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INTRODUCTION

In the study of human societies certain questions have exercised the minds
of scholars for thousands of years. These include:

e  Why are some societies so much wealthier than others?

e  Why do some groups within a society suffer disadvantage?

e Why do wars occur?

e  Why do economic recessions occur?

Why do birth rates tend to decline in affluent societies?

e  Why do some countries form stable democracies and others do not?
e  Why do certain peoples rise to power and prominence?

e Why do civilizations fall?

Each of these questions has attracted multiple answers. For example, the
rise of the West has been attributed to Protestant Christianity, the
Enlightenment and the Industrial Revolution. The decline and fall of nations
and empires has been explained as the result of economic stagnation, social
pressures, disease and climate change. Populist historians have explained
historical change as the result of great leaders such as Augustus, who
brought an end to Roman civil war, Charlemagne, who established the
Frankish Empire, Napoleon as conqueror of Europe, and Hitler as a crazed
demagogue driving his people to destruction.

While these explanations are diverse they share one thing in common—
they are not testable empirically. Even the most rigorous historical analysis
can do little more than show that selected factors trend together and are
possible causes of change. Historians may argue that the Second World War



was launched by Hitler’s personality or the Versailles Treaty or the
economic crisis of the Weimar Republic, but short of repeating history
without Hitler or the Versailles Treaty there is no way to be certain.

The theory presented in the following pages sees changes in social, political
and economic behavior as reflecting changes in temperament. It accepts the
prevailing view that temperament is a behavioral and emotional state that
varies among individuals, is relatively stable over time and situation, is
biologically based and appears early in life, but is influenced by parenting
style and other environmental variables which condition how the inherited
temperament is expressed. !

Where it differs from other approaches is in seeing the prevailing
temperament of the population as the key to all those questions asked
earlier. It is far more important than political and economic institutions, the
decisions of leaders, or any other factor.

This theory also identifies the key aspects of temperament for this purpose
as two separate but related biological systems which help animals adjust
their attitudes and behaviors to changes in the environment.

One of the systems is triggered by relatively mild yet chronic food shortage,
the other by occasional famine or predator threat. Both work via
physiological signals that influence the expression of genes. In turn,
behavioral change renders individuals more likely to survive and prosper.
For example, mild food shortage leads animals to drive away members of
their species and become more active and exploratory—behaviors that
increase their chances of survival in environments with limited food.

But these systems can be triggered in other ways. Human cultures have
developed codes of behavior, especially related to religion, that have the
same effect as calorie restriction. These codes conflict with “natural”
human inclinations but have been strengthened by competition between
cultures. They change human temperament in a way that has made the rise
of farming possible, along with wider political loyalties and more advanced
economies—what we term ‘civilization.’

These codes of behavior include fasting, religious rituals, patriarchy, and
(above all) the restriction of sexual activity. By mimicking the physiological



effects of hunger they help individuals and societies to survive and prosper.

To wunderstand how this works, contrast the survival strategies of
huntergatherers with those that drive success in civilization. Hunter-
gatherers normally need only a few hours a day to find enough food, and
the work is varied and interesting (especially for the men as hunters). They
spend much of their time socializing, which develops bonds that aid group
defense. Individuals who work harder but are less sociable would probably
have fewer surviving children than others.

In a civilized society the state tends to handle defense, and socializing
detracts from the crucial work of making a living. Thus, an individual who
works harder and socializes less is likely to have more surviving children.
Success in different social environments thus requires a different form of
temperament.

Civilized societies also require physical technologies such as agriculture,
metalworking, writing and trade. Yet, on their own, these technologies fail
to explain why some civilizations rise and why others fail.

The changes in human behavior and temperament that are induced by
cultural strategies and practices are rooted in epigenetics. This means that
environmental influences, especially in early life, alter the level of activity
and expression of key genes. These in turn affect behavior and
temperament, including attitudes toward authority, capacity for work,
economic and mechanical skills, and creativity.

