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ABSTRACT

There is growing concern with social disparities in health, whether relating to gender, ethnicity, caste,
socio-economic position or other axes of inequality. Despite addressing inequality, evolutionary biolo-
gists have had surprisingly little to say on why human societies are prone to demonstrating exploitation.
This article builds on a recent book, ‘The Metabolic Ghetto’, describing an overarching evolutionary frame-
work for studying all forms of social inequality involving exploitation. The dynamic ‘producer-scrounger’
game, developed to model social foraging, assumes that some members of a social group produce food,
and that others scrounge from them. An evolutionary stable strategy emerges when neither producers
nor scroungers can increase their Darwinian fitness by changing strategy. This approach puts food sys-
tems central to all forms of human inequality, and provides a valuable lens through which to consider dif-
ferent forms of gender inequality, socio-economic inequality and racial/caste discrimination. Individuals
that routinely adopt producer or scrounger tactics may develop divergent phenotypes. This approach
can be linked with life history theory to understand how social dynamics drive health disparities. The
framework differs from previous evolutionary perspectives on inequality, by focussing on the exploitation
of foraging effort rather than inequality in ecological resources themselves. Health inequalities emerge
where scroungers acquire different forms of power over producers, driving increasing exploitation. In
racialized societies, symbolic categorization is used to systematically assign some individuals to low-rank
producer roles, embedding exploitation in society. Efforts to reduce health inequalities must address
the whole of society, altering producer—scrounger dynamics rather than simply targeting resources at
exploited groups.

LAY SUMMARY Diverse forms of social hierarchy, relating to factors such as gender, socio-economic
status, caste and racial categorization, drive pernicious health inequalities. This article provides an
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overarching evolutionary perspective on human exploitation, by connecting an ecological dynamic game-theory model of social foraging

with a life history perspective of nutritional health.
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INTRODUCTION

There is escalating concern over social disparities in health,
whether these relate to gender, ethnicity, indigeneity, migra-
tion, caste, socio-economic position, education or other axes of
inequality [1, 2]. These concerns fit squarely within the discipline
of public health, which aims to promote health and reduce dis-
ease through the organized efforts of society [3]. However, the
issue of social inequality goes far beyond the arena of health, as
inequalities also pervade social experience, economic livelihood
and self-expression, ultimately relating to fundamental concepts
of freedom and human rights. Groups routinely subjected to
different forms of social subordination and discrimination pay
multiple penalties.

For most sources of ill-health, scientists aim to dissect the
underlying aetiology dispassionately, so that resources for pre-
vention and treatment can be targeted effectively. Any strategy
that reduces disease is likely to receive widespread support. In
contrast, concerns with health disparities take on a unique moral
dimension, as they are structurally embedded in the functioning
of societies that systematically distribute risks, costs and benefits
unequally. Conceptual frameworks that address societal inequal-
ity are generally considered the domain of political rather than
natural sciences, and a moral dimension is explicitly brought to
the forefront.

Political sciences aim to mobilize opinion, and incorporate
ideology in order to challenge the status quo and overcome
resistance to change. Common to movements such as fem-
inism and Black Lives Matter, for example, is the idea that to
overcome vested interests, the whole of society must change.
In contrast, public health approaches to health disparities often
pay little attention to healthier dominant groups, and instead
aim to address the unequal distribution of disease by targeting
interventions at high-risk groups, without changing society itself.
Examples include cash-transfer programmes for those with low
income [4-6], or focussing public health campaigns in deprived
neighbourhoods [7-10].

Consequently, despite the high prevalence of societal dispar-
ities in health [11-13], there are few scientific frameworks for
understanding why human societies are generically hierarchical,
and why the same groups in diverse societies routinely experience
disadvantage. In turn, this hinders the development of novel and
effective strategies to reduce health disparities. Moreover, those
most adversely affected have often been presented by intellectu-
als and governments as ‘problem groups’ that are responsible

for their own misfortune. In the 19th century, for example, poorer
groups were considered a drain on the ‘more productive’ mem-
bers of society [14], and the notion of the poor as ‘scroungers’
remains pervasive in modern economic policies [15]. Similar
representations have been provided for other groups that expe-
rience persistent subordination, including women and racialized
groups [16, 17].

The aim of this review is to present an opposing perspective,
highlighting the exploitation of subordinated groups. Drawing
on evolutionary dynamic game theory, | provide a unifying sci-
entific framework for understanding how social inequalities
emerge and persist in societies, maintained by power relations.
This approach focuses on how those with more resources sys-
tematically gain them through exploiting those who produce
them. | update a perspective previously outlined in my book ‘The
Metabolic Ghetto’ [18], to present it to a wider audience. As the
supporting evidence has been reviewed in detail [18], my aim
here is to present the overarching theoretical framing, to show
how it can be widely applied.

