically relevant, variable, species-specific, based on evi-
dence) facilitate autonomy – an inherent right of an individual to self-govern (A. J. F. Webster, 
2001) – and therefore experience self-control over actions, behaviors, and decision-making. 
Husbandry regimes and enclosure configurations that enable control and choice empower the 
animals within them (Allard & Bashaw, 2019) and therefore can improve the well being of zoo 
staff who benefit from seeing more comfortable animals.
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Comfortable animals are those individuals that may experience more choice and control over 
what they can do, where it can be done, and for social species who it can be done with; and this is 
a suitable avenue for future research to investigate. Individual differences are important to measure 
as differing personality traits of zoo-housed species will impact on how they cope with their 
environment, and therefore if they are comfortable (Vaz et al., 2022). As environmental enrichment 
is a common way of providing choice and control (Buchanan-Smith, 2011), bespoke enrichment for 
individuals of a species within a specific zoo may be required to ensure interaction with the 
enrichment provides positive experiences for each animal.

Access to specific enclosure areas and providing freedom of movement leads to noticeable 
improvements in behavior patterns (S. R. Ross, 2006) and use of ecologically relevant substrate 
and opportunities for resting should be investigated to further understand improving welfare by 
making animals more comfortable (Takagi et al., 2019). In addition, the abilities to form social bonds 
of their own choosing (Rose & Croft, 2015), mate choice within their breeding programs (Martin- 
Wintle et al., 2019) are all ways of integrating choice and control into the lives of zoo-housed species. 
Enriching opportunities such as reproduction and raising young or foraging across an ecologically 
relevant temporal and seasonal schedules improves positive behavioral diversity and can provide 
outlets for highly motivated behaviors that satiate the individual animal. This is not to say that 
breeding itself will enhance the welfare of individuals (Cronin et al., 2016), rather it is the voluntary 
engagement in reproductive activities that will.

Contrafreeloading – where an animal chooses to work for food even though it is freely available 
without effort (McGowan et al., 2010) – is indicative of choice and control over the immediate 
environment (Hughes & Duncan, 1988) and has been noted in several species including ecological 
specialists like maned wolves, Chrysocyon brachyurus (Vasconcellos et al., 2012) to more general 
foragers such as brown bears, Ursus arctos (McGowan et al., 2010), and potentially in parrots 
(Psittaciformes) too (Coulton et al., 1997). Further research into contrafreeloading should explore 
this phenomenon in a wider range of species to help build choice and control into feeding regimes 
and daily husbandry practices as well as to create opportunities for it in the fundamental nature of 
the animal’s enclosure. Preference testing using zoo animals to see if they prefer to work for 
a specific reward, or access to a part of their enclosure, or usage of an enrichment device would 
enable the animal to participate in their own care (Learmonth et al., 2021; Wolfensohn et al., 2018), 
and thus have more control over their daily lives. Use of such preference testing (providing the 

Figure 1. An example of how comfort indices from on-farm welfare assessment could translate into the zoo for other species. 
Boxes of the same color match the comfort measure on the farm to the zoo. Up arrow (↑) denotes an increase in a behavior or trait 
equates to improved welfare. A plus sign (+) means behavior has a positive connotation and hence improves welfare. An equal 
sign (=) states that a characteristic is maintained within certain optimum parameters. In this example, comfort indicators for dairy 
cattle (Bos taurus) are applied to elephants (Elephantidae) but this approach has potential across a wide range of taxonomic 
groups.
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preferences on offer were valuable, ecologically sound, and actually beneficial to the animal) would 
go part way to understanding a key component of animal welfare, which is do animals have what 
they want (Dawkins, 2004).

Similarly, creativity in enclosure design to incorporate novel technologies, such as computer- 
based enrichment (Coe & Hoy, 2020) could further enhance choice and control if they provided 
a specific outlet for key behaviors that are linked to feelings of autonomy. Embedding enrichment 
directly into enclosure design features is likely the most helpful for promotion of longer-term 
positive welfare (Coe, 2017); a diverse environment of the animal’s enclosure provides multiple 
opportunities to perform a wide array of biologically relevant behaviors and enables different levels 
of engagement with stimulating and relaxing areas suitable for varying degrees of appropriate 
cognitive challenge.

