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Abstract

:

Simple Summary


Zoos should aim to provide all of their animals with a good quality of life throughout life. Although quality of life is a complex notion that is difficult to define and measure, some modern zoos and zoo industry associations have started to develop and implement formalized quality-of-life assessment tools for this purpose. These tools have been used predominantly to assess the health and welfare of geriatric zoo mammals to assist in decision-making in relation to end-of-life care, including the timing of euthanasia. There is scope to improve the accuracy of these tools and to extend their use to assess the quality of life of non-mammalian species (e.g., birds and reptiles) and animals at other life stages (e.g., young adults) to enhance animal welfare. This review summarizes what quality of life is, why and how we should assess it in zoo animals, and what challenges this poses. It also identifies some learnings from quality-of-life assessments in humans and domestic species that can be applied to zoo animals and suggests directions for future innovations in this field.




Abstract


Zoos should aim to provide all of their animals with a good quality of life (QoL) throughout all life stages. In parallel with the evolution of QoL assessment questionnaires and tools in human and domestic animal settings, in recent times, some individual zoos and zoo industry associations have incorporated such instruments into their animal management practices. This has been conducted predominantly to inform, monitor, and document end-of-life decision-making for large, charismatic mammals. There is scope to expand the use of these tools to improve their utility, validity, reliability, and value to an animal welfare program. Assessment of QoL is a complex task given that the notion being measured is abstract and self-determined, and the design and purpose of the tools to do this require careful consideration. This review explores the QoL concept as it applies to animals, the assessment indications and methodologies relevant to a zoo setting, and the importance of considering QoL at any life stage across species. An overview of current thinking and the applications and limitations of QoL evaluation of captive wild animals is offered to promote and aid facility practice reviews and to help direct future innovations that leverage concurrent and converging advances in zoo animal welfare science.
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1. Introduction


The exponential growth of the development and use of quality-of-life (QoL) measures for people and animals in recent decades has been driven by a strongly perceived need for such tools [1]. Despite unity regarding its importance, the conceptualization of QoL has proven to be contentious, and as a result, a wide variety of approaches to and methods for its evaluation have been and are still being explored [2,3]. In zoos, the early evolution and adoption of animal QoL assessments is recognized as an important step in the advancement of the care and welfare of aged animals [4], with applications to date focused predominantly on larger, and arguably more charismatic, mammals, as an aid in end-of-life decision-making. This has been a welcome and useful innovation, and global accreditation bodies are increasingly recommending their members adopt such tools for animal management [5,6,7]. However, the process remains largely ad hoc, limited in its application and lacks validated benchmarks for most species. There is widespread agreement that effective evaluation of the QoL of zoo animals to detect and minimize QoL threats and maximize meaningful positive experiences is needed. There is less clarity on exactly how to do that.



This review explores the QoL concept as it applies to animals, the assessment indications and methodologies relevant to zoo and aquarium species, and the value of considering QoL at any life stage for any species. The objectives are to promote and aid facility practice reviews and to help shape the next stages in the development of QoL evaluation for captive wild animals that leverage concurrent and converging advances in zoo animal welfare science.




2. Quality of Life—What Is It?


The term ‘quality of life’ (QoL) is used frequently in society and animal management settings, but the concept is abstract, broad, and complex, and it remains variably defined, even as applied to humans [8,9]. There are diverse and debated approaches to explaining QoL, with the incorporation of factors such as individual needs, expectations, phenomenological viewpoints, hedonism, flourishing, preferences, and life satisfaction [10,11]. Examples of definitions of QoL are provided in Table 1. In human settings, these include reference to a conscious cognitive judgment [12] and a personal perception of an individual’s life in relation to the culture and value systems in which they live [13]. Although many definitions of QoL focus on subjective judgements, some authors argue that objective factors should be included [14,15]. With respect to animal QoL, references to culture and values are absent [16], and some definitions are similar or identical to modern definitions of ‘animal welfare’ [17], which is itself a complex notion that lacks a universally agreed upon definition. There are definitions that erroneously include inputs presumed to affect the welfare and QoL of animals, as well as the individual’s response to those inputs, thereby confusing indicators of QoL with QoL itself [18]. Others limit the definition to the animal’s evaluation, perception, and affective response [19,20,21], and/or highlight the balance of positive and negative experiences [19,22].



Despite the lack of consensus on and precision of an operational definition of the term, the concept of QoL has evolved substantially as applied to both humans and animals in recent times, with attempts to clarify what it incorporates. Early uses of the term originated in health documentation and the medical literature and focused on functional capacity [26] as a tool for physicians. As a consequence, the terms QoL, health, and health-related QoL (HRQoL) started to be used interchangeably [27,28], and confusion about the difference between and overlap of these terms persists [9,16].



More recent descriptions of QoL usually encompass notions that extend beyond physical health to include the psychological state [16,29]. In people, the level of independence and personal beliefs are often also included [26]. For both people and animals, QoL is proposed by some to encompass social relationships and environmental interactions [25,30,31]. There is a sense that it is determined not only by an individual’s life circumstances and opportunities but also by what uniquely matters to them, what they like or prefer doing, and their ability to fulfil their interests and enjoy life [30,32]. This evolution in thinking has paralleled the transition of the concept of animal welfare from one focused on the abolition of negative conditions to one that emphasizes positive mental experiences in terms of satisfied needs and expectations [33]. It is also consistent with the framework that describes health as just one of the five domains of animal welfare and one of the four functional domains (alongside nutrition, environment, and behavioural interactions) that influence the affective state [34].



In an attempt to avoid creating a false distinction between animal welfare and QoL, Yeates [25] proposed that QoL applies over time. At any given moment, an animal has good, neutral, or bad welfare, but its QoL is a matter of its welfare during an extended period. Indeed, in this view, it follows that the terms ‘QoL’ and ‘animal welfare over time’ are synonymous. Similarly, Cussen and DiGangi [35] describe QoL as an individual animal’s affective state over time. The temporal component of welfare is often overlooked in traditional evaluations [36], whereas an assessment of QoL should consider all of the events that occur within a period. Furthermore, QoL is closely related to, and may be considered equivalent to, a number of other concepts, such as well-being (sometimes specified as subjective, emotional, psychological, or mental well-being), happiness, and contentment [37,38].




