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Abstract: Zoos are increasingly putting in place formalized animal welfare assessment programs to
allow monitoring of welfare over time, as well as to aid in resource prioritization. These programs
tend to rely on assessment tools that incorporate resource-based and observational animal- focused
measures since it is rarely feasible to obtain measures of physiology in zoo-housed animals. A range
of assessment tools are available which commonly have a basis in the Five Domains framework. A
comprehensive review of the literature was conducted to bring together recent studies examining
welfare assessment methods in zoo animals. A summary of these methods is provided with ad-
vantages and limitations of the approaches presented. We then highlight practical considerations
with respect to implementation of these tools into practice, for example scoring schemes, weighting
of criteria, and innate animal factors for consideration. It is concluded that there would be value in
standardizing guidelines for development of welfare assessment tools since zoo accreditation bod-
ies rarely prescribe these. There is also a need to develop taxon or species- specific assessment tools
to inform welfare management.
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1. Introduction

In recent years the welfare of animals held in zoos has been of increasing interest to the
public, with an expectation that high standards of welfare are achieved [1,2]. It has been
suggested that even the goal of species conservation, the primary objective for many
z00s, may not justify the housing of animals in captive environments if high standards
of animal welfare are not apparent [3]. Certainly, animal welfare has also become a
higher priority within the zoo industry itself [4]. In response to this increasing concern,
and to adhere with increasing regulatory oversight there has been a recent impetus on
development and validation of methods to assess the welfare of zoo animals. Further-
more, formal assessment of welfare status has recently received increased focus as a
component of zoo accreditation schemes, such as that of the Association of Zoos &
Aquariums [5], and Australasian Zoo and Aquarium Association [6] whose program is
based around the Five Domains model for welfare assessment. Institutions within these
associations are required to complete and maintain industry accreditation which require
formal processes for ongoing review and enhancement of animal welfare. These accredi-
tation processes should be evidence-based and informed by research in welfare science
around influencing factors such as the individual animal’s nutrition, environment,
health, behavior and overall mental state (Five Domains) [3].

There are multiple methods used to assess animal welfare, including assessment of
physiological, immunological, or behavioral responses elicited in response to an inter-
vention or housing environment [7,8]. Whilst it is commonplace to combine methods to
enable a holistic determination of welfare state, methods for assessment of zoo animals
should be non-invasive and undemanding on resources. Behavior-based methods are
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therefore likely to be the most practical to apply. A further consideration is the balance
between resource-based, and animal-based measures. The former relate to the animals’
environment and are often referred to as ‘inputs’. They may include determinations of
space allowance, temperature or humidity, or appropriate food presentation and nutri-
tional value. They are generally quantitative, highly repeatable across different observ-
ers, and easy to record. However, these measures may not be correlated with the actual
affective state or condition of an animal [3,9]. A recent shift in the trend of welfare sci-
ence has seen the supplementation of resource- based assessments with animal- based
indicators [9,10] . Animal- based indicators directly measure a combination of physical,
behavioral and physiological variables and also consider the varied response of individ-
uals to the same provision of resources [3,9]. Animal-based indicators are considered
superior since they provide direct information on animal affective state [11]. From a
practical viewpoint, a combination of both resource- and animal based- indices is likely
to provide a more holistic assessment of animal welfare, whilst being reasonably practi-
cal to implement [12].

A further challenge in assessing animal welfare is that it is now well established
that consideration should be given to the promotion of positive mental states, as well as
the assessment of both positive and negative states [13]. It should also be noted that the
presence of negative metal states does not necessarily equate to poor welfare. For exam-
ple, it has been suggested that many species may be required to overcome short term
challenges which may incite temporary negative states, in order to experience funda-
mentally and lasting levels of good welfare [14]. Creating the opportunity for animals to
experience positive states requires that animals have agency, and can therefore make
choices about their activities and have a level of control over outcomes in their life [15].
This may even lead to a positive feed forward mechanism where animals with positive
welfare are more likely to engage in activities that enhance their welfare [16,17]. Whilst
this shift in focus is widely accepted, it is generally regarded as problematic since cur-
rent assessment methods are relatively more extensive, and developed, for the assess-
ment of negative emotions such as pain or fear, than they are for positive emotions. Fur-
thermore, there has been less research attention directed towards identification of indi-
cators of positive emotional state in some phyla, such as reptiles or amphibians, and
even some mammalian species, in comparison to other more common domesticated spe-
cies.