Challenge

Providing a problem to solve that is not overwhelming but which motivates an individual to work 
for something it currently does not have but which it desires (C. A. Smith, 1991) is beneficial for the 
development of behavioral plasticity and abilities at problem solving (Villalba & Manteca, 2019). 
Cognitive challenge improves an animal’s feelings of control over their current situation and 
provides an outlet for evolved traits that may otherwise be restricted in performance (Clark, 
2011). These ideas form the basis of positive challenges for the improvement of zoo animal 
husbandry and, ultimately, welfare.

Building relevant diversity into behavioral repertoires (i.e., promoting a wider range of positive 
valence natural behaviors) (Miller et al., 2020) and enabling animals to develop resilience in how 
they respond to their environment – for example, by allowing control over aspects of their daily lives 
(Colditz & Hine, 2016; Owen et al., 2005) – can be facilitated by opportunities for positive challenge 
(Meehan & Mench, 2007).

As an animal’s resilience is aligned with coping (Arndt et al., 2022), and as we need to ensure that 
animals can cope with their care in the zoo, providing stimuli that promote behavioral adaptation to 
different environmental conditions enables resilience. Different forms of challenge (e.g., variation in 
enrichment regimes, a dynamic and changeable environment that offers a range of physical and 
sensory stimuli, and unpredictable husbandry practices) can go beyond building resilience to 
generate robustness (Colditz & Tilbrook, 2023).

Positive challenge, which arise from the zoo’s enclosure design or use of environmental 
enrichment, enables feelings of eustress. Eustress, or positive stress, is an adaptive response to 
stress that is ultimately beneficial to the individual (Villalba & Manteca, 2019); it is the 
opposite of distress (Moberg, 1999) and is suggestive of an individual able to cope with 
environmental challenges. Positive challenges can be important for developing a sense of 
agency in the animals that live in a specific environment (Špinka & Wemelsfelder, 2018). In 
this case, Špinka and Wemelsfelder (2018) define agency as an animal’s inclination to actively 
engage with their environment, gaining novel information and knowledge, and thus enhancing 
skills for future application. Positive challenge that builds this sense of agency can reduce 
feelings of boredom or apathy, and maintain long-term positive outputs, to improve an 
individual’s quality of life.

Developing behavioral resilience in zoo-housed species is essential for training plans that form 
part of reintroduction plans (Shepherdson, 1994), and to the conservation of adaptive behaviors 
and culture (Riley, 2018), as well as for long-term attainment of positive welfare states (M. Ross 
et al., 2020). Behavioral resilience allows animals to cope with changeable, heterogeneous environ-
ments and can utilize functional traits to gain advantages from the behaviors they perform 
(Reading et al., 2013; Tetzlaff et al., 2019). Exposing individuals to eustress that can be rectified 
by positive emotion or state and behavioral flexibility, via the application of appropriate environ-
mental enrichment or alterations to enclosure design can promote advantageous behavioral 
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diversity (Jacobson et al., 2019; Little & Sommer, 2002; S. R. Ross et al., 2010). This enables 
animals to develop a wide range of biologically relevant behavioral traits that lead to problem 
solving abilities (Salvanes et al., 2013).

As mentioned previously, opportunities for contrafreeloading that promote choice and control, 
also allow the animal a chance to experience positive challenge (Maple & Perdue, 2013). As contra-
freeloading can form the basis for environmental enrichment (Coulton et al., 1997; Vasconcellos 
et al., 2012), as well as how daily care is provided, i.e., daily diet provided in a “work for reward” 
situation (G. E. Smith et al., 2021), it is possible to provide opportunities for positive challenges 
within different parts of an animal’s enclosure, at different times of the day and at different levels of 
complexity, to promote naturalistic activity patterns. Targeted and species-specific environmental 
enrichment that creates an acute, beneficial, stressor which can be overcome by the animal is the goal 
(Rose & Riley, 2019). It is essential that the beneficial effects of the challenge, i.e., the novel behaviors 
that can result and the use of cognitive processes, are overriding any frustration caused by the 
problem an animal is provided with (Meehan & Mench, 2007). Therefore, monitoring and evalua-
tion of any added challenge needs to be undertaken to ensure that chronic stress does not result if 
the animal cannot resolve the challenge it is facing. Differences in the responses of individual 
animals to cognitive challenges should be considered based on the animal’s background, develop-
ment, and experiences (Rosenberger et al., 2022) as generalized conclusions around the responses of 
animals to a stressor are tempered by individual variation.