Hierarchical groups are not exclusive to humans, and can be
seen in animals spanning social insects to chimpanzees [19-23].
This makes social hierarchy a prime topic for an evolutionary
approach, and yet relatively few researchers have worked in this
area. The evolution of human cooperation has attracted sub-
stantially more attention from anthropologists [24—27] than rela-
tions of inequality and conflict, perhaps because hunter-gatherer
societies tend to show relatively low levels of hierarchy, conflict
and inequality [28-30]. The primary evolutionary perspective
on social inequality and hierarchy has come from the subdisci-
pline of Human Behavioural Ecology. As Box 1 highlights, this
approach has primarily focussed on inequalities in access to
material resources (such as land, technology and food) and their
consequences, and has paid less attention to the direct exploita-
tion of people. The approach described here aims to address this
gap.

In hierarchical societies, things have gone badly for some,
but relatively well for dominant individuals who have a vested
interest in maintaining the status quo. It has been noted that
highly stratified societies impose some costs on all of their
members [31, 32], but the vast majority of costs and benefits
are unequally distributed. Instead of trying to solve the problems
of subordinate groups in piecemeal manner without challeng-
ing the privileges enjoyed by dominant groups, | argue that we
need to consider how societal dynamics need to change. In this
approach, both dominant and non-dominant groups should be
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BOX 1. EVOLUTIONARY APPROACHES TO SOCIAL INEQUALITY, HIERARCHY AND EXPLOITATION

The main evolutionary perspective on human inequality and hierarchy has emerged through the sub-discipline of Human
Behavioural Ecology (HBE) [28, 137, 144]. This approach links behavioural variation with environmental variability, on the assump-
tion that individuals will adjust their behaviour to the environment through reaction norms in ways that maximize fitness. It is the
reaction norm, not the behaviour itself, that is subject to selection [144].

HBE was initially used to address the emergence of social groups, whereby individuals seek to maximize fitness by accessing lim-
iting resources through relationships of cooperation or competition [145]. Subsequent applications explored how social inequali-
ties and hierarchies could emerge in such groups. Boone considered how in hierarchical societies, dominants compete with other
dominants to optimize the number of subordinates over which they have control, while the subordinates compete with each other
to maximize their access to the resources controlled by the dominants [145]. Kelly reviewed evidence for slavery being used to
promote household production in past sedentary forager populations from the North West American coast [28].

Key issues in the HBE approach to hierarchy are (i) the defensibility of resources, whereby productive resources favour individuals
trying to prioritize their access, and (ii) the relative bargaining power of dominant and subordinate groups, which shapes the
competition over the resources [137, 144]. Reproductive skew is another critical variable, as in certain conditions males may seek
to maximize their control of resources to benefit the fitness of themselves and their kin, resulting in despotism [146]. Ecological
conditions may shape the potential for despotism through differential impacts on the productivity and frequency of males and
females in the population [146, 147]. There is a long tradition of applying dynamic game theory to behavioural ecological issues
[148].

While overt relationships of exploitation such as slavery are acknowledged in such literature [28, 147, the primary emphasis in
HBE is on competition for physical resources (land, technologies of production, food items) that are separate from people them-
selves. The approach highlighted in this article, based on the producer—scrounger game [40], differs in that its focus is directly on
human labour, and hence the exploitation of producers’ foraging effort by scroungers. Through this lens, hierarchical societies
emerge when scrounging becomes viable, and they consolidate when dominants increasingly force producers to perform diverse
forms of work for them. Beyond differential access to resources per se, some of the resources extracted from producers are
converted by scroungers into physical factors and social institutions that maintain the overall system of exploitation [18]. Since
scroungers by definition are unproductive, the maintenance of exploitative institutions is paradoxically funded entirely by the
exploited. This approach complements other HBE approaches to hierarchy, and continues the tradition of drawing on dynamic
game theory.

the target of interventions, with the aim of changing how these
groups interact.

This approach relates to others that apply social niche con-
struction [33, 34] as a lens for understanding various aspects of
inequality [35-38]. Human niche construction involves not only
physical effects on the environment, but also the construction
of long-lasting social institutions that shape the socio-ecologi-
cal environment into which individuals are born and live their
lives [35]. Niche construction theory has been used to examine
how changes to the current niche (e.g. social institutions) may
impact the fitness of subsequent generations [39]. However, few
studies have so far attempted to probe how human hierarchy and
exploitation develop through niche construction.

Human societies are always ultimately ‘food systems’, and as
described below, my approach centres all forms of exploitation
within the different types of power relations that characterize
social food systems [18]. Even in animals, dominant individuals

may control subordinates using several strategies, including
physicality, threat or violence, behavioural manipulation or
social alliances. For humans, however, ideology is an additional
mechanism, and arguably the most important. Without the large
human brain, capable of symbolic representation, societies
would be incapable of developing and perpetuating the struc-
tured and exploitative forms of hierarchy discussed below.

