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Animal welfare is a multifaceted issue that can be approached from different
viewpoints, depending on human interests, ethical assumptions, and culture. To
properly assess, safequard and promote animal welfare, concepts are needed to
serve as guidelines in any context the animal is kept in. Several different welfare
concepts have been developed during the last half decade. The Five Freedoms
concept has provided the basis for developing animal welfare assessment to
date, and the Five Domains concept has guided those responsible for
safeguarding animal welfare, while the Quality of Life concept focuses on how
the individual perceives its own welfare state. This study proposes a modified and
extended version of an earlier animal welfare concept - the Dynamic Animal
Welfare Concept (DAWCon). Based on the adaptability of the animal, and taking
the importance of positive emotional states and the dynamic nature of animal
welfare into account, an individual animal is likely in a positive welfare state when
it is mentally and physically capable and possesses the ability and opportunity to
react adequately to sporadic or lasting appetitive and adverse internal and
external stimuli, events, and conditions. Adequate reactions are elements of an
animal's normal behavior. They allow the animal to cope with and adapt to the
demands of the (prevailing) environmental circumstances, enabling it to reach a
state that it perceives as positive, i.e., that evokes positive emotions. This paper
describes the role of internal as well as external factors in influencing welfare,
each of which exerts their effects in a sporadic or lasting manner. Behavior is
highlighted as a crucial read-out parameter. As most animals under human care
are selected for certain traits that may affect their behavioral repertoire it is crucial
to have thorough ethograms, i.e., a catalogue of specific behaviors of the
species/strain/breed under study. DAWCon highlights aspects that need to be
addressed when assessing welfare and may stimulate future research questions.
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Introduction

Animal welfare is a complex issue that can be approached
from different viewpoints. People engaged with animal care and
welfare, or with animal management in the broad sense, such as
veterinarians and animal scientists, (industrial) farmers,
consumers of animal-derived products, owners of companion
animals, zoo keepers, and game keepers, may assume their own
concepts of what animal welfare is and how to safeguard and
improve animal welfare. (Nordquist et al., 2017). A broad range of
concepts of ‘animal welfare’ have been proposed (Bousfield and
Brown, 2010). The goal to safeguard and improve animal welfare
calls for unifying concepts that are theoretically sound,
objectifiable and quantifiable. Concepts approaching animal
welfare from different perspectives may help to identify relevant
aspects that might be overlooked if only one view were used, i.e.
they may help to extend our manner of assessing and improving
animal welfare (Fraser, 2008). We agree with Rushen (2003) that
in defining ‘animal welfare’, scientists often address a limited
range of aspects that inadequately address the multivariate and
multidimensional nature of animal welfare.

To incorporate the dynamic and multifaceted nature of
animal welfare, we propose the Dynamic Animal Welfare
Concept (DAWCon). This study first summarizes a number of
well-established current concepts of animal welfare, such as the
Five Freedoms (FAWC - Farm Animal Welfare Council, 1979a,
FAWC - Farm Animal Welfare Council, 1979b), the Five
Domains (Mellor, 2017), and the Quality of Life concept
(Yeates and Main, 2009; Yeates, 2016). We then expand on the
DAWCon and elaborate on its different aspects, comparing
DAWCon with well-established welfare concepts and outlining
its potential merits.

Concepts of animal welfare
The five freedoms concept

The welfare of intensively farmed animals has been the
subject of investigations since the work of a committee,
headed by Brambell et al., 1965, more than half a century ago.
This work was seminal for the concept of the Five Freedoms put
forward by the Farm Animal Welfare Council (FAWC) (1979) of
the United Kingdom, which has since then been used as a guide
to assess animal welfare, in particular on commercial farms
(Brambell et al., 1965), forming the basis for a number of welfare
assessment tools (e.g., Blokhuis et al., 2007; Veissier et al., 2008;
Blokhuis et al., 2010).

Four of the five freedoms primarily concentrate on aspects of
husbandry that potentially compromise welfare (1: freedom
from hunger or thirst; 2: freedom from discomfort; 3: freedom
from pain, injury or disease; 5: freedom from fear and distress).

Frontiers in Animal Science

02

10.3389/fanim.2022.908513

These freedoms largely neglect factors that might promote
animal welfare (McCulloch, 2013), i.e. the Five Freedoms
concept has received criticism (McCulloch, 2013; Cornish
et al,, 2016; Lawrence et al., 2018). The fourth freedom,
namely “freedom to express normal behavior - by providing
sufficient space, proper facilities and company of the animal’s
own kind.” (FAWC - Farm Animal Welfare Council 1979a,
1979b; FAWC - Farm Animal Welfare Committee, 2013) is the
only one that focuses on positive factors, taking account of
animal’s perspective and the animal’s wants.

Removal of negative factors (e.g., hunger, thirst, pain, fear,
and distress), as explicitly stated in the first, second, third and
fifth freedoms, are believed to improve welfare. This assumption
is challenged by the biological function of these negative states:
they may help an animal to cope with its environment and to
survive (Ohl and van der Staay, 2012). For example, the
experience of pain evokes, in interaction with cognitive
processes, certain behavioral reactions such as avoidance of
pain inducing stimuli or protection of affected body parts and
has as such a protective character (e.g., Rutherford, 2002).
Similarly, the stress response aids the animal in regaining a
state of normal biological functioning (Moberg, 2000). Thus,
negative (emotional) reactions should be considered as an
indicator of an animal’s adaptive capacity to avoid ‘negative
welfare’ (Ohl and van der Staay, 2012). Even though negative
experiences can temporarily be neutralized by applying (one of)
the 5 freedoms, this hardly can be considered an improvement of
welfare, as negative experiences form the basis for the animal’s
motivation to obtain resources or to avoid e.g. pain-inducing
stimuli. Animals should be given the opportunities to perform
behavior they experience as rewarding (e.g. searching for food)
(e.g., Mellor, 2016a). Moreover, the absence of factors considered
as negative does not guarantee per se that the animal experiences
good welfare.

The five domains concept

The Five Domains concept was originally formulated in
1994 to assess the impact of procedures on the welfare of
experimental animals (Mellor and Reid, 1994). It reformulated
the Five Freedoms into Five Domains, namely 1, thirst/hunger/
malnutrition, 2, environmental challenge, 3, disease/injury/
functional impairment, 4, behavioral/interactive restriction,
and 5, anxiety/fear/pain/distress, to guide those responsible for
safeguarding animal welfare, i.e., owners, animal care takers,
wildlife managers, etc. The Five Domains concept can be applied
to animals inside and outside the experimental context, is
continuously being updated (Mellor, 2016a; Mellor, 2016b),
emphasizes the importance of positive affective experiences
(Mellor, 2015), and takes human-animal interactions into
account (Mellor et al., 2020).
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The notion of the importance of positive experiences, rather
than the mere absence of negative experiences, has been a major
driver in animal welfare research. Consequently, the individual
animal’s perception of its welfare state has become an important

research focus in recent years.

The quality of life concept

The Quality of Life concept is inspired by human psychology
(Green and Mellor, 2011) and medicine (in particular in relation
to mental health, Berlim and Fleck, 2003), focuses on how the
individual perceives its own welfare state. In animals, Quality of
Life takes the balance between negative and positive experiences
into account. The preponderance of positive experiences
increases Quality of Life, at the same time individual variation
in the impact of certain experiences needs to be taken into
consideration (McMillan, 2005). Yeates (2016) added the
important notion that Quality of Life needs to be considered
over time, as a sum of experiences made by the individual.
Consequently, he suggests considering Quality of Life and
Animal Welfare over time as synonyms.

A dynamic concept of animal
welfare: welfare as a function of
adaptation

The Faculty of Veterinary Medicine at Utrecht University in
the Netherlands applies a concept of animal welfare (Ohl and
Hellebrekers, 2009) developed by Ohl & van der Staay (2012).
Building on previous animal welfare concepts, this concept states
“An individual is in a positive welfare state when it is able to
actively adapt to its living conditions and to reach a state that it
perceives as positive.” (Ohl and Hellebrekers, 2009, p. 754;
translated from Dutch). Integrating the dynamic aspect of
adaptation and the concepts of the Five Freedoms, Five
Domains, and Quality of Life, we previously proposed a
conceptual approach to animal welfare stating that an
individual is in a positive welfare state when it has “the
freedom adequately to react to [conditions that potentially
compromise welfare and] display normal behavioral patterns
that allow the animal to adapt to the demands of the prevailing
environmental circumstances and enable it to reach a state that it
perceives as positive.” (Ohl and van der Staay, 2012, p. 17). Here
we present and discuss a modified and extended version of this
approach, the Dynamic Animal Welfare Concept (DAWCon):

An individual is likely in a positive welfare state when it is
mentally and physically capable and possesses the ability and
opportunity to react adequately to sporadic or lasting appetitive
and adverse internal and external stimuli, events, and conditions.
Adequate reactions are elements of an animal’s normal behavior.
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They allow the animal to cope with and adapt to the demands of
the (prevailing) environmental circumstances, enabling it to reach
a state that it perceives as positive, i.e., that evokes
positive emotions.