Compassion

Facilitating positive choice and control, and challenge would be the responsibility of animal 
care staff, involved in the daily husbandry of captive wild species. Therefore, human influences 
over zoo animal welfare also need further consideration (Cole & Fraser, 2018; Rault et al., 
2020) and this dimension could be labeled as compassion – how much do zoo professionals 
give to the animals they look after and how is their own mental health and well being 
accounted for too (Yam et al., 2022)? Is the zoo’s management structure compassionate to 
its animal care staff, promoting their own well being in a caring and supportive manner (White 
et al., 2021)?

Compassion for animals

Compassion for animals in zoos should be embedded into daily husbandry and care activities. 
Animal care staff following appropriate husbandry guidelines and keeping up-to-date with develop-
ments to species management is part of a compassionate approach – active participation in evidence- 
based husbandry by applying the correct care for that species. Ultimately, such an approach can lead 
to animals experiencing good welfare (Kagan et al., 2015).

Compassion is an important emotion when considering the ethical treatment of individual 
animals, for example geriatric individuals or those that may require a quality-of-life assessment. 
Being compassionate also means giving animals the best possible opportunities to “do well” in 
their environment. For example, individuals that are part of conservation breeding programs, 
destined for wild release, will need different ethical and compassionate considerations (e.g., what 
behaviors for survival need to be trained? What challenges do these individuals need to 
experience? What aversive stimuli need to be presented and how?) compared to animals within 
captive breeding programs for long term in-zoo population sustainability. Providing animals 
with challenging stimuli and aversive situations that they must solve and rectify hones survival 
skills and therefore it would not be compassionate to deny animals in reintroduction (or similar 
conservation) schemes the chance to further develop behaviors that are essential to a life in the 
wild.
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Given that life in the zoo enhances longevity for many species (Föllmi et al., 2007; Tidière et al., 
2016), compassionate approaches to care across all life stages, especially for stages of life, and 
associated health and welfare challenges, that a free-living individual would be unlikely to face, are 
crucial. Zoo staff must be considerate of an individual animal’s needs; how they access resources, 
how social choices may change with age, and how cognitive capacity may alter over time, to maintain 
a living space perceived as safe and comfortable, and be prepared to consider veterinary treatment 
essential to reducing suffering and maintaining a good quality of life for aged individuals.

Compassion for humans

Zookeepers and zoo managers are under more pressure to provide the most appropriate living 
conditions for their animals against a backdrop of increasing public scrutiny, from zoo visitors, 
activists, and animal welfare commentators (Maynard, 2018; Mkono & Holder, 2019; J. Sayers, 2020; 
Sherwen & Hemsworth, 2019; Ward & Sherwen, 2018). Human well being is important alongside 
animal welfare to ensure that zoo personnel feel capable of providing for their animals, which are 
well supported by management and have the tools they need to enact appropriate husbandry 
standards that beneficially influence welfare states (Brando et al., 2023; McDonald et al., 2024; 
Rose & Riley, 2022). This compassionate approach adds a societal value to the zoo by encouraging 
others to care about welfare in the same way as they would experience when visiting a zoo with 
a compassionate ethos (Greenwell et al., 2023).

Considerations of well being extend beyond the resilience of the animal population to cope with 
a human-created environment. Compassion fatigue is noted as a cause of mental health difficulties in 
those working with wildlife (Mobo et al., 2010; Yeung et al., 2017) and can lead to feelings of 
occupational stress, burnout, and dissatisfaction with self and career (Figley & Roop, 2006; E. M. Hill 
et al., 2020; Rohlf, 2018). Job demands (e.g., the need to deal with emotionally challenging situations) 
are noted as a key predictor of compassion fatigue (Monaghan et al., 2020) and the effects of such 
demands on individual well being can be moderated by the resources that are provided – especially 
those resources that enable animal care workers to complete their tasks successfully and enable them 
to feel empowered by and engaged in what they do (Demerouti et al., 2001). It is also likely that 
limited salaries and employee welfare may cause compassion fatigue. Human-animal relationships in 
zoos can be enriching for the animals (Claxton, 2011) and improve the animal’s responses to their 
environment (Wolfensohn et al., 2018); reduced job satisfaction or high staff turnover in the zoo 
may reduce the time caregivers spend with their animals which can remove a welfare-positive aspect 
of the animal’s environment.