THE PRODUCER-SCROUNGER GAME

The key insight of game theory for societal dynamics is that
the best behavioural strategy for any individual is not fixed,
but depends on what others in the population are doing. Both
the costs and pay-offs of any strategy are dependent on the
actions of others, hence ‘decisions’ must constantly be updated,
and tailored to prevailing social and ecological conditions.
Various dynamic games have been developed for evolutionary
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application, such as hawk-dove, the ultimatum game and the pris-
oners’ dilemma, but | focus here on the ‘producer-scrounger’ (P-S)
game, developed by ecologists to understand social foraging [40,
41].

The basic premise of the P-S game is that each individual
may either produce resources, or steal or ‘scrounge’ them from
others that have already produced them. The game assumes a
social group, within which each individual, at any given time,
may pursue only one of the strategies [42]. Across time, however,
individuals may alter their strategy depending on the nature of
the pay-offs.

Simple representations of the game highlight several key
points. First, an evolutionary stable strategy (ESS) is predicted to
emerge, where there is a stable equilibrium between producers
and scroungers in terms of pay-offs. When producers are com-
mon and scroungers rare, any individual producer could poten-
tially benefit by switching strategy. As more producers switch
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to scrounging, however, the overall productivity of the group
falls, as do the returns for individual scroungers. Above a cer-
tain threshold of scroungers, it thus becomes better to revert
to producing (Fig. 1a) [40]. The ESS identifies the point where
neither producers nor scroungers would benefit from switching
strategy. In practice, an ESS might involve either certain propor-
tions of individuals always producing or always scrounging, or
every individual using both strategies for certain proportions of
the time [44]. For the parameters illustrated in Fig. 1a, the ESS
occurs when the fraction of producers is 0.85.

Scroungers outsource the costs of foraging to producers, but
this strategy will only succeed if there is anything to scrounge
[45]. A major incentive for producing food is known as the ‘find-
er’s share’, a portion that can be consumed quickly before any
scroungers arrive [43]. In Fig. 1a, the finder’s share comprised a
high proportion (0.8) of the food. As the finder’s share falls, pro-
ducing becomes less rewarding, and the threshold for switching
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Figure 1. Basic producer—scrounger game, using the equations of Barta [43]. (a) Food intake for producers and scroungers, for different proportions of producer

in the population, assuming fixed group size and searching rate and a high finder’s share of 0.8. The evolutionary stable strategy (ESS) occurs when 85% of

individuals produce. Below this frequency of producers, producers have higher returns than scroungers (blue shaded area), whereas above it the opposite holds

(red-shaded area). (b) Food intake in the same population, with a lower finder’s share of 0.4. Now the ESS occurs when only 45% of the group produce, as the

pay-off is lower. (c) Effect of group size on the average food intake of producers and scroungers at the ESS, in relation to the magnitude of the finder’s share.

(d) Effect of searching rate on the average food intake of producers and scroungers at the ESS, in relation to the magnitude of the finder’s share. The equations

are given in the Supplementary Appendix.
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to scrounging declines. When the finder’s share is 0.4, for exam-
ple, the ESS occurs when the fraction of producers is only 0.45
(Fig. 1b). While scrounging is now more rewarding, however, the
intake for each strategy at the ESS is lower, because less food
is produced overall. The rewards for producing thus affect both
parties’ intakes.

Returns also depend on group size. Each producer finds food
at a certain rate, whereas scroungers contribute nothing. As
group size increases, the number of individuals seeking a ‘piece
of pie’ increases at a steeper rate than the total ‘volume of pie’
produced. Larger groups therefore result in lower average food
intake for both strategies at the ESS (Fig. 1c). If the rate of pro-
ducing increases, in contrast, then so does the average intake of
both parties, and this occurs disproportionately when the find-
er’s share is greater because this motivates more individuals to
produce (Fig. 1d).

Applications of the game to ecological data strongly support
it [42, 44, 46], and highlight several factors that shape P-S inter-
actions and the choice of strategy by individuals. Much evidence
derives from studies of birds, as many species obtain discrete
food packages that can easily be stolen, but studies of mammals
also provide support [47, 48].

First, when faced by scroungers, producers tend to offer only
limited effort to defend their resource. Possession of a food
package may impede the producer’s mobility, hence the costs
of defence might include injury, while the chances of retaining
the food may be low. This then reduces the potential costs of
scrounging, especially for agile individuals [42]. Second, species
that scrounge from other species may be larger in size, or more
aggressive, but another notable feature is that they often have rel-
atively large brains, suggesting that they use cunning in deciding
how to scrounge [42]. Finally, chasing producers is only worth-
while if there is a good chance of obtaining food. Scrounging is
favoured when food items are discrete, visible, nutritious and
took effort to find [45]. There is no benefit to scrounging a ubig-
uitous resource, such as grass on a savannah.

Applying the P-S game to humans brings the food system into
central focus, though other resources are also relevant including
access to mates or status goods. We can now ask, using this
simple dynamic model, how P-S dynamics emerge and stabilize
in larger societies.

DIVERGENT STRATEGIES

Early P-S models assumed that any animal might select a strat-
egy on an ad hoc basis, depending on the immediate rewards and
what others were doing. However, certain phenotypic character-
istics might systematically favour one strategy, so that individu-
als might become a routine producer or scrounger [49].

