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Abstract

Objective methods for assessing the cumulative lifetime experience of non-human animals would be valuable. We develop the hypoth-
esis that biological age is a common currency that integrates the overall quality of an animal’s lifetime experience across a range of
types of exposure. Ageing is the result of the accumulation of somatic damage, and its rate is determined by the balance between
experiences that cause damage and experiences that mitigate damage or promote repair. Negative affective states are associated
with somatic damage via both direct causal and indirect pathways. Based on these premises, we predict that individuals that are
biologically old for their chronological age will, on average, have experienced worse lives than individuals that are biologically younger,
both in terms of their overall health and affective experience. Biological age is, thus, an attractive measure of cumulative experience
because it requires no subjective decisions either about how a given exposure impacts an animal, or about how different dimensions
of welfare should be weighted in an overall assessment. Biological age can be measured objectively using biomarkers. We argue that
two biomarkers, namely leukocyte telomere length and hippocampal volume, are valid biomarkers of cumulative experience in
humans, with potential for use in non-human vertebrates. We discuss how these biomarkers could be used to assess cumulative expe-
rience in animals, highlighting some of the limitations. We conclude that biomarkers of biological age offer a viable objective solution
to the assessment of cumulative experience and their application in an animal welfare context deserves further exploration.
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Introduction
In recent years, there has been an increased emphasis in
animal welfare on optimising the cumulative lifetime expe-
rience of both laboratory and farm animals. This focus is
driven by the recognition that while single experiences can
be acutely positive or negative, what matters more from a
welfare perspective is the lasting cumulative impact of these
experiences; it is the overall balance between positive and
negative experiences over an animal’s lifetime that deter-
mines its average quality of life. A focus on cumulative
experience is present both in recommendations for
improving the welfare of farm animals, which have intro-
duced the concepts of ‘a life worth living’ and ‘a good life’
(Farm Animal Welfare Council [FAWC] 2009), and also in
legislation governing the use of animals in scientific
research, which has introduced the related concepts of
‘cumulative severity’ and ‘cumulative suffering’ (European
Parliament & European Council 2010; Honess &
Wolfensohn 2010; Pickard 2013). Current European legisla-
tion regulating the use of animals in research now requires
both prospective and retrospective assessment of the cumu-
lative effects of research on animal welfare (European
Parliament & European Council 2010).

What exactly is cumulative experience? In the laboratory
animal literature, cumulative experience is used to refer to the
sum of all impacts on the health and well-being of an animal
over its lifetime from conception to death or the present time
(Pickard 2013). An identical definition could be adopted for
farm, zoo and companion animals. For a laboratory rat
(Rattus norvegicus), impacts contributing to cumulative expe-
rience might arise from maternal health, litter size, age of
weaning, cage type, number and type of scientific procedures
and method of euthanasia. For a broiler chicken
(Gallus gallus domesticus), impacts might arise from flock
size, husbandry, feather-pecking, pathogen load, lameness,
transport and slaughter. In the Pickard report definition, we
interpret well-being to mean affective state, and more specifi-
cally the long-term states that are influenced by an animal’s
history of acute emotional experiences (Mendl et al 2010;
Nettle & Bateson 2012). Thus, both health and affective state
contribute to cumulative experience, making the definition
similar to the concept of animal welfare advocated by
Dawkins (2006, 2017). Some experiences will have negative
impacts on health and well-being, whereas others will have
positive impacts; some impacts will be long-lasting, whereas
others will be short-lived. Some husbandry decisions may
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