The dynamics of the individual animal’s capacity to adequately
cope and adapt to its environment is central to the concept of
welfare. Whereas the adaptive capacity of an animal includes both
positive and negative emotional responses, attention in the animal
welfare discussion is mostly directed at ‘negative’ emotions. In
DAWCon, the continuum between positive and negative welfare is
considered; it recognizes that the animal must have (or must be
provided) the freedom and capacity to react appropriately, i.e.,
adaptively, to both positive as well as potentially harmful (negative)
stimuli. Within this framework, it is of utmost relevance to
assessing whether an animal is able to fulfill the demands of the
respective environmental circumstances, given the limits of the
animals” capacity to adapt (see Box 1; Figure 1) (Ohl and van der
Staay, 2012).

As the emotional state of an animal is the result of both
negative and positive emotions, a lack of adaptation towards
aversive stimuli may lead to either sensitization or generalization
of such stimuli and may ultimately result in a dysfunctional,
non-adaptive state (e.g. pathological anxiety, Salomons et al,
2010). An animal’s welfare may thus be compromised if the net
impact of adverse internal or external factors challenges or
exceeds the animal’s adaptability (Ohl et al., 2008) to the point
that the animal is unable to adapt to the demands of the
prevailing environmental circumstances. Consequently, it will
not be able to reach a state that it perceives as positive.

Physiological and behavioral observations and measures
might be aggregated into one or a few measures of the
animal’s welfare (ranging from very poor to very good). This
aggregate measure is supposed to roughly run in parallel with the
animal’s adaptability (see examples in Box 1, Figure 1), ie.,
conditions that do not exceed the animal’s adaptability are likely
perceived as more favorable and more likely to induce a state
that the animal perceives as positive. On the contrary, conditions
that are close to an animal’s limit of adaptability, especially when
exposure is frequent and/or long lasting and the animal is urged
to invest highly in adaptation, or that exceed their ability to
adapt most likely induce an emotional state that the animal
perceives as (highly) negative (see Figure 2).

In the following, we elaborate on the different aspects of
DAWCon and how these are crucial to a state of good welfare.

The dynamic component in DAWCon

The proposed animal welfare concept considers the
dynamics of the animal’s environment over time, of the
animal’s behavior in response to changing environmental
conditions, and the resulting interactions. The animal’s
adaptive capacities and abilities, mental or physical, and
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Box 1

Graphical representation of the net effects of internal and external factors and of the limit of adaptability on an individual's welfare state.

opportunities [based on prevailing conditions provided by their
environment (i.e., by their habitat or environment, or by humans
who keep them)] are crucial for the success of these interactions.
Coping with and adapting to these dynamics entails a
continuous succession of positive and negative states [when,
for example, the animal is limited in its coping abilities and/or
opportunities to adapt. Such limitations might for example be
due to (lasting) adverse health- and/or housing conditions that
impede reaching a state perceived as positive (Ohl and van der
Staay, 2012)] throughout the animals’ life.
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Recognizing the dynamics of the animal interacting with a
changing environment implies that acute negative states do not
reflect negative or poor welfare per se (Browning and Veit,
2021). Negative states may, however, affect welfare in the long
run through cumulative experience. Cumulative experience is
defined as: “(...) the sum of all the events and effects including
their quantity, intensity, duration, recovery and the way of
amelioration, on the welfare of an animal over time.” (Pickard
and members of the Animal Procedures Committee, 2013, p. 6).

The animal’s mood state can therefore be seen as an integrative

seriously impaired welfare

compromised, poor welfare

unimpaired welfare

limit of adaptability

An individual animal @ that
very likely experiences:

0 02 04 06 08 1 A) unimpaired welfare

highly highly B) compromised, poor welfare
advan- Net effects of ~ disadvan- C) seriously impaired welfare
tageous  external factors  tageous D) seriously impaired welfare

FIGURE 1

An animal must be able to adequately react and adapt to the net effect of internal and external factors in order to safeguard good welfare. The
limit of adaptability does not dichotomously separate good from bad welfare. Instead, welfare may already be endangered or compromised/
poor even if the limits of an animal’s adaptability have not yet been exceeded. The limits of adaptability, “a naturally selected design feature of
the organism, extending within limits the range of circumstances under which it can survive and function” (Barnard and Hurst, 1996, p. 418) are
set by the environment of evolutionary adaptation, or when the environmental demands exceed the regulatory range of allostatic mechanisms
(Korte et al.,, 2007). The better the animal's condition and the more advantageous the (prevailing) environmental circumstances, the more likely
the animal is able to cope with and adapt to them. For illustration purposes, we chose an arbitrary scaling (0 —1) of the horizontal (x) and vertical
(y) axis. Given this scaling of the x- and y-axis from value O (maximum advantageous net effects of the internal or external factors, respectively)
to value 1 (maximum disadvantageous net effects of the internal or external factors), respectively, we assume that the net effect of internal and
external factors are additive. In an earlier publication, we assumed a non-linear relationship, without explicitly defining the underlying
relationship formally (Ohl and van der Staay, 2012, Figure 2). Additivity is the most simple conceivable relationship between the net effects of
internal and external factors. However, further research might indicate that the relationship is much more complex. One of the aims of future
research thus may be to determine appropriate scales, how the net effect of internal and external factors interact, and which relationship
between these factors defines the limits of adaptability. Such an approach may become the basis for simulating the relationships between
internal and external factors using appropriate formulas, and consequently, in the long run, to simulate the effects of manipulating internal and
external factors on animal welfare. The insight derived from simulations must, however, be subjected to experimental scrutiny. The line (1.0),
(0.1) defines the limit of adaptability, i.e. both the x- intercept and y-intercept have the scale value 1; If the sum of the net effects > 1 (i.e. if the
sum of the x- and y-coordinate > 1) the animal's limit of adaptation is exceeded, i.e. the animal is unable to adapt to its current condition.
Examples: Animal B* (0.6, 0.2), sum score 0.8; below limit of adaptability. Note that the animal might experience compromised or poor welfare,
even if it is still able to adapt to a certain degree; The animal might experience poorer welfare, the longer it must cope with conditions which
are near its adaptation limit. Animal C* (0.8, 0.9), sum score 1.7; exceeding limit of adaptability. The animal is unable to adapt and will suffer
from seriously impaired welfare Animal D* (0.0, 1.0), sum score 1.0; exceeding limit of adaptability. The highly disadvantageous net effects of the
internal factors cannot be compensated anymore with even the most advantageous net effects of the external factors, and the animal will suffer
from seriously impaired welfare. Also, this case should prompt those in charge of safeguarding animal welfare to think about, and eventually

apply, a humane endpoint (Gauvin et al., 2018).
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Conditions (opportunities, boundaries, constraints) set by
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factors, and their interactions
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FIGURE 2

Perception of the inner (emotional) state and adaptability to internal and external factors. Left panel: An individual's emotions and cognitive
abilities and the resultant overt behavior and physiological reactions are controlled by its genotype, its environment, and the interaction of
genotype and environment. We define welfare as a state that the animal perceives as positive (Ohl et al,, 2009; Ohl and van der Staay, 2012).
The perception of its inner state is determined by the interplay of positive and negative emotions and cognitive processes, where emotions may
modulate cognition and vice versa (indicated by double-headed purple arrows: emotions modulate cognitive processes and vice versa).
Cognitive or judgment bias tasks, for example, explicitly make use of the interaction between emotions and cognition to assess an animal'’s
emotional state (Bateson, 2016; Roelofs et al., 2016; Roelofs and van der Staay, 2017). Right panel: The net impact of internal and external
factors in interaction with an animal’s specific genetic background, determine the adaptability needed by an individual. The limit of adaptability
is, within certain bounds, dynamic and determined by, for example, hormonal changes, long-term effects of specific experiences, and, in social

animals, the status/position in the group, herd, or flock.
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function of its acute emotional experiences over time (Nettle and
Bateson, 2012).