Initially, such variation might relate to behaviour, for example
animals with more aggressive or cunning personalities might
systematically favour scrounging. In studies of Mexican Jays,
dominant birds tended to join up with subordinate birds, who
were thus routinely prone to being taxed of their foraging effort
[50]. Studies of animal personalities have shown that traits rele-
vant to scrounging (exploration, boldness, aggression) tend to
cluster within individuals, as they are all related to risk-taking
[51].

Such behavioural contrasts might then impact physical
traits. If aggressive scroungers routinely allocate part of their
energy dividend to growth, for example, they can develop
larger body size [52]. In many species, size determines the
outcome of social competition, as animals generally prefer
to threaten aggression rather than enact it, to avoid injury.
Larger scroungers carry a reliable advantage in interactions
with producers, including in direct competition over food as
modelled in the hawk-dove game [53].

The benefits of large size in gaining access to resources are
evident in inter-species ‘pecking orders’, but the same dynamics
relate to members of a social group. In a study of coho salmon,
for example, smaller fish were typically producers while large
fish showed higher frequencies of scrounging, particularly when
groups incorporated wide variability in body size [54]. Other com-
ponents of phenotype that are stable at any time point include
age and gender, hence we may likewise expect these traits to
shape P-S tactics. In female primates, for example, rank is often
associated with the number of social alliances [55, 56] rather
than body size, with implications for scrounging tactics [47].

The P-S game assumes that at equilibrium, the pay-off of
both parties is equal. Over time, their Darwinian fitness must
also match, otherwise a new ESS would emerge. However, this
does not mean that all characteristics (including food intake) are
also identical. Rather, when individuals systematically adopt one
strategy, differences in phenotype and experience may consol-
idate. The impact of this scenario on health outcomes can be
understood using life history theory.

Life history theory assumes that all organisms are under selec-
tive pressure to allocate their energy in competition between four
functions, termed maintenance, growth, reproduction and defence
[57, 58]. The more energy allocated to one function, the less
available for others, resulting in allocation ‘trade-offs’.

Individuals that routinely produce or scrounge may make con-
trasting trade-offs, driving divergent life history profiles [18, 59].
Watve, for example, modelled humans as two groups with high
or low aggression, generating contrasting metabolic phenotypes
[59]. While P-S strategies may always be selected under the pres-
sure to maximize fitness, the underlying variability in growth,
longevity and fertility relates directly to health outcomes.
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As reviewed in ref. [18], life history contrasts between indi-
viduals of high and low social rank emerge in particular during
three life-course periods, demonstrating systematic penalties for
those of lower rank:

- poor survival and growth in early life [60—-64]

- higher fertility, to compensate for greater offspring mortality
[65, 66]

- faster ageing and shorter lifespan [67, 68|

Such associations are often also evident in other social spe-
cies. Among primates, for example, studies show that high-
er-ranked mothers have priority access to better foraging patches,
mature faster, and produce larger offspring with higher survival
rates compared to their low-ranked peers [69]. However, which
of dominant and subordinate individuals show faster ageing in
adult life may depend on the species and the social system [22].
In baboons, for example, high status males were shown to have
faster epigenetic ageing [70], whereas in human populations,
epigenetic age tends to be greater among those of low social
status [67, 68]. One reason why those of lower rank may expe-
rience the greatest penalties in humans is that producers can
rarely vote with their feet and opt out of exploitative situations.

Though the structures of human societies are different, similar
patterns are evident. To link with the P-S model, we can identify
discrete groups in society that map onto scroungers and produc-
ers. The neighbourhood ‘deprivation index’ scales closely with
both household income and public resources, hence the top and
bottom deciles of this index may be considered to identify the
two groups. In contemporary England, those living in the most
deprived neighbourhoods have lower birth weight, shorter gesta-
tional age, greater early mortality, shorter childhood height and
lower healthy and total lifespans, compared to those living in
the least deprived neighbourhoods (Table 1) [71-73]. However,
Table 1 also shows a social gradient for all outcomes, suggesting
a need for more complex models of society as a social ladder,
where individuals are exploited by those above them, and exploit
those below them.

Across generations, phenotype may reproduce itself, mediated by
contrasting levels of maternal investment and the socio-economic
niche. In a Brazilian birth cohort, a composite index of maternal cap-
ital (reflecting adult height, body mass index, education, household
income) showed dose-response associations with life history traits
of the offspring, including early growth, adult height and body com-
position, schooling and the timing of reproduction. Both sons and
daughters of low-capital mothers tended to replicate their mothers’
adverse health and social outcomes [74, 75].

The intergenerational transmission of social rank leads to ‘dynas-
ties” of producers and scroungers, the basis of stratified societies. In
a hypothetical stable population, health differences are predicted to
emerge even when average producers and scroungers achieve equal

Darwinian fitness, namely replacing themselves (Fig. 2). Scroungers
may achieve this via low juvenile mortality, low fertility, large size
and high longevity, and producers via contrasting characteristics,
representing intergenerational cycles of advantage and disadvan-
tage, respectively. In this way, the P-S game collectively underpins
the transmission of the entire social system, social rank and health
inequalities across generations [18, 76].