3. Quality-of-Life Assessments in Zoo Animals


3.1. Why Assess Quality of Life?


With their origins in human health care, QoL assessments have historically been conducted to aid decision-making for individual patients as a complement to clinical or laboratory tests [39]. This traditional HRQoL approach attempts to measure how much an illness or a disability affects an individual’s overall well-being and their ability to adapt to imposed changes [40]. The initial impetus behind developing the construct was to represent the patient’s interests in the decisions made about their medical care, reflecting the growing respect among healthcare professionals for patient autonomy and self-determination [3]. The process of evaluating HRQoL aims to minimize the risk of making incorrect assumptions about an individual’s QoL following a diagnosis, procedure, or treatment protocol [20]. QoL in human care settings is also measured in non-medical circumstances in which individuals are the responsibility of others, such as in care homes for the elderly [41]. Here, too, as in animal welfare, the focus is shifting from simply measuring the provision of basic care to include the experiences of individuals.



QoL measures can be used in clinical settings to prioritize problems, facilitate communication, screen for potential issues, identify preferences, monitor changes or treatment responses, and train new staff [42]. They can also be used in clinical audits and in clinical governance to promote both a systematic evaluation of outcomes and continual improvements [42]. Within research settings, QoL assessments are useful in evaluating health care interventions and treatments [43], defining potential endpoints in clinical trials [44], identifying health inequalities [45], understanding the burden of disease, and assisting in resource allocation [46]. Although these indications have mostly played out formally in human medicine, they are all potentially relevant to veterinary and animal care settings.



In a veterinary context, QoL assessments, or perhaps more specifically, HRQoL assessments, are not new [47]. Informal, mental, subjective assessments by veterinarians and animal caregivers have always facilitated decision-making processes, but historically, documentation of that evaluation may have been lacking, rudimentary, or inconsistent. The decisions informed by such assessments include if, when, and how to treat, and whether that treatment is intended to be curative or palliative, defining thresholds of declines relative to a subjectively determined point and the appropriateness of euthanasia in aged or critically unwell animals [20]. In recent times, there has been a move to develop more formalized QoL assessment tools for consistency and communication in assorted animal care settings [20], especially as treatment options increase in availability and affordability and animals in captive environments are living longer lives [48]. In zoos, the focus of the application of such tools has been on mammals approaching or exceeding their expected longevity [49,50,51].



The decisions surrounding when and how to end an unwell or aged animal’s life can be some of the most challenging in terms of balancing animal welfare considerations and human sensitivities [52]. Some people may be concerned that ending a life at a point in time deemed ‘too early’ might miss the opportunity to observe that the animal will indeed respond positively to a new or advanced treatment. This occurs even if evidence of efficacy is scant or absent [53]. There is tension created by the tendency to overestimate the potential benefits of continuing to live weighed up against the difficulties of foreseeing potential harms [52,54]. All decision-makers and the diversity of people affected by a pending end-of-life decision are influenced by their emotions as well as their training, experience, personal beliefs, and extraneous factors [55,56]. When there are many people involved, consensus on the optimal approach may, therefore, be challenging to achieve. Föllmi et al. [49] explained that the decision to perform euthanasia in geriatric zoo animals, mammals in particular, is usually a highly complex procedure involving ethical, medical, emotional, and sometimes political factors, which can delay a euthanasia decision to the detriment of the animal’s welfare. This is especially true for charismatic or so-called ‘cute’ animals, where the recognized empathy bias towards certain taxa [57] is upheld. Methods to minimize bias in the decision-making process are necessary to ensure interventions and their timing are appropriate to prevent unnecessary suffering and are understood by the heterogeneous group of stakeholders impacted. In their use in a zoo environment, objective QoL assessment tools and processes can help foster a culture of trust and collaboration, educate and prepare staff at all levels of an institution for an animal’s death, clarify expectations, promote compassionate animal care and welfare as key principles, and help explain euthanasia decisions [50,58].



Regardless of taxa, the precise timing of euthanasia should be based on appropriate clinical judgment, informed by signs that indicate an irreversible decline in welfare and QoL to a point approaching, at, or beyond that deemed inhumane. To assist this process, objective methods of assessing negative affective states, such as pain and distress, are invaluable and, where available, should be incorporated into decision-making tools [53].



If QoL is taken to be equivalent to welfare over time as discussed earlier, HRQoL assessments at any life stage permit a systematic consideration of whether and how a specific diagnosis will adversely affect the welfare of an individual animal, accounting for their known preferences, behaviours, and interests. These objective assessments can also be used to compare the predicted or observed impacts of different treatment options, including no treatment at all [59] for an animal that has yet to reach the point of irreversible decline, elderly or otherwise.



Beyond end-of-life veterinary care, QoL assessments conducted on animals at other life stages can have much wider applications: they can inform husbandry improvements and other management factors; assess the impact of enclosure design, enclosure moves, introductions, and enrichment programs; aid in collection planning; and help enable the projection of future harms or benefits to an animal related to an anticipated change or a lack of a change [60,61]. A dominant contemporary notion is that QoL and animal welfare apply at the individual level [1]. However, QoL assessments conducted at a group or species level, which may take the form of group animal welfare assessment [47], may also help inform minimum and best practice standards, as demonstrated for dog rehoming centres [62].



QoL assessments in zoos may also have benefits for staff beyond their use in decision-making and communication. Research has demonstrated that zoo personnel rank making improvements in animal QoL a key motivator of their work [63]. Similarly, others have found that a management focus on the psychological welfare of zoo animals to fill perceived gaps may lead to greater zookeeper job satisfaction [64]. Keeper involvement in the development, adoption, and regular critical review of QoL tools is a way of empowering such staff to meaningfully evaluate the outcomes of their work while fostering a culture of professional growth.