The development of civilization thus depends on developing not only
physical technologies but cultural technologies, especially religions. For
example, if a religion induces behavioral change such that the society farms
more productively, has more surviving children, and organizes itself into a
large state, it 1s likely to expand and conquer its neighbors.

A weak point about these cultural systems is that they are vulnerable to the
effects of abundance and population density. Wealthy urban societies with
plentiful food tend to abandon ascetic behaviors, such as restrictions on
sexual activity, which mimic the effects of food shortage. This in turn leads
to society-wide change in temperament and behavior which undermine
success. In effect, the greater the wealth and density of a society’s



population, the harder it is to maintain the cultural strategies responsible for
the society’s rise. In the chapters to come we propose that the collapse of
civilizations, along with their replacement by people from less-developed
societies, can be understood in this way.

This is a theory of mammalian social behavior which offers a novel and
robust understanding of human history. Because it is a historical theory
based on biology, it is given the name “biohistory.”

While initially developed from the study of human societies, the biological
basis of the theory makes it possible to generate hypotheses that may be
tested in both animal and human populations. To continue the example
given earlier, there are a number of theories for the origin of the Second
World War that are broadly consistent with the evidence, including the
personality of Adolf Hitler and resentment against the Versailles Treaty.
Biohistory proposes a different reason—that it was (in part) the result of
anxiety transmitted to infants born at the close of the 1914—18 war, which
caused a permanent epigenetic change that made them more aggressive.
When these young men reached their early twenties they brought about a
more militaristic tone to society which helped launch another war. So far
this 1s a standard historical theory, broadly consistent with the evidence, but
no more.

The key difference is that this particular theory can be tested quite
rigorously by festing the men born in 1917—18 for a specific epigenetic
signature associated with aggression in rats and people, which should be
more prominent in this cohort than in those born earlier or later. If too few
subjects are available, the same could be done for Chinese born in 1948— 49
or Europeans born in 1944-45. To the extent that this pattern is not found,
the theory is weakened or must be modified; to the extent that it is, the
theory is confirmed.

There are hundreds of other potential tests that could be done, some of
which are detailed in the final chapter. Clearly, not every application of
biohistory can be tested in this way since most of it relates to the distant
past, but that is no different from any scientific theory. Physicists assume
the laws of gravity apply to distant galaxies as they do on Earth, even
though there is no way to test them directly. The measure of any scientific



theory is not that every application must be tested but that it gives rise to
testable hypotheses through which it can be tested, in the sense that it may
be falsified or confirmed. In this sense, as a theory of history, biohistory is
unique.

Chapter one reviews the family and social patterns that are present in
civilized societies, including nuclear monogamous families, control of
children and restriction of sexual activity. Studies of non-human primates in
their natural environments, principally baboons and gibbons, show that
many of these behaviors are associated with food-restricted environments.
Animals adapt to such environments by delaying breeding, reducing group
size, and moving from promiscuous mating towards nuclear monogamous
families. It is a physiological response which allows populations to adapt
quickly to food shortage, but to abandon such behavior when food is once
more plentiful.

Chapter two presents laboratory studies on the effects of mild food
restriction on rats. Among other affects it improves maternal care, reduces
sexual activity and increases exploration. These studies show how food
restriction during infancy changes the activity levels of genes which affect
the behavior and the biochemistry of animals during later life. These
changes may be inherited by an individual’s offspring, at least partly
through changes in parental behavior.

Chapter three examines how human cultural norms, especially control of
sexual activity, have the same effect as calorie restriction. Religion drives
the development of civilization through its influence on behavior and
temperament, at least as much as technologies such as metalworking and
trade. We refer to this “civilized” temperament as “C.”

