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Abstract

In order to determine which conditions provide the best overall quality of life for nonhuman animals, it is important to be
able to measure their cumulative welfare experience. The ideal measure of cumulative welfare would be comprehensive,
objectively measurable, and easy to transfer across species; however, existing approaches fall far short of this ideal.
Recent academic work has suggested that measures of biological ageing could provide a highly promising alternative
measure of cumulative welfare, which comes much closer to meeting these ideal goals. Here, I review the existing
empirical support for the use of biomarkers of ageing as a measure of cumulative welfare, discuss the prerequisites of
applying the method, and explore a number of important caveats that may limit its applicability. Overall, despite some
important potential weaknesses, biomarkers of ageing are likely to represent an important step forward in the assessment of
cumulative animal welfare, which could potentially help resolve some important long-running uncertainties and disputes
in the animal-welfare movement.

Over the course of their lives, animals will undergo various
positive and negative experiences. Some of these experi-
ences will primarily affect welfare in an acute, short-lived
manner, while others will have significant long-lasting wel-
fare effects. The overall welfare state of an animal will be
determined by the cumulative effect of all the experiences
they have faced in the course of their life to date [1].

In order to improve animal welfare, we need to know
what affects it. In order to improve animal welfare effec-
tively, we need to know which factors have the greatest total
effect on animals’ cumulative wellbeing. Actually measur-
ing cumulative wellbeing, however, is highly challenging,
and our existing methods for doing so frequently rely on
crude proxies or error-prone anthropomorphic judgements.
To make matters worse, the welfare effect of a given ex-
perience is frequently complex, species-specific, and non-
obvious to humans:

• Species of fish which are naturally solitary exhibit
stress indicators upon overcrowding, while schooling
fish become stressed if raised at unnaturally low den-
sities [2].

• Exposure to environmental ultrasound frequencies
that are undetectable to humans causes depression-
like symptoms in laboratory rats and mice [3].

• The flickering of some fluorescent lights at fre-
quencies above the human flicker-fusion threshold
(the frequency above which discrete light pulses are
perceived as a continuous stimulus) raises stress-
hormone levels in starlings [4].

• The stress-hormone levels induced in captive-bred
lizards by different experimental procedures can dif-
fer dramatically from how stressful human observers
think the procedures are, with one controversial pro-
cedure found to generate much lower levels of stress
hormone than the “less-stressful” procedure that re-
placed it [5].

Which specific stimuli are important for an animal’s wel-
fare is therefore very difficult to predict a priori, and the use
of anthropomorphism to make these predictions is fraught
with danger.

Even if it is possible to determine that a given expe-
rience is acutely positive or negative for an animal, it is
not obvious how to convert these acute measurements into
measurements of lasting impacts on welfare. Experiences
with similar acute effects may have dramatically differences
on long-run wellbeing: one stressor may involve tempo-
rary pain or result in a temporary spike in stress-hormone
levels but have no long-term effects, while another might
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significantly contribute to long-term stress levels. In some
cases, the short- and long-term welfare impacts of an ex-
posure may even be of opposite sign: some acute stresses
can be beneficial to health in the long-term [6], while the
short-term pleasure of sugary food might be outweighed by
the long-term pain caused by tooth decay and obesity [1].
Worse, the relationship between short-term and long-term
welfare impacts may vary significantly based on species,
subspecies, chronological age, past experiences, and indi-
vidual genetic variation, making the long-term welfare ef-
fect of an acute experience even more difficult to predict.

A good measure of cumulative affective experiencea is
therefore vital to the study of animal welfare. However,
developing a cumulative-welfare metric which is sensitive,
easy-to-measure, captures all or almost all of the relevant
effects on welfare, and can be transferred with relative ease
across species has proven to be highly challenging [1]. Ex-
isting measures include chronic physiological markers such
as resting stress-hormone levels or bodyweight, acute be-
havioural measures such as the presence of stereotypies
[8], and high-level behavioural measures such as depres-
sive symptoms or cognitive biases [9]; other measures com-
bine multiple different sources of evidence, often along-
side acute welfare indicators and/or subjective welfare as-
sessments by a trained practitioner. However, all of these
methods have serious drawbacks: physiological measures
often lack sensitivity and specificity (i.e. they do not al-
ways reliably correlate with affective state), stereotypies are
highly species-specific and often difficult to interpret, and
the behavioural tests required to measure cognitive biases
and mood must be developed and validated independently
for each species and often require extensive animal training.
Combined measures, meanwhile, rely on difficult-to-test as-
sumptions about how different metrics should be combined
and weighted to assess overall cumulative wellbeing.