As long as the animal can adequately react to negative states
(e.g., through adequate coping with adverse and appetitive
stimuli, events, and conditions and adaptation to those, or by
being offered the opportunity to choose a positive alternative),
welfare is not acutely at stake or might be compromised only
transiently. Nevertheless, there might be long lasting
consequences of acutely compromised welfare: the effects of
these experiences on an animal’s emotional state might
accumulate, if the animal cannot habituate, or if the time
between adverse events does not allow the animal to recover
(Pickard and members of the A P C, 2013; Bateson and Poirier,
2019). Acute states of severely compromised welfare may, as
well, affect the animal’s future ability to cope with successive
challenges, as in the case of experiences during sensitive phases
(Lay Jr., 2020; Mason, 2000). Conclusions on an individual’s
welfare can thus only be drawn based on measurements repeated
over time. Measuring acute states, without any knowledge of
how and why they evolved, does not allow us to draw robust
conclusions on welfare. They may, however, provide
information about the level of allostatic load and activation of
the acute stress response.
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Animal health and animal welfare

An individual is likely in a positive welfare state when it is
mentally and physically capable and possesses the ability and
opportunity ...

Animal health is a physical condition that is a prerequisite
for animal welfare (Broom, 2007; Animal health code
commission, 2019). Compromised health conditions will limit
the animals’ ability to adequately react to the demands of the
(prevailing) environmental circumstances and are a source of
pain and stress. Whether a positive welfare state, on the other
hand, helps to improve physical and mental health remains an
interesting topic for future research (Boyle et al., 2022).

Until today no universally accepted definition of (animal)
health exists. Although explicitly referring to wildlife health, the
definition proposed by Stephen (2014) proves useful in a broader
context, as well. To adopt the definition for animal health in
general, we replaced ‘wildlife health’ with ‘animal health’. Three
features are emphasized: “1) health is the result of interacting
biologic, social, and environmental determinants that promote
and maintain health as a capacity to cope with change over time;
2) health cannot be measured solely by what is absent (i.e., lack
of disease or hazards) but rather by characteristics of the animals
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and their ecosystem that affect their vulnerability and resilience
to a suite of interacting social and environmental harms; and 3)
animal health is not a biologic state but rather a dynamic human
social construct based on social expectations and scientific
knowledge.” (Stephen, 2014, pp. 429-430). Recently Huber and
colleagues delineated health as “(...) resilience or capacity to
cope and maintain and restore one’s integrity, equilibrium, and
sense of wellbeing (...)”, or, in short. “(...) the ability to adapt
and to self manage.” (Huber et al,, 2011, p. 2). Note, that both
definitions reflect a dynamic view of health in line with
the DAWCon.

Reaction norms, robustness, and
resilience

... to react adequately to ...

Reaction norm curves are tools to detect gene by
environment interactions in animal studies. A genotype may
yield a different phenotype in a different environment [i.e, a
Genotype by Environment (G x E) interaction], a relationship
that can graphically be depicted in the norm of reaction or
reaction norm curves (Fuller et al., 2005), where “(...) reaction
norms refers to a set of phenotypes that can be produced by an
individual genotype that is exposed to different environmental
conditions.” (Schlichting and Pigliucci, 1998, p. 51) (see
Figure 3). Reaction norm curves may be useful to assess the
behavioral plasticity and adaptability of an animal and to guide
the goals of breeding and selection programs, or of modifications
in the animal’s environment to improve its welfare (see also
paragraph Coping and adaptation). Reaction norms can be
estimated by testing the phenotypic reaction of a genotype to
known environmental covariates, and modeling the G x E
interactions via reaction norm models (Oliveira et al., 2018;
Chen et al.,, 2021). Knowledge about individual behavioral and
physiological reaction norms could improve the efficiency of
interventions aimed at promoting welfare (Linder et al., 2020).

Genetic diversity is one key to achieving the aim to safeguard
the adaptability of animals to changing environmental
conditions (Scherf, 2000). Even in captivity, animals may be
exposed to dynamic changes across their lifetime, e.g., transport,
social mixing, temperature changes, noise, outdoor access. Strict
breed standards may lead to inbreeding, i.e. reduced genetic
variation (Farrell et al, 2015). Unfortunately, a considerable
number of pedigree breeds have a very small gene pool that
inevitably leads to inbreeding (Collins et al., 2010; Leroy, 2011).
Inbreeding may reduce the individual’s ability to adapt to
various environmental appetitive and adverse conditions.

The animal’s resilience is “(...) the capacity (...) to cope with
short-term perturbations in their environment and return
rapidly to their pre-challenge status” (Colditz and Hine, 2016,
p. 1961). Physiological and behavioral adaptations contribute to
resilience and can be supported by cognitive processes (Parsons
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et al, 2016). The mechanisms enabling adaption to short-term
perturbations - ie., resilience — appear to differ from those
enabling adaptation to lasting environmental conditions, i.e.,
robustness (Colditz and Hine, 2016).

Breeding for robustness is discussed especially in farm
animals (Friggens et al., 2017). The effects of the environment
may be reduced in robust animals, i.e., they may be able to adapt
to a broad range of different environments (Figure 3A, in
particular genotype G1 and G7, and to a lesser degree
genotype G2, whereas genotype G3 only poorly adapts to any
of the environments). Breeding for robustness can therefore be
seen as breeding for a flat reaction norm (see Figure 3A), ie.
breeding for ‘generalists’ instead of ‘specialists’) (Strandberg,
2009). Generalists are animals that are able to adapt to a broad
range of housing and management conditions, whereas
specialists are selected to adapt to a very specific, narrow range
of housing and management conditions. It is easier to define
breeding goals for specialists than for generalists.

Internal and external factors

... to sporadic or lasting appetitive and adverse internal and
external stimuli, events, and conditions. ...

Animals are submitted to a large variety of exposure
scenarios, comprising sporadic, acute, and lasting, chronic,
factors in their environment. A factor might be considered as
an element [event(s), condition(s)] that contributes to a
particular result or situation. In animal welfare concepts (e.g.,
the Five Freedoms, FAWC - Farm Animal Welfare Council,
1979a, 1979b) and welfare research, the impact of adverse factors
usually gains most attention, whereas appetitive and
advantageous factors generally are all too often neglected, or
only play a subordinate role. Animals will actively avoid adverse
factors (e.g., noxious or punishing stimuli), and will actively
approach/seek factors (e.g., appetitive stimuli) that are associated
with or predict a positive outcome. Animal welfare may be
improved by promoting the actions of appetitive factors (see,
e.g., Baciadonna et al,, 2018). Appetitive factors may neutralize,
compensate for, or ameliorate the effects of adverse factors. In
addition to removing the impact of adverse factors, promoting
and introducing appetitive factors may be a strong strategy to
improve animal welfare. Enhancing the predictability of the
environment, and providing the animal with control may add
appetitive aspects to its environment, even when exposed to
stressors (Weiss, 1972). Thus, promoting appetitive factors may
shift the net effects of appetitive and adverse factors to positive
values more effectively compared to removing adverse factors.
Consequently, in welfare evaluations and in strategies to
improve welfare, the impact and potential of both appetitive
and adverse factors and their interactions needs to be
scientifically inventoried to be better understood (see, e.g.,
Krebs et al.,, 2018 as a recent example). Future research should
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Reaction norm curves. Reaction norms are, the “set of phenotypes that a single genotype produces in a given set of environments” (Dingemanse et al,,
2009, p. 81), i.e. they visualize the effects of environment (E1 —E3) on the phenotypic expression of a trait depending on genotype (G1 — G9). The bell-
shaped curves in this figure indicate that the environments and the phenotypes are represented by a range of data around a mean environmental
gradient (Voelkl and Wurbel, 2016). In panel (A), phenotypic expression depends on genotype, whereas the different environments do not have a
differential effect on the phenotype. The environments affect the phenotypic expression in panel (B), whereas genotype and environment interact in
panel (C) (depicted as suggested by Fuller et al, 2005, p. 446, and inspired by S.M. Carr, https://www.mun.ca/biology/scarr/6390_Norm_of_Reaction
html). Note that in these examples, the plots show no change or a linear change across environments. However, the phenotypic expressions of a
genotype across a range of environments may be non-linear. Also, the distributions of phenotypic expressions of a genotype may be narrower or wider
than the standard normal distributions depicted in this graph. Consequently, knowledge of the reaction norms in one environment may not predict

reaction norms in a different environment (Niemeld and Dingemanse, 2014).

focus on the potential of appetitive factors for improving
animal welfare.