The health outcomes in Table 1 all have associations with
nutrition. Size at birth and gestational age indicate maternal
investment in utero, while childhood height reflects post-natal
nutrition among other factors. Healthy and total lifespans reflect
cardiometabolic health, in turn related to early growth patterns
and adult adiposity. A key point in my argument is that, precisely
because the P-S game plays out in the production and acquisition
of food and nutrients, the health outcomes affected by hierarchy
relate strongly to nutritional status through the life course [18].

As highlighted in Box 1, the P-S game is essentially a model
of the exploitation of effort. When scroungers acquire resources,
they gain them as the fruits of others’ labour. If we think of the
total volume of resources produced as ‘the pie’, however, the
scroungers not only end up with more pie per capita, but also
invest some of their extra resources in maintaining the system
of exploitation. | now focus on three forms of inequality involv-
ing exploitation where the P-S game provides new integrative
insight. This is not an exhaustive list, my aim is simply to show
how a single theoretical approach can be widely applied.

GENDER DYNAMICS

Gender inequality is particularly troubling, because its ubiquity
in different forms across societies might seem to indicate that
it is in some way ‘natural’, a legacy of human evolution. For this
reason, the late 20th century saw a shift away from biological
enquiry into gender inequality, to avoid posing any form of jus-
tification [77]. The feminist movement instead prioritizes active
efforts to confront gender inequality [78]. In light of this, can bio-
logical frameworks offer support?

Evolutionary anthropologists pay much attention to physical
sex differences that relate to reproduction [79-81]. Two quintes-
sential traits of our genus—bipedal locomotion and encephal-
ized brains—uniquely impose on females both the risk of birth
injury and the direct metabolic costs of nourishing the foetus
and infant [77]. But since reproduction benefits both sexes,
these physical costs present zero justification for societal gender
inequality, so why is it so common?

The P-S game offers a fresh perspective on gender dynam-
ics, and how inequalities might be lessened by changing societal
norms. My aim here is not to contradict other approaches, but
to consider how insights from game theory can support their
efforts.
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” Table 1. Life history and demographic outcomes in the English population, according to the level of neighbourhood

deprivation

Health outcome

Decile of multiple deprivation index (1 = poorest)

1 2 3 4 5 6 7 8 9 L
Low birth weight (%) 10.5 - - - - - - 3.9
Preterm birth per 1000 6.7 6.3 6.0 5.7 5.3 5.2 5.0 4.9 4.8 4.5
Neonatal mortality per 1000 2.8 2.6 2.5 2.1 1.9 1.8 1.6 1.6 1.5 1.5
Infant mortality per 1000 4.7 4.1 3.8 3.3 2.9 2.7 24 23 2.2 2.1
Short stature in childhood (%) 2.6 2.2 2.1 2.0 1.9 1.7 1.7 1.6 1.5 1.4
Healthy life expectancy?* (M) 52.3 56.4 58.4 61.1 64.1 65.1 65.9 67.3 68.5 70.5
Healthy life expectancy® (F) 51.9 56.8 59.6 62.0 64.2 65.1 67.3 68.5 69.5 70.7
Life expectancy® (M) 73.5 75.8 77.3 78.6 79.7 80.4 81.0 81.6 82.1 83.2
Life expectancy? (F) 78.3 80.2 81.5 82.4 83.3 83.9 84.4 84.8 85.3 86.3

The table emphasizes two extreme groups (grey-shaded) in the multiple deprivation index, which can be considered conceptually to represent the discrete

groups termed producers (decile 1) and scroungers (decile 10) that are modelled in the dynamic producer—scrounger game. However, where further data are

available, the table also illustrates relatively linear social gradients in all outcomes between the highest and lowest deciles. Based on data from Opondo et al.

[71], Orr et al. [72] and UK Census 2021 [73].
:Life expectancy at birth.
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Figure 2. Schematic diagram illustrating fitness and demographic outcomes in a hypothetical population of producers (common and subordinate) and

scroungers (rare and dominant). Scroungers have negligible juvenile mortality and produce small numbers of high-quality offspring. Producers have high

juvenile mortality, and compensate through higher fertility rates. The total fitness of producers and scroungers is similar, but producers have poorer health and

shorter average lifespan. Adapted with permission from Wells, 2023 [76].

In sexually reproducing organisms, it has long been recognized
that males and females ‘play a game’ around the time of concep-
tion, determining how the costs of parental care are distributed
[82]. In teleost fish, with external fertilization, females can escape

once they have provided ova for fertilization, and males are the

obligatory providers of care. In birds and mammals, where fertil-

ization is internal, females are left ‘holding the baby’ [82], though

males may still help. This asymmetry has implications for P-S
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dynamics, and mammalian male activities can be interpreted in
terms of a ‘scrounger pay-off’ [18].