In the ideal case, the various factors affecting cumula-
tive animal welfare would be captured by a single, objec-
tively measurable metric, which could then be used as a
single readout of cumulative wellbeing for many different
species. In this report, I will discuss the evidence support-
ing a new, surprisingly good candidate for this “objectively
measurable common currency” [1] of wellbeing: biomark-
ers of the ageing process.

Biological ageing and cumulative ani-
mal welfare
As we get older, our bodies decay. In various ways, our cells
and tissues progressively accumulate increasing levels of
damage and dysregulation, leading at the whole-organism
level to a decline in functionality, an increase in mortality,
and a decrease in reproductive output [10]. These deteri-
orative processes, which occur in broadly similar ways in
many different animal species [11], are collectively known
as ageing.

Among researchers studying the biology of ageing, it
is well-known that simple chronological age is a less-than-
perfect measure of the aspects of ageing we tend to care
about. In humans, individuals of the same chronological
age often differ substantially, both in how old they appear
to others (degree of graying, wrinkles, stooping, etc.) and in
their age-related health outcomes [12]. It is therefore useful
to separate the concepts of “chronological age” (time since
conception or birth) and “biological age” (degree of age-
related change/deterioration in appearance, health, or func-
tionality) [12, 13]. So-called “biological ageing clocks”,
which incorporate a variety of different types of biologi-
cal data, are an active area of research in the study of hu-
man ageing, and the best such clocks can predict health and
other outcomes much more accurately than chronological
age alone [13].

The biological age of an individual depends on their
chronological age, genetic background, and environmental
history: depending on their genes and experiences, two in-
dividuals of the same chronological age can differ substan-
tially in their biological age. A striking example of this
is smoking, which produces a variety of ageing-like symp-
toms and has recently been shown to substantially increase
biological age in young humans [14]. However, biological
age is affected by a wide variety of chemical, psychological
and social stimuli, many of which are also known to have
important effects on an individual’s wellbeing. To take just
one example, telomeres are repetitive sequences at the end
of chromosomes which shorten with each cell division and
are widely used as a biomarker of biological age [10]. A
wide variety of negative experiences (including anxiety, de-
pression, childhood trauma, chronic pain, and various forms
of stress) are associated with reduced telomere length in hu-
mans, while positive lifestyle factors are associated with

aThroughout this piece I am assuming that welfare is synonymous with affect, i.e. with subjectively positive and negative experiences. It is worth
noting that this is not an uncontroversial position, and there are many in the animal-welfare field who prefer a concept of welfare which incorporates
both affective wellbeing and physical health, or even avoids questions of subjective experience altogether [7]. However, since affective wellbeing is still
a critical component of such a concept of welfare, good measures of cumulative wellbeing remain essential.

bIt is important to stress here that the great majority of research into the association between lifestyle and telomere length is cross-sectional and
correlational: individuals with greater exposure to adversity have shorter telomeres. This finding is robust, but not causal: it does not demonstrate that
these adverse experiences cause shorter telomeres. Evidence from longitudinal studies, for example on smoking [15], tend to find a much smaller effect;
more on this later.
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longer telomeresb [16, 17]. Despite important differences
in telomere biology between species, a variety of stress ma-
nipulations (including social isolation, sleep disruption, in-
jection of stress hormones, and crowding) have also been
found to accelerate telomere attrition in various nonhuman
animals, including wild and laboratory mice, chickens, star-
lings, and various other bird species [16].