In terms of the internal factors that are determined by
genetics, health and physiological characteristics, animals are
also exposed to manifold external factors in their physical and
social environment (Mellor et al., 2020). These factors comprise
sporadic stimuli and events, as well as longer lasting conditions.
The actions of lasting adverse internal and external factors create
the basic frame conditions for an animal’s welfare (see
Tables 1A, B for examples). They may determine the range of
appetitive and adverse conditions to which an animal can adapt.
Effects of sporadic adverse factors may add to the lasting ones.
The net effects of lasting and sporadic appetitive and adverse
actions determine the position of an individual as depicted in
Figure 1. In some instances, an animal will already be unable to
adapt due to the effects of lasting and/or frequently present
adverse internal and external factors. In other instances, it will
exceed its limit of adaptability through the additional action of
sporadic adverse factors. The effects of lasting adverse factors
should be visible on each successive welfare assessment time
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point (repeated welfare assessment), whereas the impact of
sporadic adverse factors may be missed more easily or only be
detected on a subset of the measurement timepoints (see also
Assessing animal welfare based on DAWCon). External factors
are usually under stronger control of the animal keeper and
welfare improving actions may be realized easier and faster than
if animal welfare is compromised by adverse internal factors.

It is, however, not always unambiguously possible to classify
a factor as internal or external, and its impact as sporadic or
lasting (Tables 1A, B). External conditions may lead to an acute
response, but its impact may lead to lasting consequences in
internal conditions. For example, inadequate socialization of a
dog pup due to neglect by the keeper may be considered an
adverse external factor. If, however, the puppy cannot properly
be socialized (e.g., due to its anxious personality based on
perinatal G x E interactions), this may be considered as an
adverse internal factor. In both instances, the impact of the failed
socialization is most likely lasting.

Another example might be highly aggressive behavior. If a
dog is selected from an aggressive breed as a fighting dog and
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TABLE 1 Examples of appetitive and adverse internal and external factors and their potential lasting and sporadic consequences for animal

welfare.

A Lasting impact/consequences

Appetitive  Good physical and mental health;

internal Adapted genotype;

factors Action of internally generated substances such as hormones, enzymes, and neurotransmitters as
mediators of positive mental states;
Satisfaction of biological needs;
Positive mental state (McMillan, 2005).

Appetitive  Predictability of the environment (Bassett and Buchanan-Smith, 2007);

external Regular health monitoring (e.g. keeping a welfare protocol);

factors Applying corrected breeding standard to reduce effects of extreme phenotypes (e.g. brachycephalic
dogs) (van Hagen, 2019);
Providing biological needs (ideally on an individual basis);
Appropriate socialization, i.e. contact with peers and environmental stimuli (Dietz et al., 2018);
Group housing of social animals (Nordquist et al., 2017); Good stockmanship (Rushen and de
Passille, 2010);
Appropriate ‘stress free’ handling (Lloyd, 2017);
Effects of housing conditions and management systems/practices such as enrichment to enable
behavioral needs (e.g. rooting in pigs, dustbathing in chicken, Spinka, 2006) and motivate a broad
behavioral pattern, availability of shelter, and shadow, appropriate resting opportunities e.g., perches
(chickens).

B Lasting impact/consequences

Adverse Suffering from illness (chronic disease) or permanent physical/psychological impairments, e.g.

internal chronic pain (Vinuela-Fernandez et al.,, 2007); decline of cognitive abilities at advanced age (Ranchet

factors et al., 2017);
Action of genes (gene mutations/gene defects) (Gough et al., 2018);
Effect of selective breeding on appearance, without considering the consequences for the animal’s
health and welfare (Arman, 2007; McGreevy, 2007; Indrebe, 2008; King et al., 2012);
Long-lasting or irreversible consequences after exposure to external teratological, toxic (e.g. after
accidental or deliberate exposure, Berny et al., 2010; Guitart et al,, 2010a, 2010b) and/or infectious
agents;
Action of internally generated substances such as hormones, enzymes and neurotransmitters; long
lasting disturbed hormonal balance after neutering; (Sundburg et al., 2016; Zwida and Kutzler, 2016)
Pathological anxiety (Ohl et al., 2008).

Adverse Effects of housing conditions and management systems/practices (see, e.g., Nordquist et al., 2017)

external such as improper diet, confinement, i.e. too little space for moving/running;

factors Deficient socialization (Howell et al., 2015);

Incorrect handling, management, and housing of an animal (e.g. caused by its owner’s
incompetence/ignorance) (Nordquist et al., 2017).

Sporadic impact/consequences

Recovering health;

Pain relief;

Self-confidence (Lawrence et al., 2019);

Resilience (Huber et al., 2011);

Anticipation of a positive event (but see Anderson
et al., 2020);

Positive emotions associated with reward (van der
Harst and Spruijt, 2007);

Pleasure (Yeates and Main, 2008).

Application of analgesia;

Providing unexpected positive stimuli;

Providing choice (Edgar et al., 2013) and
engagement;

Providing resources for comfort behavior, e.g.,
availability of rotating brush for cattle (Keeling et al.,
2016);

Training for irregular procedures (Laule, 2010).

Sporadic impact/consequences

Short lasting disease/malaise;

Pain caused by e.g., injections, minor surgery;
Poisoning (e.g. ingestion of toxic substance after
accidental or deliberate exposure, Berny et al., 2010;
Guitart et al.,, 2010a, 2010b) causing transient
malaise);

Mild injuries that do not require medical care or
veterinary attention;

(Acute) anxiety (a response to potential danger,
Catherall, 2003);

(Acute) fear (a response to real danger, Catherall,
2003);

Induced molting (Keshavarz and Quimby, 2002).

Visiting the veterinarian/vet practice (Lloyd, 2017);
Effects of punishment (Ziv, 2017);

In social animals: stability of the group (herd, flock);
current position in hierarchy; fights to establish
hierarchy (Estevez et al., 2007; Olsson and Westlund,
2007);

Capture and transport (e.g. broilers, Nijdam et al.,
2004).

Table 1A lists appetitive factors, whereas examples for adverse internal and external factors are listed in Table 1B. Appetitive factors may compensate or ameliorate some of the effects of

adverse factors. Note that for whether these factors have lasting or short term consequences, the timing likely matters. Exposure to factors during sensitive phases (perinatal, socialization,

adolescence) may irreversibly shape an animal’s phenotype. For welfare assessment the net effects of appetitive and adverse factors on an animal’s welfare must be considered.

trained to behave highly aggressively (e.g. towards animals or
other people) (Harding, 2013), meaning it is unable to act
appropriately in social situations, this may be considered the
result of both adverse internal and external factors. However,
highly aggressive behavior can also be due to medical causes,
such as pain or neurological disorders (Luescher and Reisner,
2008) and might then be considered as an internal factor. Also,
here, in both instances, the impact is most likely lasting.
Changes in the perception of pain may serve as yet another
example. An injection, for example for vaccination, must be seen
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as an external, pain inducing factor and its impact is most likely
sporadic. However, due to medical conditions such as infections
or due to gene defects or cognitive decline a normally non-painful
factor might be perceived as painful (e.g., Tracey and Mantyh,
2007) by the animal and may then be seen as an internal factor. In
the latter instance, the impact is most likely lasting.

In research on human health and wellbeing, the realization
of the importance of a holistic life-course approach has led to the
formulation of the exposome concept. The exposome represents
the non-genetic drivers of health and disease across the life-
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course of an individual (Wild, 2005; Wild, 2012). Miller and
Jones (2014, p. 2) formulated a broad definition of the exposome
as “the cumulative measure of environmental influences and
associated biological responses throughout the lifespan,
including exposures from the environment, diet, behavior, and
endogenous processes.” The exposome approach, which aims
“(...) to provide a neutral description of the totality of an
individual’s non-genetic exposure that can then be used to
identify those specific exposures associated with well-being,
health and disease.” (Bateson and Poirier, 2019, p. 42) shows
similarities with the DAWCon concept, as it considers the life-
course cumulative effect of factors influencing welfare and
addresses the external and internal factors related to welfare in
a system science approach (Kalia et al., 2020). Both the
exposome and DAWCon concept, bridge the role of the
environment in health over multiple continua including: from
populations to individuals, from external to internal
environments, from discrete exposures to life course, and from
single stressors to multiple determinants.

