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Simple Summary: The science of animal welfare can be approached along a continuum of perspec-
tives. Historically, we considered animal welfare at a distance, through a big-picture examination of
population-level parameters (e.g., longevity, reproductive success). In recent decades, scientists and
practitioners have advanced the field and optimized animal welfare by incorporating a focused ap-
proach examining each individual (e.g., their lived experiences). Population-level welfare evaluations
are key to validating parameters used to measure individual animal welfare and have an important
role when individual animal welfare cannot be easily measured. However, there are also situations in
which individual and population welfare may be in conflict, and managers must consider maximizing
population welfare at the expense of individuals. We examine these cases and explore opportunities
for the integration of individual and population-level welfare to promote optimal well-being for
animals in zoos and aquariums.

Abstract: Over the last 50 years, animal welfare science has advanced dramatically, especially in zoos
and aquariums. A shifting focus from population-level welfare parameters such as reproductive
success and longevity (macroscopic, big-picture concepts) to the subjective experience of individual
animals (microscopic, focused concepts) has led to more effective animal welfare assessments and
improvements in animal welfare. The interplay between individual animal and population welfare
for captive animals is critical to the way zoos and aquariums operate to realize their welfare and
conservation missions, especially when these missions conflict with one another. In this report, we
explore the intersection of individual animal and population welfare in zoos and aquariums and how
these two concepts may support one another or be in conflict.

Keywords: zoo animal welfare; aquarium; population welfare

1. Introduction

Societal interest in animal welfare is not new and has guided the humane care of
animals across the spectrum of settings in which humans use animals, from food produc-
tion to exhibition for educational and recreational purposes. Furthermore, this interest
has spurred animal caregivers to scientifically evaluate the welfare implications of those
practices. Historically, reproductive success measured at the population level, often in
terms of production (e.g., numbers of offspring, gallons of milk, dozens of eggs, pounds of
meat, etc.), was considered the key indicator of animal welfare [1]. When populations were
producing large numbers of offspring, the welfare of the individuals within that population
was assumed to be good. Over time, this emphasis on population-based outputs led to
intensive “factory farm” practices in which the welfare of individual animals was not
routinely evaluated. Ruth Harrison’s 1964 exposé Animal Machines revealed the reality of
these practices and demonstrated that population-based parameters do not adequately
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protect animal welfare [2]. The subsequent public outcry prompted the formation of what
became known as the Brambell Committee and the basis of the modern approach to animal
welfare, the Five Freedoms [3]. The Five Freedoms’ assertion that welfare includes the
physical and mental states of an individual animal and that animals have a right to specific
minimal levels of care was revolutionary at the time [4]. Over the last 50 years since the
Brambell Committee, the field of animal welfare science has advanced dramatically from
merely measuring population-level production parameters to minimize negative welfare
to closely evaluating how an individual animal responds to its environment to promote
positive welfare [5]. This shift has been accompanied by accrediting bodies articulating
animal welfare principles and guidelines for zoos and aquariums centered on individual
animals. The World Association of Zoos and Aquariums (WAZA) defines animal welfare as
“a state that is specific for every individual animal; is how the animal experiences its own
world and life through its association with pleasant experiences specific for that species
such as vitality, affection, safety and excitement, or unpleasant experiences such as pain,
hunger, fear, boredom, loneliness, and frustration” [6]. From this definition and building
on the Five Freedoms, the Five Domains have emerged as a more recent model to assess
animal welfare with particular emphasis on preventing compromises in welfare across a
wide range of general needs animals have [7]. This modern concept of animal welfare rep-
resents a microscopic approach, focusing on the experiences of individual animals, not just
groups or populations of animals residing at a facility, and using animal-based indicators
such as behavior to assess welfare. With this definition, zoos and aquariums have made a
concerted effort to optimize animal welfare through research, advanced veterinary care,
exhibit modifications, behavioral management and enrichment programs, staff education
and training, and other approaches [8,9]. Despite this focus on individual animal welfare,
zoos and aquariums are responsible for managing populations of animals, both within
their own institutions and throughout the larger community of accredited facilities around
the world. Accordingly, caregivers must also consider population welfare when making
animal management decisions.

Although welfare measured at the population level historically focused on production
outputs without necessarily understanding the cost to the individuals, a modern concept
of population welfare that specifically accounts for the well-being of individuals within
that population has recently emerged. In contrast to WAZA’s definition of animal welfare
focused on individual animals, population welfare has been defined as “coherence between
the adapted needs of a species with critical social and environmental resources” [10]. In
other words, population welfare is connected to species conservation and population health
and maximized through ensuring a species has an environment that matches its needs. It
represents a macroscopic approach to animal welfare centered on the optimal environment
for a population to thrive. ‘Group welfare’ has become a widely used term within zoos and
aquariums. For the purposes of this paper, we use the term population welfare to refer
to the collective physical, behavioral, and psychological well-being of groups of animals
housed within zoos and aquariums as well as welfare assessments that utilize indicators
measured at the group rather than the individual level. For example, population welfare
may refer to the well-being of large groups of fish and invertebrates in aquarium exhibits,
antelope housed in extensive enclosures, or other highly social, inter-dependent species
such as nonhuman primates, meerkats, and others, and considers the shared needs of the
individuals as a species or a group. In this way, population welfare correlates with the
conservation mission of accredited zoos and aquariums as they seek to maintain healthy
populations of various species not only for continued public display but also as a hedge
against extinction in the wild. However, this conservation mission can result in competing
interests when individual and population welfare goals are not aligned.