In addition to this and other empirical data, there are
good theoretical reasons to expect the rate of biological age-
ing to correlate with the cumulative affective experience
of an individual [1]. Evolutionarily speaking, the affec-
tive state of an experience serves to motivate an animal to
seek or avoid similar experiences; hence, affectively neg-
ative experiences tend to be those that reduce animal’s fit-
ness, while affectively positive experiences tend to be those
that increase it. An important way in which an experience
can decrease fitness is by causing or contributing to some
sort of damage or dysregulation in the body; hence, expe-
riences which contribute to damage or dysregulation will
typically be perceived as aversive to the organism, while
those that prevent or reverse damage (or have no effect on
damage but are positive for some other reason) will be per-
ceived as attractive. In general, therefore, there is good
reason to expect physiologically-damaging experiences to
be affectively negative, and vice versac, with a similar con-
nection between physiologically-protective experiences and
positive affect. Since ageing is characterised by the progres-
sive accumulation of various forms of physiological dam-
age, this suggests that there is good reason to expect the
affective valence (i.e. the positivity or negativity) of an ex-
perience to also generally correlate with its effect on bio-
logical age.

There are, therefore, both empirical data and theoretical
arguments suggesting a relationship between cumulative af-
fective experience and ageing. If this relationship exists, the
biological age of an individual relative to their chronologi-
cal age could be used to assess that individual’s cumulative
welfare experience up to that point. If further research bears
this out, there are several reasons to expect biological age
to be a particularly valuable tool for assessing wellbeing:

• It is highly general, including all (or almost all)
causes of stress and wellbeing experienced by the an-
imal, including those not obvious or perceptible to
humans;

• It is cumulative, giving a readout of the total affec-
tive history of an individual;

• It is objectively measurable, with well-established

biomarkers already known for a number of species;

• Finally, it is plausibly relatively phylogenetically
neutral: as ageing is a general phenomenon shared
by very many species, whose measurement does not
generally rely on anthropomorphic judgements, it can
potentially be used to investigate welfare in many dif-
ferent animal groups.

Given these potential advantages, how might we go about
actually measuring biological age?

Measuring biological age in non-
human animals

In any given species, the ageing process will manifest itself
in a plethora of different phenotypes, many of which can be
used to try to quantify biological ageing. In humans, a wide
variety of biological readouts have been used as biomarkers
of ageing, including telomere length and attrition rate, DNA
methylation patterns, gene expression profiles, changes in
neuroanatomy, proteomic and metabolomic changes, and
various composites of clinically relevant symptoms [1, 18,
19] While many of these biomarkers predict health out-
comes better than chronological age, they often reflect dif-
ferent aspects of the ageing process and do not always cor-
relate well with one another [1, 18]. Combining differ-
ent measures (e.g. with machine-learning-based prediction
tools) can overcome these problems and improve the ability
of a biological ageing measure to predict health outcomes
[14, 19].

As different biomarkers of ageing track different as-
pects of the ageing process, they may differ in how well
they measure cumulative subjective wellbeing. A good
biomarker of cumulative experience should provide a sin-
gle, continuous, easy-to-measure readout that responds in
opposite directions to positive and negative affective ex-
periences in a cumulative and dose-dependent manner [1,
16]. Different biomarkers will also differ in the money,
expertise and time required to obtain good measurements,
and in the ease with which they can be validated in a new
context. As nonhuman animals, unlike humans, cannot ex-
plicitly self-report their subjective experience, validation of
a new potential biomarker’s relationship with wellbeing is
much more challenging in these species; as a result, the
ease and reliability with which a biomarker can be trans-
ferred between species is an additional important consider-
ation when choosing how to measure biological age in an
animal-welfare context.

cOne major category of negative experiences which do not appear to be directly damaging (but are nevertheless important to an animal’s wellbeing)
are social experiences. For many reasons, an animal’s social status and relationships are very important to their survival and reproduction, but are not
typically the direct cause of bodily damage. However, negative social experiences (low status, rejection by mates, ostracism) do give rise to significant
levels of stress in many species, and this stress is well known to be physiologically damaging.
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Overall, more complex and multi-modal measures may
be able to provide a more accurate, precise and thorough
measure of biological age and so give a better idea of an an-
imal’s cumulative experience. However, these more com-
plex measures might also be more expensive and time-
consuming to obtain for each individual, and less transfer-
able between species.