In mammals, the unique female contribution to pregnancy
and lactation makes these energy-rich investments prone to con-
trol and exploitation by males. Females may ring-fence energy
within the body (fat stores) during pregnancy, in order to pre-
vent the resources required for lactation from being scrounged
by others, including males [83]. However, successive offspring
can create maternal energy-debt, placing mothers at unique risk
of undernutrition (‘maternal depletion’) [84]. In addition to these
direct costs, norms of gender inequality, typically based on ideals
of women as ‘reproducers’, often lead to their being allocated
low-status activities, including unpaid care work in the house-
hold and mundane subsistence tasks [85]. The savings that
males make on such activities can be reallocated to male-male
competition, or to reproduction with other females. These male
benefits are essentially funded by scrounging the energy costs of
reproduction, childcare and subsistence from women [18].

Gender inequality has pervasive costs for women'’s health,
especially maternal health [86, 87], and also correlates with high
levels of child undernutrition in the next generation [88]. Gender
inequality thus undermines the health and fitness of both sexes.
Despite these penalties, the problem has an inherent intransi-
gence: from an evolutionary perspective, the social strategies of
individual males are not under selective pressure to optimize
health, but rather to outcompete other males for fitness.

However, these dynamics can be altered by efforts to change
societal norms. Movements for gender equality have made sub-
stantial progress in many countries, though much remains to be
done. Societal norms can profoundly shift P-S dynamics, ‘rene-
gotiating’ the level of scrounging by males. Amongst the targets
have been:

- Preventing early marriage to increase female autonomy over
reproductive scheduling, which benefits both maternal and
child health [89-91]

- Supporting breastfeeding to reduce conflict between wom-
en’s reproductive and productive roles [92, 93]

- Promoting girl’s education, to promote empowerment,
improve access to paid labour and reduce friction in mar-
ital/similar relationships [94, 95]

- Providing maternity leave and improving job security, which
improves maternal physical and mental health and reduces
the economic penalty for reproduction [96]

- Promoting norms for paternal care of children (e.g. pater-
nity leave), which improves maternal mental and physical
health and supports breastfeeding [97]

All of these activities indicate active societal renegotiations,
to reduce the magnitude of male scrounging by challenging the
social institutions that legitimize it. Interventions that target

gender norms have had mixed success [98], making this a con-
tinuing research priority.

SOCIO-ECONOMIC INEQUALITY WITHIN AND
BETWEEN POPULATIONS

Dominance hierarchies are found in many species including
primates [23, 99, 100]. The key difference in humans is the way
that dominants operationalize scrounging, by actively coercing
labour and resources from producers, and institutionalizing this
process through the use of values, norms, laws and practices as
well as physical forms of coercion. For most of history, the P-S
game has played out broadly similarly across diverse kinds of
society. This framework offers a clear answer to the question, why
are human societies so prone to hierarchy?

Only limited forms of hierarchy can usually emerge in soci-
eties practicing hunting and gathering or simple horticulture,
because the physical effort of each individual limits productiv-
ity [101], and minimizes the potential returns from scrounging
(though in a few sedentary hunter—gatherer societies, productiv-
ity was enough to allow persistent inequality [28, 102]). Moreover,
hunter—gatherer societies often apply ‘levelling’ mechanisms
to prevent any individual from gaining status and power [103].
Tolerated scrounging, through which individuals in need can ask
for help, is a mutually-beneficial survival strategy for the whole
population, given that individuals’ foraging returns are unpre-
dictable [29].

However, as soon as agricultural systems raised produc-
tivity, the pay-off for scrounging likewise rose. A key threshold
was reached when the plough and irrigation systems increased
food output per unit of land, and animals underwent domestica-
tion [104, 105]. Not only did intensive farming thereby increase
total food availability, but it also packaged it into forms ideal for
scrounging: animal flocks, haystacks and granaries [18].

Early agricultural societies thus became prone to two generic
forms of scrounging: first, taxation by internal elites (landlords)
who secured ownership of the land and forced tenant farmers
(peasants) to hand over part of the harvest as rent [106]; and
second, external aggressors, often nomadic horsemen who
raided the harvests [107]. A key underlying mechanism was the
concept of debt [108], through which those who had borrowed
resources and could not repay were forced to surrender their
land-rights [106], and become a captive stock of producers [18,
109]. Through history, elites of agrarian societies have favoured
grain agriculture, as the harvests are ideal for storage and taxa-
tion; this has driven a global shift since the emergence of inten-
sive agriculture to diets high in carbohydrate [110].

The basic ‘landlord-peasant’ version of the P-S game has per-
sisted in different forms through the history of agriculture, and
can be discerned in many contemporary societies globally. In all
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such societies, producers are forced in different ways to feed the
elites, whilst also reproducing themselves. Producers might be
physically coerced, the most obvious example being forms of
slavery [111-113]. In most systems, however, the ultimate driver
of work was hunger, combined with the lack of opportunity for
producers to opt out of this system. Scrounger groups make
extensive efforts to prevent their producers from leaving. In this
scenario, if producers do not farm they will starve.