The dichotomy of individual (microscopic) and population (macroscopic) approaches
to animal welfare has been an important challenge in formulating meaningful welfare
assessments. The critical components of an animal’s welfare, their lived experiences
(e.g., the Five Domains, the Five Opportunities to Thrive; see [4,11], respectively), are
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nested within the big-picture concepts typically used in population welfare assessments
(Figure 1). As we will discuss, such big-picture concepts can be applied to individuals
to gather information about their welfare, but the fine detail of individual animal wel-
fare assessments is difficult to apply to large populations without significant resources.
This difficulty has prevented the application of welfare methods developed for individ-
ual animals in zoos and aquariums to not only wild animals in their natural habitats
(i.e., in situ environments) but also to members of some species within zoos and aquariums.
The experimental nature of many approaches to animal welfare assessments, such as inter-
vention effectiveness testing, makes those approaches inherently challenging to apply in
environments where animal intervention is avoided and/or confounding variables cannot
always be controlled. Subsequently, in situ animal welfare research tends to be theoretical
in nature [12]. While the welfare of wild animals is certainly connected to conservation
and the mission of the zoos and aquariums, an examination of the population welfare of
wildlife is beyond the scope of this paper. The interplay between individual animal and
population welfare for captive animals is critical to the way zoos and aquariums operate to
realize both their welfare and conservation missions. In this report, we explore the intersec-
tion of individual animal and population welfare in zoos and aquariums and how these
two concepts may support one another or be in conflict.
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typically focused on population-based patterns to the micro (close-up detail) concept typically focused
on an individual’s lived experiences.

2. Synthesizing Individual and Population Welfare

Zoos and aquariums have always informally assessed the welfare of the animals in
their care. Typically, a population-level approach was integrated into the perception of the
welfare of individual animals. Early attempts at more formal welfare assessments often
focused on “inputs,” or animal care and husbandry parameters provided to the animals.
This approach assumed that animals given an optimal environment would experience
optimal welfare. Indeed, the development and promulgation of standards at the species
(or higher) level has been one important method to systematically improve animal welfare
in zoos and aquariums. To this end, the Association of Zoos and Aquariums (AZA)’s
Animal Welfare Committee participates in the production of Animal Care Manuals that
establish best practices in many areas of animal care and management, including environ-
mental parameters, exhibit design, transport, social environment, nutrition, veterinary care,
reproduction, behavior management, and research with the goal of maximizing “welfare
potential”, the potential that individual animals will experience good welfare based on the
care they receive [9]. Similarly, the European Association of Zoos and Aquariums (EAZA)
produces best practice guidelines through various Taxon Advisory Groups with the goal of
merging expert husbandry knowledge and making it widely available [13]. While these
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guidelines correctly recognize that environmental and population-level factors (i.e., inputs)
have a large impact on individual animal welfare, such best practices assume all individuals
of a species or taxon share a core set of common needs. Yet, because animal welfare is
fine-tuned at an individual level, adherence to these guidelines does not guarantee that all
individuals within that population will have good or even adequate welfare. The growing
study of individual differences highlights the impact of personality and lived experiences
on an animal’s ability to cope and thrive within a given environment, from groups of
gorillas responding differently to varying visitor volume [14] to the influence rank has
on the enriching effect of training sessions [15] and the importance of challenges being
appropriate for an individual’s ability and resources [16]. These studies highlight the idea
that individuals in the same setting can and do experience various states of welfare, and
consideration of individual differences within a group is critical to understanding the
welfare of each individual.

Beyond the fact that not all individuals of a species have identical needs, the lack
of species-specific information regarding the physical and psychological needs of many
species is an additional challenge to the use of taxon-level guidelines [17]. Despite the
increased interest in animal welfare across all species and the promotion of animal welfare
research over the last two decades, there remains a paucity of validated welfare indicators
for many species maintained by zoos and aquariums. This is especially true in understudied
taxa such as reptiles, amphibians, fish, and invertebrates whose specific natural histories
and physical, nutritional, social, and psychological needs may not even be well understood.
To address this issue, accredited zoos and aquariums have prioritized research utilizing
the individuals in their care to characterize animal needs and key indicators of welfare
(e.g., [18]). For these species, welfare assessments may be performed macroscopically
simply because we lack the knowledge of individual welfare needs to accurately assess it
at the individual level at this time.

Although a critical need, identifying and validating physiological, behavioral, and psy-
chological indicators associated with animal welfare requires significant time and expense.
As discussed, animal welfare research in zoos and aquariums is particularly challenging
because strict experimental conditions cannot be imposed in most real-world situations,
and the relatively small numbers of each species housed at a single facility means that
generalizing any findings to individuals at other facilities is complicated. For this reason,
studies which combine macro- and micro-level approaches to welfare assessments can be
critical to identifying and validating welfare indicators, thus improving individual animal
welfare. Furthermore, the multidimensional nature of animal welfare requires assessments
to be based on scientific knowledge that considers many aspects including provision of
resources, caregiver interactions, positive and negative affective states and events, behav-
ior, and others [19]. To this end, the Elephant Welfare Initiative (EWI) was a large-scale,
epidemiologic study of elephants in North American zoos that documented the prevalence
of positive and negative welfare states in individuals across facilities. The study included
nearly 300 elephants in over 70 facilities and used a population-level, epidemiologic ap-
proach to determine the environmental, management, and husbandry factors that could
impact elephant welfare [20]. The EWI’s population-level findings could then be used to
assess and improve the welfare of individual animals. For example, the size of an elephant
exhibit was a common resource-based, input-type metric used to assess elephant welfare
prior to the EWI. However, the EWI found that exhibit size was not correlated with better
foot or musculoskeletal health [21] or reduced stereotypic behaviors [22], which are com-
monly accepted animal-based indicators of elephant welfare. In other words, results from
the EWI suggested that moving an individual elephant displaying stereotypical behavior
to a larger exhibit would, as a single intervention, be unlikely to improve that animal’s
welfare. In contrast, the EWI found that spending more time in larger social groups was
protective against performance of stereotypic behaviors [22], providing caregivers with a
science-based intervention to improve the welfare of an elephant displaying stereotypic
behavior. As essentially a large-scale epidemiology study, the major challenge of the EWI
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was that it was limited to elephant care facilities as they existed at the time, thus specific
hypotheses for improving elephant welfare could not be tested. Despite this limitation,
the EWI generated hypotheses for targeted research to test interventions likely to improve
welfare in the future. Given the challenges of studying animal welfare with the small
populations and multiple confounding variables found in zoos and aquariums, this type of
evidence-based approach is not possible without population-level welfare research.

