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Part 2
Tolerance, Sensitivity and
Emotional Vulnerability

In Part 2, we consider the development of humdalerance or changes in
social approach/avoidance behaviours. We consider how and why we
became capable of extending compassion outwards beyond our close kin
and living group, showing tolerance and generosity towards neighbouring
groups and distant friends, and the implications of this for human social
sensitivity and emotional vulnerability.

We begin in Chapter 4 with the evolutionary basis for our physiological and
hormonal responses to unfamiliar people, before continuing in Chapten5
consider the issue of increasing human friendliness and social sensitivity or
human ‘self-domestication’ I'Chapter 6, we consider how new social sen
sitivities and emotional vulnerabilities changed human relationships with
animals, particularly focusing on our increasingly close relationships
with wolves and their descendants, domestic dogs. In Chapter 7, we-con
sider how and why signi cant objects came to play an important emotional
role in our lives. We particularly focus our attention on key changes taking
place relatively late in our evolutionary history, alongside the emergence of
anatomically and cognitively modern humans after 300,000 years ago.



What enables us to form strong relationships beyond our immediate fam
ily? How did we become friendly towards strangers? What made large-scale
regional connections and the emergence of humaommunitiespossible?
And what were the implications of human tolerance for our social relation
ships and emotional lives?



CHAPTER 4

The Evolutionary Basis for Human
Tolerance — Physiological Responses

Abstract

For most animals, unfamiliar members of other groups presen
more of a threat than an opportunity, and are best avoided or ever
attacked. In contrast, our attitudes are markedly di erent. There ig
no denying that we are capable of being hostile to people we do not
know, particularly if we feel anxious or threatened. However, com
pared to other animals, we are unusually open to new relationships,
and form strong bonds with individuals outside our family group.

Although we tend to focus on the ‘thinking’ part of our minds, or our
cognitive appraisal of social situations, our physiological response
and emotional reactions play a central role in how we build and main
tain relationships. Subtle changes in ‘gut feelings’ can have an impo
tant in uence on our attitudes to people around us, particularly to
unfamiliar outsiders or people we have not seen for some time.

[72)

An understanding of how di erent hormones a ect social behaviour
in other species, as well as in humans, provides insights into the typ
of changes that led to increasing human ‘friendliness’. Genetic and

[}

(Abstract continued on next page)
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(Abstract continued from previous page)

anatomical evidence documents subtle changes in neuroendocring
function in recent human evolution after 300,000 years ago that
appear to have played an important role in increasing tolerance o
unfamiliarity, and abilities to forge new external bonds. Being ablg
to make external connections, and form new relationships based
on give and take despite lengthy periods apart, seems to have bee
important to our success as a species. Friends in distant communities
may often have been important to survival by providing resources|
or help that could bu er the e ects of crises and resource shortfalls.
We nd that it is genuine emotional commitments to distant friends,

rather than strategic alliances, that allow modern hunter-gatherers
to survive in times of crisis.

=

Changes in emotional dispositions towards being less aggressiv
and more tolerant of unfamiliar individuals might seem to be pro

gress, but we should be cautious in thinking in these terms. Increased
‘friendliness’ is not without its disadvantages. It also brings dewn
sides in terms of social sensitivities and emotional vulnerabilities that
in uence much of human behaviour.

11
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Figure 4.1: Male bonobo at Lola ya Bonobo, Democratic Republic of Congo.
Evanmaclean, Public domain, via Wikimedia Commdrips://commons
.wikimedia.org/wiki/File:Male_Bonobo_Lola_ya_Bonobo_2008.jpg.

Introduction

In 2017, researchers working with bonobos at LuiKotale, Democratic Republic
of Congo (DRC), documented an apparently unusual encounter between two
di erent communities of bonobos (Figure 4.1 shows an adult male bonobo,
or pygmy chimpanzeePan paniscys Generally, most animals are distrust
ful of other groups or are even aggressive towards them. They defend the
boundaries of their resources, or at least take great pains to avoid other-com
munities. This only makes evolutionary sense. After all, other communities
are made up of individuals with whom they will share few, if any, kin relations
and it makes little sense to do anything to bene t these potential ‘competi
tors’ In this case, however, not only were bonobos tolerant of each other’s
company but, more than this, they shared food (Fruth and Hohmann 2018).
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Bonobos can be aggressive (though only rarely violent) at the boundaries
between communities. However, they can also be tolerant, so this peaceful
interaction was not in itself unusual. On this occasion, however, bonobos
from the eastern community (10 adult females, ve adult males and infants)
joined several members of the western community (12 adult females, three
adult males and infants) (Fruth and Hohmann 2018: 96-97). What happened
next was very much worthy of note. One of the western males, a bonobo
called Camillo, caught a forest antelope (a duiker) and over the next half
an hour responded to appeals from the bonobos from both communities
to share the meat, which was widely shared between them. During this
time, one of the females from the west community and one from the east
groomed each other, and an eastern male and western female mated. Such
behaviours would be unthinkable in chimpanzees, and yet these bonobos
were capable of remarkable tolerance to individuals who were e ectively
‘outsiders’ Furthermore, further cases of tolerant interactions emerged over
subsequent research, often taking place where resources were plentiful
(Lucchesi et al. 2020). Peaceful interactions can even occur over several days.
These interactions enabled resources at borders to be exploited, rather than
avoided, and gave opportunities for intercommunity mating to occur. Mere
over, peaceful interactions avoid the risks of injury or even death recorded in
intercommunity attacks in chimpanzees.

We might imagine that it pays to defend our community boundaries and be
intolerant towards strangers but, in many cases, collaboration can pay o
more (Spikins et al. 2021). Of course, human collaboration across community
boundaries is much more extensive than that of bonobos. Modern foragers
depend on relationships with other communities for access to resources,
such as raw materials for stone tools, medicines or salt (Pisor and Surbeck
2019), and survival in times of famine often depends on being able to visit
and depend on distant allies (Wiessner 2002). However, bonobos may give
us at least some insight into the earliest beginnings of human tolerance.

Intergroup tolerance in the human evolutionary past

We saw in Chapters 1 ar@ithat human social relationships within social
groups in our distant past were highly collaborative, but what were inter
community relationships like?



m THE EVOLUTIONARY BASIS FOR HUMAN TOLERANGES

Early humans were certainly highly social, with relationships that revolved
around ready responses to vulnerable group members, collaborative infant
care and sharing of food and other resources. However, these responses
may have focused almost exclusively on kin and living groups. There is
good reason to argue that early humans may have been rather socially-insu
lar and, at best, only very weakly socially connected across large communi
ties and regions.

It is not uncommon toassumethat early human societies must have been
connected within large social networks, much like we might recognise
today. All modern societies, from industrialised societies to those living by
hunting and gathering, are linked by social networks that connect many
people and large regions. We easily assume early human societies resem
bled some watered-down version of what we know. Moreover, our near
est relatives live in relatively large connected communities. Fission—fusion
societies, like those of chimpanzees, are made up of communities of 50-150
individuals that come together and separate into smaller parties at di erent
times, and these are often seen as a model for our early ancestors. Inspira
tion for ideas about early human social groups also comes from multilevel
animal societies that join together seasonally and are made up of individuals
with di erent levels of kin relations. An example of this is seen in elephants,
where individuals are related to key older matriarchs (Wittemyer, Douglas-
Hamilton, and Getz 2005). We tend to expect these kinds of socially-com
plex societies in our early ancestors, because we see ourselves as socially
complex. Furthermore, evidence from changes in cranial shapes through
human origins seemed to support ideas of large early human communities.
Increases in neocortex sizes, associated with increasingly complex social
understanding, have been interpreted as implying large social networks
in the distant past. However, as we have seen in Chapter 3, a relationship
between neocortex size and group size has been called into question. There
are also other explanations for increasing neocortex sizes related to keeping
track of other groups, or to more complex types of within-group relation
ships such as those associated with trust and emotional commitments.

Evidence from movements of raw materials, the sizes of archaeological
sites, inbreeding deformities and genetics, argue that early human social
groups were surprisingly constrained in size and insular in scope, with
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interactions beyond the local group relatively rare. In reality, evidence for
intercommunity interactions does not become widespread until much later
in human evolution, and at least after 300,000 years ago.

One area of evidence is from the movements of raw materials used to make
stone tools. If we look at raw material movements, we see that these largely
come from local areas, often within four kilometres, and most likely re ect
exploitation by a local group until at least 1.2 million years ago (Marwick 2003).
Even by 300,000 years ago, evidence for raw material movements beyond
what we might expect to see in local catchments is rare (Layton, O’Hara,
and Bilsborough 2012). There are even apparently unexploited boundaries
between territories seen in the raw material transport networks of archaic
humans in the Near East (Belfer-Cohen and Hovers 2020). These unexploited
areas appear to be symptomatic of a desire to avoid other graups

The sizes of archaeological sites throughout most of human evolution also
accord with small, constrained groups. Analysis of faunal remains at FLK
Zinj (level 22) at Olduvai dating to around 1.8 million years ago suggest
that a group of around 18-28 individuals occupied the site, for example
(Dominguez-Rodrigo and Cobo-Sanchez 2017). This relatively small number
of individuals matches evidence from footprints at lleret around 1.5-mil
lion years ago that suggests a similar size of social-living group (Dingwall
et al. 2013).

Most tellingly, evidence of skeletal material showing deformities related
to inbreeding are seen from as early as 1.5 million years ago, and remain
common throughout most of the Palaeolithic record (Trinkaus 2018). Even
in later phases of human evolution, such as from 1 million to 250,000 years
ago, evidence from skeletal abnormalities is common (Rios et al. 2019; Rios
et al. 2015; Trinkaus 2018). Moreover, genetics (Castellano et al. 2014) sup
ports the notion of high rates of inbreeding in archaic humans, which would
be unlikely to occur where social groups were uid and connected. Genetic
evidence for much greater interactions and mating between groups is-lim
ited to the Upper Palaeolithic (starting around 100,000 years ago in Africa
and 70,000 years ago in the rest of the world) (Sikora et al. 2017).

It seems unlikely that there waso interaction between communities in
early humans. Distributions of similar artefacts suggest that something
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like ‘cultures’ existed in archaic humans after around 300,000 years ago,
at least (Ruebens 2013). However, similar ways of doing things might not
imply community connections on a wider scale — similar behaviours could
be maintained though limited mating network interactions, for example.

It is certainly possible that movements between communities were 4im
ited to those related to mating networks and quite possibly also restricted
to females (Lalueza-Fox et al. 2011). Though we tend to assume that early
hominins lived lives connected within large social networks, probably
based on our own experiences and concepts that they must have been
highly ‘social’ in modern terms, there is no good evidence to support this
idea prior to the emergence of our own species after around 300,000
years ago.

Given that the evidence doesn't support the notion of large-scale regionally
connected human communities before 300,000 years ago, what were €om
munity relationships like? There is a lot that we do not know. It is not clear if
what we might call a community (a set of individuals who know each other
well) was simply a small group of early humans who foraged together, or
made up of several small groups that foraged together or apart at dier
ent times. Nonetheless, it is unlikely that group sizes were as large as those
of chimpanzees or bonobos, particularly as an ecological niche involving a
dependence on meat eating will have signi cantly constrained population
densities Certainly, for most of our distant evolutionary past, our ancestors
seem to have been living in social landscapes in which they were ‘thin on
the ground’ (Churchill 2014), making encounters between di erent commu
nities rare to begin with. There is no reason to imagine aggressive or violent
interactions between di erent communities. Rather, the motivations and
willingness to extend social relationships outside of familiar kin and eom
munity members seem to have still been largely lacking until after around
300,000 years ago. We could perhaps imagine rare intercommunity interac
tions a little like those recorded in bonobos, which can be aggressive, avoid
ant or sometimes cooperative.

It is only after 300,000 years ago, beginning in Africa, that a novel epen
ness to new relationships, and the capacities and needs to connect to
an extended social group, appear to have emerged (Dunbar, Gamble,
and Gowlett 2014). From bounded groups with constrained mobility
and limited contacts between each other we see the emergence of uid
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connections across large social landscapes. In these new social contexts,
supportive alliances provided a social bu er for resource shortfalls and
people maintained connections with a wide number of allies (Coward and
Gamble 2008; d’Errico and Stringer 2011; Foley and Gamble 2009; Spikins
et al. 2021). Raw materials and nished artefacts that might previously have
only come within a predicted home range were now drawn from well eut
side this range, sometimes even over thousands of kilometres, suggesting
both higher levels of mobility and a degree of intergroup exchange (Féblot-
Augustins 2009; Layton, O’Hara, and Bilshorough 2012; Marwick 2003).

The explanation for this transformation in intergroup connectivity remains
enigmatic. Explanations have largely focused on changes in social -intel
ligence and capacities to remember an extended set of group members
(Dunbar, Gamble, and Gowlett 2014; Gamble 2008; Gamble, Gowlett,
and Dunbar 2011), or the ways in which cultural objects might be able to
symbolise identities (Coward 2015; Gamble 1998). However, changes in
emotional dispositions towards unfamiliar individuals may have been play
ing an important role in these changes. Changes in our biology may also
have played a role in changing how weere able to feelbout outsiders.

Here we explore the role of our physiological reactions in our reactions to
unfamiliar individuals, and the ways in which these reactions may have
changed throughout our evolutionary past.

The evolutionary background to human physiological
reactions to unfamiliar people

When we discuss our physiological and emotional reactions to unfamiliar
people, it is usually around the negative elements of other biases against
people who look di erent from ourselves.

Itis clear that we have evolved emotional reactions to people who are di er

ent, which are, at best, unhelpful and, at worst, dangerous. When encounter
ing strangers, it is sadly all too common to make immediate assumptions
about people. We may judge people by a visible physical disability or be
less trusting of people of di erent skin colour to ourselves, for example. We
even react with greater empathy when viewing someone in pain who has



m THE EVOLUTIONARY BASIS FOR HUMAN TOLERANQE9

the same skin tone as ourselves (Sapolsky 2017). Our immediate intuitive
emotional reactions can be at odds with our principles.