In this review we propose a ‘how-to” guide to creating welfare assessment tools for
zoological parks. This guidance is based on an overview of the various theoretical foun-
dations that have been used to derive welfare assessment tools for zoo animals, together
with discussion of the considerations necessary to turn these into practical and quantifia-
ble instruments. The latter includes aspects such as scoring schemes, weighting of crite-
ria, validity/reliability, and the split between animal and resource-based assessments,
whilst considering factors such as seasonality, innate behaviors and an individual ani-
mal’s exposure to training.

2. Defining welfare and emotion

There is no definitive definition for the term animal welfare; however, it is generally
considered that ‘animal welfare” comprises a physical and mental element, whilst ensur-
ing opportunities for the animal to display a range of natural behaviors are provided
[18]. Welfare is generally considered to be a long-term state, that is made up of the sum
of experiences of an individual. These individual experiences are affective states, de-
scribed in terms of their characteristics of valence and arousal. Affective states have been
variously described as an animal’s feelings, emotions or moods. They are commonly
described in terms of their dimensions which comprise 1) direction of effect i.e. positive
or negative (valence) and 2) arousal (level of activation) [7]. Individuals experiencing
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mostly positive affective states, such as reward, are said to have good welfare. Alterna-
tively, animals that mostly experience negative affective states such as pain or fear, are
described as having poor welfare [19]. As previously discussed, in spite of the availabil-
ity of a wide variety of physiological and other biological methods for ascertainment of
the nature of affective states [20], these are commonly invasive or impractical to imple-
ment in a zoo setting on a regular basis. Consequently, behavioral and resource-based
measures predominate and are the focus of this review as a basis for performing institu-
tional based welfare assessments of animals.

The use of behavioral indicators is a practical, non-invasive method of measuring affec-
tive states in zoo animals [10]. However, the difficulty lies in identifying and validating
taxon or species- specific indicators and relating them to affect. It is generally regarded
that for behavior to be a useful indicator, there is a need for animal caretakers to be fa-
miliar with the full range of normal behaviors for the species being assessed [21]. The
behavior must also occur frequently enough for identification to be practical. For many
species held in zoos there is limited literature on natural behavioral biology and thus,
determining useful indicators can be a challenge [21]. Facial expressions, vocalizations,
social interactions, and ‘opportunity situations’ such as inquisitive exploration and play
are examples of behavioral indicators of good welfare [10,12] with strong potential for
inclusion in zoo animal assessment tools due to their practicality and non-invasive na-
ture. However, many of these have not been characterized in zoo species. Moreover, ide-
ally there should be empirical evidence that the behavior relates to the affective valence
of the animal, and the direction of that affect [22]. In the absence of this direct evidence,
those creating assessment tools should consider how they can demonstrate the link be-
tween the behavior and affect by inductive reasoning [22].

It is important to note that whilst behavioral measures are practical and inexpen-
sive indicators of welfare, caution should be taken when interpreting observations.
Many species do not clearly express behavioral signs of poor welfare [10] and some have
adapted methods to avoid displaying signs of pain or distress [23]. Other species may
express behavioral indicators, but individuals may display varied responses to the same
welfare compromise [21]. Furthermore, when behavior monitoring is incorporated into
an assessment tool, the behavior should be fully defined, including the context in which
it may be seen. A behavior that may occur in different contexts may then legitimately be
included in different functional categories [22].

Hence, where possible, a combination of behavioral and practically obtainable physio-
logical and biological or health markers should be considered when developing a wel-
fare assessment tool [10]. Use of established, validated assessment frameworks will as-
sist in achieving this

3.Frameworks and protocols utilized for welfare assessment in zoo animals

The five freedoms were first proposed by Brambell 1965, and are listed by the FAWC as:
Freedom from hunger and thirst; Freedom from discomfort; Freedom from pain, injury
and disease; Freedom from fear and distress, and; Freedom to express normal behavior
[24]. These freedoms have been widely used to describe welfare [12] and are still used
today, particularly in legislative documents [25].In recent years the development of the
Five Domains Model by Mellor has addressed some of the deficiencies with the Five
Freedoms model, paying greater consideration to positive experiences, and the mental
state of an animal [26].