For some widely-used farmed species and experimental
model organisms, it may well be worth developing sophisti-
cated species-specific methods of measuring biological age
and hence cumulative welfare; however, in contexts where
resources are highly limited and/or the number of species
of concern is large, cost and transferability concerns are
likely to mitigate in favour of simpler, faster, cruder mea-
suresd. Bateson & Pourier [1, 16] suggest telomere length
and hippocampal volume as two metrics that are simple,
well-defined, and likely to retain validity across a wide va-
riety of vertebrate species; further work may reveal other
promising candidates. However, when using such very sim-
ple readouts of biological age, it is important to remember
that they may give a significantly more partial and inaccu-
rate reading than more sophisticated measures, and to seek
to develop such improved measures where feasible.

A concrete example: the welfare effect
of crowding on farmed fishes

Many farmed fish are kept at very high densities, in a man-
ner which often appears to be detrimental to their welfare
[2]. The potential welfare effects of crowding are many and
varied, including social stresses, reduced water quality, and
increased disease transmission. However, the actual wel-
fare effect of a given level of crowding will vary between
fish populations, depending on the level of crowding and
water quality they are adapted to cope with, the robustness
of their immune systems, and whether they have been vac-
cinated, among other factors. It would be useful to mea-
sure the total cumulative welfare effect of different crowd-
ing regimes on different species, and to know the degree to
which other interventions such as vaccination mitigate any
crowding-induced welfare reduction. Biological age pro-
vides an ideal means of addressing these questions.

To apply this method, we would need some sort of bio-
logical ageing clock for each of the fish species of interest,
as well as some way of keeping track of the chronologi-

cal age of each individual. Once these two methods are
in place for each species, the experiment is simple: sim-
ply raise populations of fish at different levels of crowd-
ing, sample the biological ages of individuals in each pop-
ulation, then compare the biological ages of chronological-
age-matched individuals from different conditions. Those
populations exhibiting the highest biological age relative to
their chronological age would be taken as experiencing the
lowest levels of cumulative welfare.

To my knowledge, this experiment has not been done,
and so actual results are not available. For the purpose of il-
lustration only, let us suppose that the data indicate that nat-
urally solitary fish experience significant welfare declines
from any level of crowding, while schooling fish have a pre-
ferred crowding level and experience reduced welfare above
or below this level. In this case, we would observe that the
biological ageing of solitary fish accelerates monotonically
with increased crowding, while schooling fish age slowest
close to their ideal crowding level and faster above or below
this level (Figure 1). These increases in the rate of biolog-
ical ageing may or may not be abrogated by interventions
such as vaccination, better water filtration, or changes in
feeding schedule. By collapsing all (or most) of an animal’s
welfare experience into a single, objective, cumulative mea-
sure, many different experiments of this kind could be per-
formed quickly and efficiently, providing a more compre-
hensive picture of the welfare effects of crowding on fish
wellbeing.

While the idea that crowding is bad for fish welfare may
not be particularly controversial, this approach would allow
researchers to empirically quantify how bad that effect is
compared to other aspects of a farmed fish’s life, and assess
the efficacy of different interventions (such as vaccination
or water oxygenation) for mitigating that welfare impact.
The same technique could be applied to help resolve active
empirical controversies in the animal-welfare field, such as
the relative welfare levels of caged vs cage-free chickens
[20], the relative importance of water oxygenation in the
welfare of farmed fishes [21], or the net welfare impact of
predator reintroduction on prey species [22].