These reactions are certainly unwelcome. However, in an evolutionary
context, they are perhaps not entirely surprising. As we have seen, in most
animals, individuals who are not close relatives or who do not belong to
the same social group are usually best avoided. It is not unusual for typical
responses to unfamiliar individuals to be either fear or aggression. Though
we discussed the highly collaborative, and even tender, nature of wolves
within their group in Chapter 1, fearful aggression to outsiders is typical
(seeFigure 4.2). In a moment, they can swap from carer to Killer (de Bruin,
Ganswindt, and Roux 2016). Even in multilevel societies of animals that live
in close proximity, of which baboons are perhaps the best example, there
will be close-knit subgroups that do their best to have little to do with the
larger population other than to simply put up with their presence (Stadele

Figure 4.2: A wolf showing fearful aggression. Denali National Park and Pre
serve,CC BY 2.0, via Wikimedia Commoh#ps://commons.wikimedia
.org/wiki/File:Wolf_Snarl_(5300989527).jpg.
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et al. 2015). In animals that live in hierarchically organised kin groups that
separate and rejoin, genuine intergroup collaboration between non-kin is
rare, and there are no emotional bonds with non-relatives in neighbouring
groups. This makes clear sense as neighbouring groups are most likely to
be competitors, presenting a threat to one’s own resources or even the-pos
sibility of violent aggression.

More complex perceptual biases against ‘out-groups’ also exist in primates.
Out-group bias, a tendency to view members of other groups as a whole
as lesser or even dangerous, has been recorded in monkeys, for example.
As with humans, their preconceived biases towards members of out-groups
make it harder for them to associate out-groups with positive things or in-
groups with negative ones. Rhesus macaques shown pairings of members
of their own or a neighbouring group and images of fruit (which they like)
or spiders (which they do not like) stared longest at the ‘discordant’ pairing
of their own group members with spiders, or neighbouring group mem
bers and fruit. This implies that their own group members were associated
more with nice things (fruit) and other group members with nasty things
(spiders) (Mahajan et al. 2011; Sapolsky 2017: 389). Abilities to identify
with one social group in contrast with another seem to predate the split
between Pan and Homo lineages and so are likely to have existed in our
distant hominin ancestor (Mo ett 2013). Moreover, chimpanzee ‘pant hoots’
show a distinctive group identity (Crockford et al. 2004) and vocalisation of
early hominins are likely to have been similar. In the far-distant past, there
was good reason to be suspicious of ‘outsiders’ and, despite our modern
friendliness, this suspicion can leave its mark, with people typically using
top-down cognitive appraisal (discussed in Chapter 1) to counteract e ects
of visible di erences (Sapolsky 2017). Given this evolutionary context, the
occasional sharing across community boundaries seen in bonobos seems
even more remarkable.

Overcoming these reactions, and being able to e ectively collaborate with
other communities in a sustained way that goes beyond the occasional
tolerance seen in bonobos, will have been a major challenge for human
societies. The formation of new collaborative social alliances will have
depended, rstly, on individuals being friendly enough to enable encoun
ters, rather than being fearful or aggressive, and, secondly, on their being
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open to treating less-familiar individuals a lot like family members, even
though their habits, behaviour or ideas may have seemed foreign (Wiessner
2002: 22). Whilst we typically explain changes in the archaeological record
involving new patterns of mobility, new alliances and greater cultural eon
nectivity after 300,000 years ago in terms of changes in cognitive capacities
or cultural change, changes in emotional motivations may be far more sig
ni cant than we have imagined (Spikins et al. 2021).

What might have happened, and why?

To address these questions, we need to build up a better understanding
of how our neurobiology a ects how we relate to other people, and how
evolutionary pressures can create long-term changes in hormonal and emo
tional reactions.

Neurobiology, emotional responses and social behaviour

We might feel that our physiological responses are rather too basic, or
biological, to have played an important role in something as complex as
changes in human social relationships. However, whilst our physiological
reactions in social situations might not determine what we do, they can
have a signi cant in uence. Brain, chemical and hormonal systems which
moderateavoidance(such as fear) can prompt us to keep away from certain
people, whilst others that moderate ouspproachbehaviour (such as caring
responses) make us want to be closer, for example.

Social behaviour in mammals in general is mediated through hormonal and,
in turn, physiological responses to particular social situations. As a result,
one of the main ways in which social behaviour changes between species
is through genetic changes in uencing hormone pathways — that is, how
the neurobiology of our brains in uences us physiologically in any particu

lar social situation or our ‘gut feelings’ (Narvaez 2014; Narvaez et al. 2013;
Zink and Meyer-Lindenberg 2012). Certain social situations may make us
anxious or afraid, others make us excited, and yet others make us feel calm,
connected and secure. Changes over time in the selective advantages and
disadvantages of di erent social behaviours, including behaviours towards
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individuals who are rarely seen or unfamiliar, are strongly in uenced by
‘gut feelings’ under the control of hormonal responses. Of course, how we
behave is about far more than simple biological responses. As discussed
in Chapter 1, our perceptions of a social situation in uence our hormonal
responses and, in turn, our physiological reactions, after which we also have
a top-down control over what we think and how we behave. However, how
we feelcan have signi cant e ects on our behaviour towards other people.

Discussions of physiological and hormonal changes in human evolu
tion have been limited, with attention particularly focused on changes in
androgens (such as testosterone) and potential e ects on reactive aggres
sion (Wrangham 2014; Wrangham 2018). Reduced aggression doubtless
played an important role in allowing humans to form external social -alli
ances and intergroup collaboration. However, changes in other key emo
tional dispositions a ecting how we interact socially seem likely to have also
played an important role. Rather than any one single response to non-kin
or unfamiliar individuals, a capacity and motivation to forge distant social
alliances seems likely to have been built on several subtle but important
changes in some of the hormonal responses that in uence social behav
iour (Figure 4.3). Genetic evidence suggests that particular hormones that
play an important role in a ecting capacities for tolerance include those
associated with stress reactivity, such as cortisol, those associated with
changes in motivations towards aggression or competition, such as ardro
gens, those associated with reward-seeking behaviour, such as dopamine,
and those associated with social bonding, such as oxytocin, vasopressin and
beta endorphins (Hare 2017; Theofanopoulou, Andirko, and Boeckx 2018;
Theofanopoulou et al. 2017). Each of these hormonal changes appears to
have had an important role to play in setting the emotional scene that ena
bled humans to develop large-scale collaborative social alliances.

The relationship between genes, hormones and emotional responses, and
how these evolve, is a fast-moving area and the in uence of hormones
on physiology and emotional reactions is complex. In some cases, we see
similar behavioural changes in di erent species from either an increase
or a decrease in the same hormone in the bloodstream, for example (de
Bruin, Ganswindt, and Roux 2016; Trumble, Jaeggi, and Gurven 2015).
This is because responses to hormones are mediated by not only levels in



Figure 4.3: Changes in emotional dispositions involved in moving from constrained social groupings to large-scale social alli
ances. Penny Spikins, CC BY-NC 4.0.
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the bloodstream but also receptiveness to di erent hormones, and how
hormones react together. This means that we can at best only really talk
about changes in the pathways of particular hormone systems. Moreover,
similar behavioural patterns or changes can take place through diering
hormonal changes. Monogamy in di erent species of lemur is controlled by
subtly di erent hormones, and these are di erent again from those control
ling monogamy in prairie voles, for example (Grebe et al. 2021). Nonethe
less, there are some simpli cations that can at least help us to understand
how evolved hormonal responses may have in uenced human emotions
and behaviours in the past.

What is clear is that subtle changes in emotional reactions, which can often
occur quickly on evolutionary scales, can have far-reaching consequences
on both avoidance behaviours and approach behaviours.

The physiology of changes in avoidance behaviour — how changes in
hormones might make us less competitive or fearful

Often our emotional responses to particular situations tend to push us away
from other people. It goes without saying that we usually avoid people or
social situations if they make us feel aggressive or fearful. In the former case,
behaviour may be in uenced by hormones that control competition and
aggression, such as androgens, and, in the latter case, by hormones that
in uence stress reactivity, such as cortisol.

Competition and aggression — the role of androgens

Readily aggressive reactions might deter any would-be ally we might
encounter. However, there is no doubt that they solved particular adaptive
problems in the evolutionary past — defending resources or our families, for
example. It is no surprise that particular hormones, including androgens
such as testosterone, exist to play an important role in in uencing our gut
feelings towards competition or aggression.

We know that variations in testosterone in uence human social behaviour,

so it only makes sense to conclude that changes in testosterone pathways
over time would also change social behaviours on a larger scale. Tenden
cies in humans to collaborate or compete with strangers in economic games
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show a relationship with individual variations in testosterone levels, for
example. Those who tend to be most collaborative tend to have lower levels
of testosterone than those who are more likely to adopt a sel sh strategy
(Eisenegger et al. 2017; Mehta et al. 2017). This is important, as long-term
collaborations tend to depend on individuals being prepared to be gener
ous rather than immediately sel sh. Those with typically tolerant and -col
laborative personalities are also associated with lower levels of testosterone
than individuals who display traits of narcissism such as extreme sel shness
and self-centredness (Pfattheicher 2016). Moreover, in an evolutionary con
text, reduced levels of testosterone are associated with increased levels of
paternal care in species such as social carnivores (de Bruin, Ganswindt, and
Roux 2016). We might reasonably expect selection pressures on testoster
one to have been signi cant in changes in the balance of competition or
collaboration in human evolution.

Androgens such as testosterone are particularly interesting within an evolu
tionary context as they have an in uence on physical characteristics which
is potentially identi able in past skeletal material. Androgen hormones
control the development of male reproductive tissues, and bone and body
mass. ‘Extra’ muscle and body size are costly but, where male competition
for mates is highest, these extra energetic costs beyond that which would
be optimal otherwise are worth paying to increase reproductive success
(Muller 2017). Thus, ‘sexual dimorphism, the di erence in body size between
males and females, gives us important clues as to the level of male competi
tion driving pressures to be aggressive to other males within and between
groups. Sexual dimorphism shows a relationship with male aggression in
non-human apes. Gorillas, for example, live in groups comprising a single
male and several females. Male gorillas show some of the most extreme
reactions to potentially competing males, reacting aggressively to males
within their group as they reach adolescence and to any adult males that
might approach near to their group. They are also amongst the most highly
sexually dimorphic of primates, with male gorillas larger than females by a
factor of 1.6—1.7 (Plavcan and van Schaik 1997). It pays o for males to invest
in the costly extra e orts of body size, well beyond that which might relate
directly to resource availability, as extra power may make a big di erence in
reproductive success. Male gibbons, in contrast, live in largely monogamous
pair bonds, which means they compete far less with each other, and thus
male and female gibbons are of a similar size.
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Sexual dimorphism in ancestral humans gives us some insights into how
human male aggression may have changed through time. On the basis of
fossil evidence, australopithecines show some level of sexual dimorphism,
perhaps not entirely dissimilar to chimpanzees, whilst sexual dimorphism
appears to reduce in earlidomq including the small-bodiedHomo naledi
(Garvin et al. 2017). However, making interpretations of fragmentary fossils
is plagued with di culties, not just because only parts of the body are repre
sented and it is rare to be able to identify males and females separately but
also because di erent specimens tend to be compared across a large-geo
graphical area where environment may be in uencing size (Plavcan 2012;
Plavcan et al. 2005). Most notably, it remains unclear where one ‘species’
ends and another begins in both time and space, making it easy to inter
pret a high degree of dimorphism between individuals that are actually of
di erent species. It would be unwise to be overly speci ¢ about estimates.
Nonetheless, assuming our nearest relatives, chimpanzees, with a sexual
dimorphism ratio of around 1:1.3, are broadly similar to ancestral apes, it
does seem that sexual dimorphism reduces through the hominin lineage.
Modern human males are slightly larger than females on average, by a fac
tor of around 1.1-1.2, making them more similar in size than estimates for
earlier species (Michael Plavcan 2012). In the broadest terms, it seems that
male—male competition has reduced.

Other evidence for androgen levels in an evolutionary context comes from
2D:4D digit ratios — the di erence in size between our second and fourth n
gers. 2D:4D digit ratios in modern contexts show a relationship with foetal
testosterone levels (Pearce et al. 2018). The ratios in both early humans and
Neanderthals are higher than those of modern humans, which may suggest
a reduction in testosterone in more recent phases of human evolution (Nel
son and Shultz 2010; Nelson et al. 2011). Moreover, changes in testosterone
are also implicated in research into key genes that changed with the origins
of modern humans (Theofanopoulou et al. 2017).

Di erences in rates of aggressive conicts and in testosterone pathways
between closely related primate species also provide important insights
into the potential role of testosterone in intergroup relationships.

Chimpanzees are renowned for their tendencies to get into aggressive-con
ict with other groups, in contrast to more common patterns of avoidance
in primates as a whole. Testosterone levels rise from infancy onwards, and
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control the large body size of male chimpanzees compared to females. Tes
tosterone also has an e ect on an individual level, with individual di-er
ences in testosterone levels associated with the rate of aggressive attacks
on others (Anestis 2006). Moreover, on a group level, chimpanzees experi
ence peaks in testosterone in territorial boundary patrols, which then play
a role in their aggressive attacks (Sobolewski, Brown, and Mitani 2012).
Chimpanzee males at Kibale patrol the limits of their territories, for exam
ple, forming coalitions to defend the boundaries of their territories and
attacking when they outnumber their opponents, with attacks on indivielu

als from neighbouring territories sometimes being fatal (Watts et al. 2006;
Wilson et al. 2014). The most famous and much debated example of chim
panzee violence even led to an entire chimpanzee group at Gombe being
apparently systematically attacked by a neighbouring group of which they
had previously been a part (Goodall 1986). Aggressors only attack when
they outnumber their opponents, so face little risk to themselves and will
tend to bene t in terms of increased access to resources (Mitani, Watts, and
Amsler 2010; Wilson, Wallauer, and Pusey 2004; Wilson et al. 2014). This ter
ritorial aggression commonly leads to territorial advantages, explaining
why intragroup aggression may have been advantageous in the past {Cro
foot and Wrangham 2010).