Population-level welfare research of this nature may be even more impactful assisting
zoos and aquariums in selecting species most likely to experience good welfare in captivity.
The importance of selecting species well adapted for an institution’s physical and climatic
environment has been discussed for decades [23]. However, considering specific informa-
tion regarding the needs of individuals of different species housed in captivity could lead to
a paradigm shift in approaches to collection plans, facilities’ master plans, and day-to-day
operations of zoos and aquariums. For example, using species-typical behaviors, such as
natural hunting behavior, general activity levels, ranging, and territorial patrolling, Clubb
and Mason [24] were able to explain the signs of poor welfare (e.g., abnormal behavior and
poor reproductive success) seen in some captive carnivore species but not others. As a re-
sult, Clubb and Mason make recommendations regarding species likely to experience good
welfare in zoos and aquariums and species that should perhaps be avoided [24]. At the very
least, population-level research can inform enclosure designs to facilitate improved welfare
for the animals who will live there. More importantly, this approach to animal welfare
science relies on identifying trends which will likely yield the best results for individuals of
a given species or taxon group, but recognizes that individual assessments, when possible,
are still critical to forming a complete picture of animal’s welfare in a given setting.

While population-level research can guide welfare assessments of individuals,
population-level approaches cannot replace animal-based assessments at the micro level,
which require direct observation of individual animals [25]. To capture individual dif-
ferences in the subjective experience of welfare, assessors must have knowledge of and
familiarity with an animal as an individual. At the most basic level, this familiarity requires
the ability to individually identify each animal in the group. However, in large aquariums
in which potentially hundreds of individuals of the same species, with a nearly identical
appearance, live in the same enclosure, it may not be possible for caregivers to identify
animals as individuals, much less be familiar with an individual’s behavior and tempera-
ment, in order to assess the welfare of individuals. A similar challenge might exist in an
expansive enclosure in which large herds of hoof stock are managed more extensively than
traditional zoos. It is important to note that animals that can be individually identified,
even when housed in large enclosures or large groups, should be assessed individually
whenever possible. Facilities may choose to house animals in these more naturalistic ways
to improve welfare, but these settings complicate individual animal welfare assessments
and can make population-level assessments more appropriate.

How can facilities meaningfully assess welfare in these situations? Group observations
make welfare assessments possible when individual assessments are not feasible, and they
are effective when used appropriately [26,27]. Even in population-level analyses, the
behavior of the individual is important to note as an individual that looks or acts differently
is a potential indicator of a welfare concern. These outliers should be a stimulus for
investigation and may warrant subsequent individual assessments to determine the cause
of the outlier behavior and the possible welfare implications, for both the individual and the
group. For many of the species in which group observations may be utilized, the welfare
of each individual is so intricately tied to the other animals in the group that population-
level welfare assessments may be more meaningful than individual assessments. For
example, many fish spend their whole life as a member of a group, and this schooling
behavior has extremely high biological significance affecting a wide variety of adaptive
functions [28]. Aquatic invertebrates such as coral and bryozoans that form colonies and
are literally connected to other members of the group represent another important example.
More complex examples involve animals such as some sea anemones that reproduce by
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budding and species such as the Mexican topminnow (Poeciliopsis 2 monacha-lucida), an
all-female fish species that reproduces by cloning with all individuals sharing the same
genotype for thousands of years [29]. Population-level indices such as fecundity, adult
survivorship, neonatal mortality, and stereotypic behavior may be useful to indicate general
issues with animal well-being within these groups that require further characterization
at the individual level. However, it is important to recognize that these parameters are
largely affected by negative welfare states. In other words, animals experiencing negative
welfare are, in general, likely to have decreased fecundity and adult survivorship and
increased neonatal mortality and stereotypic behaviors [30]. Animals experiencing a
minimum level of welfare are likely to be free from diseases, injury, and malnutrition, and
these factors clearly affect longevity, reproductive success, and other parameters that can
be assessed at the population level [17]. A more forward-looking approach to welfare
assessments focused on optimization of welfare incorporates indicators of positive welfare
such as animal autonomy, play behaviors, positive human–animal relationships, and social
interactions [31]. Such positive welfare indicators require validation at the population level
to be useful. For population-level welfare assessments to be effective in promoting optimal
welfare, the monitoring schedule must be frequent enough with a low enough threshold for
intervention to identify specific problems before they cause significant welfare effects [32].