3.2. Observer-Reported Outcome Measures


QoL can only truly be measured from the individual’s perspective [1]. As such, the self-report (a subjective judgement expressed by a person) is the gold standard for QoL assessment in humans [26]. In those unable to self-report, such as very young children or those with cognitive impairment, alternatives such as the use of an observer or proxy (e.g., a parent or other family member, physician, or nurse) is required to assess QoL on the individual’s behalf. This is referred to as an observer-reported outcome (ORO) measure [46,65]. As animals cannot directly express how they feel to humans, all animal QoL assessment methods and tools are classified as OROs [32]. Therefore, it is the responsibility of the veterinarians, animal caregivers, and managers to estimate an animal’s QoL based on criteria deemed meaningful to that species and the individual animal [55], and it is important that assessments be made by observers familiar with both [66].



The limitations of this process must be acknowledged. Proxy assessments are not always accurate [65,67]. McCusker and Stoddard [68] compared responses to a general QoL measure of close relatives who were acting as proxies with those of seriously ill people. They found that proxies consistently underestimated the ill patient’s QoL if the condition was deemed terminal or if the caretaker did not live in the same household as the patient. QoL reports provided by parents of medically unwell children are influenced by their own well-being and do not match those provided by the children themselves [69]. Additionally, proxy factors such as gender and career experience can influence responses to QoL evaluations of animals. When male and female owners were presented with a questionnaire regarding their own dog’s perceived levels of stress, male participants ranked the stress levels as lower than the ranking provided by female participants [70]. In geriatric zoo animals, QoL ratings assessed by veterinarians demonstrated interobserver differences related to career experience and area of specialty, with those categorized as zoo veterinarians and pathologists scoring QoL higher than interns, surgeons, and anaesthetists evaluating the same animal [49]. Consequently, there is a risk that OROs may never accurately reflect an individual animal’s life experience [71] and cannot be realistically expected to capture all aspects of life that are important to an individual [42].



These limitations should not discourage zoo professionals from designing and evaluating QoL assessment tools. Rather, understanding them should inspire a significant effort in working towards developing robust, validated techniques with regular critical review.




3.3. Quality-of-Life Scaling to Reflect Positive-Negative Balance


Although QoL is multidimensional and assessments vary in their complexity and granularity of components, the ultimate goal of an individual QoL assessment is to determine if QoL is good or bad, and therefore, what, if any, action should be taken. To this end, QoL can be helpfully and practically contextualized on a simple four-point QoL scale [33], acknowledging the continuum that exists between each point. There are two points above a point of balance, defined as the point where salient positive and negative experiences are equally balanced, and two points below. An animal may be considered to have a good life or a life worth living in the positive valence, and a life worth avoiding or a life not worth living on the negative end of the scale (Figure 1). Browning [72] supports the bidirectional nature of this type of scale but suggests that the total possible intensity on either side of the point of balance is not necessarily equal.



Zoos should aim to provide all of their animals with a good life throughout all life stages. Not only must there be full compliance with all legally mandated minimum standards or codes of practice but also with best practice guidelines to meet increasing community and industry expectations [73,74].



The life of an animal deemed not worth living should be improved rapidly by veterinary treatment and/or a change in husbandry practices. Failing that, euthanasia is the only humane option.



The challenge for zoo practitioners and researchers then is to develop QoL assessment tools that determine with an acceptable level of precision where an animal perceives its position on this scale: an inordinately difficult and complex undertaking. Despite decades of extensive research and substantial funding, a uniformly applied best approach suitable for all contexts has not been identified for QoL evaluation in people [3]. It is, therefore, reasonable to expect that a suite of options will be necessary to accommodate the diversity of species and QoL applications in zoos. Although veterinary QoL instruments for animals have been most commonly developed for companion animals [16], systematic reviews have revealed that there are limited numbers of published dog and cat QoL assessment tools and that among those that do exist, there is a low level of validation and consistency [20,75,76]. Nevertheless, given the importance of the QoL concept, using, adapting, and continually refining the tools that are in development is a preferred approach to not trying at all [38].




3.4. Types of Quality-of-Life Assessments Relevant to Zoos


While research and development of animal QoL tools are in their infancy, there is value in exploring the different types of QoL assessments that may be useful in a zoo setting. Ultimately, the type of assessment conducted will depend on the reason for its use.



Firstly, a distinction can be made between generic and disease- or condition-specific instruments [20]. Generic tools intend to measure all dimensions of QoL and can, therefore, be applied to healthy individuals as well as those with recognized health or other issues. The advantage of generic tools is that they provide a holistic overview of QoL and allow for comparisons between specific situations [77]. These can be thought of as equivalent to comprehensive animal welfare assessments that are described in detail elsewhere [17,34,36,74]. Although they are broad in their application, it is recommended that such generic assessments include a mechanism to account for individual differences to improve their accuracy in estimating QoL [16]. For example, an animal’s early life history or physical capacity to perform natural behaviours could influence how an assessment, or a sub-component of it, is interpreted.



A disease-specific QoL assessment includes measurements of dimensions or parameters specific to a certain diagnosis and is more likely to be sensitive to changes in the clinical condition or responses to treatments [78]. For example, gait analysis is relevant to monitoring lameness and may be incorporated into a degenerative joint disease assessment for a particularly susceptible species. Disease-specific assessments can also be used in a forward-looking manner to systematically consider the relative impact of potential stressors and other QoL risks associated with interventions deemed necessary or recommended to treat a given condition. Some medical treatments or interventions are expected to have an immediate positive benefit on QoL (e.g., relief of pain with effective and easy-to-administer analgesia). Others are likely to have a negative impact in the short term (e.g., due to hospitalization, surgery, confinement, altered social settings, or unpleasant medications) but have the potential to improve welfare in the long term. The management of this balance may vary not only with time but also with species, individual, and condition, and will benefit from ongoing proactive review.



In a zoo setting, a basic generic template tool with customized inclusions for different species or taxonomic groups is recommended, and it may be appropriate to have subsets of indicators relevant to a particular age or other demographic cohorts. Disease-specific assessments may be appropriate for welfare-compromising conditions that are common in particular species or groups of species held in zoos and aquariums. It is possible to develop a tool that combines elements of both generic and disease-specific assessments, and these may prove to be optimal [79], especially given that animals may present with multiple comorbidities.