It is tempting to draw a link between chimpanzee aggression, testosterone
and human violence (Wrangham and Peterson 1996). Testosterone also
in uences human aggression, after all. Competitors in team games also
show a surge of testosterone, even when competitions are not physical, and
particularly amongst the winners (Trumble, Jaeggi, and Gurven 2015); sug
gesting similar positive feelings of solidarity in opposition to the ‘enemy’
We probably sometimes feel a similar rush of excitement, and antipathy
towards ‘them’ when watching or playing team games, as do chimpanzees
on border patrol. The mechanisms of territorial aggression amongst chim
panzees have even been compared to particular cases of human intergroup
aggression, such as that of violent youth gangs, for example (Wrangham
and Wilson 2006). It has been suggested that cases of violent ‘raiding’ in
hunter-gatherers re ect the same kinds of adaptive advantages to such
behaviours, such as taking over the resources of another group, as those
observed in non-human primates (Pandit et al. 2016).

The apparent similarities may be super cial, however. Cases of human-feud
ing tend to be skewed towards adolescent and young adult males, who are
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much more impulsive than adults, given that emotional regulation abilities
are not fully mature until their mid-twenties (Sapolsky 2017). Moreover, it
is clear that hunter-gatherer raiding is motivated by complex beliefs,-loy
alties and commitments (Boehm 2000; Boehm 2011). Perhaps even more
signi cantly, hunter-gatherer raiding is set within a context in which there is
also collaboration between groups (Boesch et al. 2008). Rates of intergroup
violence in modern hunter-gatherers tend to be low (Fry and Séderberg
2013), and substantially lower than in chimpanzees (Wrangham, Wilson,
and Muller 2006). Moreover, lethal intergroup aggression is relatively rare in
hunter-gatherers and only seen in certain contexts (Lee 2014), and organ
ised conict appears to be restricted to late in an evolutionary context
(Kissel and Kim 2018). Our top-down cognitive control usually makes i eas
ier to rationalise whatever emotions we may feel, and to choose how to act.

The e ects of testosterone on social behaviour are far more complex
than they might immediately appear. Testosterone can promote parochial
altruism and generosity on behalf of one’s own group, whilst also promot
ing out-group aggression, for example (Diekhof, Wittmer, and Reimers
2014). It is probably best thought of not as a hormone controlling aggres
sion but as one in uencing motivations to compete, which may play out

in complex ways (Sapolsky 2012). Social norms play an important role in
mediating how testosterone a ects aggression in chimpanzees as well as
humans, for example. Within di erent chimpanzee groups, there are nota
ble di erences in attitudes to other groups, particularly being in uenced by
the role of females. There are lower rates of fatal intergroup attacks and far
fewer records of infants being attacked at Tai forest than at Kibale or Gombe,
for example. This seems to be because female chimpanzees at Tai forest are
more likely to be involved in intergroup encounters, which changes the
dynamic of intergroup aggression. Furthermore, Tai forest chimpanzees
tend to spring to the defence of an individual being attacked or taken pris
oner, even at their own risk (Boesch et al. 2008). Males might feel equally
aggressive but learn that attacks are unlikely to be successful (Fuxjager,
Trainor, and Marler 2016).

Perhaps the most remarkable in uence of social context is that testos
terone has even been linked to increased generosity in humans, where a
reputation for generosity is considered a mark of status and thus seme
thing worth competing for (Diekhof, Wittmer, and Reimers 2014). Moreovetr,
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aggression in adulthood is most clearly a ected by early trauma rather
than testosterone (Fragkaki, Cima, and Granic 2018), and cultural norms
have a far more signi cant e ect on aggression than genetics (Shackelford
and Hansen 2015). The structure of social relationships can even in uence
whether other groups feel like competitors. Unlike in modern industrialised
contexts, testosterone levels amongst the Tsimane hunter-gatherers do not
rise in group competitions, as patterns of mobility mean that groups are
made up of a complex mix of kin and non-kin (Trumble et al. 2012) — there
are plenty of close friends and relatives in other groups to moderate any
competitive feelings towards them. There are many social horms and rules
within modern hunter-gatherers that constrain the potential for violence.
The complex and interconnected net of social relationships amongst recent
hunter-gatherers, in which each individual maintains a set of close friend
ships beyond their own kin, almost certainly plays a role in preventing out-
group biases from developing.

Bonobos provide perhaps the most signi cant insight into how the evelu
tion of di ering hormonal pathwayscan nonetheless in uence behaviour
(discussed in more detail in Chapter 8). Bonobos are just as closely related
to humans as chimpanzees are, and share a common ancestor with them
that lived around 1.7 million years ago. Despite this close evolutionary-rela
tionship, bonobos have androgen responses that are di erent from those of
chimpanzees and contrast quite markedly in their attitudes towards other
groups, as well as in their levels of within-group aggression. In contrast to
the rising levels of androgens seen in chimpanzees, levels of androgens in
bonobos stay at similar levels from infancy to adulthood (Hare, Wobber, and
Wrangham 2012; Wobber et al. 2010; Wobber et al. 2013), with implications
for levels of both internal and external aggressive con ict.

Di erences between androgen responses in chimpanzees and bonobos
undoubtedly help explain the capacities for intergroup collaboration in
bonobos, as described at the introduction to this chapter. In contrast with
common chimpanzees, intergroup encounters at the borders of bonobo
groups are far less aggressive. Fruth and Hohmann (2018) estimated that
intergroup encounters occur around one to three times a year amongst
groups at LuiKotale, DRC, and sometimes involve threat displays, although
actual aggression or violence is very rare. However, importantly, neighbour
ing groups sometimes forage together. Groups come into contact more
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often when fruit trees at their shared boundaries are ripe, for example, with
both groups exploiting the same fruit trees (Sakamaki et al. 2018). Most
remarkable of all is the recorded instance of bonobos sharing food at the
borders between groups, described in the introduction to this chapter.
These individuals were clearly comfortable sharing with those from other
communities, something that Fruth and Hohmann commented would be
‘unthinkable’ in chimpanzees (Fruth and Hohmann 2018: 99). It seems likely
that di erences in androgen levels between chimpanzees and bonobos had
a major in uence in the distinctions in intergroup behaviour between the
two species. These might help us understand, therefore, how reduced ten
dencies towards aggression may also have played a part in changes in soci
ality in recent human evolution (Wrangham 2014; Wrangham 2018).

Whilst aggressive or competitive responses can certainly lead to avoidance,
the same is also true of fearful or stressed responses to social situations.

Fear, stress reactivity and cortisol

Although changing androgen levels have received the most attention, in
some cases it is reduced stress reactivity, rather than changing motivations
towards aggression or competition, that seem to play the biggest role in
reduced aggression.

Being fearful or stressed in the presence of someone who is dierent or
unfamiliar, and thus being motivated to avoid them, makes evolutionary
sense for most animals. From an evolutionary perspective, there is every
reason to be distrustful, if not overtly aggressive, to outsiders. Firstly, and
most obviously, individuals of one’s own species who are not members of
your own living group are generally not kin, and thus most likely, at the very
least, to be competitors for scarce resources. Other members of one’s own
species may even present a threat to survival if likely to become aggressive
and attack. Furthermore, they may also compete for mating opportunities.
From the perspective of the potential threat that they may present, it is not
too surprising that few species share the potential openness to unfamiliar
members of other groups displayed by humans. Most animals endeavour to
avoid other groups, such as by territorial displays or vocalisations, or resort
to aggressive encounters. It makes sense to take e orts to demarcate the
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limits of where your group lives, such as by vocalisations or threat displays,
and minimise interactions with other groups and warn unfamiliar individuals
not to approach. Howler monkeys (genusouatta of the subfamily Alouat
tinae), for example, demarcate their territory through sound in an attempt
to avoid other groups as much as possible.

For most animals, unfamiliar individuals, or even those they have not seen
for some time, are a source of fear and stress, stimulating the production
of glucocorticoid hormones such as cortisol and what we traditionally refer
to as ‘ight or ght’ responses. A gut feeling to run away is thus a fairly
common response to unusual situations or strangers, in most animals, and
makes such feelings in people who we see as being ‘socially anxious’ all the
more understandable. It even makes sense to try to avoid some of the indi
viduals within one’s own group. In highly social animals that live in demi
nance hierarchies we see the production of glucocorticoids in response to
the stresses of managing relationships with higher ranking individuals, who
may be aggressive. It made more evolutionary sense to be stressed and
motivated to avoid the danger of con icts with individuals of higher rank
than not to be stressed by their presence. Low-ranking baboons, for exam
ple, tend to have such high glucocorticoid levels that being in a constant
state of stress a ects their immune function (Archie, Altmann, and Alberts
2012). The kind of stresses they feel are not so di erent from humans today
whose social systems make them fearful and whose immune systems can be
equally a ected (Snyder-Mackler 2020).

Evolutionary reductions in stress reactivity can constrain fearful reactions
and so promote approach behaviour. Reduced stress reactivity may be more
important in changes in tolerance in domestic dogs than any changes in
androgens for example (Miklosi 2014). Cortisol levels are a key element to
tameness in domesticated species, and cortisol levels are three to ve times
lower in ‘tame’ domesticated foxes than in wild ones (Trut, Oskina, and Khar
lamova 2009), discussed in Chapter 5. Reductions in cortisol are also key
to tolerance in humans. Studies show that human aggression has no sim
ple relationship to testosterone but also appears to be mediated by stress
reactivity through cortisol (Montoya et al. 2012). Increased tolerance in
humans is thus likely to be a much more complex issue than simply reduc
tions in androgens. The type of increased friendliness that promotes close
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interactions with unfamiliar individuals seems to involve not just reductions
in aggression but also reduced fear through reduced stress reactivity.

There are interesting similarities in reduced stress reactivity between
humans and domesticated animals, particularly dogs. Humans and dogs
are much less stressed by the presence of strangers than is typical for other
species, for example. Securely attached infants and dogs will both prefer
to interact with a stranger than to stay with their owner/caregiver (Feuer
bacher and Wynne 2017). Dogsd people even often prefer social inter
action or praise to the immediate basics of survival such as food (Cook
et al. 2016). For dogs, this hypersociality helps free-ranging animals to sur
vive by approaching people for food. Street dogs in Moscow, for exam
ple, nd enough resources to survive by forging relationships with new
guardians who them feed them or by begging e ectively from passers-by,
including on the subway, showing remarkable tolerance for the potential
stress of unfamiliar human@-igure 4.4) (Poyarkov, Vereshchagin, and Bogo
molov 2011). For humans, a capacity and motivation to form new external
friendships is critical to the formation of large-scale networks of connection
(Migliano et al. 2016).

New social relationships can themselves be a means of further reducing
a stress response. The presence of allies lowers the levels of stress in low-
ranking baboons (Silk et al. 2010) and this same process occurs in both
dogs and humans (Heinrichs et al. 2003), not only with their own species
but through human—dog bonds (Buttner 2016). Human stress responses
can even be reduced by the presence of imagined allies, or their proxies in
terms of cherished objects, which can act like compensatory attachments to
repair these rifts. Dogs and other animals (Kurdek 2008), beliefs in spiritual
beings (Lenfesty and Fikes 2017), and even treasured possessions (Bell and
Spikins 2018; Keefer, Landau, and Sullivan 2014; Keefer et al. 2012), can act
like parents or attachment gures, making us feel more secure (discussed in
Chapters 6 and 7).

Making new social allies and friendships is not just about better tolerating
the presence of unfamiliar individuals, however. It depends, however, on
motivations to seek out new people, experiences and situations. We need to
be drawn tofriends, unfamiliar people or even animals to form new relation
ships and even new types of relationships. For this reason, we need to also
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Figure 4.4: A Moscow free-roaming dog riding the Metro. A remarkable
change in stress reactivity allows domesticated dogs to tolerate unfamil
iar humans at close quarters. Here a street dog travelling independently
on the Moscow subway is surrounded by people. Adam Baker, CC BY 2.0
via Wikimedia Commonshttps://en.wikipedia.org/wiki/Street_dogs_in
_Moscow#/media/File:Street_Dog_Riding_the_Subway.jpg.

understand why changes in hormones a ectingpproach behavioumay be
implicated in recent changes in human evolution.

The physiology of changes in approach behaviour — how changes in
hormones might make us more ‘friendly’

Goal seeking exploration and novelty — the in uence of dopamine

Dopamine has received much attention recently as the hormone potentially
involved in addictive behaviours through activating motivation systems.
Dopamine, like serotonin, oxytocin, vasopressin and even testosterone,
is one of the hormones which provide us with pleasurable feelings that
motivate how we behave. It is the neurotransmitter involved pheasurably
rewardingour maotivations to seek things out and pursue goals, and is-pro
duced by the mesolimbic pathway (or ‘reward pathway’) in the brain, which
connects the more ancient midbrain to the forebrain.
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In common with other animals, dopamine motivates us to seek out food

or sex. However, dopamine release has also been co-opted through human
evolution to motivate our behaviours in a wide variety of complex social
contexts (Sapolsky 2017). As we have seen in Chapters 2addpamine

plays a key role in the ‘buzz’ we get from helping others (Rilling 2011). Bopa
mine rewards encourage us to collaborate with others or give to charity, as
well as to punish cheats or feel good about the downfall of someone we dis
like (Takahashi et al. 2009). We even experience dopamine-related pleasure
as an aesthetic response, such as to particularly moving music (Salimpoor et
al. 2013), or even to cultural objects such as sports cars (Knutson et al. 2007).