These frameworks have become the foundation for the development of a range of wel-
fare assessment tools across multiple species of captive animals [27], including those
held in zoos. Named models are described below with a brief overview of their use in
relation to animals in zoos.
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3.1. Five Domains model for animal welfare assessment

The Five Domains model for animal welfare assessment references four physical do-
mains; nutrition, environment, health and behavior. The fifth domain, mental state, ena-
bles the assessment of the animal’s overall affective state resulting from the physical do-
mains described [28]. In spite of the adoption of the Five Domains by the World Associa-
tion of Zoos and Aquaria, and the Zoo and Aquarium Association of Australasia (ZAA)
as the framework for welfare assessment and consequent accreditation under their
schemes, there is little published literature on the practical implementation of this in zo-
ological parks. These organizations have however suggested that the model is practical
and readily adaptable to a range of species [12].

Perhaps the largest scale adoption of this framework published in relation to zoo ani-
mals was that carried out by Sherwen and colleagues [3], where zoo-wide use was
trialled across 339 species in three zoos. In this study, the authors used the Five Domains
model as a tool to conduct institutional -level assessment of welfare risk factors, as op-
posed to individual animal welfare monitoring. The former type of assessment may be
better able to inform resource allocation, and have greater application in benchmarking
[3]. The resulting process has value in highlighting areas of risk for suboptimal welfare,
whilst simultaneously providing opportunities for improvement. However, the method
may not be suitable for use as the sole process for animal welfare assessment. This is be-
cause the process derived was heavily focused on assessment of resources or inputs, and
whilst provision of resources may translate to good welfare, this is not always a given.
The incorporation of animal-based measures, being more direct measures of affective
state [29], is recommended to augment this process. However, there is still a relative lack
of information on indicators of affective state in a number of animals housed in zoos,
particularly birds, reptiles and amphibians. Hence, supplementary processes or research
may be required to gather these data to incorporate into the Five Domains-based tool [3].

3.2. The European Welfare Quality® animal welfare assessment protocol

The European Welfare Quality® (WQ) animal welfare assessment protocol for farm ani-
mals was originally designed to scientifically assess the welfare of production animals
based on four principles, similar to those in the Five Domains model. The four princi-
ples, being good feeding, good housing, good health, and appropriate behavior, are de-
fined by a set of 12 criteria deemed meaningful to the animals [30]. These criteria are al-
located measurable indicators based on the opinion of expert consultants. An important
aspect is the three-step approach to scoring where, 1) welfare measures, for example
body condition score or space allowance, make up criteria scores, 2) criteria scores inte-
grate into scoring for the four principles and 3) an overall assessment of the enterprise is
made based on combining the principle scores [31]. However, the practicality of this pro-
tocol is significantly reduced due to the amount of time and resources required for im-
plementation, largely as a result of the number of criteria [9]. However, further testing
and validation of the tool may lessen this. For example, that there was inherent redun-
dancy in production animals, with welfare classification being accounted for using only
two resource-based measures [32,33].

Mononen et al (2012), in their adaptation of the protocol to farmed foxes and mink pro-
vide a useful discussion of the considerations for adaptation of the protocol to other spe-
cies [31]. A key point is that whilst some welfare measures may be relevant for multiple
species, sets of measures and how their evaluation feeds into criteria scores i.e. their
weighting, is species- specific. Therefore, welfare indicators that are valid, feasible and
reliable for the species of interest are first required. These may be derived from literature
review or expert opinion, perhaps using Delphi techniques (see later). The protocol em-
phasizes the desirability of including as many animal-based measures, as opposed to
resource-based measures, as possible [34]. Where this is not feasible there is recognition
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that it may be appropriate to use an input-based measure that shows a good correlation
with an animal-based measure [34]. Welfare measures selected should also be independ-
ent of each other [35].