Limitations and caveats
While I was initially sceptical about the applicability of bi-
ological ageing markers as measures of animal welfare, I
have generally been convinced that this represents a novel

dM. Bateson (pers. comm.) points out that a “complex and multi-modal” measure of biological ageing does not necessarily entail expensive and
expertise-heavy multi-omics methods. An alternative approach, which captures the goal of assessing many different aspects of an animal’s biology
while being much cheaper, is a “biomarker panel” approach, in which a large number of different easy-to-measure features that are associated with poor
health in old age are collected from the same individuals. These could then be used as input to a machine-learning model which has been trained to use
them to predict biological age. This approach has many advantages, including potentially high reliability and low cost. However, it seems to require a
fairly high level of interaction with the animal (at least in humans and lab animals, many of the markers used are often behavioural), making it difficult
to use in wild contexts, and is probably quite species-specific. Both of these issues could be overcome to some extent through the choice of biomarkers
used.
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Figure 1: Hypothetical results of an experiment investigating the effect of crowding on fish welfare, indicating that bio-
logical age accumulates slowest (indicating highest welfare) at low densities for solitary fish and middling densities for
schooling fish, with a positive welfare effect of vaccination. The shape of the curves is arbitrary.

and important advance in the field. Nevertheless, there are
a number of important limitations or difficulties that may
arise in actually applying the method, which it is important
to be aware of and mitigate where possible. These limita-
tions can be broadly divided into two categories: contexts
where the prerequisites of applying the method may be dif-
ficult or expensive to obtain, and contexts where the link
between ageing and welfare may be weakened or broken
entirely.

Difficulties in application

The need for biological ageing clocks

In order to use biological ageing as a cumulative welfare
measure in a given species, one needs some kind of biolog-
ical ageing measure for that species. As discussed above,
these range in complexity from simple metrics like telomere
length to highly complex machine-learning-based predic-
tors, and there is likely to be a tradeoff between the accuracy
and comprehensiveness of a measure on the one hand and
its affordability and transferability on the other. As fund-
ing is very limited in many animal-welfare contexts, it is
likely that simpler, cheaper metrics that can be transferred
between species with relatively little validation will be pre-
ferred; however, it is important to remember that these may
only provide a partial measure of biological age.

The best biomarkers of ageing to use for these exper-
iments will depend on the species being tested and its re-
lationship to other well-validated model systems. In many
vertebrate species, and probably most mammals, the mark-
ers established in humans and laboratory mice are likely to
be the best option. Conversely, in species very distantly
related to humans the validity of these markers may be lim-

ited: insects, for example, are largely post-mitotic in their
adult form (limiting the usefulness of telomere attrition as a
biomarker) and have very different neuroanatomy from ver-
tebrates (preventing the use of hippocampal volume). If it
is desirable to apply these ageing-based methods to assess
welfare in these species, alternative biomarkers (such as ac-
cumulation of fluorescent advanced glycation end products
in Drosophila [23]) will need to be developed and validated
as welfare measures, substantially increasing the upfront
cost.

Experimental controls

While biological ageing is a promising measure of cumu-
lative welfare, it is important to remember that welfare is
not the only thing affecting biological age. Most obviously,
chronological age has a very strong effect on biological age,
and studies should always compare age-matched individu-
als when possible. Genetic variability is also an important
factor: many species exhibit substantially different lifes-
pans in different populations, and polymorphisms within a
population can also have a substantial effect. As a result,
ageing-based welfare measures will be most reliable in con-
texts where all individuals are genetically homogeneous,
or at least where there is no systematic difference in ge-
netic composition between different experimental groups.
Finally, there should of course be as little systematic differ-
ence in environment as possible between the groups being
compared, other than whatever exposure is being investi-
gated for its welfare effects.

Of these control requirements, the need for genetic com-
parability between experimental groups is the most frustrat-
ing, as it appears to exclude a lot of factors that are widely
thought to be important for animal welfare, particularly in
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domesticated contexts where animals’ genotypes have been
substantially modified by humans through selective breed-
ing. On the face of it, biological-ageing methods seem to
be unable to address this, as the groups being compared are
not genetically comparable. However, given the importance
of genetic effects on welfare in many contexts, any way to
overcome this limitation would be very useful, and further
research on this front may be highly valuable.