Changes in dopamine are also likely to have been key to seeking out new
relationships. As outlined in Part 1, changes in emotional responses are likely
to have been important in transformations in social relationships occurring
after 2 million years ago. There are suggestions that these changes may
have included changes in dopamine as a result of an increase in available
fats through increased meat eating (DelLouize et al. 2017). Nonetheless, this
hormone may have been most signi cant in more recent periods. Depa
mine in uences whether novelty and risk are perceived as pleasurable, and
so plays a particularly signi cant role in adolescent novelty seeking and risk-
taking.Changes in dopamine with sexual maturity play a key role in motivat
ing mobility to maintain mating networks in social animals, for example. As
Sapolsky explains, the lowered dopamine levels of subadult male baboons
prompt them to seek similar ‘thrills’ in the novelty of neighbouring groups,
as individuals in their own groups seem dull in comparison (Sapolsky 2017).
As a whole, adolescents feel less dopamine-based pleasures for small
rewards and much greater dopamine-based responses to larger rewards
than do adults (Vaidya et al. 2013) — sensible options are less rewarding and,
with self-control not yet fully mature, risk-taking and impulsivity become
ever more likely (Padmanabhan and Luna 2014; Steinberg 2008).

Dopamine can play an important role in directing dierent behaviour
between males and females. It is changes in dopamine and reward-seeking
behaviour that allow individuals to overcome their reluctance to associate
with members of other groups in the context of mating. At sub-adulthood,
males or females (depending which sex moves, usually only one) experience
novelty and risk as pleasurable, largely through changes in dopamine and
actively seek out members of other groups. We can see this process in male
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baboons. As a male baboon matures, their feel-good dopamine reward
through novelty reduces, and they begin to seek higher and higher levels of
novelty to feel any kind of thrill. When neighbouring groups meet, the males
will threaten each other and then the groups will retreat, but the adolescent
males may linger far longer, appreciating the novelty of the other group.
Slowly, the individual will spend more time with the other group, until even
tually they transfer groups (Sapolsky 2017: 162). Changing hormones at
adolescence have changed how maléelabout other groups.

In chimpanzees, it is the females who repeat this same process of being
drawn to the novelty and excitement of neighbouring groups. Female chim
panzees typically move when they reach adolescence and sexual maturity.

The tolerance shown to males and females from other groups also varies.
Whilst chimpanzee males and infants are typically the focus of aggressive
and often fatal encounters, females, particularly those in oestrus, are almost
never attacked. Even once they have moved to another group, female
chimpanzees may still form relationships with individuals in other groups.
Around 10% of infants in the Tai forest result from matings with males who
are not members of their own group (Boesch et al. 2008).

Generalisations about the structure of social communities may not neces
sarily describe how all members behave when we take age and sex into
account. Whilst we may imagine a landscape of entirely bounded groups
in chimpanzees, and a certain level of fearfulness of potential aggressive
encounters, this characterisation holds less clearly for subadult females.
Female chimpanzees are far more free to move between groups than males,
and it is the movement of females that ensures sustainable mating networks
(Boesch et al. 2008). The ‘female perspective’ on mobility is an important
one. The intensity of lethal intergroup aggression, and the extent of sup
port for victims of attacks and for ‘prisoners’, varies with the role of females
in intergroup interactions. Where females are more involved in intergroup
interactions, as at the Tai forest, there is substantially less violence (Boesch
et al. 2008). The role of females also seems to be key to the lack of intergroup
con ict and the potential for intergroup collaboration in bonobos (Furuichi
2011). Female primates are no stranger to defensiveness and even violence
when protecting their young (Hrdy 2011). However, a transition to tolerance
for out-groups seems far less of a leap from a female perspective than it
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appears from a male one. Females may stay within their own group most of
the time, but at least sometimes venturing to associate with other groups is
more appealing than scary.

Dopamine aects modern human males and females in similar ways.
Whilst culture and conscious choices play an important in uence,
modern human adolescents are also disproportionately driven to experi
ence increased drives to risk-taking and novelty by hormonal in uences
on dopaminergic activity in the brain in ways not dissimilar to other
mammals. The same hormones also aect their ability to evaluate risk
(Kelley, Schochet, and Landry 2004). Amongst the Baka, for example, ado
lescent males travel great distances to learn new skills from acknowledged
specialists, typically motivated by seeking to impress potential partners. In
doing so, they play an important role in transmitting knowledge and ferg
ing social networks.

How dopamine changes at adolescence a ected mobility premodern
humans remains a matter for debate. Evidence for movements of males
and females in australopithecines on the basis of strontium isotope analysis
shows the smaller individuals having a non-local signature. Given that the
smaller individuals are likely to be female, this suggests primarily females
making movements out of the local area (Copeland et al. 2011). The genetic
relationships between a Neanderthal group buried under a rockfall at El
Sidron in northern Spain also potentially suggests that Neanderthals were
patrilocal, as the group consisted of three brothers with unrelated females
and their infants (Lalueza-Fox et al. 2011). It is tempting to suggest that,
prior to modern humans, with their distinctive pattern of high mobility and
movements by both males and females, archaic and earlier humans showed
a chimpanzee-like gender-based mobility pattern, though more evidence
would be needed to con rm that this was the case. It is nonetheless notable
that archaic and earlier humans show high levels of inbreeding (Trinkaus
2018), suggesting that drives to seek out unfamiliar others, even in relation
to mating networks, were somewhat constrained. In contrast, the emer
gence of modern humans is associated with entirely new levels of mobility,
and genetic diversity (Apicella et al. 2012; Templeton 2015). Both a greater
propensity to explore and a lack of constraint on gender would have had an
important in uence on levels of interbreeding.
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Changes in the e ects of dopamine may be one of the mechanisms by
which selection pressures created increased tameness/friendliness- dur
ing the most recent phase of human evolution after around 300,000 years
ago (Cagan and Blass 2016; Theofanopoulou et al. 2017). Whilst we might
imagine that reduced aggression is key to such processes (through reduced
androgens),friendlinessdepends on connection and openness to novel
experience. It is, thus, dopamine which encourages approach behaviour,
and dopamine receptor D4 gene (DRD4) is associated with gazing towards
humans in domestic dogs for example (Hori et al. 2013). Dopamine has also
been associated with maternal bonding (Atzil 2017) and abilities to develop
social networks (Pearce et al. 2017).

Increases in the presence of particular dopamine variants may even beimpli
cated in human dispersals after 100,000 years ago. One particular dopamine
receptor variant, the 7R (seven repeats or the long allele version) form of
dopamine DRDA4, is particularly interesting. The 7R variant is associated with
relative unresponsiveness to dopamine (i.e. greater thrills are needed for the
same response) and is associated with a host of behaviours, including extra
version, exploratory behaviour, novelty seeking, promiscuity, less sensitive
parenting, impulsivity and susceptibility to ADHD (Bakermans-Kranenburg
and van ljzendoorn 2006; Chen et al. 1999; Garcia et al. 2010). Pelymor
phisms in DRD4 predate the dispersal of modern humans out of Africa after
60,000 years ago (Chang et al. 1996; Chen et al. 1999; Ding et al. 2002; Kidd,
Pakstis, and Yun 2014). Modern populations that undertake long migrations
tend to have greater proportions than more sedentary populations of indi
viduals with long alleles of the DRD4 gene, associated with novelty seeking
and hyperactivity (Chen et al. 1999). Moreover, populations farthest from
the African origin have the highest rates of the 7R variant associated with
impulsivity and novelty seeking. The Ticuna, Surul and Karitiana, occupy
ing the Amazon Basin, have a roughly 70% incidence of 7R variant; the Gui
hiba and Quechua of northern South America have an incidence of around
55%; and the Maya in Central America have an incidence of around 40%,
with lower incidences in more northern populations of the Americas, for
example (Ding et al. 2002; Matthews and Butler 2011; Sapolsky 2017). Indi
viduals more prone to novelty seeking may be more likely to nd the pros
pect of new regions alluring, and the familiar as boring, as well as being
less prone to stress in novel situations. How they behave will, of course, be
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in uenced by culture, and what is novelty seeking and risk-taking in one
society might seem tame in another. Equally, as with many subtle hormonal
distinctions, di erences bring both advantages and disadvantages. There
will be contexts in which it may be bene cial to be more prone to novelty
seeking, and in others where it is less so. Risk-taking, and a desire for novelty,
might be bene cial overall in yielding rewards in terms of accessing new
resources, or might be a disadvantage due to an increased mortality risk.

Genetic variation in DRD4 alleles has other interesting characteristics. It
is also one of the best examples of gene—culture interaction, in that the
behaviours associated with dopamine-related genetependon cultural
context. Long (2R or 7R) allele variants bring an elevated sensitivity to the
experience of parenting. That is, securely attached individuals with 7R vari
ants will be more generous than average, whilst the insecurely attached will
be less so, for example (Bakermans-Kranenburg and van ljzendoorn 2011).
Moreover, individuals with the long allele variants seem to be more sensi
tive to cultural in uences (Tompson et al. 2018). Such individuals tend to be
more individualistic in individualistic cultures and more interdependent in
collectivistic ones, to such an extent that the di erences between the two
cultures on these characteristics disappear if individuals with the long allele
variant are excluded from analysis (Kitayama et al. 2014). Like many adaptive
variations, there is no simple ‘better form’, as being more sensitive to one’s
social context is rather a double-edged sword — such sensitivity also brings
a vulnerability to insecure or unsupportive environments.

As well as dopamine, as we have seen in Chapter 1, other hormones also
play a key role in maintaining strong relationships. Oxytocin, often called
the ‘cuddle hormone), is the most famous, but vasopressin, beta endorphins
and serotonin also play important roles in making our closet relationships
feel comforting and rewarding.

Bonding hormones

As we have seen in Chapter 1, bonding hormones play an important role
in social bonding, motivating generosity, care for the vulnerable and altru
ism within close-knit social groups. Selection on neuroendocrine pathways,
including oxytocin and serotonin, are associated with di erences in social
behaviour between chimpanzees and bonobos, for example (Kovalaskas,
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Rilling, and Lindo 2020). Changes in oxytocin and beta endorphins are likely
to have played a role in the expansion of compassion towards a broader set
of group members that we saw occurring between 2 and 1.5 million years
ago (Feldman 2017; Gordon et al. 2010). Oxytocin, in particular, is involved
in social touch, grooming, and behaviours that facilitate strong emotional
bonds, motivate generosity and altruism, and reduce stress (Snowdon 2011).

The role of oxytocin in intergroup collaboration is rather more complicated.
Given a long evolutionary history as a motivator of nurturance behaviour in
mammalian mothers, oxytocin provokes both nurturance of the young and
their defence, including defensive aggression (Snowdon 2011; Ziegler
and Crockford 2017). Oxytocin thus has a role in promoting defence from
outsiders. As we have seen in Chapter 1, oxytocin is known as the ‘tend and
defend’ hormone (Ziegler and Crockford 2017). In this way, oxytocin can
thus play a role in increasing intergroup con ict, through promoting emo
tional commitments, and aggression and con ict where external groups
are seen as a threat (De Dreu et al. 2011; Ne'eman et al. 2016). Competitive
aggression may be motivated by testosterone; however, oxytocin is impli
cated in what we might better see as emotional commitments and motiva
tions to defend vulnerable young. Defending justice by punishing cheats
has a similar reward system in humans (de Quervain et al. 2004). The inu
ence of oxytocin is further complicated by apparent di erences between
human males and females, with some evidence that females are more likely
to often ‘tend and befriend’, seeking emotional support from others at times

of stress, than necessarily defend from a perceived attack (Taylor et al. 2000).

Di erences between individuals in particular oxytocin receptor genes pro
vide interesting insights. Certain gene variants (G allele of a common variant
(rs53576)) confer advantages in interpreting social cues, empathising with
others and building trust. Individuals with these genes are in many ways
more prosocial (Dannlowski et al. 2016). They are better able to read-emo
tions from facial expressions (Dannlowski et al. 2016) and to build stronger
and more trusting and supportive relationships as adults than those with
the A allele (Chen et al. 2011). However, such potential advantages come at
a price. In situations in which there is a lack of parental warmth, individu
als with the socially sensitive G allele are more susceptible to depression
(McQuaid et al. 2013), and other mental health conditions (Dannlowski
et al. 2016), and they su er more in conditions of social isolation (McQuaid
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et al. 2015). Di ering empathy between individuals mirrors, in some ways,
the e ects that increasing prosociality and tolerance have had on increas
ingly social sensitive humans in the later stages of human evolution.

Bonding hormones such as oxytocin may play a key role in the formation
of those important few friendships with high levels of trust, in which we
know people are there for us when we need them, rather than forming
extensive social networks (Pearce et al. 2017). Once avoidance or stress
responses, which might trigger us to see unfamiliar individuals as outsiders,
are overcome (see above), humans’ empathy towards strangers triggers
oxytocin release and subsequent generosity (Barraza and Zak 2009}. Lon
gitudinal studies following humans from infancy to adulthood describe
oxytocin involvement in the transfer of attachment from parents to friends
and romantic partners (Feldman et al. 2013). Close friendships are thus a
particular form of bond, extending from maternal attachment and roman

tic attachments (Feldman et al. 2013). Oxytocin increases following contact
with friends (Feldman 2017). Changes in oxytocin late in human evolution
(Theofanopoulou, Andirko, and Boeckx 2018) may thus relate to new capaci
ties to form close friendships. In the case of domesticated dogs, for example,
changes in oxytocin-related bonding have brought them new abilities to
form close bonds with their owners (Kis et al. 2014; Kis et al. 2017). Oxytocin
and similar bonding hormones also play a role in how networks are main
tained, through motivations towards mutual generosity, feelings of grati
tude, and desires to maintain contact and improve the wellbeing of distant
friends (Algoe and Way 2014; vanOyen Witvliet et al. 2018).