Compassion for zoo personnel can be embedded by improving access to best practice husbandry, 
supporting zoo staff in how they deliver care, and ensuring the availability of information and tools 
for enhancing animal welfare (DeSmet & Ogle, 2022). It is essential that husbandry is provided to 
a consistently high standard by enfranchised, motivated staff, as this is the foundation for long-term, 
positive welfare for the animals within the zoo. As such, compassion (both for the animals 
themselves and how zoo workers experience compassion) should be included within animal welfare 
approaches as it influences how animal care may be provided as well as how the standard of such 
care is perceived by those executing it.

Bringing these welfare-specific key words together

Figure 2 illustrates how a spectrum from coping to comfort can represent an animal’s states and 
responses related to managing (and experiencing) emotions and stress. This spectrum is influenced 
by factors of choice and control, challenge, and compassion. The animal’s behaviors, and physical 
and psychological conditions (states) are measurable and provide an objective assessment of welfare. 
These states can be evaluated against influences from the environment and perceived levels of coping 
and comfort. Providing outlets for comfort-focused activities can assist animals to feel that they are 
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coping with their environment and therefore move the animal away from simply surviving to 
thriving (Melfi, 2009). Exercising choice and control over their current situation and facing bene-
ficial challenges emphasizes feelings of autonomy. Finally, positive welfare is enhanced by the 
addition of compassion; to consider the human element of welfare and upholding staff mental 
health and well being that is impactful to effective day-to-day husbandry. Animal-centered, keeper- 
centered, and visitor-centered aspects of the environment should be designed in a manner sympa-
thetic to the needs of all, but ultimately reducing or eliminating any stressors that may be beyond the 
animal’s ability to cope and hence reduce comfort within the environment.

Promoting welfare by turning evidence-based husbandry into husbandry-based 
evidence

Providing valid, empirical evidence that supports husbandry and management decisions is essential 
to upholding good welfare in the zoo and ensuring that animals can fulfill their role within the zoo’s 
living collection. Gaps in our knowledge of what constitutes species-appropriate husbandry can exist 
for poorly researched taxa (Melfi, 2009) and research bias can be apparent across many years of 

Figure 2. Taking key elements from Broom’s (1986) definition of welfare (state, cope, and environment), this figure expands on 
how to create a complete set of welfare assessment options in the zoo. States are measurable entities where data can be 
quantitative (time spent on behavior) or qualitative (description of behavioral expression) to providing inferences on the animal’s 
fitness and feelings. Coping (negative connotations if a species appears to be failing, or positive connotations if a species appears 
to the thriving) can be balanced against the degree of comfort experienced (from positive elements of husbandry and care). These 
welfare outputs will be influenced by the degree of choice and control that the animal has over their immediate situation, and 
thus the agency they have over their life. The environment that the animal lives within is under the influence of the zoo and is 
a balance of needs- the animal’s, the zoo’s visitors, the keeping staff, and the will of the zoo’s management. A compassionate 
management approach enhances human well being and animal welfare. Challenge, which builds in behavioral resilience can be 
integrated into the animal’s environment and together with choice and control lead to feelings of autonomy. Therefore, extension 
of state, coping and environment by including in comfort, choice, control, challenge, and compassion provide a complete picture 
of prevailing welfare state that could be used to refine, define, and support welfare assessment tools and approaches.
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research output (Binding et al., 2020; Rose et al., 2019). It is essential that evidence on natural 
history, ecology, behavior, and sociality, alongside multi-institutional surveys of what zoos are doing 
with regard to captive care (Brereton & Rose, 2022; Clubb & Mason, 2003; Mason & Clubb, 2004; 
Melfi, 2009; Rose & Roffe, 2013) be used to refine and review husbandry practice to turn husbandry 
guidelines into specific best practice standards. Scientific evidence that shows how prevailing 
husbandry practices promote positive welfare should be disseminated across all holders of 
a species so that stakeholders are confident in the quality and reliability of evidence used to support 
zoo animal care.