Chapter four uses zoological and ethnographic evidence to introduce a
second set of characteristics that are distinct from those related to C. These
include vigorous aggression, intolerance of crowding, hierarchical
cooperative social organization, male domination of females, and a switch
from indulgence and protection of infants to rejection of juveniles after
weaning. This behavior is labeled “V” (for vigor) and is an adaption to
environments where food is generally plentiful but with occasional famines.
Such environments require mutual defense and fast population growth. V is



triggered by occasional but severe stresses, such as famine or predator
attack.

Chapter five further develops the concepts of C and V. It focuses on how
cultural practices which promote C and V have very different effects
depending on the age of exposure. Control of children during early
childhood increases “Infant C,” which renders individuals open to change
and being skilled with machines. “Child V,” which results mainly from
experience of authority and punishment during late childhood, renders
people more traditional and accepting of authority. Punishment of children
also raises the level of stress in the society. Ethnographic case studies are
reviewed to further test the concepts of C and V. The chapter shows that
cultural norms and childrearing patterns influence adult temperament,
which in turn determines political systems and levels of economic success.

Chapter six traces the rise of C in England over more than five centuries.
Changes in age of puberty, family patterns, attitudes towards sex, work
habits and increased control of children, especially infants, are documented.
The striking success of the Industrial Revolution during the nineteenth
century 1s explained as the result of an unprecedented peak of C, especially
Infant C.

Chapter seven further develops the biohistory model by addressing events
in England, Europe and Japan. The analysis indicates that a rise in C is
driven by high V resulting in a high level of stress, which reached a peak in
the sixteenth century. The subsequent decline in V and stress eventually
allows C to fall. This is called the “civilization cycle.”

Chapter eight explores how population fluctuations in species such as
lemmings and muskrats can be explained by changes in C and V. These
“lemming cycles” are used to explain patterns such as the decline of
Chinese dynasties, the virulence of the Black Death in Medieval Europe,
the timing of the Renaissance, and conflicts such as the Wars of the Roses.

Chapter nine looks at wars and revolutions that follow peaks of population
growth and/or the end of previous wars. These are explained as a
consequence of larger families and anxious mothers causing an increase in
V in an age cohort. When males reach their early twenties their greater
aggressiveness has a disproportionate influence on society and makes it



easier for governments to engage in war. Findings are used to explain both
the cause and timing of the French Revolution, the First and Second World
Wars in Europe, the Japanese attack on Pearl Harbor, the Chinese Cultural
Revolution, and the more aggressive attitudes of Iranians in recent years.

Chapter ten addresses the decline and fall of civilizations. C promotes larger
states and more advanced economies, while V promotes higher birthrates
and martial vigor. Civilizations collapse because declining V causes
military weakness, and declining C causes political weakness and economic
decay.

Chapter eleven analyses the rise and fall of Rome. Roman civilization was
the result of an unprecedented rise in Infant C, driven by cultural systems
imported from the Middle East. V and stress among the Romans appear to
have peaked in the sixth century BC, while C peaked around 250 BC and
was followed by a prolonged decline in both C and V. The fall of C explains
the change from Republic to Empire and the subsequent collapse.

Chapters twelve and thirteen focus on why some societies are less
vulnerable to the loss of V and C and thus become more durable. This is
attributed to the presence of a stability factor known as “S” which leads
people to indulge infants yet be stricter with older children. S reduces the
unstable infant C and increases child V, making the society more
conservative. Increased S is likely due to genetic change that arises from the
experience of civilization, especially civilization collapse, which confers a
demographic advantage on people with higher S and renders future collapse
less serious and prolonged. The rise of S is traced in China and India.

Chapter fourteen traces the rise of S in the Middle East, from the low S
Sumerians to the higher S empires of later times. Civilized societies
developed high C cultural systems, while their “barbarian” neighbors had
higher V because of harsh living conditions. The civilized peoples
transmitted higher C cultures to the barbarians, who transmitted higher V to
the settled lands by immigration and conquest. A gradual rise in both C and
V culminated in the Arab conquest and the rise of Islam, seen as an
especially powerful and durable cultural system which promotes long-term
success at the expense of economic progress. A clear implication is that the
Muslim populations of the Middle East will spread and gradually assimilate



most of the world into their own faith and culture, beginning with Europe.
Patriarchy and purdah, not liberal democracy, will be the true “end of
history.”