The key issue for peasants is not how much of the harvest is
scrounged, but how much they are left with to live on [109]—
the finder’s share. Excessive levels of scrounging could make
the entire social order unviable. When in control of their pro-
ducers, landlords can maintain a viable social order either
by increasing the finder’s share to incentivize production, or
by coercing the producers to work harder, leading towards a
system of slavery (Supplementary Fig. S1). The two parties
may negotiate over this dilemma. For example, Scott has
described how, in 19th century South-East Asian societies, the
stress of famine prompted peasants to rebel, but not to cast
off the landlords altogether, rather to demand greater sup-
port from them during famines [109]—effectively, a ‘refund’ of
the finder’s share. In extreme conditions, producers may quit
the system altogether: there are records from many historical
periods of peasants returning to marginal environments, to
practice forms of immediate-return subsistence that are rel-
atively immune to scrounging [114]. However, due to institu-
tions of land ownership, voting with one’s feet has often not
been possible. Until recently, only rarely did producers amass
sufficient power to reduce and challenge their exploitation—
either through developing democratic institutions, or through
outright revolution [115]. Moreover, whenever such a socie-
tal shift is achieved new groups of scroungers may rapidly
emerge, operationalizing new forms of power over producers.

In 19th century colonialism, entire countries were co-opted
to produce under the control of imperial scroungers [18]. As
expected, this led not only to the international movement of
resources, but also to the divergence of health outcomes, whose
ramifications are still being felt today. For example, approxi-
mately one fifth of wheat consumed in the industrializing UK in
the late 19th century was provided by imports from India, even
as a series of famines caused devastating malnutrition in India
[176]. Globally, the legal, coercive and military apparatus of colo-
nialism maintained this international version of the P-S game
amongst hundreds of millions of people.

INCORPORATING CONSUMPTION

In recent centuries, the P-S game has undergone a unique
shift, with profound implications for the nature and distribution
of health inequalities. This occurred first within high-income

industrialized countries, driven by the consolidation of capitalist
economics, and more recently globally.

Up until a point, scrounger-elites amassed resources directly
from producers. Consuming more of these resources was the
primary pay-off from scrounging. Under the logic of industrial
capitalism, however, scroungers began to seek wealth rather
than specific resources [117, 118], and wealth generation
required increasing the numbers of consumers. Capitalist eco-
nomics thus saw producers fundamentally re-fashioned as con-
sumers (Fig. 3). This reorganization was both embedded in, and
has driven, a wave of nutrition transitions [119, 120] occurring at
different times in different regions, as producers changed from
farmers to wage earners, and industrially manufactured foods
transformed diets [113, 121, 122].

Several elements of global food systems have changed in
concert. First, increasing numbers of food producers have
been driven off the land, transitioning to urban—industrial
work and purchasing their food through markets. Second, new
diets have emerged in which foods are tailored to maximize
consumption, though often at a cost to health [123]. Through
the 19th-20th centuries sugar consumption increased expo-
nentially [113], while attention now focuses on ultra-pro-
cessed foods [120]. Both of these dietary components have
been linked with obesity and the risk of non-communicable
disease [124, 125]. A significant proportion of global agricul-
ture produces products that are quintessentially addictive
(tobacco, tea, coffee) and highly profitable, and yet contribute

Tributary economy

@ I:> @
Wealth extraction
Capitalist economy

:: @

Wealth extraction

Producer

Consumption

Figure 3. The logic of wealth extraction in tributary and capitalist societies.
(a) In tributary societies, food and other raw resources are extracted from
producers, and disproportionately consumed by scroungers. Scroungers
become wealthy by amassing more resources (b) In capitalist societies, pro-
ducers, especially in urban industrial environments, must purchase their
food. Scroungers now extract wealth by using markets to exert control over
both production and consumption. Reproduced with permission from Wells,
2016 [18].
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Figure 4. Schematic diagram illustrating how racialized societies involve producers and scroungers occupying environments of contrasting quality, shaping

patterns of both production (work) and consumption (e.g. diet), thereby driving contrasting life history trade-offs that underpin health inequalities.

negligibly to meeting dietary energy requirements [126]. Sales
and advertising strategies drive up consumption, but the
financial costs are ultimately paid by the consumers through
their purchasing, emphasizing once again how scroungers
fund their exploitation from the effort of others.

This scenario underpins ongoing nutrition transition today in
low- and middle-income countries (LMICs). The emerging ‘dou-
ble burden of malnutrition’ acutely illustrates how LMIC popu-
lations have been captured in both old and new versions of the
P-S game [18]. As food producers, LMIC populations have long
been prone to childhood undernutrition [127]. As new consum-
ers, the same populations are increasingly prone to overweight
[122]. Life-course exposure to the double burden, highlighted by
secular increases in body mass index but not height [128], rep-
resents a fast track to non-communicable disease [129].