Geriatric QoL assessments in zoos have typically taken the form of generic assessments. As they are only initiated when animals reach a particular age [50], interpretation of the results is difficult when there is no baseline for the species or individual for comparison. Facilities are encouraged to work on establishing reference guidelines for any bespoke tools that are used, and it is important that they incorporate evidence-based criteria on common QoL-relevant age-related concerns in the species or taxonomic group of concern.




3.5. Assessment Methods


The most basic method of assessing animal QoL involves asking a proxy what they feel the QoL is on a Likert scale. This may use the scale described in Figure 1, a differently worded scale, or an equivalent numerical scale. Alternatively, a proxy may be asked to describe the QoL in one word. In either case, these so-called ‘human intuitive judgements’ should be treated with caution [72] because although they are quick to perform, they are highly subjective and prone to various personal biases.



One approach to overcome the crude simplicity of these methods is to use multiple assessors and calculate the range or average as the result. This technique was utilized in a study evaluating the outcomes of phacoemulsification cataract surgery in 21 penguins [80]. A total of 20 staff members (7 avian management team members and 13 aviculturists) subjectively evaluated the QoL of the penguins, and their scores were averaged. Using a 4-point Likert scale with assigned quantitative values of poor (1), fair (2), good (3), and excellent (4), staff members were asked to subjectively evaluate each bird’s QoL before and after surgery. Keepers were also asked to describe any specific post-procedure behavioural changes observed for each penguin. The results revealed that 81% of the penguins were deemed to have a subjective improvement in QoL post-operatively based on the average of all assessors’ scores. This was consistent with the positive visual outcomes and improved mobility and behaviour (activity level, interactions, and behaviour responses) within their enclosure, but the degree of agreement between assessors was not reported.



In reality, acknowledging that QoL is a highly complex construct [1], it is unlikely that these kinds of over-simplified, unstructured methods, even with the use of multiple assessors, can ever be validated [76]. They risk missing subtle differences between patients and fail to provide the degree of evidence necessary to contribute meaningfully to welfare-enhancing decision-making.



To address the significant limitations and caveats of using a single overall subjective measure, more comprehensive and multifactorial approaches have been developed. As discussed earlier, these have, to date, been largely focused on end-of-life decision-making in geriatric zoo mammals. One described format uses regular, systematic, but simple behavioural observations of an animal to infer its psychological well-being [81]. Zoo-housed elderly polar bears have been evaluated in this manner, where behaviours that occur in the absence of caretaker interactions and those that are caretaker-driven (e.g., interactive feedings, enrichment schedules, and training sessions) are assessed in combination [81]. Another described approach, commonly used in companion animal settings, uses a set of questions or items, of a variable number, designed for animal carers and/or veterinarians to answer [18]. The items included may be in the form of broad categories like appetite, or alternatively, asked as more targeted questions like “How much does the animal enjoy food?” [20]. In structured versions of such questionnaires the responses are typically converted into scores [76]. The EAZA Best Practice Guidelines for Elephants [6], for example, requires an assessor to provide a score from 0–4 for a number of categories of equal weight, including pain, medical conditions, appetite, physical condition, psychological health, social well-being, and mobility, with the option to include other issues not covered by the standard template. An evaluation guide is provided detailing how to interpret the sum of the category scores and what actions might be appropriate (monitoring, implementing accommodations, revised husbandry and treatment options, aggressive treatment, or euthanasia) depending on whether the QoL is deemed good, somewhat affected, significantly diminished, severely compromised, or very poor.



Föllmi et al. [49] described a less species-specific scoring system with a similar aim, i.e., to evaluate the physical condition and QoL of 70 geriatric zoo mammals. They found that although some component signs of the scoring system, such as lameness or vomiting, were easy to detect, quantify and/or qualify, others were less straightforward. The term ‘pain when standing up’, for example, was used when a strenuous effort was necessary for the animal to get to its feet; this observation may, however, vary depending on interpretations of what constitutes pain. Their system includes separate ratings (on a 1–10 scale) for pain, discomfort, and QoL, which together give a sub-score out of 30 that contributes to the total evaluation alongside sub-scores for symptoms, radiographic findings, and response to treatment. Definitions of pain, discomfort, and QoL are not provided, but it seems likely that many users, though perhaps not all, would interpret these as dependent variables.



Introducing the concept of weighting of selected indicators, Vogelnest and Talbot [50] described a QoL assessment checklist developed for individual geriatric zoo animals that includes behavioural characteristics, physical signs, and clinicopathological findings. Vinette-Herrin et al. [51] performed aged animal assessments with this tool on 90 animals from a variety of taxa, with just over one-third of the cohort having 1–4 follow-up serial assessments at 6–12 month intervals. Four individuals were euthanized as a direct result of the initial assessment. Another 24 were euthanized based on follow-up assessments or predetermined decisions to euthanize if conditions deteriorated. Approximately 50% of total cases remained stable, while nine cases had improved scores following the implementation of individualized care plans developed in response to early recognition of disease and age-related changes. The favourable fate of this latter group demonstrates the value of performing these assessments before significant and overt declines have occurred.



With the type of zoo-based assessments described above and others that have been developed for primates in laboratory settings [82], it is common practice to assemble a team of people to collaboratively complete the assessment and/or interpret the findings. A team approach ensures that multiple perspectives are accounted for, with participants meaningfully contributing to the decision-making dataset in the areas that encompass their expertise [82]. The people involved will vary with the institutional structure and size but ideally include care staff who are familiar with the individual, a veterinarian, a welfare officer or advisor, animal or institutional managers or curators, and a behavioural biologist or similar with a good understanding of species-specific norms. Some zoos elect to create a formalized committee to oversee such welfare-related processes, while others create temporary teams on a case-by-case or taxonomically-relevant basis.