The first adaptation to animals in a zoo setting was a Cetacean Welfare Assessment pro-
cess (C-Well), applied to bottlenose dolphins [36]. The measures were derived from pub-
lished literature on dolphin health, behavior and physiology based on how these
measures differentiated normal from abnormal states. Advice from marine mammal spe-
cialists, veterinarians and welfare scientists was incorporated resulting in measures that
comprised those recorded whilst animals were working with a trainer, observations
when not with a trainer, opportunistically-derived, and those obtainable from records or
questioning of the curator. The tool developed was considered to be useful for assess-
ment of individual welfare, chosen demographics and whole facilities, and was practical
to implement, although in this first iteration it was suggested that it be performed by
individuals trained in the methodology and metrics. The WQ has since been applied
successfully to Dorcas gazelles [37], and proposed for the pygmy blue-tongue skink [9].

3.3. Qualitative Behavior Assessment

Qualitative Behavior Assessment (QBA) is a method of summarizing and evaluating an
animal’s behaviors and emotions in relation to their environment using descriptive
terms such as “calm’, ‘timid’ or ‘excited’ [38]. It can be used retrospectively or applied to
real-time welfare assessments. The method uses a comprehensive list of expressive
terms, either generated by individual users when using the Free-Choice-Profiling meth-
odology (FCP), or pre-determined from the literature and expert consultancy. As FCP
requires the participation at least 10 observers and extensive data analysis [39], the latter
is a more practical option for implementation in a zoo environment. QBA relies on the
ability of keepers to observe subtle details of behavior, attitude, posture, and movement
that may go undetected by other systematic behavioral data collection methods [10]. The
literature shows good correlations between QBA and behavioral, physical and physio-
logical measures of welfare and studies have found high levels of inter-rater reliability
when performed correctly by experienced keepers [10,39]. It is worth noting that whilst
QBA is a useful resource to indicate the positive aspects of an individual animal’s wel-
fare, it should not be used as a stand-alone assessment tool and cross validation with
other measures is recommended [40].

In the context of animals in zoos, QBA has been used to develop a welfare assessment
tool for captive elephants [41]. However, QBA was not used as the sole method of wel-
fare assessment, and instead was combined with ethogram-type analysis of daytime and
nighttime behaviors. This tool focused purely on behavior rather than incorporating
measures of health and physical condition. Sixteen terms to describe demeanor were
scored on a visual analog scale based on one-minute observation periods. The authors
demonstrated that some QBA terms were able to be rated reliably by keepers and had an
association with welfare state. Some terms were however unreliable, for example the
term ‘depressed’, implying that further validation of descriptors is required, along with
their validation against alternative measures of affective state. Whilst these species- spe-
cific methods of welfare assessment may offer a more detailed indication of welfare than
some generic assessment tools, the vast number of species held in any one zoo makes it
impractical to use species- specific tools for all. This notwithstanding, the generic nature
of QBA along with the number of species for which its use has already been validated,
would suggest that it could be adapted to a wide range of species housed in zoological
parks.
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3.4. Behavioral diversity as an indicator of welfare

There has been a growing interest in recent years in the use of behavioral diversity as a
measure of animal welfare. Behavioral diversity is defined as the number of behaviors,
as well as the frequency of each behavior [42]. The assumption made is that when diver-
sity is high, behavioral needs are being met, but when diversity is low an animal may be
in poor welfare, for example they may show stereotypies or be lethargic [42]. The Shan-
non-Wiener Diversity Index (H-index) is perhaps the most used measure of diversity
and provides an indication of whether an animal’s time budget is mostly made up of a
few behaviors or covers a range of behavioral categories [43]. The model closely aligns
with the natural living model of welfare, in that animals in the wild display considerable
behavioral diversity and hence good welfare in captivity would be assumed if animals
showed similarly diverse behaviors [22]. Although, there are differences; using diversity
indexes requires counting of individual behaviors whereas natural living compares be-
haviors that are similar between wild and captive counterparts. Therefore, if this as-
sumption holds, a valid welfare assessment method would be comparison of time budg-
ets between captive animals and their wild counterparts[44,45]. Alternately, ethogram
comparisons between before and after environments, or conditions, would allow assess-
ment of welfare status change [45]. However, there is a risk of arriving at incorrect as-
sumptions about welfare. For example, the performance of behaviors associated with
negative affective states may increase causing a change in diversity index, but welfare
state may have declined [46]. For this reason, the inclusion of so-called ‘negative’ behav-
iors is needed to avoid misinterpretation.