Other related hormone changes are also signi cant, and attention has
also particularly been drawn to changes in serotonin pathways. Seroto
nin is another hormone in uencing our mood and social behaviour that

is likely to have been subject to selection pressures in human evolution. It
plays a role in in uencing attachment styles (Gillath 2008) and propensi
ties to obey or challenge social rules (Gelfand 2011; Mrazeket al. 2013). A
particular polymorphism of serotonin in uences social sensitivity and, with
it, susceptibility to supportive or unsupportive environments within med
ern populations. Alleles within the 5-HTT linked polymorphic region confer
greater plasticity to the e ects of childhood mistreatment. One form is asso
ciated with greater empathetic perspective-taking in supportive environ
ments but also brings disadvantage in terms of a higher risk of traits such as
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depression or impulsivity in unsupportive or traumatic childhood environ
ments (Flasbeck et al. 2019). As a result, those of us inheriting a tendency to
be more socially sensitive, under the in uence of genetic di erences iru
encing the hormone serotonin, are both more severely a ected by negative
social experiences and more buoyed up by positive ones (Assary et al. 2020).
The former have even been dubbed ‘orchids’ — so empathetic and highly
tuned to the emotional and social tone of their environment that they are
more deeply a ected than others by cruelty, neglect or isolation, particu
larly in childhood, whilst the latter dubbed ‘dandelions’ are more resilient
and better able to thrive regardless of their environment (Boyce 2016).
Orchids do particularly well in supportive social environments, understand
ing others more fully and forming close social relationships, and particularly
bene ting from the con dence and emotional wellbeing that such environ
ments foster. However, they are more likely to do badly where such support
is lacking. There seems to be an evolutionary balance between these-alter
native strategies — one (orchids) that is particularly successful in supportive
environments and another (dandelions) more resilient to harsh social-con
text. This polymorphism even in uences our propensity to be prone to feel
ing nostalgic (Luo 2019) and, so, our tendencies to derive comfort from past
(rather than present) experiences. Variations in serotonin pathways within
populations provide a good example of how increasing social sensitivity is
not simply an advantage but also sometimes a disadvantage depending
on context.

Other subtle genetic di erences within populations that in uence hormo

nal responses have also been identi ed. One particular arginine-vasopressin
allele, EVPR1A (rs 1117 4811), which is found at high frequency in modern
humans, is linked to prosocial phenotypes while the ancestral allele is-asso
ciated with antisocial phenotypes, for example (Theofanopoulou, Andirko,
and Boeckx 2018).

As more genetic studies are undertaken, we are likely to have an even better
understanding of the in uence of these genetic changes on neurochemical
responses. However, it is always wise to be somewhat cautious not to-over
interpret genetic evidence. On the level of di erences within populations
we need to be particularly careful. Theege di erences within populations

that are strongly in uenced by inherited genetics, such as autism or -dys
lexia, that should not be ignored and which challenge us to be better at
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understanding di erent but equalperceptions of the world (discussed in
Chapter 3). However, we should not imagine that people with particular ser
otonin polymorphisms or particular oxytocin receptor genes or any other
genetic di erence a ecting hormonal mechanisms could or should be iden

ti ed as di erent. Such in uences are only felt at population level and not at
the individual, and are far less signi cant than culture, background or indi
vidual choice in how people behave. To begin to separate people according
to these subtle genetic di erences would be folly.

Where an understanding of the evolution and function of hormones and

their in uence on behaviour is useful is around the ‘big picture’ patterns of

changes in human evolution. Understanding the role and function of these
key hormones, and how changes may have a ected human ‘gut feelings’ to
unfamiliar or non-kin others, gives us some insights into how selection pres
sures acting on these hormone systems may have played a role in evolution
ary transformations in human social behaviour.

Selective pressures on human tolerance

What mechanisms drove changes in human tolerance? It has often been
assumed that changes seen in those human neuroendocrine responses
that a ect approach—avoidance behaviours must be a result of social selec
tion pressures. These have variously been argued to derive from selection
for cooperative and non-aggressive mates or allies (Hare 2017), or even
active social control of aggressive males and reactive aggression (Wrang
ham 2018; Wrangham 2019a; Wrangham 2019b). The more important it
was to demonstrate one’s collaborative motivations, the less popular more
aggressive individuals might be, with group level controls perhaps exerting
a strong in uence moderating bullying, dominating or aggressive behav
iour (Boehm 2012; Boehm 2015). There are also other potential mechanisms.
As explained in Chapter 3, collaborative morality also places selective-pres
sures on group-focused motivations and behaviours, in turn promoting
more tolerant and inclusive traits.

Social in uences on tolerance inevitably played some role in human evo
lutionary changes. However, there are other explanations. Amongst non-
human apes and other primates, the ecological context plays a key role
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in determining those situations in which friendly encounters between
dierent groups are advantageous rather than disadvantageous. Beno
bos, for example, are more friendly at the boundaries between communi
ties where there are abundant resources and opportunities to learn about
how to exploit unfamiliar environments (Lucchesi et al. 2020). Bonobos have
similar characteristics of physiological changes in approach behaviours as
do humans and, in their case, the sharing of food boundaries rather than
aggressive confrontation is an advantage (as we have seen at the start of this
chapter). As human societies became more dependent on a wide variety of
resources, not only food and water but also int, raw materials for tools and
other resources used for even medicines, competition over resources may
have become more disadvantageous (Pisor and Surbeck 2019). Moreover,
increasingly challenging environments, caused by increasing aridi cation,
alongside increasingly unpredictable resources, may have placed greater
pressures on collaboration in certain regions of Africa after around 300,000
years ago at the emergence of our species (Spikins et al. 2021). Whilst much
debated, the question of the relative roles of internal social selection pres
sures and external ecological in uences remains unresolved.

It remains an open question whether internal social selection processes,
which may have taken many di erent forms, ecological pressures acting

on particularly human resource requirements, or indeed a combination

of many factors, pushed certain hominins towards increasing friendliness,
whilst other species may have taken a di erent pathway (as discussed in
Chapters 8 and 9).

Conclusions

We would be wrong to see the suspicion of unfamiliar individuals, which is
so typical of most ‘wild’ animals, as equally natural to humans. Life in highly
collaborative societies, discussed in Part 1, is likely to have set in place pres
sures for humans to simply be less aggressive than their distant ancestors.
However, the changes in emotional dispositions that paved the way for the
formation of recognisably human tolerance to unfamiliar individuals seem
to have occurred relatively late in our evolutionary history. These changes
were probably more complex than simply related to reduced aggres
sion, and seem to have involved di erent hormonal pathways in uencing
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aggression, fear, excitement and anticipation and bonding. Though internal
social processes may have played a part in these transformations, ecological
factors may also have had an important role.

Changes in genetics and anatomy in the recent evolutionary past, after
300,000 years ago, argue that being more tolerant was increasingly
important during this period. Changes in neuroendocrine pathways are
likely to have played a key role in shaping both changes in approach and
avoidance behaviours. Such changes bring both advantages and disad
vantages, however. Whilst tolerance brought with it capacities to approach
unfamiliar individuals and things, increased openness to new experiences,
and increased social sensitivity, it also brought emotional vulnerabilities
(discussed in Chapter 5).

Key points

» Most animals tend to avoid unfamiliar individuals belonging to other kin
groups, or are even aggressive towards them.

» Neuroendocrine responses in uence systems of hormones that govern
avoidance or approach behaviours, such as through feelings of safety
and security, feelings of threat or desires to explore.

e Evolved physiological changes, such as reduced stress responses
towards unfamiliar individuals, can be advantageous in situations where
intergroup collaboration may be an advantage.

* Evolutionary changes a ecting reductions in avoidance behaviours
(such as through changes in androgens or stress reactivity) and enhance
ments of approach behaviours (such as changes in dopamine or bond
ing hormones) are implicated in changes in tolerance in recent human
evolution.

* An increasing external tolerance or approachability in human responses
towards unfamiliar individuals brings both advantages and disadvan
tages, including not only the possibilities of formation of large-scale
social networks but also social sensitivities and emotional vulnerabilities.



m THE EVOLUTIONARY BASIS FOR HUMAN TOLERANCGIB5

References

Algoe, Sara B., and Baldwin M. Way. 2014. ‘Evidence for a Role of the Oxytocin
System, Indexed by Genetic Variation in CD38, in the Social Bonding
E ects of Expressed GratitudeSocial Cognitive and A ective Neuresci
ence9 (12): 1855-61.

Anestis, Stephanie F. 2006. ‘Testosterone in Juvenile and Adolescent Male
Chimpanzees (Pan Troglodytes): E ects of Dominance Rank, Aggression,
and Behavioral Stylefmerican Journal of Physical Anthropoldg9 (4):
536-45.

Apicella, Coren L., Frank W. Marlowe, James H. Fowler, and Nicholas A.
Christakis. 2012. ‘Social Networks and Cooperation in Hunter-Gatherers.
Nature481 (7382): 497-501.

Archie, Elizabeth A., Jeanne Altmann, and Susan C. Alberts. 2012. ‘Social
Status Predicts Wound Healing in Wild Baboori&bceedings of the
National Academy of Sciences of the United States of Ah@®id@3):
9017-22.

Assary, Elham, Helena M. S. Zavos, Eva Krapohl, Robert Keers, and Michael
Pluess. 2020. ‘Genetic Architecture of Environmental Sensitivity Re ects
Multiple Heritable Components: A Twin Study with Adolescenlecu-
lar Psychiatrylune. DOI: https://doi.org/10.1038/s41380-020-0783-8.

Atzil, Shir, Alexandra Touroutoglou, Tali Rudy, Stephanie Salcedo, Ruth
Feldman, Jacob M. Hooker, Bradford C. Dickerson, Ciprian Catana, and
Lisa Feldman Barrett. 2017. ‘Dopamine in the Medial Amygdala- Net
work Mediates Human Bonding?roceedings of the National Academy of
Sciences of the United States of Am#fi4g9): 2361—66.

Bakermans-Kranenburg, Marian J., and Marinus H. van ljzendoorn. 2006.
‘Gene-Environment Interaction of the Dopamine D4 Receptor (DRD4)
and Observed Maternal Insensitivity Predicting Externalizing Behavior in
PreschoolersDevelopmental Psychobiolog$ (5): 406-9.

Bakermans-Kranenburg, Marian J., and Marinus H. van ljzendoorn. 2011.
‘Di erential Susceptibility to Rearing Environment Depending on Dopa
mine-Related Genes: New Evidence and a Meta-Analizgselopment
and Psychopatholog®3 (1): 39-52.

Barraza, Jorge A., and Paul J. Zak. 2009. ‘Empathy toward Strangers Triggers
Oxytocin Release and Subsequent Generosinhals of the New York
Academy of Scienc&$67 (June): 182-89.



206 HIDDEN DEPTHS

Belfer-Cohen, Anna, and Erella Hovers. 2020. ‘Prehistoric Perspectives on
“Others” and “StrangersFrontiers in Psycholody: 3063.

Bell, Taryn, and Penny Spikins. 2018. ‘The Object of My A ection: Attach
ment Security and Material Cultur&@ime and Mind.1 (1): 23-39.

Boehm, Christopher. 2000. ‘Con ict and the Evolution of Social Condimli-
nal of Consciousness Studigd—2): 79-101.

Boehm, Christopher. 2011. ‘Retaliatory Violence In Human Prehistdng.
British Journal of Criminolo@y (3): 518-34.

Boehm, Christopher. 2012Moral Origins: The Evolution of Virtue, Altruism,
and ShameNew York: Basic Books.

Boehm, Christopher. 2015. ‘The Evolution of Social Control’ In: Alexandra
Maryanski, Richard Machalek, and Jonathan H. Turner (e@mjlbook
on Evolution and Society: Toward an Evolutionary Social Sdrmde
ledge: 424-40.

Boesch, Christophe, Catherine Crockford, llka Herbinger, Roman Wittig,
Yasmin Moebius, and Emmanuelle Normand. 2008. ‘Intergroup -Con
icts among Chimpanzees in Tai National Park: Lethal Violence and the
Female Perspectivé&merican Journal of Primatolo@® (6): 519-32.

Boyce, W. Thomas. 2016. ‘Di erential Susceptibility of the Developing Brain
to Contextual Adversity and Stres8leuropsychopharmacologgl (1):
142-62.

Buttner, Alicia Phillips. 2016. ‘Neurobiological Underpinnings of Dogs’
Human-Like Social Competence: How Interactions between Stress
Response Systems and Oxytocin Mediate Dogs’ Social Skélsrosci-
ence and Biobehavioral Reviekts(December): 198-214.

Cagan, Alex, and Torsten Blass. 2016. ‘Identi cation of Genomic Variants
Putatively Targeted by Selection during Dog Domesticati@MC Evolu
tionary Biologyl6 (1): 10.

Castellano, Sergi, Genis Parra, Federico A. Sanchez-Quinto, Fernando Racimo,
Martin Kuhlwilm, Martin Kircher, Susanna Sawyer, et al. 2014. ‘Patterns of
Coding Variation in the Complete Exomes of Three Neanderiisceed-
ings of the National Academy of Sciences of the United States of America
111 (18): 6666—71.

Chang, F. M., J. R. Kidd, K. J. Livak, A. J. Pakstis, and K. K. Kidd. 1996. ‘The
World-Wide Distribution of Allele Frequencies at the Human Dopamine
D4 Receptor Locusiuman Genetic88 (1): 91-101.

Chen, Chuansheng, Michael Burton, Ellen Greenberger, and Julia Dmitrieva.
1999. ‘Population Migration and the Variation of Dopamine D4 Receptor



m THE EVOLUTIONARY BASIS FOR HUMAN TOLERANCGI7

(DRD4) Allele Frequencies around the Glotl®/olution and Human
Behavior: O cial Journal of the Human Behavior and Evolution S@€ety
(5): 309-24.

Chen, Frances S., Robert Kumsta, Bernadette von Dawans, Mikhail Monak
hov, Richard P. Ebstein, and Markus Heinrichs. 2011. ‘Common Oxy
tocin Receptor Gene (OXTR) Polymorphism and Social Support Interact
to Reduce Stress in HumanBtoceedings of the National Academy of
Sciences of the United States of Amé&@A8a50): 19937-42.

Churchill, Steven E. 201%hin on the Ground: Neandertal Biology, Archeology
and EcologyJohn Wiley & Sons.

Cook, Peter F., Ashley Prichard, Mark Spivak, and Gregory S. Berns. 2016.
‘Awake Canine fMRI Predicts Dogs’ Preference for Praise vs Sooihl
Cognitive and A ective Neuroscierick (12): 1853-62.