3. Tension between Individual and Population Welfare

As we have discussed, although the experience of individual animals is critical,
population-level considerations can be important tools in the assessment and optimization
of animal welfare. Given the historical use of population-level indicators that may com-
promise individual animal welfare, it is unsurprising that tension between population and
individual animal welfare occurs in zoos and aquariums. Importantly, different concepts
of animal welfare among caregivers and other stakeholders may be the root of this ten-
sion in many cases [33]. For example, Veasey [34] found that veterinary staff prioritized
health-centered parameters such as ease of preventive and emergency care and morbidity
and mortality rates over a more holistic approach to welfare assessments that included
elements relating to biologic functioning, natural living, and affective states of individual
animals when assessing animal welfare. Emphasis on certain aspects of welfare over others
is expected as a result of the different roles caregivers may have within an institution and
the nuanced nature of animal welfare. Achieving consensus through a team approach to
evaluations of animal welfare is critical to relieving some tension that occurs as a result
of the lack of consensus on how to prioritize different aspects of animal welfare. For this
reason, many accredited zoos and aquariums have developed objective scoring systems that
require input from a range of stakeholders including veterinarians and animal caregivers
to help foster a collaborative approach and to facilitate decision making [34].

Conflicts also arise when there are differences in defining and measuring welfare
among stakeholders. For example, animal caregivers and even members of the public
may form a bond with an individual animal and prioritize the welfare of that individual,
whereas veterinarians and administrators charged with managing populations of animals
may take a more macroscopic approach to welfare. These conflicts arise because humans
have such a profound impact on animals, and humans are increasingly interested in active
animal management to mitigate this impact [35]. Obviously, prioritizing the well-being
of individual animals best minimizes suffering and maximizes positive welfare states
in individuals. However, when caregivers prioritize population welfare, they adopt a
broader approach to animal stewardship that emphasizes species preservation as a greater
good. Both approaches have merit, and both have their limitations. When possible,
the use of scientific knowledge to make animal welfare decisions is critical to at least
fostering collaboration among all stakeholders when complete conflict resolution is not
possible. However, animal welfare science often relies on tacit ethical judgements and
assumptions on what matters in humans’ interactions with animals [36]. In reality, ethical
decision-making regarding animal welfare issues is complex, and when science cannot
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resolve conflicts, animal professionals must use a reasoned approach to animal ethics to
communicate their concerns and find a collaborative way to move forward.

Although some conflicts may arise from differing concepts of animal welfare, legit-
imate challenges in which caregivers must weigh the welfare of individuals against the
welfare of the population do occur. As we discuss these situations, it is important to note
again that animal welfare is individual but decisions regarding individuals have potential
consequences for the welfare of other animals in the group and inclusion of those conse-
quences in evaluations of management decisions for an individual is inevitable. Challenges
to individual welfare as a result of group dynamics in social species is perhaps the most
common situation animal managers need to consider. In the wild, social species develop a
hierarchy in which dominant animals require some form of submission from subordinate
animals. The negative effects on the welfare of subordinates outweigh the positive effects
these animals realize as members of the group (e.g., protection from predators). However,
in a zoo and aquarium setting where animals are spatially restricted, subordinates may not
have sufficient opportunity to escape from aggression or resources guarded by dominants.
Caregivers must recognize the natural history of species, accepting some level of natural
aggression towards subordinates, and that intervention to protect these lower ranking
individuals may actually cause more deleterious effects on the welfare of the group. In
some cases, an individual within a population may have special needs that compromise
the welfare of other individuals, especially in social species. For example, in the author’s
experience, a baboon with a significant health problem that requires frequent veterinary
care may lead to disruptions within the troop, such as displaced aggression on subordinate
troop members. Non-target individuals may experience fear, distress, and physical injury
when the target individual is captured, removed from, and/or re-introduced to the troop
for treatments or other interventions (e.g., [37]). This fear and distress can complicate future
efforts to provide treatment to those individuals when they experience a health concern.
In other cases, when a social animal requires close observation in the hospital, animal
care staff may strategically select a healthy companion as a social partner. The situation
inherently decreases the healthy companion’s opportunity for optimal welfare in the short
term, but drastically increases the likelihood of a better welfare experience for the animal
under veterinary care. In these cases, animal care teams need to explicitly clarify what
values and objectives are being prioritized (e.g., individual vs. group welfare) so that all
stakeholders understand how and why management decisions were made.

Additionally, resources may be limited in zoos and aquariums such that additional
expenses for the welfare of an individual animal may preclude other interventions that
may provide a benefit to more individuals. Geriatric animals, especially solitary animals
that require relatively large exhibits such as tigers, represent another challenge to zoo
resources. To meet their conservation goal, zoos need to exhibit reproductively viable
animals, but a commitment to lifelong welfare requires facilities to invest in resources to
maintain post-reproductive animals. In other cases, an exhibit designed specifically to
encourage species-specific natural behaviors could challenge an individual’s welfare as the
individual ages. For example, an orangutan exhibit designed to promote species-typical
climbing behaviors may need to be altered for a geriatric individual who develops arthritis.
While intended to improve the welfare of the geriatric individual, these alterations could
lead to the other orangutans in the enclosure spending more time on the ground and an
atypical behavior profile for the species. In these situations, caregivers are required to
weigh the benefit to one individual against the potential harm to other individuals in
the group.

Individual animal welfare is contingent on effective population planning, both within
and among institutions. Although animal welfare is a core principle of modern zoos
and aquariums, their core purpose is conservation [38]. Historically, conservation and
animal welfare have occasionally been at odds, as management for conservation often
involves activities that may be detrimental to individual animals such as killing of invasive
species to promote an indigenous endangered species [39]. In these situations, staff within
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zoos and aquariums often revert to arguments concerning the benefits to wildlife or the
species concerned generally. While important from a utilitarian point of view, these argu-
ments are irrelevant to individual animal welfare. More recently, the term “compassionate
conservation” has been coined to encourage those concerned primarily with conservation
and those concerned primarily with animal welfare ethics to work together based on a
shared commitment to nature (see [40]). There are opportunities for conservationists and
animal welfare ethicists to come together. Ultimately, animal welfare ethics differs from the
concept of animal rights in that interventions that may be harmful to an individual, such as
euthanasia or confinement, are acceptable, provided the individual does not experience
“unnecessary pain and suffering” and the resulting benefits outweigh the cost of the suf-
fering. In these cases, conservationists and animal welfare ethicists can agree on a more
utilitarian approach to animal welfare to weigh the cost to the individual with the greater
good (e.g., long-term viability) the population will realize as a result.