The adoption of a multi-indicator aggregated approach to assess QoL is supported by welfare science and in a zoo setting has the advantage of being potentially useful across a broad range of species and contexts [72]. As discussed earlier, a well-designed generic QoL survey or checklist is equivalent to an animal welfare assessment, and the terms can be used interchangeably. In this regard, the purpose of QoL assessments need not be restricted to the evaluation of geriatric animals and end-of-life decision-making. The precise composition of an assessment protocol and how heavily each indicator contributes to the cumulative result will be context-dependent. The time available, type of operation, and reason for the assessment can determine the format. Scientific robustness relies on species-relevant parameters with high levels of inter-observer reliability, trained assessors, and ideally, measures that have been validated against other known welfare-relevant indicators. A balance must be struck between cost-effective feasibility, impositions on the animals and caretakers, and meaningful results. QoL checklists should generally not require access to scientific assays or specialized equipment but can reference the medical and keeping records. It is important to incorporate indicators that will realistically and objectively assess the animal’s QoL, are practical to measure within the constraints of the zoo environment [61], and can be applied to a variety of species within a taxonomic group.



A number of individual zoo animal- and species-specific welfare assessment tools and frameworks have been developed as aids in animal welfare management, including online versions and some that incorporate visual tracking [60,74]. The Animal Welfare Assessment Grid (AWAG), for example, has been successfully applied to zoo-housed primates, large felids, giraffes, and scimitar-horned oryx [61]. It is recommended that these tools and frameworks be used as the basis for further development of generic zoo animal QoL assessments, especially those for non-geriatric life stages and non-mammalian species. The results of a critical review of prevailing equine welfare assessment tools as candidates for QoL evaluation of chronically ill horses [21] provides some guidance and caution. The authors found that the most suitable instruments are restricted to those that prioritise the subjective mental experience of the animal, those that integrate criteria into one overall grade, and those that focus on long-term as opposed to momentary states. Some adaptations tailored to suit the context may be required.




3.6. Selecting Indicators for a Quality-of-Life Assessment


The challenge in developing a QoL assessment questionnaire or checklist is identifying and selecting objective, reliable, valid, and largely quantitative indicators that collectively can measure or at least reveal empiric but indirect information about a state that is subjective, self-determined, variable over time, and influenced by individual and species-specific factors [61,83]. Animals are complex organisms, and the factors that contribute to their QoL are numerous. Welfare assessment techniques that were initially developed and later refined in the agricultural sector [84] with subsequent spill over into research settings and other animal industries provide a good baseline.



Even in well-studied species such as domestic cattle, pigs, and poultry, there is no single universal measure that accurately describes an individual’s welfare [72]. Indicators may be systematically evaluated by direct observation of the animals and their environments and/or by reviewing available records [85]. They may be measured in a binary fashion (e.g., presence/absence), via a scoring system or simply quantified [86], and recorded at a single point in time [87] or, as is more appropriate for QoL assessment, tracked longitudinally [88]. Important challenges and limitations of using indicators from domestic animal welfare science to accurately evaluate the welfare of zoo animals include the wide variety of species, their relative unfamiliarity to some observers, and the limited research on the needs and husbandry of some taxa [89]. Additionally, if handling is required to measure a particular indicator, this may pose risks to the animal and/or handler and adversely affect the results.



There are two broad categories of indicators: resource-based measures and output-based measures [90]. Resource-based measures attempt to infer the welfare status of animals from the inputs and logistical practices that go into caring for them, such as the quality of substrate, stocking density, ventilation, feed trough size, food provided, lighting, hygiene, and staff training. Such parameters are often easy to define and measure and are repeatable between observers. However, they lack an animal-centric perspective, and their relationship to animal welfare is debated [91]. The provision of preferred and motivating resources and an appropriate level of environmental complexity are vital, but individual differences may exist, and keeper ratings of preference do not always correlate with the animal’s actual preference [92]. Conversely, output-based measures aim to gather more direct evidence regarding the welfare state of an animal. As they relate to zoo animals, these may be divided into those that evaluate behaviour, physical health, and physiology.



In aggregated welfare assessments, there have been concerted efforts recently to shift from a reliance on resource-based measures and an evaluation of the presence or absence of welfare harms to increase the proportion of output-based measures and to include both negative and positive welfare indicators [93]. Given the nature of QoL assessments and the animal-centred approach required, indicators that are output-based are recommended [94] and should include unique characteristics and traits of animals as informed by their caregivers, in concert with clinical and physiological evidence [18,59,95,96].



To have confidence in a QoL assessment tool, each indicator and the overall assessment needs to consistently measure what it claims to and produce accurate results over multiple trials. In short, the tool must be both valid and reliable [74,97,98]. In their development of a novel elephant welfare assessment tool, Yon and colleagues [98] demonstrated the importance of evaluating the various types of validity and reliability against predetermined thresholds from the literature. Common types of reliability applied to welfare assessment include inter-/intra-rater, test re-test, and internal consistency. Validity may refer to content, concurrent criterion, or known group criterion validity [98]. Scientific validation of welfare indicators is an active area of research, especially in species such as primates, elephants, and dolphins [74]. To encourage continuous improvement across the taxonomic spectrum, consulting species experts and the existing literature while referencing tools for analogous species is likely to yield the best results [99]. As evident in the development of QoL assessment tools in companion animals, there is a need for more consistency in reporting methodology and statistical validation [20].



3.6.1. Behavioural QoL Indicators


Behavioural observations are often the focus of output-based QoL assessments of captive wild animals [100]. The frequency, duration, and intensity of key behaviours (e.g., vocalization, foraging, aggression, and exploration) may be monitored as a component of, or to complement, species-specific ethograms, time/activity budgets, or space/enclosure usage measures [99,101]. Normal behaviour implies not only natural behaviours, including those that an animal is highly motivated to perform [102], but also an appropriate behavioural range and context for a given individual [103]. For example, locomotor activity may be appropriate if hunting for food but inappropriate in the form of repetitive pacing; likewise, mating may be appropriate if consistent with seasonal patterns but abnormal if excessive.



Where sufficient field research exists, species-typical behaviours in the wild can be used as a baseline for interpretation. Time-budget or behavioural repertoire differences between wild animals and those in captive settings can indicate possible problems with animal management [104], but not all wild behaviours are considered necessary to achieve a good QoL.



Abnormal behaviours, most obviously stereotypies, have been correlated with poor welfare and maladaptation. However, such behaviours may, in some cases, be satisfying or soothing to perform and can be considered a coping mechanism [105]. Other potential indicators of poor welfare or distress may include improper vocalization, extreme timidity, hyper-aggression, excessive sleep, inactivity, escape behaviours, self-mutilation, fur or feather plucking, and decreased performance of behaviours critical to survival and reproduction, but these need to be interpreted in light of the context [106]. Conversely, behaviours that might indicate positive affect include play, affiliative behaviours, approach, allogrooming, and decreased vigilance [99,102].