Copeland, Sandi R., Matt Sponheimer, Darryl J. de Ruiter, Julia A. Lee-Thorp,
Daryl Codron, Petrus J. le Roux, Vaughan Grimes, and Michael P. Richards.
2011. ‘Strontium Isotope Evidence for Landscape Use by Early Hominins.
Nature474 (7349): 76—78.

Coward, Fiona. 2015. ‘Scaling up: Material Culture as Sca old for the Social
Brain.Quaternary International: The Journal of the International Union for
Quaternary Research05: 78-90. DOhttps://doi.org/10.1016/j.quaint
.2015.09.064.

Coward, Fiona, and Clive Gamble. 2008. ‘Big Brains, Small Worlds: Material
Culture and the Evolution of the Mind?hilosophical Transactions of the
Royal Society of London. Series B, Biological SG68¢&499): 1969-79.

Crockford, Catherine, llka Herbinger, Linda Vigilant, and Christophe Boesch.
2004. ‘Wild Chimpanzees Produce Group-Speci ¢ Calls: A Case for Vocal
Learning?’Ethology: Formerly Zeitschrift Fur Tierpsycholddie (3):
221-43.

Crofoot, Margaret C., and Richard W. Wrangham. 2010. ‘Intergroup Aggres
sion in Primates and Humans: The Case for a Uni ed Theory. In: Peter M.
Kappeler and Joan B. Silk (eddiphd the Gap171-95. Springer.

Dannlowski, Udo, Harald Kugel, Dominik Grotegerd, Ronny Redlich, Nils
Opel, Katharina Dohm, Dario Zaremba, et al. 2016. ‘Disadvantage of
Social Sensitivity: Interaction of Oxytocin Receptor Genotype and Child
Maltreatment on Brain StructureBiological Psychiati§0 (5): 398-405.

de Bruin, Ruan, Andre Ganswindt, and Aliza le Roux. 2016. ‘From Killer to
Carer: Steroid Hormones and Paternal Behaviddrican Zoology1 (4):
173-82.



208 HIDDEN DEPTHS

De Dreu, Carsten K. W., Lindred L. Greer, Gerben A. Van Kleef, Shaul Shalvi,
and Michel J. J. Handgraaf. 2011. ‘Oxytocin Promotes Human Ethrocen
trism.’Proceedings of the National Academy of Sciences of the United States
of Americal08 (4): 1262—66.

Delouize, Alicia M., Frederick L. Coolidge, and Thomas Wynn. 2017 -‘Dopa
minergic Systems Expansion and the Advent of Homo Erecfusditer-
nary International: The Journal of the International Union for Quaternary
Researcd?27 (January): 245-52.

de Quervain, Dominique J-F, Urs Fischbacher, Valerie Treyer, Melanie-Schell
hammer, Ulrich Schnyder, Alfred Buck, and Ernst Fehr. 2004. ‘The Neural
Basis of Altruistic Punishmentience305 (5688): 1254-58.

d’Errico, Francesco, and Chris B. Stringer. 2011. ‘Evolution, Revolution or
Saltation Scenario for the Emergence of Modern Culturé¥d#losophi-
cal Transactions of the Royal Society of London. Series B, Biological Sciences
366 (1567): 1060—-69.

Diekhof, Esther Kristina, Susanne Wittmer, and Luise Reimers. 2014. ‘Does
Competition Really Bring Out the Worst? Testosterone, Social Distance
and Inter-Male Competition Shape Parochial Altruism in Human Males.
PLoS Oneé (7): e98977.

Ding, Yuan-Chun, Han-Chang Chi, Deborah L. Grady, Atsuyuki Morishima,
Judith R. Kidd, Kenneth K. Kidd, Pamela Flodman, et al. 2002. ‘Evidence
of Positive Selection Acting at the Human Dopamine Receptor D4 Gene
LocusProceedings of the National Academy of Sciences of the United States
of America99 (1): 309-14.

Dingwall, Heather L., Kevin G. Hatala, Roshna E. Wunderlich, and Brian G.
Richmond. 2013. ‘Hominin Stature, Body Mass, and Walking Speed
Estimates Based on 1.5 Million-Year-Old Fossil Footprints at lleret, Kenya.
Journal of Human Evolutid (6): 556—68.

Dominguez-Rodrigo, Manuel, and Lucia Cobo-Sanchez. 2017. ‘A Spatial
Analysis of Stone Tools and Fossil Bones at FLK Zinj 22 and PTK | (Bed |,
Olduvai Gorge, Tanzania) and Its Bearing on the Social Organization of
Early HumansPalaeogeography, Palaeoclimatology, Palaeoecol&s/
(December): 21-34.

Dunbar, Robin, Clive Gamble, and John Gowlett. 20nking Big: How the
Evolution of Social Life Shaped the Human Mimaimes & Hudson.

Eisenegger, Christoph, Robert Kumsta, Michael Naef, Jérg Gromoll, and
Markus Heinrichs. 2017. ‘Testosterone and Androgen Receptor Gene



m THE EVOLUTIONARY BASIS FOR HUMAN TOLERANCGID9

Polymorphism Are Associated with Con dence and Competitiveness in
Men.Hormones and Behavié@ (June): 93-102.

Féblot-Augustins, Jehanne. 2009. ‘Revisiting European Upper Paleolithic
Raw Material Transfers: The Demise of the Cultural Ecological Paradigm?’
In: Lithic Materials and Paleolithic Societis-46. Wiley-Blackwell.

Feldman, Ruth. 2017. ‘The Neurobiology of Human Attachmemtehds in
Cognitive Scienced (2): 80-99.

Feldman, Ruth, llanit Gordon, Moran In us, Tamar Gutbir, and Richard P.
Ebstein. 2013. ‘Parental Oxytocin and Early Caregiving Jointly Shape
Children’s Oxytocin Response and Social Reciprobiguropsychophar-
macology: O cial Publication of the American College of Neuropsychop
harmacology38 (7): 1154-62.

Feuerbacher, Erica N., and Clive D. L. Wynne. 2017. ‘Dogs Don't Always Pre
fer Their Owners and Can Quickly Form Strong Preferences for Certain
Strangers over OthersIournal of the Experimental Analysis of Behavior
108 (3): 305-17.

Flasbeck, Vera, Dirk Moser, Johanna Pakusch, Robert Kumsta, and Martin
Brine. 2019. ‘The Association between Childhood Maltreatment and
Empathic Perspective Taking Is Moderated by the 5-HTT Linked Polymor
phic Region: Another Example of “Di erential Susceptibilitf’LoS One
14 (12): e0226737.

Foley, Robert, and Clive Gamble. 2009. ‘The Ecology of Social Transitions in
Human Evolution.Philosophical Transactions of the Royal Society of Lon
don. Series B, Biological Scie86ds(1533): 3267-79.

Fragkaki, Iro, Maaike Cima, and Isabela Granic. 2018. ‘The Role of Trauma in
the Hormonal Interplay of Cortisol, Testosterone, and Oxytocin in Ado
lescent AggressionPsychoneuroendocrinolo@8 (February): 24-37.

Fruth, Barbara, and Gottfried Hohmann. 2018. ‘Food Sharing across Borders!
Human Nature29 (2): 91-103.

Fry, Douglas P., and Patrik S6derberg. 2013. ‘Lethal Aggression in Mobile For
ager Bands and Implications for the Origins of Wacience341 (6143):
270-73.

Furuichi, Takeshi. 2011. ‘Female Contributions to the Peaceful Nature of Bon
obo SocietyEvolutionary Anthropolog20 (4): 131-42.

Fuxjager, Matthew J., Brian C. Trainor, and Catherine A. Marler. 2016. ‘What
Can Animal Research Tell Us about the Link between Androgens and
Social Competition in Humanskformones and Behaviég: 182—89.



210 HIDDEN DEPTHS

Gamble, Clive. 1998. ‘Palaeolithic Society and the Release from Proximity:
A Network Approach to Intimate Relation®Vorld Archaeology9 (3):
426-49.

Gamble, Clive. 2008. ‘Kinship and Material Culture: Archaeological Implica
tions of the Human Global Diaspora.’ In: Nicholas J. Allen, Hilary Callan,
Robin Dunbar, and Wendy James (edsarly Human Kinship: From Sex to
Social Reproductior27—-40. Oxford: Blackwell.

Gamble, Clive, John Gowlett, and Robin Dunbar. 2011. ‘The Social Brain and
the Shape of the PalaeolithicCambridge Archaeological Jourrizl (1):
115-36.

Garcia, Justin R., James MacKillop, Edward L. Aller, Ann M. Merriwether,
David Sloan Wilson, and J. Koji Lum. 2010. ‘Associations between
Dopamine D4 Receptor Gene Variation with Both In delity and Sexual
PromiscuityPLoS OnB (11): e14162.

Garvin, Heather M., Marina C. Elliott, Lucas K. Delezene, John Hawks, Steven
E. Churchill, Lee R. Berger, and Trenton W. Holliday. 2017. ‘Body Size, Brain
Size, and Sexual Dimorphism in Homo Naledi from the Dinaledi Cham
ber.Journal of Human Evolutidiill (October): 119-38.

Gelfand, Michele J., Jana L. Raver, Lisa Nishii, Lisa M. Leslie, Janetta Lun, Beng
Chong Lim, Lili Duan, et al. 2011. ‘Di erences between Tight and Loose
Cultures: A 33-Nation Studgtience332 (6033): 1100-04.

Gillath, Omri, Phillip R. Shaver, Jong-Min Baek, and David S. Chun. 2008.
‘Genetic Correlates of Adult Attachment Styl®ersonality & Social
Psychology Bulletig4 (10): 1396—1405.

Goodall, Jane. 1986. ‘The Chimpanzees of Gombe: Patterns of Behavior’
Cambridge, MA: Belknap Press of Harvard University Press.

Gordon, llanit, Orna Zagoory-Sharon, James F. Leckman, and Ruth Feldman.
2010. ‘Oxytocin and the Development of Parenting in HumaBmlogical
Psychiatrye8 (4): 377-82.

Grebe, Nicholas M., Annika Sharma, Sara M. Freeman, Michelle C. Palumbo,
Heather B. Patisaul, Karen L. Bales, and Christine M. Drea. 2021. ‘Neural
Correlates of Mating System Diversity: Oxytocin and Vasopressin Recep
tor Distributions in Monogamous and Non-Monogamous Eulemur’
Scienti c Reportg1 (1): 3746.

Hare, Brian. 2017. ‘Survival of the Friendliest: Homo Sapiens Evolved via
Selection for ProsocialityAnnual Review of Psycholo§$ (January):
155-86.



m THE EVOLUTIONARY BASIS FOR HUMAN TOLERANCH1

Hare, Brian, Victoria Wobber, and Richard Wrangham. 2012. ‘The Self-Bomes
tication Hypothesis: Evolution of Bonobo Psychology Is Due to Selection
against AggressionAnimal Behaviou83 (3): 573-85.

Heinrichs, Markus, Thomas Baumgartner, Clemens Kirschbaum, and Ulrike
Ehlert. 2003. ‘Social Support and Oxytocin Interact to Suppress Cortisol
and Subjective Responses to Psychosocial Stiggdogical Psychiatiy4
(12): 1389-98.

Hori, Yusuke, Hisayo Kishi, Miho Inoue-Murayama, and Kazuo Fujita. 2013.
‘Dopamine Receptor D4 Gene (DRD4) Is Associated with Gazing toward
Humans in Domestic Dogs (Canis Familiar@pen Journal of Animal
Science8 (1): 54.

Hrdy, Sarah B. 201others and Otherglarvard University Press.

Keefer, Lucas A., Mark J. Landau, Zachary K. Rothschild, and Daniel Sul
livan. 2012. ‘Attachment to Objects as Compensation for Close Others’
Perceived UnreliabilityJournal of Experimental Social Psychok®)y4):
912-17.

Keefer, Lucas A., M. J. Landau, and D. Sullivan. 2014. ‘Non human Support:
Broadening the Scope of Attachment Theor§ocial and Personality
Psychology Compa8s(9): 524-35.

Kelley, Ann E., Terri Schochet, and Charles F. Landry. 2004. ‘Risk Taking and
Novelty Seeking in Adolescence: Introduction to Pahhals of the New
York Academy of Sciend€®1 (June): 27-32.

Kidd, Kenneth K., Andrew J. Pakstis, and Libing Yun. 2014. ‘An Historical Per
spective on “The World-Wide Distribution of Allele Frequencies at the
Human Dopamine D4 Receptor Locudliman Genetic&33 (4): 431-33.

Kis, Anna, Melinda Bence, Gabriella Lakatos, Enik Pergel, Borbala Turcsan,
Jolanda Pluijmakers, Judit Vas, et al. 2014. ‘Oxytocin Receptor Gene Poly
morphisms Are Associated with Human Directed Social Behavior in Dogs
(Canis FamiliarislPLoS On@ (1): e83993.

Kis, Anna, Anna Hernadi, Bernadett Miklési, Orsolya Kanizsar, and J6zsef
Topdl. 2017. ‘The Way Dogs (Canis Familiaris) Look at Human Emotional
Faces Is Modulated by Oxytocin. An Eye-Tracking Stédgntiers in
Behavioral Neurosciengé (October): 210.

Kissel, Marc, and Nam C. Kim. 2018. ‘The Emergence of Human Warfare: Cur
rent PerspectivesfAmerican Journal of Physical Anthropol2g9: 141-63.

Kitayama, Shinobu, Anthony King, Carolyn Yoon, Steve Tompson, Sarah Hu,
and lIsrael Liberzon. 2014. ‘The Dopamine D4 Receptor Gene (DRD4)



212 HIDDEN DEPTHS

Moderates Cultural Dierence in Independent versus Interdependent
Social OrientationPsychological Scien28 (6): 1169—77.

Knutson, Brian, Scott Rick, G. Elliott Wimmer, Drazen Prelec, and George
Loewenstein. 2007. ‘Neural Predictors of Purchabkesiron53 (1): 147-56.