Limitations to validity

Death and other acute events

In many cases, a large portion of the suffering experienced
by an animal, whether domesticated or wild, is suspected
to take place acutely at the moment of death. If this death
is sufficiently gruesome, the suffering so engendered could
potentially outweigh the entire net welfare of a life that is
otherwise worth living. Despite its importance, however, it
seems unlikely that the suffering entailed by dying would
be adequately reflected in ageing-based measures of cumu-
lative welfare. For one thing, there would be no opportunity
for the negative experiences associated with the animal’s
death to be reflected as a subsequent increase in the rate of
biological ageing; for another, the extensive physiological
damage resulting from death may prevent an accurate post-
mortem assessment of biological age in many cases. Hence,
an important limitation of ageing-based methods of measur-
ing welfare may be their inability to incorporate the affec-
tive experience of dying.

A similar concern might apply, albeit to a much lesser
extent, to other highly acute exposures, i.e. those with large
but short-lived effects on welfare. Many of these will
be reflected in ongoing cumulative welfare to some extent
(e.g. as physical or psychological trauma in the case of neg-
ative events), but it is unclear whether the cumulative read-
out of welfare given by ageing biomarkers will incorporate
such events adequately, potentially leading to their under-
weighting in subsequent decision-making.

Differences between juveniles and adults

In both wild and domesticated contexts, many of the ani-
mals of greatest concern from a welfare perspective are ju-
veniles who have not yet reached reproductive maturation.
These immature individuals are often much more numerous
than adults, and have less chance to accumulate positive ex-
periences to outweigh the pain of dying.

For animals that die shortly after birth or hatching, the
cumulative welfare of their lives is likely to be dominated
by the affective experience of dying, and this experience

will not be adequately reflected in biological ageing mark-
ers. Ageing-based approaches therefore seem unable to ef-
fectively address the welfare of these individuals; on the
other hand, it seems likely that any measure of cumulative
welfare will run into the same problem.

The situation for individuals that have relatively long
lives as juveniles is more complex. In many species, ju-
venile and adult individuals differ substantially in their bi-
ology, and the question of whether juveniles are “ageing”
is somewhat fraught. There are certainly dramatic changes
taking place over the course of development, some of which
could be interpreted as an accumulation of damage: telom-
eres, for example, shorten rapidly during the period of juve-
nile growth [24]. On the other hand, many clinical biomark-
ers of ageing do not begin to accumulate until adulthood
[25]. This means that the applicability of biological-ageing
measures to juveniles depends on the specific biomarkers
being used, and different markers are likely to be most ap-
propriate for measuring juvenile vs adult wellbeinge.

Animals very different from humans

The evidence supporting the use of biological ageing mark-
ers as measures of cumulative welfare falls into three broad
categories: a theoretical, evolutionary argument linking the
affective status of an exposure to its effect on ageing via its
effect on somatic damage; extensive empirical research in
humans associating biological ageing markers with directly
reported affective mood (e.g. stress, depression or anxiety)
and experiences known to impact mood (e.g. trauma, pain,
exercise, and sleep); and more limited empirical research
in animals linking these markers to experiences that are
both plausibly affectively relevant and associated with other
widely-used welfare measures.

The second of these, empirical data on humans, is par-
ticularly important, as only humans are capable of directly
reporting their affective state to human researchers and so
directly confirming a link between biological ageing and
welfare. As one moves away from humans in terms of the
species under investigation, the less weight can be put on
this source of evidence in support of this link, and the more
one has to rely on the first and third sources of evidence
outlined above. The more distant and dissimilar a species
is from those species in which ageing-base techniques have
been empirically studied, the more our confidence in those
techniques should decrease towards the level of confidence
we have in the theoretical argument alone. This poses an
issue, since the vast majority of animals on the planet fall
into this category.

eIn the case of telomere attrition, juveniles may actually be more appropriate subjects than adults (M. Bateson, pers. comm.): the base rate of
telomere attrition is much higher, which makes changes in the attrition rate due to welfare factors easier to detect. It is also much easier, quicker and
cheaper to do longitudinal studies on juveniles, avoiding many of the interpretation issues associated with cross-sectional studies.
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There are two particular groups of animals for which
the existing empirical data provides relatively little support
for ageing-based welfare measures: invertebrates, and those
animals (both vertebrate and invertebrate) whose pattern of
lifetime ageing differs substantially from that of humans.
The reasons for scepticism in the first case are clear: in-
vertebrates are very different from vertebrates in many as-
pects of their biology, differ substantially from mammals in
terms of their biomarkers of ageing (see above), are very di-
verse amongst themselves, and are almost totally unstudied
as objects of welfare concern. My concerns about the sec-
ond group, however, require some grounding in evolution-
ary theory to understand, and I will try to briefly explain my
reasons below.