It must be noted though, that the concepts of internal and
external factors (Ohl and van der Staay, 2012; Mellor, 2017)
and the concepts of internal and external exposomes (Zhang P.
et al., 2021) are not fully congruent. For example, in Zhang’s
schematic overview of internal versus external exposomes,
stress belongs to the external exposomes (see Zhang P. et al,
2021, Figure 1, p. 840). Referring to external stressors inducing
internal stress, or more appropriate, an internal stress
response, would align more with the classification of internal
and external factors in DAWCon. While also the exposome
framework places factors into domains of internal and external,
a sharp distinction cannot always be made (Wild, 2012).
Therefore, in research on animal welfare, internal and
external factors must be explicitly defined, using the
DAWCon concept, eventually in combination with an
exposome approach (Zhang H. et al, 2021). Although we
chose to assume a simple relationship between the net effects
of internal and external factors, further research eventually
might prove that this relationship is far more complex.
Therefore, we encourage future research to determine
appropriate measurement scales, the manner in which the
net effect of internal and external factors interact, and the
exact position and shape of the line symbolizing the limits
of adaptability.

Natural, innate, and normal behavior and
the impact of domestication

Adequate reactions are elements of an animal’s
normal behavior...

The ‘freedom to express natural behavior’ is often stressed as
an important aspect of good welfare (Bracke and Hopster, 2006)
or considered as fundamental for good animal welfare (see,
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Yeates, 2018; Browning, 2019). The concepts of natural and
normal behaviors (Segerdahl, 2007; Yeates, 2018) are, however,
not self-evident and natural behavior is difficult to define
(Learmonth, 2019; for an in depth discussion of this concept
see Segerdahl, 2007; Lerner, 2008). In the literature, the terms
natural, innate, and normal behavior have been used
interchangeably. They refer to behaviors that are inherent to
animals and are considered to be components of an animal’s
biological functioning as key issues of animal welfare
(Dawkins, 2003).

Natural behaviors develop to enable an animal to adapt to
the challenges of the natural environment. Animals are believed
to be highly motivated to perform these behaviors which may
help to reduce or to avoid types of stress that lead to
deterioration of the animals’ adaptive capacities (i.e. distress,
Kupriyanov and Renad Zhdanov, 2014). Recently, Yeates (2018)
criticized that Bracke and Hopster (2006) limited their definition
of natural behaviors to pleasurable behaviors, which may not
reflect the entire spectrum of natural behavior animals are
motivated to perform.

Yeates (2018) went even further and proposed to define
natural behavior as behavior that is ‘unaffected by man’.
According to Veasey and colleagues, the behavior of wild
animals, i.e., “(...) ‘the behaviour expressed by an animal
subject to environmental and evolutionary pressures with
minimal human intervention’, is often used as a bench mark
by which the welfare of captive animals can be assessed.” (Veasey
et al, 1996, p. 13). This approach may, however, not be
applicable to all captive animals. The environment in which
domesticated animals are kept may substantially deviate from
the environment in which the wild ancestor evolved (see also
Figure 5A), and the animal may no longer be equipped with the
behavioral repertoire to appropriately face environmental
challenges (e.g., through the housing and management system).

Farm and companion animals are usually the result of strong
genetic selection and continuous human interventions (in
particular with respect to management and housing
conditions, Nordquist et al., 2017), ie., are the product of
domestication. Domestication is the process of adaptation of
the animal to live near/with humans (companion animals), or
under the housing and management conditions created by
humans (farm animals). According to Price (1999, 1984) “(...)
domestication is defined as that process by which a population of
animals becomes adapted to man and to the captive
environment by some combination of genetic changes
occurring over generations and environmentally induced
developmental events reoccurring during each generation.”
(Price, 1984, p. 3). Domestication may strongly affect the
behavioral repertoire of an animal (Rooney and Bradshaw,
2014), ie., domestication may alter the animal’s behavioral
repertoire in response to the selection pressure (Fraser et al,
1997). §pinka (2006) incorporates the impact of domestication
and states that an animal’s natural behavioral repertoire consists
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of “(...) behavioral elements and behavioral sequences that have
evolved either during the evolution of the species or during its
domestication ‘in order’ to increase the fitness (...) of the
behaving animal.” (§pinka, 2006, p. 118). Nevertheless,
domesticated animals may still possess (most of) the
behavioral repertoire of their wild ancestors (e.g. pigs, Stolba
and Wood-Gush, 1989).

Given the difficulty to assess the effects of domestication on
animal behavior, we suggest using the term ‘normal behavior’
instead of ‘natural behavior’ for domesticated animals. Also,
according to Browning (2019), “Those who advocate natural
behavior appear to be using a “teleological” conception of
welfare, in which naturalness is considered fundamental to
welfare, outside of its effects in other areas. Others are instead
considering animal welfare from a subjective standpoint - that
is, consisting of the positive experience of life by the animal, and
where only those factors that affect this experience are important
in determining welfare.” (2019, p. 328).

Normal behaviors such as dustbathing and perching in
chickens and rooting in pigs are innate, and “(...) are driven
by internal factors, and are internally and physiologically
regulated (...)” (Hartcher and Jones, 2017, p. 769). Also,
normal behavior is predictable behavior, based on the
knowledge of conspecifics, and animal keepers, about which
behaviors and reactions should be expected under the
prevailing conditions.

“Any definition of normal must remain open and available
for change and continuous modification, as it is inevitably
produced out of a necessity for a measurement or benchmark
of something else — namely abnormal and disordered.” (Segura,
2015, p. 6). For example, the strength of motivation to perform
certain behaviors (i.e. frequency and/or duration of
performance) can depend on environmental conditions. The
expression of rooting behavior in pigs, a behavior they are highly
motivated to perform, has been found to be flexible in response
to nutritional needs (Beattie and O’Connellt, 2002). Normal
behavior thus might be contrasted with abnormal behavior, and
it might be necessary to define normal in terms of the abnormal
(Segura, 2015). We tentatively define abnormal behavior in
animals as dysfunctional, aberrant, and non- or maladaptive,
and unpredictable behavior, which all have the potential to evoke
distress in the individual (see also Ramsden, 2013).
Dysfunctional behavior is behavior that interferes with the
ability to function effectively in daily life, i.., that tends to be
maladaptive. Aberrant behavior seriously deviates from what
other animals recognize and interpret correctly. It deviates from
behavior that can be expected and is considered adequate in the
current situation (e.g. expressing defensive aggression while as
friendly approached by an unfamiliar individual), triggering
adequate responses in conspecifics (and eventually other
species that are familiar with interacting with individuals of
the species that show deviant behavior, e.g., dog owner - dog).

Frontiers in Animal Science

10

10.3389/fanim.2022.908513

Individuals’ behaviors are thus guided by what they anticipate
being the expectations of their peers and of their social
environment. Maladaptive behavior is behavior that is
inadequate for coping with situational changes. The animal
may fail to use an adequate coping strategy (Ramsden, 2013).
Instead, it may engage in abnormal behavior, such as stereotypic
behavior, or it may express a ‘zombie’-like behavior, i.e., it may
become highly inactive or unreactive to external appetitive or
aversive stimuli (D’Eath et al., 2010).

Abnormal behavior may become extreme and develop into a
pathological state. Ohl et al. (2008), for example, defined
pathological anxiety-related behavior in animals as lacking
adaptive value and that is incommensurate with the actual
situation. The transition from normal to abnormal and
pathological behavior is fluent, due to a lack of well-defined
threshold values. Consequently, it may be difficult to recognize
and diagnose a) when behaviors become abnormal, and b) when
they become pathological. In human societies, shared cultural
values and world views may determine which behaviors are
considered normal and acceptable, and as abnormal and
unacceptable (Ramsden, 2013).

Cultural values may also affect classifying animal behavior as
normal or abnormal. In the context of welfare assessment, the
need to perform normal and/or natural behaviors, the amount of
reward and level of satisfaction that is provided by performing
these behaviors, and the amount of frustration caused by
inhibiting these behaviors, can be assessed scientifically
(Hartcher and Jones, 2017). We suggest principally using
the criterion of deviant behavior for classifying behavior as
normal or abnormal, and using the severity of distress,
dysfunction maladaptation associated with specific behavior as
additional criteria.