Kovalaskas, Sarah, James K. Rilling, and John Lindo. 2020. ‘Comparative
Analyses of the Pan Lineage Reveal Selection on Gene Pathways Associ
ated with Diet and Sociality in Bonobo&enes, Brain, and Beha2or(3):
el2715.

Kurdek, Lawrence A. 2008. ‘Pet Dogs as Attachment Figdoesnal of Social
and Personal Relationships (2): 247—-66.

Lalueza-Fox, Carles, Antonio Rosas, Almudena Estalrrich, Elena Gigli, Paula
F. Campos, Antonio Garcia-Tabernero, Samuel Garcia-Vargas, et al. 2011.
‘Genetic Evidence for Patrilocal Mating Behavior among Neandertal
Groups.’Proceedings of the National Academy of Sciences of the United
States of AmericB08 (1): 250-53.

Layton, Robert, Sean O’Hara, and Alan Bilsborough. 2012. ‘Antiquity and
Social Functions of Multilevel Social Organization Among Human
Hunter-Gathererslhternational Journal of Primatolo@B (5): 1215-45.

Lee, Richard B. 2014. ‘Hunter-Gatherers on the Best-Seller List: Steven Pinker
and the “Bellicose School's” Treatment of Forager Violerdmirnal of
Aggression, Con ict and Peace Resear@l): 216—28.

Lenfesty, Hillary L., and Thomas G. Fikes. 2017. ‘How Does the Evolution of
the Mammalian Autonomic Nervous System Help to Explain Religious
Prosociality?Religion, Brain & Behavib(4): 305-8.

Lucchesi, Stefano, Leveda Cheng, Karline Janmaat, Roger Mundry, Anne
Pisor, and Martin Surbeck. 2020. ‘Beyond the Group: How Food, Mates,
and Group Size Inuence Intergroup Encounters in Wild Bonobos!
Behavioral Ecology: O cial Journal of the International Society for Behav
ioral Ecologysl (2): 519-32.

Luo, Yu L. L., Keith M. Welker, Baldwin Way, Nathan DeWall, Brad J. Bushman,
Tim Wildschut, and Constantine Sedikides. 2019. ‘5-HTTLPR Pelymor
phism Is Associated with Nostalgia Proneness: The Role of Neuroticism.
Social Neurosciendd (2): 183-90.

Mahajan, Neha, Margaret A. Martinez, Natashya L. Gutierrez, Gil Diesen
druck, Mahzarin R. Banaji, and Laurie R. Santos. 2011. ‘The Evolution of
Intergroup Bias: Perceptions and Attitudes in Rhesus Macaqgdastnal
of Personality and Social Psychol2g (3): 387—405.



m THE EVOLUTIONARY BASIS FOR HUMAN TOLERANCH3

Marwick, Ben. 2003. ‘Pleistocene Exchange Networks as Evidence for
the Evolution of LanguageCambridge Archaeological JourniB (1):
67-81.

Matthews, Luke J., and Paul M. Butler. 2011. ‘Novelty-Seeking DRD4 Poly
morphisms Are Associated with Human Migration Distance out-of-Africa
after Controlling for Neutral Population Gene Structurrherican Jour
nal of Physical Anthropology5 (3): 382—89.

McQuaid, Robyn J., Opal A. Mclinnis, Kimberly Matheson, and Hymie
Anisman. 2015. ‘Distress of Ostracism: Oxytocin Receptor Gene Poly
morphism Confers Sensitivity to Social Exclusi@uocial Cognitive and
A ective NeurosciencE) (8): 1153-59.

McQuaid, Robyn J., Opal A. Mclnnis, John D. Stead, Kimberly Matheson,
and Hymie Anisman. 2013. ‘A Paradoxical Association of an Oxytocin
Receptor Gene Polymorphism: Early-Life Adversity and Vulnerability to
DepressionFrontiers in NeurosciengédJuly): 128.

Mehta, Pranjal H., Nicole M. Lawless DesJardins, Mark van Vugt, and Robert
A. Josephs. 2017. ‘Hormonal Underpinnings of Status Con ict: Testoster
one and Cortisol Are Related to Decisions and Satisfaction in the Hawk-
Dove GameHormones and Behavié2 (June): 141-54.

Migliano, Andrea Bamberg, Abigail Page, Jesus Gomez-Gardenes, Sylvain
Viguier, Mark Dyble, James Thompson, Nikhill Chaudhary, et al. 2016.
‘High-Resolution Maps of Hunter-Gatherer Social Networks Reveal
Human Adaptation for Cultural ExchangeioRxiv DOI:https://doi.org
/10.1101/040154.

Miklosi, Adam. 201409 Behaviour, Evolution, and Cogniti@P Oxford.

Mitani, John C., David P. Watts, and Sylvia J. Amsler. 2010. ‘Lethal Intergroup
Aggression Leads to Territorial Expansion in Wild Chimpanz€esrent
Biology: CRO (12): R507-8.

Mo ett, Mark W. 2013. ‘Human Identity and the Evolution of Societies.
Human Nature4 (3): 219-67.

Montoya, Estrella R., David Terburg, Peter A. Bos, and Jack van Honk. 2012.
‘Testosterone, Cortisol, and Serotonin as Key Regulators of Social
Aggression: A Review and Theoretical Perspectiidtivation and
Emotion36 (1): 65-73.

Mrazek, Alissa J., Joan Y. Chiao, Katherine D. Blizinsky, Janetta Lun, and
Michele J. Gelfand. 2013. ‘The Role of Culture-Gene Coevolution in
Morality Judgment: Examining the Interplay between Tightness-



214 HIDDEN DEPTHS

Looseness and Allelic Variation of the Serotonin Transporter Gene!
Culture and Brait (August): 100-17.

Muller, Martin N. 2017. ‘Testosterone and Reproductive E ort in Male Pri
mates.Hormones and Behavidd (May): 36-51.

Narvaez, Darcia. 201Meurobiology and the Development of Human Morality:
Evolution, Culture, and Wisdom (Norton Series on Interpersonal Neurobiol
ogy) W. W. Norton & Company.

Narvaez, Darcia, Tracy Gleason, Lijuan Wang, Je Brooks, Jennifer Burke
Lefever, and Ying Cheng. 2013. ‘The Evolved Development Niche: Longi
tudinal E ects of Caregiving Practices on Early Childhood Psychosocial
Development.Early Childhood Research Quart2éy(4): 759-73.

Ne'eman, R., N. Perach-Barzilay, M. Fischer-Shofty, A. Atias, and S. G. Shamay-
Tsoory. 2016. ‘Intranasal Administration of Oxytocin Increases Human
Aggressive BehavioHormones and Behavi80 (April): 125-31.

Nelson, Emma, Campbell Rolian, Lisa Cashmore, and Susanne Shultz. 2011.
‘Digit Ratios Predict Polygyny in Early Apes, Ardipithecus, Neanderthals
and Early Modern Humans but Not in Australopithec®soceedings. Bio
logical Sciences/The Royal So@&&/(1711): 1556-63.

Nelson, Emma, and Susanne Shultz. 2010. ‘Finger Length Ratios (2D:4D) in
Anthropoids Implicate Reduced Prenatal Androgens in Social Bonding.
American Journal of Physical Anthropolady (3): 395—-405.

Padmanabhan, Aarthi, and Beatriz Luna. 2014. ‘Developmental Imaging
Genetics: Linking Dopamine Function to Adolescent BehavBygin and
Cognition89 (August): 27-38.

Pandit, Sagar A., Gauri R. Pradhan, Hennadii Balashov, and Carel P. Van Schaik.
2016. ‘'The Conditions Favoring Between-Community Raiding in Ghim
panzees, Bonobos, and Human Foragéfsiman Nature27 (2): 141-59.

Pearce, Eiluned, Rafael Wlodarski, Anna Machin, and Robin I. M. Dunbar.
2017. ‘Variation in the -Endorphin, Oxytocin, and Dopamine Recep
tor Genes Is Associated with Di erent Dimensions of Human Sociality.
Proceedings of the National Academy of Sciences of the United States of
Americall4 (20): 5300-5305.

Pearce, Eiluned, Rafael Wlodarski, Anna Machin, and Robin I. M. Dunbar.
2018. ‘Associations between Neurochemical Receptor Genes, 2D:4D,
Impulsivity and Relationship QualityBiology Letter§4 (12). DOhttps://
doi.org/10.1098/rsbl.2018.0642.

Pfattheicher, Stefan. 2016. ‘Testosterone, Cortisol and the Dark Triad: Narcis-
sism (but Not Machiavellianism or Psychopathy) Is Positively Related to



m THE EVOLUTIONARY BASIS FOR HUMAN TOLERANCHS

Basal Testosterone and CortisBrsonality and Individual Di erenc@s
(July): 115-19.

Pisor, Anne C., and Martin Surbeck. 2019. ‘The Evolution of Intergroup Toler
ance in Nonhuman Primates and Humaris/olutionary Anthropologg8
(4): 210-23.

Plavcan, J. Michael. 2012. ‘Sexual Size Dimorphism, Canine Dimorphism, and
Male-Male Competition in Primatesfuman Nature23 (1): 45-67.

Plavcan, J. Michael, Charles A. Lockwood, William H. Kimbel, Michael R.
Lague, and Elizabeth H. Harmon. 2005. ‘Sexual Dimorphism in Australo
pithecus Afarensis Revisited: How Strong Is the Case for a Human-Like
Pattern of Dimorphismournal of Human Evolutiat8 (3): 313-20.

Plavcan, J. M., and C. P. van Schaik. 1997. ‘Intrasexual Competition and Body
Weight Dimorphism in Anthropoid Primates®merican Journal of Physi
cal Anthropologyl03 (1): 37—68.

Poyarkov, A. D., A. O. Vereshchagin, and P. L. Bogomolov. 2011. ‘Study of Stray
Dogs Population Volume ZZoologichesky Zhurn&0 (4): 498-504.

Rilling, James K. 2011. ‘The Neurobiology of Cooperation and Altruism.’ In:
Robert W. Sussman and C. Robert Cloninger (€isgins of Altruism and
Cooperation 295-306. New York: Springer.

Rios, L., T. L. Kivell, C. Lalueza-Fox, A. Estalrrich, A. Garcia-Tabernero, R. Huguet,
Y. Quintino, M. de la Rasilla, and A. Rosas. 2019. ‘Skeletal Anomalies in The
Neandertal Family of El Sidrén (Spain) Support a Role of Inbreeding in
Neandertal ExtinctionScienti ¢ Report8 (February): 1697.

Rios, Luis, Antonio Rosas, Almudena Estalrrich, Antonio Garcia-Tabernero,
Markus Bastir, Rosa Huguet, Francisco Pastor, Juan Alberto Sanchis-
Gimeno, and Marco de la Rasilla. 2015. ‘Possible Further Evidence of Low
Genetic Diversity in the El Sidrén (Asturias, Spain) Neandertal Group:
Congenital Clefts of the Atla®LoS On&0 (9): e0136550.

Ruebens, Karen. 2013. ‘Regional Behaviour among Late Neanderthal
Groups in Western Europe: A Comparative Assessment of Late Middle
Palaeolithic Bifacial Tool Variabilityournal of Human Evolutio®5 (4):
341-62.

Sakamaki, Tetsuya, Heungjin Ryu, Kazuya Toda, Nahoko Tokuyama, and
Takeshi Furuichi. 2018. ‘Increased Frequency of Intergroup Encounters in
Wild Bonobos (Pan Paniscus) Around the Yearly Peak in Fruit Abundance
at Wambalnternational Journal of Primatolo@®@ (4): 685—704.

Salimpoor, Valorie N., Iris van den Bosch, Natasa Kovacevic, Anthony
Randal Mclntosh, Alain Dagher, and Robert J. Zatorre. 2013. ‘Interactions



216 HIDDEN DEPTHS

between the Nucleus Accumbens and Auditory Cortices Predict Music
Reward ValueScience340 (6129): 216-19.

Sapolsky, Robert M. 201Phe Trouble With Testosterone: And Other Essays on
the Biology of the Human Predicamesitmon and Schuster.

Sapolsky, Robert M. 2012. 20Behave: The Biology of Humans at Our Best
and WorstPenguin.

Shackelford, Todd K., and Ranald D. Hansen. Z¥i& Evolution of Morality
Springer.

Sikora, Martin, Andaine Seguin-Orlando, Vitor C. Sousa, Anders Albrechtsen,
Thor nn Korneliussen, Amy Ko, Simon Rasmussen, et al. 2017. ‘Ancient
Genomes Show Social and Reproductive Behavior of Early Upper Paleo
lithic ForagersScience358 (6363): 659—62.

Silk, Joan B., Jacinta C. Beehner, Thore J. Bergman, Catherine Crockford, Anne
L. Engh, Liza R. Moscovice, Roman M. Wittig, Robert M. Seyfarth, and
Dorothy L. Cheney. 2010. ‘Strong and Consistent Social Bonds Enhance
the Longevity of Female Baboon€urrent Biology: CB® (15): 1359-61.

Snowdon, Charles T. 2011. ‘Behavioral and Neuroendocrine Interactions in
A liation.’ In: Robert W. Sussman and C. Robert Cloninger (e@sigins
of Altruism and CooperatioB07-31. New York: Springer.

Snyder-Mackler, Noah, Joseph Robert Burger, Lauren Gaydosh, Daniel W.
Belsky, Grace A. Noppert, Fernando A. Campos, Alessandro Bartolomucci,
et al. 2020. ‘Social Determinants of Health and Survival in Humans and
Other Animals.Science368 (6493). DOhttps://doi.org/10.1126/science.
aax9553

Sobolewski, Marissa E., Janine L. Brown, and John C. Mitani. 2012. ‘Territorial
ity, Tolerance and Testosterone in Wild Chimpanze&simal Behaviour
84 (6): 1469-74.