In spite of these concerns, there is a growing attention to behavioral diversity as a valid
positive indicator of welfare. Firstly, there is now an extensive body of evidence show-
ing that management practices that are thought to improve welfare lead to increased
diversity. For example, the impact of enrichment or animal training on greater behavior
expression has been widely reported (see [42] for review). It is also promising that this
change is occurring across orders and species and is not confined to mammals only. Sec-
ondly, there appears to be a relationship between diversity and physiological indicators
of welfare, for example with corticosterone as a measure of HPA axis activity with the
expected inverse relationships being found in cheetahs [47], and dolphins [48].

In practice the method probably has greatest application via use of an established diver-
sity index prior to and following a husbandry change, rather than as a one-off assess-
ment method. Monitoring of behaviors can be achieved through targeted focal animal
sampling, with the use of technology to aid practicality, e.g. the use of the Zoo Monitor
program. However, as described by Miller et al. 2020 [42], use of the method may re-
quire a shift in focus away from keeper-oriented husbandry programs with predictable
scheduling to opportunity-based changes considering the behavioral outcomes ob-
served. This paradigm shift would require whole-scale institutional endorsement and
commitment to optimize success.

3.5. Zoo specific welfare assessment programs

In 2015, Kagan and colleagues proposed a universal animal welfare framework for zoos.
The authors describe 4 main components that together ensure excellent animal well-be-
ing. These are: institutional philosophy and policy, programmatic structure and re-
sources, execution and evaluation [15]. The framework recognizes that exemplary stand-
ards of care for animals does not necessarily lead to optimum welfare. Instead, there is a
need for transparency, discussion, accountability and ongoing commitment and evalua-
tion of policy. An important part of this is ensuring that resource allocation is adequate.
Various factors play into the success of the proposed framework including staff training,
an animal welfare communication process to include all stakeholders, welfare leader-
ship, and a tiered evaluation process with internal and external welfare evaluations. The
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strength of this program is the holistic approach taken with the explicit recognition of a
multitude of factors that impact on animal welfare and the assessment of it in an institu-
tional context.

An Opportunities to Thrive program was created at San Diego Zoo Global (SDZG). This
program specifically addresses the complexities of conservation breeding programs
which need to consider optimising welfare whilst increasing the chances of successful
reintroductions to the wild [49]. The program uses the Five Freedoms but transforms
them from a focus on reducing negative indicators to the attainment of positive affect.
For example, freedom from pain, injury and disease is transformed to the “opportunity”
to achieve optimal health. Desired outputs or ways of assessing the criteria are defined,
and these are targeted by management inputs that would help to achieve these, for
instance the availability of health checks. In this way a structure is given to efforts to
assess and improve welfare and the resulting program considers welfare outcomes in
the context of management inputs. However, as with other assessment methods
deriving suitable outputs can be challenging when there is a lack of knowledge about
species-typical biology or behaviours.

3.6. Delphi consensus methods

Whilst not a welfare assessment technique, use of expert opinion can be a useful method
for gathering information to feed into welfare assessment tools. For example, in cases of
limited species literature on welfare indicators, the method can used to establish
consensus by formalising a communication process to source this information from
experts [50]. The technique usually comprises at least two rounds of questionnaires or
interviews, with an iterative approach such that results from the first round are
reconciled for the next round for futher questioning of participants [51]. The method has
been used to identify welfare indicators in a range of species commonly housed in zoos
including; elephants [52], tigers [53], and reptiles [54]. As the method relies solely on
opinion (albeit expert), it is not possible to confirm linkage of indicators with valence of
affect. However, confirmatory analysis of behaviours identified can be performed in
later follow-on studies. Furthermore, the participatory nature of the method likely
encourages communication and perhaps greater buy-in to the tools that arise by staff at
zoological parks and their institutions.