Chapter fifteen approaches the most pressing issue in this book—the
decline of Western civilization. Changes in Western countries over the past
150 years, and especially since the 1960s, are the result of a dramatic fall in
both C and V. Evidence of falling C includes the declining age of puberty,
increased sexual freedom, reduced control of children, declining work ethic,
and economic stagnation. Signs of falling V include female emancipation,
plunging birth rates, and a reduced enthusiasm for war. Though not all of
these are negative, the end result must be economic decline and political
collapse. Knowledge of the wunderlying biology indicates that no
conventional social or political policy can reverse the process.

The model in this book presents our current understanding of the topics
addressed. There will of course be additions and amendments as a result of
further research and testing. Selected proposals are described in a final
section.

This book is intended as a companion volume to Biohistory: Decline and
Fall of the West.” It contains fuller evidence and the references not included
in what 1s intended to be a shorter, more popular work. So that readers may
easily cross from one version to another, the chapter structure remains the
same. For example, anyone wanting more information about war than
contained in chapter nine of the popular work may open chapter nine of this
version and find further examples and longer descriptions. The shorter
version also contains substantial material not included in this version,
including different quotations and illustrations, but either book will give the
reader a comprehensive understanding of biohistory.

I Jan Kristal, The Temperament Perspective, Working with Children’s Behav
ioral Styles (Paul H. Brooks Publishing, 2005); Jerome Kagan, Galen'’s Pro
phecy: Temperament in Human Nature (Basic Books, 1994); Mary Rothbar
t, David Evans & Stephan Ahadi, “Temperament and Personality: Origins a
nd Outcomes,” Journal of Personality and Social Psychology 78 (1) (2000);
This view i1s distinct from the ancient Greek concepts of four bodily “humo



urs” (choleric, melancholic, phlegmatic and sanguine) widely accepted up t
o the eighteenth century; Robert Stelmack & Anastasios Stalikas, “Galen an
d the Humour Theory of Temperament,” Personality and Individual Differe
nces 12 (3) (1991).

2 ]. Penman, Biohistory: Decline and Fall of the West (Newcastle: Cambrid
ge Scholars Publishing, 2014).



CHAPTER ONE

OF SCIENCE AND TEMPERAMENT

A key purpose of this book is to explain why some human societies have
developed civilizations and others have not. For example, what
differentiates humans who practice agriculture and form large-scale
political and economic systems from those that live as hunter-gatherers in
small bands? Why do the power and affluence of civilizations change so
much and so quickly, with large, stable societies dissolving into anarchy,
and others growing rapidly in influence and wealth?

Historians, archaeologists and economists have sought to understand these
changes by looking at economic pressures, population growth, warfare,
environmental change and the actions of charismatic leaders. Biohistory
uses a different approach. It starts with the premise that humans are
biological beings and therefore influenced by the same basic principles that
affect our close non-human relatives. Genetically speaking we are very
similar to other mammals. We share 95-98% of our genes with
chimpanzees and, according to the latest results from Celera Genomics,

about 85% with mice.!

There are many forms of behavior unique to humans. Apart from ants and
termites, no other species unites thousands of individuals to work together
and fight against outsiders. No other species develops market economies,
uses money, builds machinery, establishes religions and formal codes of
morality, or wears clothing by choice.

But in terms of family and social patterns, human behavior is less distinct.
We control or punish our offspring, neglect them or provide intensive care.
We can be monogamous, polygynous or promiscuous, and our levels of



sexual activity vary enormously. We may mate immediately after puberty or
delay breeding for a decade or more. Males can be dominant over females
or vice versa. Societies can be egalitarian or hierarchical. We can work
hard, even in the absence of real need, or lie back and take it easy. We can
be aggressive or peaceful, angry or affectionate, suspicious or trusting.
Every one of these behaviors has a direct equivalent in terms of animal
behavior, as described later in this chapter.