Relying entirely on behavioural data, however, comes with some risk, and a misdiagnosis may have negative consequences [107]. The missteps that can be made in behavioural assessment include mismatches between definitions of animal welfare and the collected data, lack of alternative explanations, faulty logic, behaviour interpreted out of context, murky assumptions, lack of behaviour definitions, and poor justification for assigning a welfare value to a specific behaviour.



Experimentally, more complex behavioural assessments may help define what animals want or need but may be impractical for real-world assessments. A simple choice between alternatives can measure relative preference [108], while motivation can be tested via operant tasks [109]. A preference for something, however, does not necessarily equate to poor QoL in its absence, and animals do not consistently select resources that are in their individual best interests [106]. Additionally, the history and past experiences of animals (e.g., wild-origin versus captive-born) may influence behaviour and coping strategies, akin to the elements of culture and expectation in human QoL literature.



Recent developments in animal welfare science that warrant further investigation across species as potentially meaningful QoL indicators include measures of cognitive bias to identify positive animal emotions [72,110,111], applications of qualitative behavioural assessments [72], whereby animal body language is examined as a whole rather than as discrete individual behaviours [112], and the use of subjective keeper ratings [113]. Other innovative techniques include social network analyses to better understand social bonds and the associated positive affects [101,114] and quantifying behavioural diversity. High behavioural diversity is inferred to equate to the meeting of animal needs via increased environmental control [115], while low behavioural diversity signals a possible welfare compromise, particularly if associated with stereotypies and/or lethargy [116].




3.6.2. Physical Health QoL Indicators


Physical health factors are commonly used QoL indicators that aim to identify deviations from ‘normal’. Measurable physical features include body condition, cleanliness, the presence and severity of lesions and evidence of injury. Physical proxies for behavioural issues can become apparent (e.g., wounds or fur loss from aggressive interactions), but the age and cause of the lesions may be unclear. In some circumstances, direct handling is necessary for measurement, although there is a trend to make use of conditioning programs that facilitate handling-free health evaluations [117].



Veterinary reports can provide retrospective health data for individuals or groups but are reliant on the quality of record-keeping. Longevity is sometimes used as an indirect and crude physical health measure but is insensitive and often controversial [106], especially when referenced in isolation from other parameters.




3.6.3. Physiological QoL Indicators


Physiological indicators have the potential to demonstrate an animal’s response to a situation and are mostly aimed at identifying negative welfare states. Examples include body temperature, respiratory rate, the functioning of the sympathetic–adrenal–medullary axis or the hypothalamic–pituitary–adrenal axis, the levels of other hormones (e.g., prolactin and oxytocin) and measures of immunity (e.g., neutrophil/lymphocyte ratio). Variables such as cost, time, training of personnel and animals, invasiveness, biological fluctuations, social grouping of animals, and handling for sampling or direct measurement determine their real-world utility [61]. Research evaluating the correlation of physiological parameters with welfare has produced mixed results [89], with some measures increasing with stress but also with general arousal, such as during copulation or play [118].



Physiological indicators of chronic stress may be particularly significant in assessing the level of everyday welfare of animals in human care. They must be combined with multiple concurrent behavioural observations for context. The relatively recent development of non-invasive techniques (e.g., hormone levels in faeces, urine, or hair) has permitted the incorporation of physiological parameters into QoL assessments of animals, but lack of validation of the tests remains a significant limitation for many zoo species. To illustrate the complexity of validation, in their attempts to monitor adrenocortical activity in 13 species of marsupial, Fanson et al. [119] found that the assay that performed the best varied between even closely related species.




3.6.4. Pain as a QoL Indicator


Pain, and from a clinical perspective, its effective control, are critically important components of QoL for all sentient species. Attempts to objectively detect and quantify pain should, therefore, be considered an obligatory inclusion in all QoL assessment matrices, particularly HRQoL assessments. When not effectively treated, pain can lead to a damaging effect on all aspects of QoL, including increasing anxiety, aggression, and depressive-like behaviours [120,121,122]. However, pain is a challenging construct to evaluate in animals due to its multi-faceted and subjective nature. Additionally, there are species and individual differences in pain perception and expression.



Measuring acute and chronic pain in animals is often based on carefully interpreted behavioural observations by a veterinarian and/or caregiver [123], evaluating both the presence of abnormal behaviours and the absence of normal behaviours. These findings combined with relevant physical health and physiological parameters (such as locomotor or postural abnormalities, evidence of self-trauma, and elevated heart rate) alongside clinical acumen can assist in the recognition and localization of pain. Determining the underlying cause of pain is the remit of veterinarians and facilitates the development of targeted and effective treatment and management plans. With regard to acute pain, the assessment of facial expressions in the form of Grimace Scales has demonstrated good reliability and validity in domestic mammals [124,125,126], and there is scope to explore their development in mammalian zoo species. Reliable detection and scoring of pain in other vertebrates is challenging, with an acknowledged need to support further research in this area [127,128]. In relation to HRQoL, unless there is evidence to the contrary, one can assume that interventions and conditions that cause pain or distress in humans and domestic species will also cause pain or distress in zoo animals. There are expected to be taxonomic and individual differences in the duration and perceived severity of that pain, the response to analgesics or other treatments, and the resultant impact on QoL. To facilitate the development of evidence-based zoo pain scoring tools, it is crucial to support the ongoing sharing of data between institutions holding the same species.