Animals in zoos and aquariums are managed intensively with the goal of population
conservation. Successful breeding in zoos and aquariums is essential to the long-term
conservation of species in captivity, and, more importantly, as a hedge against extinction
in the wild. Inevitably, cooperative management programs must balance the goal of
conserving a population with the welfare of individual animals when considering transfer,
introduction, breeding, and contraception decisions. A transfer between facilities may be
the most stressful experience in a captive animal’s life. For example, experiencing an inter-
zoo transfer was identified as a risk factor for elephant mortality in zoos in one study [41].
Yet, the transfer of genetic material among institutions is the key component essential for
population viability. Alternative approaches to inter-zoo transfers, such as using positive
reinforcement to train animals for semen collection and artificial insemination, can improve
individual animal welfare by reducing the need for transfers and also achieve the goal
of long-term population viability. While perhaps a refinement, even this approach to
breeding introduces challenges to individual animal welfare. Perhaps most importantly,
denying animals a natural mating opportunity prevents expression of a key species-specific
behavior its wild counterparts are highly motivated to perform. Secondly, development of
successful artificial insemination procedures requires research, and, in many cases, trial
and error. The individuals who participate in these procedures may experience anesthesia,
hormone therapy, and other interventions that may have negative effects on their welfare,
at least in the short-term. Yet, the greater good of these procedures will ultimately lead to
both enhanced individual animal welfare through reduction of the stress of transport and
improved population viability through more efficient breeding.

With respect to animal acquisition and breeding, aquariums face unique challenges in
terms of balancing individual animal and population welfare, as well as their conservation
missions. Removing animals from the wild for display in aquariums challenges the welfare
of the individuals and, depending on the methods used for capture, threatens the long-term
viability of wild populations of many species (see [42] for a more thorough review of these
issues). For this reason, the development of culturing techniques for many species has
been a priority for accredited aquariums, and recent successes have led to the potential for
large-scale acquisition of animals through these captive breeding programs. Eliminating
the stress animals experience from capture, transport, and introduction to an aquarium
enclosure is a significant improvement for both individual animal welfare and conservation
of wild populations. Cultured animals also tend to acclimatize better to human care,
and, since these individuals typically present a lesser health risk to established aquarium
populations than wild-caught individuals, they may be able to avoid some quarantine
procedures and medical treatments that have historically been stressful [43]. Captive fish
breeding, though, requires the same considerations for individual and population welfare
as other species previously discussed.

The ultimate example of compromising individual animal welfare for the greater good
of the population is the use of culling “surplus” individuals as a management tool. From
a conservation genetics standpoint, it is likely that zoos and aquariums need to produce
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more offspring than there are existing spaces to ensure long-term population viability [44].
Contraception and other methods used in zoos and aquariums to delay and/or reduce the
frequency of breeding have long-term negative effects on fertility in many species and may
be associated with deleterious health conditions in treated individuals [45]. Furthermore,
physical isolation of animals to prevent breeding may have negative welfare effects on those
individuals, especially in social species. In these cases, achievement of optimal welfare
for individuals, and populations, may require natural breeding based on a species’ life
history, which can result in populations too large for existing facilities. These concerns have
led some managers within the zoo and aquarium field to consider euthanasia of healthy
individuals as a necessary management tool. While an in-depth discussion of the ethics
of management euthanasia, or culling, is beyond the scope of this paper, both AZA and
WAZA recognize that humane euthanasia is a tool for managing the demographics, genetics,
and diversity of animal populations within zoos and aquariums [46]. For the purposes
of this discussion, it assumed that culling methods are consistent with the principles of
humane euthanasia, which requires that methods to induce the most rapid, painless, and
distress-free death possible are utilized [47]. When an individual is euthanized, or culled,
for management reasons, it may be argued that that individual’s welfare is compromised
for the good of the population [48]. However, others argue that euthanasia is welfare
neutral when performed humanely since it results in the death of the animal, and thus
no subjective experience of a positive or negative state [49]. This dichotomy reflects a
fundamental difference in stakeholder values. Although an in-depth discussion of the level
of self-awareness required for euthanasia to be considered welfare negative is beyond the
scope of this paper, the distinction is important when considering the range of species
housed in zoos and aquariums that may be affected by management euthanasia.

While general aspects of management euthanasia are applicable to both terrestrial and
aquatic species, aquarists and invertebrate caregivers are faced with unique considerations
when discussing culling as a population management tool. While attempts are made to
treat aquatic animals with chronic parasitic or other infectious diseases, culling affected
individuals is often a necessary tool if other treatments have failed. Aquarists justify this
management approach with a focus on group health and welfare. The cost to individual
health and welfare is accepted because infectious diseases are often so virulent within
enclosed aquatic habitats that a focus on individual welfare will come at a cost to the
group in terms of the potential for other animals to become affected. As discussed above,
breeding programs in aquariums are increasing to improve individual animal welfare and
minimize stress on wild populations. However, in the authors’ experience, as reproductive
rates increase, there is also an increase in juveniles with deformities such as missing fins,
misshapen bodies, and underdeveloped swim bladders. These conditions are deleterious
to both individual animal and population welfare, and, while controversial, aquarists do
utilize euthanasia as a management tool in these cases. Additionally, the management of
surplus animals becomes problematic since it is nearly impossible to breed a specific number
of animals. Culling these excess individuals, and at what point in the fish development
process, to prevent overcrowding and poor welfare is another controversial topic in this
growing field.