Typically, under simple assumptions that are frequently
roughly met in real animals, we expect to see mortality
progressively increase and fecundity progressively decrease
with time after reproductive maturation [26]. Many ani-
mals, including humans and nearly all common domesti-
cated species, follow this pattern, but this does not apply
universally to all animals [11]. Some species, most fa-
mously the green hydra [27] and more recently the naked
mole rat [28], even seem to “age in reverse”, exhibiting de-
clining mortality with age until death.

These differences in life history could pose major prob-
lems for the use of biological ageing markers as a measure
of cumulative welfare in these species. To begin with, it
isn’t clear how to define the concept of biological age, let
alone measure it, in an animal that does not age in any con-
ventional way. Some subset of conventional biomarkers of
ageing may still accumulate with time in these species, but
that subset is likely to differ from taxon to taxon depend-
ing on what biological methods they have used to overcome
the ageing process. Worse, even the theoretical argument in
support of ageing-based welfare measures in these species
may be greatly weakened: for an animal to exhibit no age-
ing or even reverse ageing over a prolonged time period,
they must be either extremely resistant to somatic damage
or have extremely good mechanisms in place to repair that
damage, meaning the relationship between damaging (and
therefore aversive) experiences and ageing may be largely
or entirely severed.

These issues will pose little difficulty to researchers and
activists concerned with the welfare of most agricultural,
experimental or other captive animals, which usually fol-
low the conventional pattern of ageing exhibited by humans,
mice and Drosophila. However, they could turn out to be
significant for researchers interested in measuring the wel-
fare of wild animals, who will inevitably have to tackle the
welfare of large numbers of animals very different from hu-
mans. The extent to which these “unconventional” life his-

tories are widespread in the natural world is could therefore
be an important factor affecting the applicability of these
methods in wild contexts.

Conclusion

Finding better methods with which to quantitatively mea-
sure the cumulative welfare experience of nonhuman ani-
mals would represent a major advance in the study of ani-
mal welfare. As a potential route to a better and more objec-
tive measure of cumulative welfare, biomarkers of ageing
are potentially very promising.

Many of the caveats outlined above are somewhat spec-
ulative, and may well turn out to be circumventable with
sufficient thought and care. If they are not, how serious a
problem would this pose for the practical usefulness of such
methods? In the case of domesticated animals, an inability
to compare groups differing systematically in their genetics
or adequately incorporate the badness of death are all signif-
icant limitations, but would still leave us with a tool which
could be gainfully applied in many important contexts. For
wild animals, the issues are more serious: there are vastly
more species for which we would have to develop methods
of measuring biological age, it is much harder to perform
well-controlled longitudinal experiments, and many more
of the animals of concern fall into categories for which I
am more sceptical about the theoretical applicability of the
method. A further concern is that measuring chronological
age accurately is often difficult for wild animals, potentially
undermining one of the foundations of ageing-based wel-
fare measures. Nevertheless, of all the methods we might
think of for measuring the cumulative welfare of wild an-
imals, biomarkers of ageing seem to be among the least
hopeless, and among those most worth developing further
in the hopes of overcoming some of these pervasive issues.

Overall, given the current state of available research,
there is reason to be very optimistic about the value of ap-
plying these methods in domesticated contexts, and cau-
tiously optimistic about applying them to wild ecosystems.
Both researchers and funders involved in the animal-welfare
field would be well-placed to take note of these techniques
and consider their applicability to their own domains of in-
terest. More generally, the surprisingly strong applicability
of techniques from the biology of ageing to animal wel-
fare science should encourage us all to look for innovative,
unexpected and interdisciplinary ways to improve and safe-
guard the welfare of nonhuman animals: as is often the case
in science, the crucial insights and discoveries may not be
at all where we expect them to be.
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