3.6.5. What Not to Include in a QoL Assessment


In a zoo context, there are many factors that do not influence QoL but that may legitimately influence the decisions that QoL assessments seek to inform, including end-of-life considerations. It is important for transparency that these factors are acknowledged and documented as separate from QoL evaluations and that it is clear how they interact with the results of a QoL assessment. One such factor is the value of an animal’s life, aside from its inherent value as a sentient being. That may be its value to science, to conservation, to the genetic integrity of a species, to educational objectives, to the economic prosperity of a business, or to its cohort. These values may be influenced by culture, politics, emotion, religion, or even the perceived cuteness of the species [52], and there are differing opinions across the international zoo community regarding the value of maintaining post-reproductive animals in spaces that managers could otherwise allocate to breeding or growing animals [81]. Other considerations include the financial, physical resources, or staff time costs of treatment or management changes that might be necessary to improve an animal’s QoL [49]. There may be staff or visitor concern over an animal’s physical appearance even in the absence of any evidence that an abnormality or unusual feature is adversely impacting the animal’s QoL, prompting discussions about the capacity for suitable off-exhibit holding. It may also be relevant to consider the effect of the removal of an animal (via euthanasia or an enclosure or facility move) on the QoL of one or more other animals (e.g., dependent offspring and conspecifics).



For geriatric animals, the terms ‘aged animal assessment’ or ‘euthanasia decision-making tool’ may be used to describe a process that includes a combination of QoL and other considerations. Zoos are encouraged to develop internal processes and documents that clearly delineate the assessment of factors that influence QoL from other considerations. End-of-life decisions made on the basis of QoL are rarely questioned, but it is important that the assessment of QoL relied upon to make such a decision measures QoL from an animal-centric perspective as accurately as possible. Including extraneous factors in a QoL assessment that led to such a decision or referencing only QoL indicators when other considerations were relied upon is disingenuous and could pose a risk to the social license to operate. Trust and transparency are vital for both internal and external zoo stakeholders, particularly surrounding the sensitive topic of euthanasia.




3.6.6. QoL Assessment Challenges


Determining the QoL of zoo animals remains a great challenge for those involved in their management, despite the development of early tools to improve the consistency with which this is done. With the exception of a few large, charismatic mammals (e.g., apes, elephants, dolphins, and some large carnivores), there is a dearth of species-specific guidelines regarding tool design and appraisal. The selection of appropriate measures, establishment of baselines for comparison, analysis of data, interpretation of results, and incorporation of these measures into decision-making and communications remain areas in need of future research [42]. Furthermore, many zoo species are cryptic in nature, and our ability to detect illness, pain, and distress in them is still evolving.



One of the most fundamental difficulties is that, in the absence of validated assessment techniques, many of the indicators that are simple and readily available for incorporation into assessment tools require a professional judgement to be made, and in doing so, a subjective step cannot be avoided. Similarly, the interpretation of the significance of a result in relation to how that will make an animal feel is not completely objective in most circumstances. That subjectivity may be cumulative in a multi-indicator instrument. This inevitable gap in objective deductions about the implications for the animal is often wide enough that people can reach radically different conclusions when assessing an animal’s QoL. In the case of end-of-life decision-making, opinions also often differ regarding the point at which it becomes kinder to euthanize an animal rather than pursue palliative care options [129].



Although purported to make a complex task simpler, the process of designing and interpreting QoL assessments requires the application of the latest sophisticated developments in animal welfare science as well as the incorporation of elements of clinical acumen, knowledge, experience, common sense, and compassion that defy quantification [130].



There is broad agreement on the importance of the concept of QoL as an evaluative criterion [131,132]; however, unlike the formalization and consensus around most biological measurements, the operationalization of QoL remains contested [26,131]. Typically, agreements on measurements stabilize a concept and without this, its utility can be called into question and different ways of operationalizing it can fragment a field [131]. Yet despite the debates for over three decades in human settings, QoL remains an important and essentially unitary concept [131], and there is no suggestion that in animals it is any different.






4. Future Directions


4.1. Terminology


In the zoo grey literature and general discourse, it is the author’s experience that the term QoL is referenced often, mostly in the context of ‘animal welfare over time’. Animal management examples include describing the effect of appropriate or inappropriate social interactions, enclosure design, environmental enrichment, visitor interactions, or reproductive opportunities. Justifying the decision to undertake an invasive surgical procedure is a veterinary example. In such cases, invariably, there is no attempt to formally quantify QoL, nor is there any description of how a positive or negative effect was determined; it is presumed to be a common sense assumption or inference. Conversely, objective QoL assessments were specifically developed in the zoo field as a precursor to end-of-life management and euthanasia decisions, which has created a situation where some more recent QoL programs intended to be general welfare monitoring tools have been interpreted by staff to mean euthanasia is being considered [133]. This dichotomy in the use of the term ‘QoL’ is not helpful and it can lead to hesitancy in engagement with proposed assessment tools.



Supporting positive animal welfare at all life stages is critical to the mission of accredited zoos and aquariums [4], and it is anticipated that there will be increasing reliance on QoL assessment tools for decision-making in the future. A convergence of the various animal welfare assessment tools in use and development with the QoL assessment construct is suggested to help stabilize the two concepts and avoid fragmenting discussions.



Each institution has the autonomy to decide on the terminology and the specific QoL definition that suits their operation and culture, but as discussed in this review and to avoid confusion, the assessment of animal welfare over time should be considered equivalent to a generic QoL assessment. If, for resourcing and risk-based reasons, QoL assessments are only conducted on geriatric animals, it should be clear that this is a particular form of welfare assessment and the objectives should be clearly outlined. If the assessment focuses entirely on health-related indicators or is designed to evaluate the QoL impacts of a diagnosis, the term HRQoL should be used.




4.2. Improving Practice: QoL Assessment Reviews, Refinements, and Research


In the spirit of continuous improvement and to ensure QoL assessment tools are fit for purpose, zoos are encouraged to critically review their current practices regularly and to identify priority areas for refinement. Some suggestions are included here to stimulate initial discussions. It is recommended that any review is preceded by a consideration of how the institution defines QoL, especially as it relates to animal welfare and the animal welfare program in general. Other useful background information includes the existing tools in use, if any, their origins, and staff feedback on the process.



The purpose of QoL assessments in a given zoo (e.g., to inform or seek consensus on euthanasia decision-making, to provide a baseline or benchmark, to predict the impact of one or more diagnoses, to assess proposed individual or species-specific husbandry or management alterations, or to influence the development of care standards) should be made explicit from the outset. A zoo may use QoL assessments for more than one purpose, but it will be important to consider if different tools or adjustments to a generic tool are needed for varied indications. Disease-specific QoL assessments remain largely underutilized in zoo medicine, and a clearer delineation between generic and disease-specific QoL tools and indicators is recommended [9]. Developing optional disease-specific modular components may provide a mechanism to combine these into a single tool where that is deemed appropriate.