4. Important features of welfare assessment tools for zoos

An individual animal’s welfare state is multifactorial and as further understanding
evolves, the importance of including animal- based measures in welfare assessments has
been highlighted [10,21]. There is a consensus among researchers that in addition to en-
suring all resource needs are met, positive affective states should be promoted. There are
many factors to consider when developing a welfare assessment tool and determining
how welfare should be measured and recorded can be a challenge [10,12,55]. The vari-
ous conceptual frameworks have given rise to multiple tools but these are often devel-
oped for specific species or contexts and there is no ‘one size fits all’ [56]. Under captive
conditions, such as those seen in zoos and aquaria, this variation may result in non-com-
parable data limiting the ability for knowledge- sharing and collaboration between or-
ganizations. Additionally, Fraser 2009 noted that the assessment of welfare using a tool
created based on a single criterion may produce a poor welfare result when scored by a
tool based on different criteria [57]. As a result, there is a requirement for standardized
guidelines to developing zoo animal welfare assessment tools that are adaptable and
flexible enough to suit various taxon or species in varying contexts, whilst still produc-
ing comparable datasets. The development of such guidelines would need to consider
features such as validity and reliability and the split between animal and resource-based
assessments. They would also need to consider factors such as seasonality, innate behav-
iors and individual animal’s exposure to training. Consideration must also be given to
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social settings and maintaining a balance between providing breeding opportunities and
species management. In addition, scoring schemes, the weighting of criteria and meth-
ods of determining criteria should be regarded.

4.1. Tool features: validity, reliability, practicality

A welfare assessment tool should be practical, reliable and simple enough to allow com-
pletion by observers with no specialist training, as well as being comprehensive enough
to allow application to a variety of species. As previously mentioned, a combination of
multiple measures should be used to determine an animal’s welfare status. Prior to in-
clusion in an assessment tool, these measures need to be evaluated for practicality (how
easily they can be observed), reliability (the consistency in which they can be assessed)
and validity (the ability of the measurement to reflect the desired construct) [41]. It has
been suggested by Yon and colleagues [38] that a fully validated assessment tool should
evaluate 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 reliability and internal consistency. Validity may refer to
content, concurrent criterion or known groups criterion validity [41].

When developing a welfare assessment tool, the recommended frequency of imple-
mentation is another factor that must be considered in order for it to remain practical. If
recommending daily use by keepers, the tool must be rapid and simple to complete.
More thorough institutional assessment tools may need less frequent evaluations. If the
data are to be collected over the long-term to chart trends, consideration to reliability
across time incorporating aspects of inter and intra-observer variability is also im-
portant.

The training and species knowledge of keepers may also influence the type of
measures and methods selected for inclusion in the assessment tool. Multiple studies
have validated keeper assessments as a measure of welfare by correlating observations
with other common physiological and behavioral indicators of welfare [58,59]. However,
these types of assessment require observations by experienced care takers. There has
also been suggestion that keepers tended to capture more subtle changes to welfare than
researchers using retrospective analysis, although correlation between different methods
of assessing welfare, such as behavioral observations versus general welfare indicators
may not be strong [60]. Conversely, Wemelsfelder and colleagues found that when using
QBA’s, inter-rater reliability was high even when performed by observers with no previ-
ous experience with the species [38,61,62]. Behavioral measures, once cross-validated,
are becoming increasingly used in welfare assessments due to their practicality and non-
invasive nature [10]. When selecting behaviors for inclusion, thought must be given to
how the behavior of the species may influence assessment. When evaluating less expres-
sive species, care needs to be taken to select measures that will give a clear representa-
tion of the animal’s welfare state. The same applies for species that may display seasonal
differences in behavior, hibernate during certain periods of the year, or nocturnal species
that may display different behaviors during the night when keepers are absent. Validat-
ing measures of welfare can be challenging in a zoo environment due to the often-small
sample sizes and lack of literature on natural behavioral biology for many species [12].
However, there are numerous ways in which criteria can be selected for inclusion. A
common approach includes a combination of reviewing the existing literature, gaining
opinions through expert consultancy and modifying previously established and vali-
dated assessment tools. When developing a novel welfare assessment tool for captive
elephants, Yon and colleagues conducted a review of both peer and non-peer reviewed
literature and consulted stakeholder focus groups to identify novel measures for inclu-
sion [41]. In their 2018 Assessment of Welfare in Zoo Animals, Wolfensohn and col-
leagues recommended the use of a targeted version of the Animal Welfare Assessment
Grid (AWAG,) to create a ‘gold standard” welfare improvement benchmark for zoos over
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time [12]. AWAG is an easily adapted tool that has been previously validated in pri-
mates [63], and gorillas [60] and successfully adapted for use in zoos to highlight welfare
impacts [64]. In addition, the AWAG system has been trialed on zoo collections of gi-
raffe, scimitar horned oryx and numerous large felids [12].