When the evidence basis for species’ care in the zoo or aquarium is sound and the uptake of such 
care is widespread across facilities, benchmarks for the appropriateness of the husbandry and 
housing (e.g., good welfare states, improved health and body condition, reduced abnormal behaviors, 
improved reproductive success and viability of offspring, marked changes in longevity compared to 
previous records) can become evidence in their own right – therefore creating husbandry-based 
evidence for why such practice is the ideal. A method for this evolution of what evidence is and 
where it comes from is provided in Table 2, and such an approach can be used for species-level 
assessment as well as evaluation of individual animal responses.

For species with a substantial history of in-zoo care, records across institutions can be used to 
identify markers of good care (e.g., number of viable offspring that survive to breed, or low rates of 
environmentally caused pathologies) and therefore analyze any relationship between the prevalence 
of such potential welfare markers alongside evolving husbandry (Roller et al., 2021; Tidière et al., 
2016). Questions can then be asked to unpick aspects of husbandry that can be translated across 
species to help improve welfare for other animals within a taxonomic group.

Multi-institutional research – multiple institutions collecting data on how species are being kept 
to identify areas of ecologically relevant husbandry (Melfi, 2009) – can form the basis of best practice 
guidelines for specific species (Table 2). Evaluation of husbandry regimes for species that possess 
specific functional traits that convey advantages within the wild habitat may form the strongest 
support for future animal management programs. A global survey of lechwe (Kobus leche & 
K. megaceros) by Rose and Rowden (2020) identified areas of relevant practice as well as areas for 
improvement within a sample of 33 lechwe herds. Lechwe are wetland-dwelling antelopes (IUCN 

Table 2. A proposed step-by-step approach to creating Husbandry-based Evidence from Evidence-based Husbandry that ulti-
mately promotes good zoo animal welfare.

Methodological step

A: Research into what zoos provide for a species alongside of review of natural history and ecological data (e.g., social structure, 
home range size, habitat preferences, time-activity patterns).

B: Review of existing enclosures for this species across zoological collections to determine the biological relevance of these 
human-created environments evaluated against information already collected in step A. Such a review needs to consider all 
areas of housing, not just those that are viewed by zoo visitors.

C: Identification of best practice and implementation across holders of the species based on outputs from steps A and B (e.g., 
number of viable young produced, longevity alongside of good health, highest performance of species-typical behavioural 
diversity). Positive engagement with husbandry (inputs provided) can be a proxy for the attainment of positive emotional 
welfare states.

D: Undertake a global survey of holders of that species that have used such updated, best practice information to determine 
improvements to animal welfare and population goals (e.g., improved breeding output, survival of offspring to maturity). 
Results of such a survey would provide (current) evidence on what are best practice inputs to support positive welfare 
outputs.

E: Continual, periodical review of in-zoo practice against new information on ecology or natural history, e.g., against new 
research findings on habitat usage or social structure, and against systematic observation of animal responses to husbandry 
to identify relevant aspects of management that promote welfare inputs and outputs.

F: Continual refinement of evidence used to support optimal husbandry standards (e.g., zoos achieving improved body 
condition and/or welfare scores when providing sex-specific social groupings and access to resources/space at certain times 
of the year based on a species’ population dynamics and seasonal changes to behavior).

End result: As evidence-based husbandry improves welfare, population sustainability and animal care, it becomes husbandry- 
based evidence that shows to others what form of management is best for a specific species and why that style of 
management regime should be implemented.
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SSC Antelope Specialist Group, 2017a, 2017b) and although the different species appear similar, they 
differ in their social, breeding, and foraging activities (Nefdt & Thirgood, 1997; Williamson, 1990, 
1994). It is clear that the old adage “If it looks like a duck, swims like a duck, and quacks like a duck, 
then it probably is a duck” is unhelpful when fine tuning zoo animal care regimes even for closely 
related species. The family resemblance between different species of lechwe does not mean that all 
behavioral and ecological traits will be the same and therefore in-zoo husbandry protocols for one 
species may not be the best fit for another species. Therefore, a “common sense” approach to zoo 
animal husbandry, which is based on fundamental information regarding a specific species’ ecology, 
helps implement care regimes and management practices that are likely to be most suitable for the 
species being housed. For example, if a species is called a tree snake, due to the arboreal nature of the 
species in the wild, providing opportunities for climbing, and this arboreal life in the zoo would be 
the surest starting point that such a species is eventually able to experience positive welfare.