To enhance a team’s ability to interpret QoL assessments, the process should begin when: (i) an animal is healthy and behaviourally well, allowing for the development of better individual baselines; and (ii) well in advance of the point at which this information becomes required for end-of-life decision-making [134]. Embracing the exciting and rapidly evolving developments in animal welfare science will undoubtedly create opportunities to incorporate more appropriate indicators. This is especially true for non-mammalian species, where there is a recognized lack of species-specific data for benchmarking and a need to develop evidence-based, reliable and valid welfare metrics. For the high-profile, charismatic species, there are increasingly sophisticated models that can be used to develop similar tools for other taxa. Additionally, the adoption of newer technologies (e.g., bioacoustics, accelerometers, and drones) can help overcome some of the practical limitations of historical QoL assessment techniques [135].



There is ample scope to further develop weighted scales to account for the unique characteristics and indicators that are defined for each species or even, following the trend in human QoL measurement, individuals. Some behaviours, for example, may be a more powerful indicator of QoL than others and, thus, should have greater influence over a QoL assessment or score. The increasing interest in developing individualized measures reflects the understanding that QoL is unique to individuals. While the use of standardized measures and responses selected from a predetermined taxon-specific set is likely to be the most practical approach in zoos, it must be recognized that there is a risk of missing important nuances and developing methods to overcome this are worth considering.



To better calibrate measures and the cumulative scores of multi-dimensional tools with QoL scaling, there is a need to consider the accumulated knowledge base alongside the following research questions: For a given tool in a particular species, are there clearly defined and defensible score thresholds for positions on a QoL scale? Are the suggested interventions for different positions on the scale evidence-based and appropriate for the species and individual being assessed? Are existing measures and tools appropriate and adequate for all species in a zoo setting, or do new measures need to be developed? Do existing measures and tools take account of changes in adaptation and normalization of previous findings when measuring QoL longitudinally? Are the assessment results correlating well with other data collected in life and with post-mortem findings of euthanized animals? Is it clear what constitutes an important change in QoL to the animal itself?




4.3. Embracing the Complexities of Judgement with Science


QoL is a construct that has no physiological basis or specific behavioural signs; instead, it is a composite evaluation of multiple interacting factors, both intrinsic and extrinsic, for a single individual [96]. There are many philosophies about what constitutes a good life and where particular thresholds for intervention lie. By their nature as OROs, animal QoL assessments are imperfect. This imperfection is exacerbated for understudied species, where there is a dearth of baseline behavioural and health data for comparison [90]. These complexities threaten the ambitions of QoL assessments to be truly quantitative and objectivity-promoting. Given that the reliability and validity of many QoL measures currently in use remain undetermined, one may wonder whether there is justification for structured zoo animal QoL assessment tools at all. However, despite their limitations, multi-dimensional QoL assessments are an invaluable instrument for unpacking and documenting complex, ethically challenging animal welfare decisions, for communicating transparently with diverse stakeholders, and for reaching consensus. As such, their early evolution, application, and integration into zoo animal management practices can be viewed as both a science and a professional art. Through sharing experiences, analyses of collated data, and involvement in welfare research, zoos can collaboratively help fill the knowledge gaps necessary to improve the robustness and defensibility of QoL assessments for many species. In doing so, the QoL evaluation tools available will move closer to achieving their intended overarching goal of overcoming the bias-laden approach of simple judgements.





5. Conclusions


Quality of life (QoL) is an important and evolving concept for zoo animals that has been converging towards the changing definitions of animal welfare over time. Despite the challenges and limitations in defining and evaluating QoL, it is anticipated that there will be an increase in the need for reliable and valid tools to inform management and care plans in the future. There has been a focus on assessment at the end-of-life stage of large, charismatic mammals to date, but this has been challenged by an ad hoc approach and an absence of baseline benchmarks. Leveraging the development of increasingly robust animal welfare assessment tools in other species at other life stages creates an opportunity for zoo-based QoL evaluations to improve their utility and accuracy. Differentiation of generic and disease-specific assessments, ongoing critical appraisal of assessment design, and acknowledgement of the inherent subjectivity of some aspects of the process are recommended to facilitate the maturation of the QoL assessment process in zoos.
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Figure 1. A simple four-point quality-of-life (QoL) scale for zoos extending from a good life at the extreme end of the positive valence to a life not worth living at the other extreme, acknowledging the continuum that exists between each point (adapted from Green and Mellor [33]). 
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Table 1. Selected definitions of quality of life from the human and animal literature.
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	Definition
	Derived from the Human or Animal Literature
	Reference





	“an individuals’ perception of their position in life in the context of the culture and value systems in which they live and in relation to their goals, expectations, standards and concerns”
	Human
	[13]



	“an overall general well-being that comprises objective descriptors and subjective evaluations of physical, material, social, and emotional well-being together with the extent of personal development and purposeful activity, all weighted by a personal set of values”
	Human
	[14]



	“a conscious cognitive judgment of satisfaction with one’s life”
	Human
	[12]



	“the subjective and dynamic evaluation by the individual of its circumstances (internal and external) and the extent to which these meet its expectations (that may be innate or learned and that may or may not include anticipation of future events), which results in, or includes, an affective (emotional) response to those circumstances (the evaluation may be a conscious or an unconscious process, with a complexity appropriate to the cognitive capacity of the individual)”
	Animal
	[1]



	“a continuum from a life not worth living (with poor welfare and suffering) through an adequate life (a life worth living with minimal suffering) to a good life (with good welfare and mainly positive emotions and experiences)”
	Animal
	[23]



	“the affective (emotional) response of an individual to his or her circumstances, and the extent to which the circumstances meet his or her expectations”
	Animal
	[24]



	“an individual’s satisfaction with its physical and psychological health, its physical and social environment and its ability to interact with that environment”
	Animal
	[16]



	“a matter of how v