5. Factors for consideration in development of welfare assessment tools

5.1 Animal developmental stage and experience

Animals of different ages may display varied responses to the same situation or provision
of resources. This is likely representative of the situation having varied impacts on welfare
of, animals at differing stages of physiological and neurological development, rather than
for different ages groups [65].

The presence of abnormal behaviours are often included as a measure of welfare in
behavioral-based assessment tools, however caution should be taken. Whilst the presence
of steroetypic behaviours may indeed indicate compromised animal welfare, these
behaviors have also been shown to improve welfare when performed during stressful
situations, and may persist in the absence of welfare compromise [14]

The provision of enrichment has been found to significantly reduce the amount of
time animals spend performing abnormal behaviours, such as engaging in stereotypic
behaviour [66-68] A 2008 study explored the influence of age on the use of potential
enrichment objects [in pigs] and found that time spent inactive varied between age groups;
although animals of all ages used enrichment items when provided, younger animals
displayed longer latency to approach novel objects and less object directed behaviour than
their older counterparts [69]. Similarly in zoo animals, age was found to be an important
determinant of responsiveness to enrichment objects in giant pandas (Ailuropoda
melanoleuca) [68]; chimpanzees (Pan troglodytes) [70]; walrus (Odobenus rosmarus divergens)
[71] and bottle nose dolphins (Tursiops truncatus) [72] . Thus, the age of individuals being

observed should be considered when performing welfare assessments.

The relationship between captive animals and humans has been identified as a key
contributing factor to the way in which animals interact with their environment [73]. An
animal’s level of exposure to training may act as a modifier of behaviour in that the
individual may become more confident when interacting with humans. It is inferred that
an increase in positive human- animal interactions (HAR) translates to an improved
welfare state [73]. Training has been shown to reduce the occurrence of stereotypic
behaviours in chimpanzees [74], and there is evidence to suggest participation in research
tasks or training may itself be a source of enrichment for zoo animals [75-77]. Greco and
colleagues (2016) reported that across 67 zoos in North America, the amount of time
animals spent interacting with keepers (including training) of both African and Asian
elephants increased with each year of age [78]. If this holds true across species, it can be
assumed that older animals will have had greater exposure to training. Animals exposed
to training may display a varied response to enrichment provision and reaction to keepers
when compared to their lesser managed counterparts [78]. With behavioural interactions
with humans being described in the most recent iteration of the Five Domains Model for
welfare assessment [79], the use of HARs as a measure of welfare are likely to increase.

Given the information above, it is important that the effects of age and an individual’s
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exposure to training are considered when undertaking behavioural based welfare

assessments.

5.2. Seasonality/ Innate behaviours

Significant variations in behaviour of zoo animals based on season and time of day are
documented in the literature. This seasonality is evident in captive species including
African elephants (Loxodonta africana) [80], Grizzly bears (Ursus Arctos Horribilis) [66],
Rothschild’s giraffes (Giraffa camelopardalis rothschildi) [81] and ring-tailed lemurs (Lemur
catta) [82], highlighting the need for caution when using behavioural measures as
indicators of welfare. For example, in some species, inactivity may be observed more
frequently during winter to reflect innate hibernation behaviours [66] where other species
may become more active [83]. Some animals might spend less time feeding and more time
lying down during the warmer months [80]. Many species, including ruminants such as
giraffe, show seasonal reproductive patterns [84] which may influence the frequency and
type of social interactions observed. Thus, it is important that assessments are
comprehensive enough to account for seasonal variability, and that evaluations of such
behaviours do not produce a misleading negative partial welfare score. For this reason,
there is increasing merit in the inclusion of keeper records in welfare assessments as
caretakers are often most familiar with the individual temperaments, personalities and

behaviours of the animals in their care [8].