4. Conclusions

The field of zoo and aquarium animal welfare science has advanced dramatically over
the last 50 years from merely evaluating population-level indicators such as reproductive
success to assessing the welfare of individual animals using a variety of parameters in-
dicating negative and positive welfare states. Often, population-level observations and
epidemiological research have led to the identification and validation of welfare indicators
at the individual level. These population-level assessments have facilitated the develop-
ment of best practices for the care of individual species and taxa and improvements in
individual animal welfare, and, in some cases, make welfare assessments possible for large
numbers of animals in zoos and aquariums. Ignoring population-level welfare and assess-
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ments limits the advancements of welfare science on an individual level. However, animal
welfare is based on an individual animal’s subjective experience. Zoos and aquariums must
balance individual animal and population welfare especially regarding breeding programs
and management of geriatric and special-needs animals.

Despite the advancements in animal welfare science through significant research
investigating population and individual welfare, as discussed in this paper, much more
work is needed to continue this progress. Population-level studies to validate indicators
of welfare for individual animals are essential, especially for under-studied taxa such
as invertebrates, fish, amphibians, and reptiles. Approaches to assessing the welfare
of large populations, especially when individuals within a group have no identifying
characteristics, that do not rely on production-based indicators (e.g., reproductive output)
need to be developed and validated. Finally, research to understand individual differences
within a species is needed to evaluate and improve best practice guidelines used to care for
animals and facilitate animal welfare improvements.

Author Contributions: Conceptualization, L.D.J., A.M. and E.S.H.; writing—original draft preparation,
L.D.J.; writing—review and editing, L.D.J., A.M. and E.S.H. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created for this manuscript.

Acknowledgments: We thank Dolphin Quest, Sea World, Loro Parque, and American Humane for
their sponsorship of this special issue.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Jukes, T.H. Today’s non-Orwellian animal farm. Nature 1992, 355, 582. [CrossRef] [PubMed]
2. Harrison, R. Animal Machines: The New Factory Farming Industry; Stuart: London, UK, 1964.
3. Farm Animal Welfare Council. Farm Animal Welfare in Great Britain: Past, Present, and Future. Available online: https://www.

ongehoord.info/wp-content/uploads/2017/12/11-1.pdf (accessed on 18 January 2023).
4. Mellor, D.J. Updating animal welfare thinking: Moving beyond the “Five Freedoms” towards “A Life Worth Living”. Animals

2016, 6, 21. [CrossRef] [PubMed]
5. Broome, D.M. A history of animal welfare science. Acta Biotheor. 2011, 59, 121–137. [CrossRef] [PubMed]
6. WAZA Definition of Animal Welfare. Available online: https://www.waza.org/priorities/animal-welfare/our-approach-

to-animal-welfare/#:~:text=Animal%20welfare%20refers%20to%20a,as%20pain%2C%20hunger%2C%20fear%2C (accessed on
11 April 2023).

7. Mellor, D.J.; Reid, C.S.W. Concepts of animal well-being and predicting the impact of procedures on experimental animals. In
Improving the Well-Being of Animals in the Research Environment; Australian and New Zealand Council for the Care of Animals in
Research and Testing: Glen Osmond, Australia, 1994; pp. 3–18.

8. Fernandez, E.J.; Martin, A.L. Animal training, environmental enrichment, and animal welfare: A history of behavior analysis in
zoos. J. Zool. Bot. Gard. 2021, 2, 531–543. [CrossRef]

9. Barber, J.C.E. Programmatic approaches to assessing and improving animal welfare in zoos and aquariums. Zoo Biol. 2009, 28, 519–530.
[CrossRef]

10. Stephen, C.; Wade, J. Wildlife population welfare as coherence between adapted capacities and environmental realities: A case
study of threatened lamprey on Vancouver Island. Front. Vet. Sci. 2018, 5, 227. [CrossRef]

11. Vicino, G.; Miller, L.J. From Prevention of Cruelty to Optimizing Welfare: Opportunities to Thrive. In Proceedings of the
International Ethological Conference, Cairns, Australia, 9–14 August 2015.

12. Goulart, V.D.; Azevedo, P.G.; van de Schepop, J.A.; Teixeira, C.P.; Barcante, L.; Azevedo, C.S.; Young, R.J. GAPs in the study of
zoo and wild animal welfare. Zoo Biol. 2009, 28, 561–573. [CrossRef]

13. EAZA Documents. Available online: https://www.eaza.net/about-us/eazadocuments/ (accessed on 11 April 2023).
14. Stoinski, T.S.; Jaicks, H.F.; Drayton, L.A. Visitor Effects on the Behavior of Captive Western Lowland Gorillas: The Importance of

Individual Differences in Examining Welfare. Zoo Biol. 2012, 31, 586–599. [CrossRef]
15. Pomerantz, O.; Terkel, J. Effects of Positive Reinforcement Training Techniques on the Psychological Welfare of Zoo-Housed