Spikins, Penny, Jennifer C. French, Seren John-Wood, and Calvin Dytham.
2021. ‘Theoretical and Methodological Approaches to Ecological
Changes, Social Behaviour and Human Intergroup Tolerance 300,000 to
30,000 BRIournal of Archaeological Method and Thex8y1): 53-75.

Stadele, Veronika, Vanessa Van Doren, Mathew Pines, Larissa Swedell, and
Linda Vigilant. 2015. ‘Fine-Scale Genetic Assessment of Sex-Specic
Dispersal Patterns in a Multilevel Primate Socidturnal of Human Evo
lution 78 (January): 103-13.

Steinberg, Laurence. 2008. ‘A Social Neuroscience Perspective on Adoles
cent Risk-TakindDevelopmental Review: QR (1): 78-106.



m THE EVOLUTIONARY BASIS FOR HUMAN TOLERANCA7

Takahashi, Hidehiko, Motoichiro Kato, Masato Matsuura, Dean Mobbs, Tet
suya Suhara, and Yoshiro Okubo. 2009. ‘When Your Gain Is My Pain and
Your Pain Is My Gain: Neural Correlates of Envy and Schadenfreude.
Science323 (5916): 937-39.

Taylor, S. E., L. C. Klein, B. P. Lewis, T. L. Gruenewald, R. A. Gurung, and J. A.
Updegra . 2000. ‘Biobehavioral Responses to Stress in Females: Tend-
and-Befriend, Not Fight-or-FlighPsychological Reviel®7 (3): 411-29.

Templeton, Alan R. 2015. ‘Population Biology and Population Genetics of
Pleistocene Hominins. In; Winfried Henke and lan Tattersall (étisj-
book of Paleoanthropology: Vol I: Principles, Methods and Approaches Vol II:
Primate Evolution and Human Origins Vol lll: Phylogeny of Horhir88s
Berlin: Springer.

Theofanopoulou, Constantina, Alejandro Andirko, and Cedric Boeckx. 2018.
‘Oxytocin and Vasopressin Receptor Variants as a Window onto the Evolu
tion of Human ProsocialitygioRxiv DOl https://doi.org/10.1101/460584.

Theofanopoulou, Constantina, Simone Gastaldon, Thomas O’Rourke,
Bridget D. Samuels, Pedro Tiago Martins, Francesco Delogu, Saleh Alamri,
and Cedric Boeckx. 2017. ‘Self-Domestication in Homo Sapiens: Insights
from Comparative Genomic$2LoS On#&2 (10): e0185306.

Tompson, Steven H., Sarah T. Hu, Carolyn Yoon, Anthony King, Israel Liber
zon, and Shinobu Kitayama. 2018. ‘The Dopamine D4 Receptor Gene
(DRD4) Modulates Cultural Variation in Emotional Experier@elture
and Brain6 (2): 118-29.

Trinkaus, Erik. 2018. ‘An Abundance of Developmental Anomalies and
Abnormalities in Pleistocene Peopl®roceedings of the National Aead
emy of Sciences of the United States of Anidrtkcéd7): 11941-46.

Trumble, Benjamin C., Daniel Cummings, Christopher von Rueden, Kathleen
A. O’Connor, Eric A. Smith, Michael Gurven, and Hillard Kaplan. 2012.
‘Physical Competition Increases Testosterone among Amazonian For
ager-Horticulturalists: A Test of the “Challenge Hypothe$tsticeedings.
Biological Sciences/The Royal So@ié®y(1739): 2907-12.

Trumble, Benjamin C., Adrian V. Jaeggi, and Michael Gurven. 2015. ‘Evolving
the Neuroendocrine Physiology of Human and Primate Cooperation and
Collective ActionPhilosophical Transactions of the Royal Society of Lon
don. Series B, Biological ScieB€s(1683): 20150014.

Trut, Lyudmila, Irina Oskina, and Anastasiya Kharlamova. 2009. ‘Animat Evolu
tion during Domestication: The Domesticated Fox as a Mo@&sbEssays:



218 HIDDEN DEPTHS

News and Reviews in Molecular, Cellular and Developmental Bbi&Jy
349-60.

Vaidya, Jatin G., Brian Knutson, Daniel S. O’Leary, Robert I. Block, and Vincent
Magnotta. 2013. ‘Neural Sensitivity to Absolute and Relative Anticipated
Reward in Adolescent$LoS On8 (3): e58708.

vanOyen Witvliet, Charlotte, Lindsey Root Luna, Jill V. VanderStoep, Robert
D. Vlisides-Henry, Trechaun Gonzalez, and Gerald D. Grin. 2018. ‘'OXTR
rs53576 Genotype and Gender Predict Trait Gratitutlee Journal of Pos
itive Psycholog$4 (4): 417-26.

Watts, David P., Martin Muller, Sylvia J. Amsler, Godfrey Mbabazi, and John
C. Mitani. 2006. ‘Lethal Intergroup Aggression by Chimpanzees in Kibale
National Park, Ugand@merican Journal of Primatolog$ (2): 161-80.

Wiessner, Polly. 2002. ‘Taking the Risk out of Risky Transactions: A Forager’s
Dilemma. In: Frank K. Salter (eRisky Transactions: Trust, Kinship, and
Ethnicity 21-43. Oxford: Berghahn Books.

Wilson, Michael L., Christophe Boesch, Barbara Fruth, Takeshi Furuichi,
lan C. Gilby, Chie Hashimoto, Catherine L. Hobaiter, et al. 2014, ‘Lethal
Aggression in Pan Is Better Explained by Adaptive Strategies than Human
Impacts.Nature513 (7518): 414-17.

Wilson, Michael L., William R. Wallauer, and Anne E. Pusey. 2004. ‘New Cases
of Intergroup Violence Among Chimpanzees in Gombe National Park,
Tanzanialnternational Journal of Primatolo@p (3): 523-49.

Wittemyer, G., |. Douglas-Hamilton, and W. M. Getz. 2005. ‘The Socioecology
of Elephants: Analysis of the Processes Creating Multitiered Social-Struc
tures’Animal BehaviouB9 (6): 1357-71.

Wobber, Victoria, Brian Hare, Susan Lipson, Richard Wrangham, and Peter
Ellison. 2013. ‘Di erent Ontogenetic Patterns of Testosterone Production
Re ect Divergent Male Reproductive Strategies in Chimpanzees and
Bonobos.Physiology & Behaviti6-17 (May): 44-53.

Wobber, Victoria, Brian Hare, Jean Maboto, Susan Lipson, Richard Wrang
ham, and Peter T. Ellison. 2010. ‘Di erential Changes in Steroid Hor
mones before Competition in Bonobos and Chimpanze®soceedings
of the National Academy of Sciences of the United States of Atf&rica
(28): 12457-62.

Wrangham, Richard. 2014. ‘Did Homo Sapiens Self-Domesticate?’ Presented at
the Domestication and Human Evolution, Salk Institute - Conrad T. Prebys
Auditorium, CARTA. Available dittps://carta.anthropogeny.org/events
/sessions/did-homo-sapiens-self-domesticatéccessed 01/03/21.



m THE EVOLUTIONARY BASIS FOR HUMAN TOLERANCH9

Wrangham, Richard W. 2018. ‘Two Types of Aggression in Human Evolution.
Proceedings of the National Academy of Sciences of the United States of
Americall5 (2): 245-53.

Wrangham, Richard W. 2019a. ‘Potential Sources of Homo Sapiens’ Self-
Domestication.Frontiers in Psycholodp: 1914.

Wrangham, Richard W. 2019b. ‘Hypotheses for the Evolution of Reduced
Reactive Aggression in the Context of Human Self-Domesticatieon
tiers in PsychologyO (August): 1914.

Wrangham, Richard W., and Dale Peterson. 1888nonic Males: Apes and
the Origins of Human Violen¢¢oughton Mi in Harcourt.

Wrangham, Richard W., and Michael L. Wilson. 2006. ‘Collective Violence:
Comparisons between Youths and Chimpanze@shals of the New York
Academy of Scienc&836 (1): 233-56.

Wrangham, Richard W., Michael L. Wilson, and Martin N. Muller. 2006.
‘Comparative Rates of Violence in Chimpanzees and Hun@risiates;
Journal of Primatolog#7 (1): 14-26.

Ziegler, Toni E., and Catherine Crockford. 2017. ‘Neuroendocrine Control in
Social Relationships in Non-Human Primates: Field Based Evidklace.
mones and Behavi@l (May): 107-21.

Zink, Caroline F., and Andreas Meyer-Lindenberg. 2012. ‘Human Neuroim
aging of Oxytocin and Vasopressin in Social Cognitiblfarmones and
Behavior6l (3): 400-409.



	Title page
	Copyright page
	Contents
	Acknowledgements
	Foreword
	Introduction
	Aims
	Challenges
	Structure
	References

	Part 1
	Chapter 1 The Evolutionary Basis for Human Empathy, Compassion and Generosity
	Abstract
	Introduction
	How do we respond to another’s distress?  The neurobiology of compassion
	Empathy
	From empathy to constructive help 
	Growing into our empathy: progressively complex responses  through childhood development 


	Disentangling evolutionary mechanisms 
	Why be kind? The evolutionary advantages of compassionate  helping behaviours 
	Animal comparisons: stages in the evolution of human empathy, compassion and generosity 
	Comparing non-human apes and humans: emotional capacities and helping behaviours of human ancestors

	Cognitive empathy 
	Affective empathy
	Evolutionary pressures on emotional motivations 

	Implications for the evolution of human empathy,  compassion and generosity 
	Conclusions
	Key points 
	References

	Chapter 2 Material Evidence: Caring for Adult Vulnerabilities 
	Abstract
	Introduction
	Archaeological evidence for the emergence of human  compassion and generosity
	Before Two Million Years Ago: earliest beginnings?
	Doubts about implications? 
	The nature of helping in australopithecines 

	After Two Million Years Ago: the emergence of 'humans'
	Evidence for care of the ill and injured
	Care as part of increasing interdependence

	After half a million years ago: later periods  of human evolution
	To what extent can archaeological evidence be used to infer key changes in emotional connections an
	Other realms of material evidence for helping those in need

	Implications: A long evolutionary history of human  vulnerability, compassion and interdependence 
	Conclusions
	Key points
	References

	Chapter 3 Trust, Emotional Commitments and Reputation
	Abstract
	Introduction
	Trust and a sensitivity to emotional motivations in human evolutionary origins
	Our human drive to understand the emotions behind other  people’s actions
	Why early human interdependence made a good reputation matter 
	Trust, emotional commitments and the price to pay  for caring about reputation 

	The significance of trust, emotional commitments and a concern with reputation to key issues in hum
	Being kind rather than being cunning
	Reflecting on the cultural transmission of knowledge 
	Reflecting on the influence of emotional reputation on attention to the aesthetics of artefact form
	Reflecting on a sensitivity to emotional motivations and the  integration of different minds 

	Further questions 
	Wired for trust? 
	Conclusions
	Key points
	References


	Part 2 
	Chapter 4 The Evolutionary Basis for Human Tolerance - Physiological Responses
	Abstract
	Introduction
	Intergroup tolerance in human evolutionary past 
	The evolutionary background to human physiological  reactions to unfamiliar people 
	Neurobiology, emotional responses and social behaviour
	The physiology of changes in avoidance behaviour - how changes in hormones might make us less compe
	Competition and aggression - the role of androgens 
	Fear, stress reactivity and cortisol 

	The physiology of changes in approach behaviour - how changes in hormones might make us more ‘frien
	Goal seeking exploration and novelty - the influence of dopamine 
	Bonding hormones 

	Selective pressures on human tolerance 

	Conclusions
	Key points 
	References

	Chapter 5 The Evolutionary Basis for Human Tolerance: Human ‘Self-Domestication’? 
	Abstract
	Introduction
	Human self-domestication?
	Implications
	The advantages of increasing tolerance 
	The constraints and disadvantages of increasing tolerance 
	Compensatory mechanisms 

	Conclusions
	Key points
	References

	Chapter 6 Comforting Things: Cherished -Possessions as Sources of Social -Comfort and Security
	Abstract
	Introduction
	The appearance of widespread non-functional objects in the archaeological record
	New emotional relationships to objects? 
	Compensatory attachments to objects in childhood 
	Compensatory attachments to objects in adulthood 
	Are there common forms or features to cherished personal objects? 
	Cultural variations 

	Art in search of empathy - reappraising the proliferation  of symbolic objects 
	Conclusions
	Key points 
	References 

	Chapter 7 In the Company of Wolves: Compensatory Attachments and the Human-Dog Bond
	Abstract
	Introduction
	Dogs in recent ethnographic contexts
	Dogs as a form of technology 
	Dogs as playing a role in emotional well-being 

	Dogs as sources of emotional support in modern  industrialised contexts
	Reappraising the domestication of wolves  from the perspective of emotional vulnerabilities 
	Archaeological evidence 
	Similar evolutionary pathways in dogs and humans 
	How did wolves become close to humans? 

	Conclusions
	Key points
	References


	Part 3
	Chapter 8 What If? The Evolutionary Basis for Different Pathways
	Abstract
	Introduction
	Alternative evolutionary pathways in other species 
	Contrasts in tolerance between chimpanzees and bonobos 
	Contrasts in tolerance between wolves and dogs 

	Different but equal human evolutionary pathways? 
	Implications
	Conclusions
	Key points
	References

	Chapter 9 Reframing Neanderthals 
	Abstract
	Introduction
	Different types of ‘social’ 
	Archaeological evidence for contrasting patterns  of intergroup connection between Neanderthals  and
	Background
	Neanderthal community relationships 
	Modern human communities

	The structure of social networks and contrasting emotional dispositions in social tolerance 
	Reframing Neanderthals as emotionally close-knit  and modern humans as emotionally approachable 
	Differing emotional dispositions explain contrasts  in the structure of communities 
	Differing emotional dispositions explain previously  enigmatic elements of the archaeological recor

	Conclusions
	Key points
	References

	Conclusions
	What have we learnt? 
	What makes this interpretation different?
	Why should this new version of our evolutionary past  matter for the future? 