5.3. Scoring systems

In order for an assessment tool to be valuable it must be able to record changes in welfare
status over time. This is done by generating an objective welfare score which can be used
for comparison in future evaluations. These scores are also used by accreditation schemes
to determine if an organisation is meeting welfare requirements. Numerical scales are most
common as they allow for ease of data analysis and comparison between datasets. Sherwen
and colleagues implemented a 0-2 scale (where O represents high risk, 1 represents a
moderate risk and 2 represents no observable risk) when developing their Animal Welfare
Risk Assessment Process for Zoos [59]. This system was also used in a modified version of
the Welfare Quality® Protocol to assess welfare in the Pygmy Blue-Tongue Skink [7].
Likert scales are also commonly utilised when evaluating behavioural indicators. When
asking observers to score daytime behavioural frequencies in captive elephants, Yon and
colleagues provided a variety of Likert scales with responses ranging from ‘never’ to ‘'more
than once per day’ where appropriate, and utilised various numbers of response options
based on the expected frequency of that behaviour [38]. When combining results of welfare
measures to gain an overall assessment score, there are a number of ways in which criteria
may be weighted[85]. Delphi surveys or similar methods of expert consultancy, such as
those employed by Veasey 2020 in an attempt to identify the psychological priorities of
captive elephants, are an informal method of aggregating results to derive weighting based
on validity, practicality and expected frequencies [48]. Alternatively, precise calculations

can be used; the sum (or mean) of scores is commonly used since the concept can be easily
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grasped by a wide audience. In this method, all indicators are first converted to an ideally
unified numerical scale (i.e.,, 0-2 scale used by Sherwen and colleagues [3]) before
weightings are assigned. Measures that are considered to be less valid or impractical are
assigned lower weightings, with higher weightings being assigned to those most likely to
have an impact on the animals’ welfare [35]. It is important to note that if a unified
numerical scale is not implemented, the scale and intervals between levels for each
measure should be illustrated to avoid confusion or misrepresentation. By combining the
weighted sum of the scores an overall welfare score can be calculated. There are however
some limitations to the use of this method. Scales and intervals between levels are often
assumed not illustrated resulting in confusing or misleading results; the nature of the
method allows for full compensation i.e a major welfare compromise may be neutralised
by multiple minor advantage; and the method cannot favour situations of compromise.
see [35] for full description. Scores may also be derived relative to a standard comparator.
For example, in Brouwers and Duchateau’s 2021 study using the AWAG for assessing
gorilla welfare, indicators were scored relative to a healthy individual of the same sex and
age, on a ten-point sclae with one as the optimum. In this study, an interesting visual
method of presenting scores was used by plotting average scores in the four selected
domains of physical, procedural, environmental and psychological o a radar plot. This
allows calculation of a Cumulative Welfare Assessment Score (CWAS) based on the
surface area of this chart. As a result the CWAS increases exponentially, rather than
linearly when different classes are affected. This aids in capture of long-term trends in
welfare [60].Having standardised scoring systems for zoos and aquaria would allow for
ease of data comparison between organisations, allowing zoo managers to create a ‘gold

standard’ to which all organisations should strive to achieve.

6. Conclusions

The focus of this review was to review the basis for welfare assessment frameworks that
are in use or have been trialed in zoos with a focus on the foundation for the criteria de-
rived, and to explore the method of deriving a practical and useable tool based on these
foundational principles. With increasing interest from both the public and from within
institutions themselves to continually improve the welfare of animals held in zoos, the
use of tools to make evidence-based assessments of zoo animal welfare is crucial. Details
of how to accomplish this are not always specified by accreditors and thus, the establish-
ment of standardized guidelines for developing zoo animal welfare assessment tools
would be beneficial for data comparison and sharing. The need to establish taxon or spe-
cies- specific assessment tools across all taxonomic groups is also necessary to inform
welfare management strategies.
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