Welfare issues may emerge if the animal has a strong
motivation to display behaviors that are no longer adaptive
and desirable in its current situation (see e.g., Miller and Polack,
2018). Examples are: nest building behavior of sows (Yun and
Valros, 2015), the rooting behavior of pigs on concrete floors
without litter (Studnitz et al., 2007), and dust bathing in chickens
kept on wire floors (Vestergaard, 1980). The inability to perform
these behaviors for which an animal is highly motivated, and/or
preventing the reward associated with successfully performing
these behaviors, because the substrate needed is not provided,
might lead to frustration, negative effects on maternal behavior
(e.g. sow nest building, Cronin et al., 1996; Herskin et al., 1998;
Jarvis et al., 1999; Thodberg et al., 2002) or body condition and
health (e.g. dustbathing chicken, van Liere, 1992; Weeks and
Nicol, 2006) and thus impair welfare. Notably, certain (natural)
behavioral patterns such as e.g. rank-related aggression inducing
injuries, are detrimental to animal welfare (§pinka, 2006). Not
only the victim of aggression may experience impaired welfare,
but also the aggressor if its motivation to express aggression is
suppressed or prevented, e.g. through management measures
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(Segerdahl, 2007). Furthermore, some natural behaviors, such as
aggression directed towards humans or to pen mates or soiling
the house in companion animals may be ‘unwanted’ from the
owner’s/animal caretaker’s point of view (Rydhmer and Canario,
2014). These conflicts have the potential to create welfare issues,
e.g., if the companion animal is surrendered to a shelter.

The expression of nonadaptive and maladaptive behavior
strongly indicates that the animal’s adaptive limits are exceeded
and that its welfare is compromised or seriously impaired.
Maladaptive behavior harms the animal, whereas an animal
showing nonadaptive behavior will at best inadequately cope
with the challenges with which it is confronted. Signs of
compromised welfare are nonadaptive or maladaptive
behaviors such as stereotypies (Mason and Latham, 2004),
enduring symptoms of an activated stress physiology, distress,
pathological anxiety (Ohl et al., 2008), apathy and/or depression
(e.g. horses, Fureix et al, 2012), automutilations (e.g. in dogs,
Ghaffari et al., 2007), pathological aggression (Natarajan and
Caramaschi, 2010) and injurious behavior (e.g. severe feather
pecking in chickens, Rodenburg et al, 2013). Note, that the
absence of nonadaptive or maladaptive behavior cannot be taken
as an indication of unimpaired welfare (McPhee and Carlstead,
2010), welfare may still be compromised.

Coping and adaption

... allow the animal to cope with and adapt to the demands of
the (prevailing) environmental circumstances, ...

Animals must be able to cope with and adapt to persistent/
conditional (adverse) environmental conditions to ensure their
welfare (Broom, 1986; Broom, 1991; Broom, 2001; Hill and
Broom, 2009). Coping with and adapting to challenges depend

10.3389/fanim.2022.908513

to a large extent on the capacities of the animal, which may vary
according to the genetic constitution, especially in heavily
selected breeds and strains. Most concepts of animal welfare
share the view that poor welfare is associated with exceeding the
coping capacity of animals (McEwen and Wingfield, 2003).

The limits of adaptability are dynamic, i.e., our concept of
animal welfare contains elements of allostasis (Figure 4). Under
normal conditions, sound and unimpaired animals have a wide
regulatory range of allostatic mechanisms at their disposal. If
these mechanisms are activated outside their regulatory range,
several problems may occur.

Repeated or chronic activation may lead to failure to adapt/
habituate, failure to invoke adequate physiological responses, or
to terminate the physiological responses with the termination of
the challenge. Chronic deviation of the regulatory system from
normal may induce an allostatic state, i.e. a chronic imbalance in
the regulatory system (McEwen, 2004) that eventually may lead
to a new equilibrium. These changes are not inevitably
irreversible: “the body and the brain have a huge capacity for
adaptive plasticity.” (Korte et al., 2005). Korte et al. (2007)
conceive allostasis as a change of the internal set-points to
meet environmental demands (stability through change). A
new set-point (allostatic state) is thought to entail a narrowing
of the regulatory range (Koob and Le Moal, 2001). Establishing a
new equilibrium will come with costs: continued operation of
the allostatic state or overactivation of allostatic responses
(allostatic load) (McEwen, 2004) may exceed the capacity of
the individual to cope and accumulate to allostatic overload
(McEwen and Wingfield, 2003, p. 4).

Note, that we distinguish between coping and adaptation,
although the distinction between these two terms is less sharp in
the scientific literature. They may sometimes be used
interchangeably. We use coping to describe a way of
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Homeostasis and allostasis in the context of animal welfare. Note that, if the animal reaches its limits of adaptability (blue dashed lines), its
welfare becomes compromised (see also Figure 1). Values within the normal range will not impair the animal's welfare, although values

approaching the limits of adaptability may compromise welfare.
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responding to an experienced impact with a shorter-term
temporal horizon (immediate action/reaction to sporadic
impact/effects). Adaptation is the process of adjusting to
change with a longer-term temporal horizon [e.g., in response
to lasting changes in the environment or of internal factors],
eventually across generations as a result of genetic selection (see
also Tables 1A, B). The ability to make these adjustments is
called adaptive capacity, which depends on the animal’s ability
and capability to adapt, as described in the DAWCon. Applying
a coping strategy to deal with a specific condition may be
considered as a form of adaptation.

Especially in captivity, certain behavioral adaptations may
not be suitable anymore to face the environmental challenges
(Figure 5A). In the worst case, the animal may still feel a strong
motivation or need to exhibit certain behaviors, even though
their functional consequences may no longer be required for
survival (Duncan, 1998). If these behaviors do not help to adapt
to the situation, or if they cannot be performed, the welfare of the
animal may be compromised. On the other side, the animal may
be faced with challenges for which it lacks adaptive behavior
(Figure 5B). This mismatch is likely to result in
compromised welfare.

The strategies to push the limits of adaptability and to improve
the animal’s welfare are different for sporadic and lasting adverse
factors. The limit of adaptability of an animal, or whether it will
experience compromised welfare, may directly be affected by its
degree of robustness. Robust breeds may have the required
adaptability to cope with a broad range of net effects of internal

Adaptability of the animal. i.e. the
entire repertoir of adaptive behaviors that
emerged during the evolution of the species

Adaptations

that do no longer Challenges to whi
help to face capable and a
challenges

The need/strong motivation to display
these behaviors may compromise
welfare

unimpaired
welfare

FIGURE 5

compromised
welfare
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and external factors, whereas the same constellation of factors may
already exceed the limits of adaptability in less robust breeds.

The importance of positive emotions

...enabling it to reach a state that it perceives as positive, i.e.,
that evokes positive emotions.

DAWCon assumes that animals can experience negative as
well as positive emotions. It is, however, valid to assume that
most, if not all, non-human animal species perceive their
environment, and depending on their cognitive abilities,
process information differently from us. The capacity of
subjective experiences and emotions might vary due to
taxonomic affiliation (Fraser, 1999). Fraser and Duncan (1998)
explicitly assign the capacity to experience positive emotions to
higher vertebrates, however, this capacity may be much more
widespread across the animal kingdom (Bliss-Moreau, 2017).
Knowledge and appreciation of species differences is crucial to
safeguarding animal welfare and calls for more research on
animal taxa, about which we understand little in terms of
emotional processing, cognitive abilities, and sentience (e.g.,
Perry et al., 2017). Challenges of an animal’s welfare may arise
“(...) from anthropomorphism, particularly the misattribution
of human cognitive abilities or emotions to animals, or from
anthropocentrism, a failure to realize that their animal perceives
the world through a different set of senses to their own”
(Bradshaw and Casey, 2007, p. 149).

Challenges faced by the animal

Challenges
to which the animal
is not capable and
able to adapt

Animal is unable to display adaptive
behavior; this may seriously impair

its welfare

seriously im-
paired welfare

The mismatch between behavioral adaptability and challenges and the consequences of failing or succeeding to adapt. If an animal's capacity
and/or ability to adapt and cope with adverse internal and/or external factors is exceeded, the animal may be confronted with (unsolvable)

problems (inspired by and modified from Fraser et al,, 1997, p. 198).
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According to Anderson and Adolphs (2014) emotional
behaviors represent internal emotional states. Usually, their
frame of reference is the behavior and underlying
neuroanatomy of humans. Whereas it is valid to assume that
mammals possess the ability to experience positive emotions
(Burgdorf and Panksepp, 2006), doubts have risen about
whether species with a larger phylogenetic distance to
mammals possess the ability, as well (see, e.g., the ongoing
vivid discussion about this topic in the dedicated journal in
‘Animal Sentience’, ISSN: 2377-7478). Phylogenetic closeness is
seen to be reflected in the degree of similarities/homology
(structural and compositional correspondence) (e.g.,
Northcutt, 2012). An even stronger argument for this
closeness might be analogy (serving similar functions, e.g.,
Panksepp, 1998, p. 1998). Both homology and analogy might
thus serve as arguments for the likelihood that the degree of
phylogenetic closeness reflects the capacity of non-human
animals to experience emotions comparably to humans.