RACISM AND OTHERING

Hierarchies can emerge in many species, but a unique aspect
in humans is the use of coercion to drive unequal P-S pay-offs.
Physical coercion has undoubtedly played a key role, as has the
threat of hunger and starvation for producers who cannot opt
out [14]. However, violence is potentially costly for all parties,
and is difficult to operationalize in societies with thousands or
millions of producers. Another fundamental mechanism is the
use of ideology, generating social norms that symbolically assign
low status to producers and reify the unequal social order.

In early agricultural societies, it was no coincidence that early
elites often held office in temples, allowing the development
of religious ideologies that justified the status quo [106]. Early
emerging contrasts were legally defined statuses such as slave
versus free person, landlord versus tenant, or caste groups [111,
112, 115]. Over time, an ever-increasing range of categorical dis-
tinctions have emerged, with a common theme of disempower-
ing producers to prevent them from challenging the ideological
system that exploits them.

Crucially, this approach provides an overarching perspective
on racism. Through history, the creation of racialized societies
and similarly institutionalized forms of inequality has func-
tioned to create and maintain sources of cheap producer—labour.
Common to plantation slavery in the New World, apartheid in
South Africa and the Indian caste system was the long-term
maintenance of a workforce that could be coerced through both
physical and symbolic means to produce under highly asymmet-
ric conditions [1171, 130, 137].

Some forms of hierarchy allow individuals to change their sta-
tus, such as slaves earning free status or tenants earning enough
to become landowners. In contrast, racial and caste identities exter-
nally assign individuals to identities from which they cannot opt out
[132], thus hindering them from challenging their role in the social
system. | used the term ‘metabolic ghetto’ specifically to highlight
how the dominant groups in racialized societies use coercion, sym-
bolic categories and social norms to maintain power over other
groups, shaping their labour, their access to resources and their
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living conditions. Persisting major inequalities in physical and men-
tal health in racialized societies show the pernicious effect of these
categorizations [2, 133], highlighting the need for broad, deep and
transformative action to challenge the drivers and determinants of
racism and discrimination [134]. A complementary approach is the
recent exploration of racialized societies through the lens of niche
construction by Henry et al. [38].

Violence and ideology do not merely maintain disproportion-
ate control over the production and consumption of resources;
by chronically activating the stress response, violence or its
threat also reduces the allocation of metabolic resources to
homeostasis [135, 136], undermining the growth and health of
producers over inter-generational timescales [2]. Health dispari-
ties carry the collective imprints of different workloads, differen-
tial nutrition and environmental stresses that shape contrasting
energy-allocation trade-offs (Fig. 4). While violence and physical
injury might seem the severest threats, the ideological com-
ponent of P-S hierarchies must be recognized as being more
effective for scroungers, in part because ideological hierarchies
conceal their true costs inside forms of disease that develop
cumulatively through the life course [18].

CONCLUSION

This article offers an over-arching framework, based on dynamic
game theory, that can help understand how diverse forms of
social inequality generate health disparities. In contrast to other
evolutionary perspectives that focus on the ecological character-
istics of food resources [137], my framework focuses explicitly
on relationships of exploitation among people, and considers
why some humans often seek to control, ideologically or phys-
ically, others using different forms of power. The founders of
both modern economics and archaeology made frequent refer-
ence to the concept of ‘surplus’ generated by agriculture, whose
redistribution transformed human societies [138, 139]. The P-S
game offers a lens through which to ask how freely this surplus
is generated and distributed [18]. In fact, the emergence of ‘sur-
plus’ did not require agriculture: slavery appears to have been
practiced by some prehistorical hunter—gatherers occupying
resource-rich settings [28, 140], and the practice persists today
even in high-income countries, where unsurprisingly its manifes-
tation is closely associated with the production of food and other
raw materials [141, 142].

In common with other theoretical frameworks, this evolution-
ary perspective is intended to help understand, but not to jus-
tify, forms of social inequality and exploitation. ‘The Metabolic
Ghetto’ explored in detail how P-S dynamics have emerged and
varied across societies, over historical time and across different
economic and political systems [18], focussing in particular on
the role of capitalist economics in the emerging global epidemic

of non-communicable disease. The P-S game fits well with life
history theory, thus providing a comprehensive evolutionary
framework for understanding how social inequalities drive the
life-course emergence of health disparities. The model could be
made more sophisticated, for example, modelling social gradi-
ents rather than discrete groups.

In turn, this approach may offer insight into potential inter-
ventions for reducing disparities, through renegotiating unequal
P-S pay-offs. Ultimately, reducing health inequalities requires
not only distributing resources and opportunities more equally
but also suppressing exploitation by changing social institutions.
Specific tactics could involve targeting tangible markers of the
parameters modelled in the game, such as the ‘rate of searching/
producing’, the magnitude of the ‘finder’s share’ or the effective
size of the group, but also challenging the vested interests and
social norms that maintain unfavourable parameters. That the
P-S game is increasingly used by both ecologists and econo-
mists [143] suggests that it has unique potential to shed new
light on the societal basis of health inequalities.

SUPPLEMENTARY DATA

Supplementary data is available at EMPH online.
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