Chimpanzees (Pan troglodytes). Am. J. Primatol. 2009, 71, 687–695. [CrossRef]

https://doi.org/10.1038/355582a0
https://www.ncbi.nlm.nih.gov/pubmed/1538742
https://www.ongehoord.info/wp-content/uploads/2017/12/11-1.pdf
https://www.ongehoord.info/wp-content/uploads/2017/12/11-1.pdf
https://doi.org/10.3390/ani6030021
https://www.ncbi.nlm.nih.gov/pubmed/27102171
https://doi.org/10.1007/s10441-011-9123-3
https://www.ncbi.nlm.nih.gov/pubmed/21347723
https://www.waza.org/priorities/animal-welfare/our-approach-to-animal-welfare/#:~:text=Animal%20welfare%20refers%20to%20a,as%20pain%2C%20hunger%2C%20fear%2C
https://www.waza.org/priorities/animal-welfare/our-approach-to-animal-welfare/#:~:text=Animal%20welfare%20refers%20to%20a,as%20pain%2C%20hunger%2C%20fear%2C
https://doi.org/10.3390/jzbg2040038
https://doi.org/10.1002/zoo.20260
https://doi.org/10.3389/fvets.2018.00227
https://doi.org/10.1002/zoo.20285
https://www.eaza.net/about-us/eazadocuments/
https://doi.org/10.1002/zoo.20425
https://doi.org/10.1002/ajp.20703


Animals 2023, 13, 1577 11 of 12

16. Meehan, C.L.; Mench, J.A. The challenge of challenge: Can problem solving opportunities enhance animal welfare? Appl. Anim.
Behav. Sci. 2007, 102, 246–261. [CrossRef]

17. von Fersen, L.; Encke, D.; Huttner, T.; Baumgartner, K. Establishment and implementation of an animal welfare decision tree to
evaluate the welfare of zoo animals. Aquat. Mamm. 2018, 44, 211–220. [CrossRef]

18. Skovlund, C.R.; Kirchner, M.K.; Moos, L.W.; Alsted, N.; Manteca, X.; Tallo-Parra, O.; Stelvig, M.; Forkman, B. A critical review of
animal-based welfare indicators for polar bears (Ursus maritimus) in zoos: Identification and evidence of validity. Anim. Welf.
2021, 30, 1–18. [CrossRef]

19. Winckler, C.; Baumgartner, J.; Waiblinger, S. Perspectives of animal welfare at farm and group level: Introduction and overview.
Anim. Welf. 2007, 16, 105. [CrossRef]

20. Carlstead, K.; Mench, J.A.; Meehan, C.; Brown, J.L. An epidemiological approach to welfare research in zoos: The Elephant
Welfare Project. J. Appl. Anim. Sci. 2013, 4, 319–337. [CrossRef] [PubMed]

21. Miller, M.A.; Hogan, J.N.; Meehan, C.L. Housing and demographic risk factors impacting foot and musculoskeletal
health in African elephants (Loxodonta africana) and Asian elephants (Elephas maximus) in North American zoos. PLoS ONE
2016, 11, e0155223. [CrossRef] [PubMed]

22. Greco, B.; Meehan, C.; Hogan, J.; Leighty, K.; Mellen, J.; Mason, G.; Mench, J. The days and nights of zoo elephants:
Using epidemiology to better understand stereotypic behavior of African elephants (Loxodonta africana) and Asian elephants
(Elephas maximus) in North American zoos. PLoS ONE 2016, 11, e0144276. [CrossRef]

23. Maple, T.L. Strategic collectino planning and individual animal welfare. J. Am. Vet. Med. Assoc. 2003, 223, 966–969. [CrossRef]
24. Clubb, R.; Mason, G.J. Natural behavioural biology as a risk factor in carnivore welfare: How analysing species differences could

help zoos improve enclosures. Appl. Anim. Behav. Sci. 2007, 102, 303–328. [CrossRef]
25. Whitham, J.C.; Wielebknowski, N. New directions for zoo animal welfare science. Appl. Anim. Behav. Sci. 2013, 147, 247–260.

[CrossRef]
26. Fraser, D. Assessing animal welfare at the farm and group level: The interplay of science and values. Anim. Welf. 2003, 12, 433–443.

[CrossRef]
27. Jones, N.; Sherwen, S.L.; Robbins, R.; McLelland, D.J.; Whittaker, A.L. Welfare assessment tools in zoos: From theory to practice.

Vet. Sci. 2022, 9, 170. [CrossRef] [PubMed]
28. Pavlov, D.S.; Kasumyan, A.O. Patterns and mechanisms of schooling behavior in fish: A review. J. Ichthyol. 2000, 40 (Suppl. S2),

S163–S231.
29. Vrijenhoek, R. Natural processes, individuals and units of conservation. In Ethics on the Ark: Zoos, Animal Welfare, and Wildlife

Conservation; Norton, B.G., Hutchins, M., Stevens, E.F., Maple, T.L., Eds.; Smithsonian Insitution Press: Washington, DC, USA,
1995; pp. 74–92.

30. Wolfensohn, S.; Shotton, J.; Bowley, H.; Davies, S.; Thompson, S.; Justice, W.S.M. Assessment of welfare in zoo animals:
Towards optimum quality of life. Animals 2018, 8, 110. [CrossRef] [PubMed]

31. Vigors, B.; Lawrence, A. What are the positives? Exploring positive welfare indicators in a qualitative interview study with
livestock farmers. Animals 2019, 9, 694. [CrossRef] [PubMed]

32. Sullivan, M.; Blache, D. Developing Monitoring Guidelines for Fish Welfare. Available online: http://www.adelaide.edu.au/
ANZCCART/publications/event.html (accessed on 25 January 2023).

33. Wuichet, J.; Norton, B. Differing conceptions of animal welfare. In Ethics on the Ark: Zoos, Animal Welfare, and Wildlife Conservation;
Norton, B.G., Hutchins, M., Stevens, E.F., Maple, T.L., Eds.; Smithsonian Insitution Press: Washington, DC, USA, 1995;
pp. 235–250.