A large phylogenetic distance is traditionally believed to exist
between vertebrates and invertebrates (reviewed by, e.g., Holland
et al,, 2015). There are, however, first indications that groups of
invertebrates such as arthropods, like insects and vertebrates
have a common evolutionary origin (e.g., Holland et al., 2015).
This common history may be the foundation for the assumption
that arthropods probably possess the ability to track experiences
of reward and punishment, being relevant within processes of
adaptation to environmental conditions (Bateson et al.,, 2011). It
might be wise, as suggested by Mendl et al. (2011) to
comparatively explore the possible adaptive benefits of
conscious experiences in natural environments. Conscious
experience needs to be proven for insects and for other species
with a larger evolutionarily distance to humans, such as, for
example, reptiles and amphibians. There is a chance that some
species might possess the ability to successfully adapt to
environmental conditions without, or with limited conscious
experience (Dawkins, 2017). Thus, DAWCon may be restricted
to species evolutionary close to humans. Consequently, there
may be a need for new, additional concepts of animal welfare for
species with a larger phylogenetic distance from humans.

The conceptual approach to welfare in the past decades
moved from focusing on the absence of negative states (Five
Freedoms) to promoting positive welfare (Mellor, 2015).
Current welfare concepts agree that the animal’s mental states
deserve increased attention, and that positive affect and
emotions are a crucial feature of positive welfare (Boissy et al.,
2007; Yeates and Main, 2008; Lawrence et al., 2019). The
advance in research on animal consciousness and sentience,
and the capacity to experience emotions surely supported this
shift in the conceptual approach to animal welfare (Mellor and
Beausoleil, 2015; Dawkins, 2017). Emotions have evolved along
the process of adaptation, evoke behavioral or physiological
processes, and function to maximize fitness (Revord et al,
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2021). Negative emotions aid animals in avoiding adverse
stimuli, positive emotions promote them to seek appetitive
factors and rewards. The continuum between negative and
positive emotions is part of an animal’s dynamic welfare. Note
that, similar to behavioral adaptations, in a captive environment,
not all emotions necessarily prove adaptive (Revord et al., 2021).
To reach a state of unimpaired welfare, DAWCon explicitly
emphasizes the importance that internal and external factors
should enable an animal to experience positive emotions. The
animal’s experiences are subjective and are shaped by its current
and past experiences. To assess an individual’s perception of its
emotional state requires a holistic view and ideally combines
physiological and behavioral measures (Boissy et al., 2007;
Mendl et al, 2010) (see also Figure 2). Cognitive processes
may affect the subjective experience and the emotional
reactivity of an individual, while vice versa, emotional
experiences may affect cognitive processes (Boissy and Lee,
2014). The latter complex interplay is being investigated
through behavioral testing paradigms such as cognitive bias
and attention bias (Crump et al, 2018). In humans, coping
ability and positive affect are shown to contribute to increased
wellbeing (Fredrickson and Joiner, 2002), a promising process to
pursue in animals, as well (Boissy and Lee, 2014).

Assessing animal welfare based on
DAWCon

Behavior is an important read out and indicator of an
animal’s welfare state and for identifying changes. While
expression of normal behavior does not necessarily equal good
welfare, the development of maladaptive and abnormal
behavioral patterns may indicate compromised welfare. To
recognize these aberrations, all-encompassing ethograms are
the basis of any assessment tool for animal welfare. As
Nordquist et al. (2017) pointed out, precise descriptions/
definitions of the natural and normal behavioral repertoire of
the species in an ethogram is a prerequisite for conclusions on
the adaptive capacity of an animal. Notably, if animals are
observed in an environment that does not provide the relevant
resources to perform normal behavior, an ethogram may not
reflect the full behavioral spectrum. Thus, comparative research
under diverse environmental conditions is necessary. Referring
to farm animal welfare, already Kilgour (1978) pointed to the
exigency to obtain this basic information. To address specific
scientific and welfare questions, however, ethograms for
narrowly defined, delimited behavioral domains have been
developed and are available. Unfortunately, comprehensive
ethograms of many captive species are still missing.

Next to behavioral measures, the investigation of
physiological parameters is crucial to be able to make
assumptions about an animal’s emotional state and to follow
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coping processes. In search of ‘iceberg indicators’, i.e., single
parameters that may serve as an overall index of animal welfare
(Heath et al., 2014; Collins et al., 2015), a myriad of physiological
indices of arousal or stress coping have been investigated and put
forward as valuable proxies for welfare assessment, e.g., heart
rate variability (von Borell et al., 2007; Kovacs et al., 2014) or
glucocorticoids (Otovic and Hutchinson, 2015).

Importantly, coping and adaptation are dynamic processes
not at least due to the dynamics of an animal’s environment,
therefore need adequate evaluation techniques. The assessment
of the welfare state of an animal needs multiple measurements
(multiple readouts) over time (repeated measurements)
(Figure 6), as they reflect the dynamics of the individual’s
interaction with its environment over time (Ohl and van der
Staay, 2012), and the animal’s needs change over time (Millar,
2013). Measurement at one single time-point is of limited
relevance: in particular because it does not provide
measurements of reactions to, and recovery from adverse
environmental interferences (Friggens et al., 2017).

Ascertainment of the momentary condition of the animal
provides an indication to eventually take immediate action for
improving its condition, in particular, if welfare appears to be
compromised or impaired. However, a single measurement is a
snapshot that does not provide a valid indicator of an animal’s
general welfare state and cannot detect persistent impairment of
animal welfare (Temple et al., 2013).
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The acute mental and physical state of an individual may well
reflect successful earlier coping and/or adaptation. Integrated
measures, such as concentration of glucocorticoids in hair,
provide retrospective information. While not providing details
on the acute reactions to adverse or appetitive factors, levels of
glucocorticoid may indicate an overall higher exposure to adverse
factors. Caution should be taken when interpreting relative levels
of physiological markers, as the measured concentrations may
also be the result of previous adaptation to a new allostatic set
point, and may not indicate compromised welfare, per se.

Multiple measurements are furthermore necessary in order to
develop reliable welfare assessment tools, providing results
representative over longer periods of time (Waiblinger et al., 2001;
Kirchner et al., 2014; Battini et al., 2016; Can et al., 2017; Diener,
2017), and across different phases oflife (see. e.g., Munozetal,, 2018).

Promising developments regarding the longitudinal
assessment of parameters, which may be, at least potentially,
relevant to animal welfare, concern the use of cameras and
sensor technologies (e.g., Li et al., 2020). Artificial intelligence
and machine learning have recently gained momentum within
livestock farming (e.g., Valletta et al, 2017; Van Hertem et al.,
2017; Neethirajan et al., 2021) and for the behavioral
phenotyping of rodents used in animal experiments (for a
review see, e.g., Voikar and Gaburro, 2020). Technology can
add to the (longitudinal) measurement of animal welfare.
However, such technologies and the information they yield
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Repeated assessment of animal welfare. Drawing conclusions about animal welfare must be based on assessing an animal's emotional and
physiological state repeatedly over a longer period of time. Individual A: the welfare of this animal is not at stake at any of the four welfare
assessment time points, i.e., the impact of net effects of adverse internal and external factors never exceeds its limit of adaptability. The net
impact of appetitive and adverse internal and external factors exceeds the limit of adaptability of animal B at the second time point, whereas its
welfare is compromised on time points 1, 3, and 4. The welfare of animal C is seriously impaired on all assessment time points, i.e., the impact
of adverse internal and external factors always exceeds its limits of adaptability. Animal D, an overweight, brachycephalic dog underwent surgery
to alleviate its dyspnea (reducing impact of an adverse internal factor) between the second and third welfare assessment time point. Also, the
feeding regime was improved to induce significant weight loss (reducing the impact of an adverse external factor, namely malnutrition). The

condition of this dog is slowly improving.
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need to be thoroughly validated. It is thus of high importance to
clearly define which parameters are considered to be of
importance to animal welfare and to continue the search for
novel parameters.

Many welfare assessment tools have been developed such as
the Welfare Quality protocol (e.g., Czycholl et al,, 2015), and
assessment criteria according to the Five Domains (e.g. McGreevy
etal, 2018), and the Quality of Life (e.g., Green and Mellor, 2011),
approaching animal welfare from different points of view (see
Webster, 2016). Unfortunately, the correlation between
assessment tools derived from these (and other) concepts (e.g.,
Andreasen et al., 2013) and their consistency over time may be
weak (Knierim and Winckler, 2009; van Eerdenburg et al., 2021),
indicating the necessity for more research to derive well validated
and useful welfare assessment tools.