The relationship between evidence-based husbandry (science that supports appropriate care) and 
husbandry-based evidence (the outcomes from husbandry in the zoo are evidence for what works 
well) provides enhanced opportunities for choice and control, comfort, and compassion. This 
relationship will reduce an animal’s reliance on coping strategies that may be unhelpful or unwanted 
(e.g., stereotypic behavior). When husbandry is supported by evidence (wild ecology and cross- 
facility data on exemplary practice) animals can feel more comfortable. For example, the provision of 
wetlands for captive lechwe creates opportunities for behavioral diversity that has been recorded in 
other swamp-dwelling antelopes in zoos, such as sitatunga, Tragelaphus spekii (Rose & Robert, 2013). 
The heterogeneous nature of an ecologically relevant environment gives more chances of choice and 
control over behavior patterns, space occupancy, and use of resources (Glaeser et al., 2021; Krishnan 
et al., 2022; Spain et al., 2020). As animal care is improved and becomes easier, the compassionate 
nature of welfare-friendly husbandry provides benefits to human well being too (e.g., increasing job 
satisfaction and reducing compassion fatigue). Husbandry-based evidence can be taken from the zoo 
into the wild, to enhance the welfare of wild animals – for example, nest boxes designed for zoo- 
housed hornbills (Bucerotidae) being installed in situ to enhance habitat quality and resource access 
for free-living birds (Beilby, 2022).

As zoos continue to develop welfare assessment frameworks, we believe it is important to 
consider what identifiers are available, and what can be practically and meaningfully measured. 
The Five Domains model is commonly advocated for as a welfare assessment framework with zoos 
and aquariums (Harley & Clark, 2019; Mellor et al., 2015); however, the utility of this approach has 
been questioned (Hampton et al., 2023). Animal welfare theory is useful from a fundamental science 
perspective but may be less helpful for busy zoo professionals that may need quick but valid 
snapshots of their animal’s welfare. Caring for a multitude of species can be pressured, especially 
when such species may be of high conservation value, and keepers feel a strong sense of obligation to 
ensure that the animals they have ultimate responsibility for remain healthy, safe, and well. Zoo 
welfare scientists should publish their methods and approaches to evaluating inputs and determining 
outputs, so that validated and reliable means of consistent welfare scoring are available at the species- 
specific level across taxa.

Conclusions

Using the “Six Cs,” this paper provides key concepts of animal welfare and identifies measurable 
indicators of behavioral, physical, and psychological states. Whilst species-specific or even indivi-
dual-specific welfare assessment is important, this general framework highlights important concepts 
that influence the welfare for a broad range of animals. Furthermore, having a common framework 
can help ensure that welfare assessments are comparable across zoos, facilitating benchmarking and 
collaborative research.

When the evidence basis for zoo animal care is robust, and it is implemented across facilities, 
welfare improvements are likely to occur more rapidly and significantly. As more zoos adopt this 
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evidence-based approach, the husbandry practices themselves become evidence for good care 
(Table 2). Therefore, the evidence-based approach needs to continue in earnest, both for species 
with no current husbandry guidelines and for species where guidelines are written to ensure they are 
reviewed to remain current.

Overall, the zoo has a duty to enable appropriate husbandry to be developed and implemented and 
to the well being of animal care staff to ensure they are supported in their efforts to uphold good 
animal welfare. By building on an existing, well-used, and familiar definition of animal welfare to 
include metrics that could identify a wider range of behaviors that are linked to improved or positive 
welfare (comfort and choice and control) as well as by considering human aspects of well being, zoos, 
and aquariums can collect and analyze the effect of inputs (resources and environment) on outputs 
(behavior, personality, emotions) of their animals to quantify and assess welfare states (Figure 2). We 
hope that this approach of review and reflection will encourage the development of husbandry-based 
evidence for all zoo-housed taxa.
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