34. Veasey, J.S. Differing animal welfare conceptions and what they mean for the future of zoos and aquariums, insights from an
animal welfare audit. Zoo Biol. 2022, 41, 292–307. [CrossRef]

35. Jamieson, D. Wildlife conservation and individual animal welfare. In Ethics on the Ark: Zoos, Animal Welfare, and Wildlife
Conservation; Norton, B.G., Hutchins, M., Stevens, E.F., Maple, T.L., Eds.; Smithsonian Insitution Press: Washington, DC, USA,
1995; pp. 69–73.

36. Palmer, C.; Sandoe, P. Animal ethics. In Animal Welfare, 2nd ed.; Appleby, M.C., Mench, J.A., Olsson, I.A.S., Hughes, B.O., Eds.;
C.A.B. International: Oxfordshire, UK, 2011; pp. 1–12.

37. Herrelko, E.S.; Vick, S.J.; Buchanan-Smith, H.M. Behavioral responses to inequity in research opportunities in gorillas
(Gorilla gorilla) and orangutans (Pongo spp.) at the Smithsonian’s National Zoo. In Proceedings of the American Society of
Primatologists Annual Conference, Washington, DC, USA, 26 August 2017.

38. Barongi, R.; Fisken, F.A.; Parker, M.; Gusset, M. (Eds.) Committing to Conservation: The World Zoo and Aquarium Conservation
Strategy; WAZA Executive Office: Gland, Switzerland, 2015.

39. Fulton, G.R.; Ford, H.A. The conflict between animal welfare and conservation. Pac. Conserv. Biol. 2001, 7, 152–153. [CrossRef]
40. Clay, A.S.; Visseren-Hamakers, I.J. Individuals matters: Dilemmas and solutions in conservation and animal welfare practices in

zoos. Animals 2022, 12, 398. [CrossRef]
41. Clubb, R.; Rowcliffe, M.; Lee, P.C.; Mar, K.U.; Moss, C.J.; Mason, G.J. Compromised survivorship in zoo elephants. Science

2008, 322, 1649. [CrossRef] [PubMed]
42. Walster, C. The welfare of ornamental fish. In Fish Welfare; Branson, E.J., Ed.; Blackwell Publishing: Oxford, UK, 2008; pp. 271–290.

https://doi.org/10.1016/j.applanim.2006.05.031
https://doi.org/10.1578/AM.44.2.2018.211
https://doi.org/10.7120/09627286.30.1.001
https://doi.org/10.1017/S0962728600031109
https://doi.org/10.1080/10888705.2013.827915
https://www.ncbi.nlm.nih.gov/pubmed/24079487
https://doi.org/10.1371/journal.pone.0155223
https://www.ncbi.nlm.nih.gov/pubmed/27415763
https://doi.org/10.1371/journal.pone.0144276
https://doi.org/10.2460/javma.2003.223.966
https://doi.org/10.1016/j.applanim.2006.05.033
https://doi.org/10.1016/j.applanim.2013.02.004
https://doi.org/10.1017/S0962728600026038
https://doi.org/10.3390/vetsci9040170
https://www.ncbi.nlm.nih.gov/pubmed/35448668
https://doi.org/10.3390/ani8070110
https://www.ncbi.nlm.nih.gov/pubmed/29973560
https://doi.org/10.3390/ani9090694
https://www.ncbi.nlm.nih.gov/pubmed/31533328
http://www.adelaide.edu.au/ANZCCART/publications/event.html
http://www.adelaide.edu.au/ANZCCART/publications/event.html
https://doi.org/10.1002/zoo.21677
https://doi.org/10.1071/PC010152
https://doi.org/10.3390/ani12030398
https://doi.org/10.1126/science.1164298
https://www.ncbi.nlm.nih.gov/pubmed/19074339


Animals 2023, 13, 1577 12 of 12

43. Hadfield, C.A.; Clayton, L.A. Fish quarantine: Current practices in public zoos and aquaria. J. Zoo Wildl. Med. 2011, 42, 641–650.
[CrossRef]

44. Asa, C. Weighing the options for limiting surplus animals. Zoo Biol. 2016, 35, 183–186. [CrossRef]
45. Penfold, L.M.; Powell, D.; Traylor-Holzer, K.; Asa, C.S. “Use it or lose it”: Characterization, implications, and mitigation of female

infertility in captive wildlife. Zoo Biol. 2014, 33, 20–28. [CrossRef] [PubMed]
46. AZA Policy on Responsible Population Management. Available online: https://assets.speakcdn.com/assets/2332/aza_policy_

on_responsible_population_management_1_12_2016.pdf (accessed on 19 January 2023).
47. American Veterinary Medical Association (AVMA). AVMA Guidelines for the Euthanasia of Animals. 2020 Ed. Available online:

https://www.avma.org/sites/default/files/2020-02/Guidelines-on-Euthanasia-2020.pdf (accessed on 24 January 2023).
48. Regan, T. The Case for Animal Rights; University of California Press: Berkeley, CA, USA, 1983.
49. Yeates, J. Ethical aspects of euthanasia of owned animals. Practice 2010, 32, 70–73. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1638/2011-0034.1
https://doi.org/10.1002/zoo.21293
https://doi.org/10.1002/zoo.21104
https://www.ncbi.nlm.nih.gov/pubmed/24375838
https://assets.speakcdn.com/assets/2332/aza_policy_on_responsible_population_management_1_12_2016.pdf
https://assets.speakcdn.com/assets/2332/aza_policy_on_responsible_population_management_1_12_2016.pdf
https://www.avma.org/sites/default/files/2020-02/Guidelines-on-Euthanasia-2020.pdf
https://doi.org/10.1136/inp.c516

	Introduction 
	Synthesizing Individual and Population Welfare 
	Tension between Individual and Population Welfare 
	Conclusions 
	References