Strategies to improve welfare based
on DAWCon

Several strategies to safeguard and promote welfare come
forward from the DAWCon (Figure 7). First, ensuring the
animal’s health and the animal’s capacities and abilities to cope
efficiently with its environment through preventive measures, such
as regular health care, and via breeding programs and genetic

10.3389/fanim.2022.908513

selection is crucial to avoid internal lasting adverse states, e.g., as
present in brachycephalic breeds (Packer and Tivers, 2015).
Breeding goals should be adjusted to forestall adverse
consequences on animal welfare (Rauw et al., 1998; Kanis et al,
2005). By providing the opportunity to perform normal behavior,
and appropriate nutrition and cognitive stimulation, the animal’s
capacity to cope and adapt, both physically and mentally, will be
further supported. By doing so, welfare will likely not be severely
compromised by sporadic adverse factors, though the exposure of
the animals to these and especially lasting adverse factors should be
minimized. Instead, appetitive stimuli should be provided, e.g., by
structural, social, and foraging enrichment (Newberry, 1995).
Interventions to enhance the possibility to experience positive
states and positive welfare should aim at the following features
(1) positive emotions; (2) positive affective engagement; (3) quality
of life and (4) happiness (Lawrence et al, 2019). Adaptability may
be enhanced, as well, by training an animal to cope with its current
adverse circumstances/adverse conditions.

We suggest that the causes of undesired traits and behaviors
such as expression of gene mutations in response to breeding
selection should be investigated as one of the most relevant
starting points for research, because a detrimental genetic
constitution may forestall or seriously constrain adaptability. It
is of utmost importance to review and reassess breeding
standards that may have detrimental effects on the animal’s
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Strategies to improve, and the expected effects of the actions taken on the animal's welfare (inspired by Kanis et al., 2004; Nordquist et al., 2017). Note
that the effects of breeding and selection become visible only over several generations (i.e., it is not suited to improve the welfare state of an individual
animal, but, if successful, will gradually improve animal welfare across successive generations). In farm animals, the consequences of genetic selection
on production traits on the welfare of individual animals (e.g. selection for large litter sizes in pigs; increase of number of low weight piglets, which
decreases viability; severe teat competition when the number of piglets exceeds the number of teats of the sow, Rutherford et al., 2013) should be
evaluated. Breeding goals should eventually be adjusted to forestall adverse consequences on animal welfare (Rauw et al,, 1998; Kanis et al, 2005). By
contrast, improving the health (eventually by medical treatment) of an animal and improving its housing and living conditions, may instantly affect an
animal's welfare state. Similarly, instant positive effects on animal welfare may result from instructing owners and professional training of farmers about
the animal's needs and the animal's behavior, if the acquired knowledge is put into practice.
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welfare (Asher et al., 2009), i.e. to square up to the absurdity of
some breeding standards (King et al., 2012). Breeding programs
thus should focus on the internal causes of undesired traits and
behaviors, rather than on eliminating these by external
manipulations, because the latter approach may generate
other, sometimes more urgent, welfare issues.

Adapting breeding aims, and the breeding practices to reach
these aims, will not instantly lead to the amelioration of animal
welfare, because their effects will take a few successive generations
to become visible even in traits that respond quickly to selection.
In particular, breeding aims should be re-evaluated and redefined,
and breed standard regulations should abolish inbreeding, the
main cause of the numerous genetic problems of many popular
breeds (Arman, 2007; Jeppsson, 2014).

For instance, conditions that may increase the probability of
a difficult birth (dystocia, i.e. a difficult birth or the inability to
expel the fetus(es) from the birth canal during parturition)
should be considered. Examples are breeding animals with a
narrow birth canal (maternal origin), or with oversized fetuses
(fetal origin), e.g. achondroplastic type breeds, and breeds
selected for large heads (Eneroth et al, 1999; Ogbu et al,
2016). The cessation of such conditions will be beneficial for
the welfare of potentially affected animals (i.e. the females that
would have been used for breeding and their oversized puppies)
and for the breed as a whole. Neutering of all animals that are at
risk of dystocia may be an option (McKenzie, 2010).

An area of research that intrinsically is prone to (severe)
animal welfare problems is the development and use of genetically
modified animals as models of neurobehavioral disorders or other
disabling disorders. These models target the disease or a subset of
specific symptoms and/or disease pathogenesis (Brown and
Murray, 2006), and are believed to offer highly relevant disease
models. Their aim is to generate signs similar to those seen in the
target species (usually humans) (Doyle et al, 2012). With the
expression (of symptoms of) disorders, the animals used may
experience dysfunctions that cause discomfort (van Zutphen and
De Deyn, 2000; le Bars et al., 2001; Mertens and Riilicke, 2007).
For this reason, animal welfare should be closely monitored
during the different stages of model development and model
application (Zintzsch et al., 2020).

The net effects of internal factors might be of special
relevance for evaluating the welfare of genetically modified
rodents (and other species, such as pigs, Perleberg et al., 2018;
Tanihara et al, 2021). Providing external factors, in particular
management and housing conditions, may be crucial in
alleviating the welfare consequences of the induced genetic
modifications. The impact of adverse internal factors due to
the dysfunctions induced may, however, be too severe to
compensate via favorable external conditions.

Approaches to improving animal welfare are shifting from
adapting the animal to its environment (e.g., by selection) to
adapting the environment to the animal, e.g., by designing
appropriate husbandry and management conditions (Nordquist
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et al, 2017). This approach will likely prove the most effective
because external factors are easier to control and adapt than
internal factors. While improving welfare via breeding programs
and genetic selection are ongoing activities (Lawrence and Wall,
2014; Rauw and Gomez-Raya, 2015), their effects will become
visible only after generations of selective breeding.

Concluding remarks

Animal welfare is a complex matter (e.g., Webster, 1998)
that has been defined in many different ways. Clearly defined
concepts help to formulate (new) research hypotheses and direct
animal welfare research. This study has presented a framework
that revolves around the concept of the (limit of) adaptability of
an animal and the combined effects of sporadic or lasting adverse
internal and external factors over time. The Dynamic Animal
Welfare Concept combines and adds onto existing welfare
concepts, such as the Five Freedoms (FAWC - Farm Animal
Welfare Council, 1979a, 1979b), the Five Domains (Mellor and
Beausoleil, 2015; Mellor, 2017), and Quality of Life (Green and
Mellor, 2011). The DAWCon assumes the viewpoint of the
individual animal and defines welfare as a state that the animal
perceives as positive and that evokes positive emotions. Though
it is only indirectly possible to assess whether an animal
perceives its state as positive (see Figure 2), the animal’s
welfare state can be deduced using objectively derived data
(Veasey, 2017).

The DAWCon explicitly addresses:

* The dynamic nature of animal welfare, and welfare not
being a snapshot measurement, but needs to be assessed
over time;

e The importance of good health for welfare; though
compromised health might not automatically result in
compromised welfare, and vice versa;

* The capacity and ability of an animal to react to
challenges and the importance of internal factors such
as genetics, and external factors, such as environmental
circumstances, providing the opportunity to do so;

* The importance of normal behavior for the animal’s
ability to cope and adapt, but also as a read-out
parameter for the assessment of welfare, the latter
requiring thorough ethograms;

* The consideration of emotions, and specifically positive
emotions, as part of safeguarding animal welfare.

All these elements can be identified and distinguished as
parameters in animal welfare research and help to formulate
exact research questions and hypotheses. Importantly, an
animal’s welfare is not simply the sum of all factors that we
consider relevant. Instead, we must confirm animal welfare in
each individual case via direct observations of the animal
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(behavioral, physiological, and physical measures), with special
attention to identifying putative appetitive and adverse internal
and external factors that may influence animal welfare. One
needs, however, to keep in mind that also moral or ethical
standards influence conceptual approaches towards animal
welfare and that subjective ethical assessment determines
whether a certain welfare status is accepted by society (Ohl
and van der Staay, 2012). Concepts that approach animal welfare
from different angles may help to direct attention to relevant
aspects of this issue that might be overlooked if only one view
were used, i.e., they extend our manner of assessing and
improving animal welfare (Fraser, 2008). The utility of the
DAWCon will be reflected by the research that it is able to
stimulate and generate.
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