Cross-cultural evidence

But the interesting point is that certain family and social behaviors are more
often found in large-scale civilizations with complex economies. As
detailed in the following chapters, ethnographic studies indicate that people
living in long-civilized societies are more likely than those in preliterate
societies to restrict sexual activity, marry later, form monogamous nuclear
families, and control their children’s behavior. The extremes of such
behavior can be found in Northern Europe during the nineteenth century,
when children were rigorously controlled from infancy and sexual behavior
was strictly limited—especially for women. But similar patterns can be seen
in other parts of the world.?

Biohistory proposes that there is an underlying temperamental difference
between civilized and non-civilized societies, expressed to some extent in
these family and personal behaviors but also in attitudes towards political
authority and the market. In this and future chapters we will see that this
temperamental difference can be explained in physiological terms. It will
also be proposed that it is the development of this “civilized” temperament
that makes civilization possible, whereas the loss of it is followed by a
weakening and eventual collapse of the society affected. The best-known
example is the decline and fall of the Roman Empire. Consider some of this
evidence.

First, as long ago as the 1930s, J. D. Unwin found that civilized societies
are more likely to control sexual behavior, a finding confirmed by later
cross-cultural studies.® Related studies have found that societies with severe
obedience training are more politically complex and more likely to be
farmers and herders than hunters or fishers.*



These studies are meticulous and well researched, but from the viewpoint of
biohistory they have significant problems. The first is that, apart from
Unwin, they tend to exclude the societies with the biggest states and most
advanced economies such as those of India, China, Europe and the Middle
East, which show the most extreme forms of these behaviors.

Second, in terms of parental behavior these studies focus on the aim of
control or punishment, such as to promote obedience or sharing. This is
thinking in rational terms—that someone taught to be obedient will more
likely obey others as he or she grows up. But in biological terms what is far
more important is the /evel of control or punishment. For example, a severe
punishment increases the level of stress hormones such as cortisol, whether
the punishment is for disobedience, breaking cultural taboos or merely
because the parent is bad-tempered. Similarly, we will see that it is the level
of control that matters more than the purpose of the control. Both
punishment and control have profound effects on hormones, on epigenetics
(the way in which certain genes are switched on and off), and thus on adult

temperament and behavior.”

Third, most studies fail to distinguish between control and punishment,
using terms such as “severity of obedience socialization" which include
both. In biochemical and behavioral terms, control and punishment have
very different effects.

Finally, they do not always distinguish the age at which training applies. In
later chapters evidence is presented from rat and monkey experiments
showing that the same influence at different ages can have different or even
opposite effects. The key distinction is between infancy, when mammals are
nursed by their mother, and the juvenile period before puberty. In humans
these ages are roughly 0-2 and 6—12.

The Cross-cultural survey

To better understand the family and social patterns linked to civilization, a
study of 67 societies was made, ranging from hunter-gatherers to the
longcivilized peoples of Europe and Asia. As with other cross-cultural
studies, information from ethnographic studies provided quantitative scores
for political, economic, family and childrearing variables. The



ethnographies chosen were those with relatively detailed information on
childrearing patterns. Full details of the study are given at
www.biohistory.org.

The first point to note is that the findings of earlier studies linking controls
on sexual behavior to measures of political and economic complexity are
verified (see Table 1.1 below).

Table 1.1. Correlations between political and economic complexity and limits on sexual

behavior.® Societies which restrict sexual behavior are more likely to be politically complex and
with advanced economies. For example, the size of political units is positively correlated with
restrictions on premarital sex.

Premarital sex Adultery Divorce
restricted restricted restricted

Size of political unit S3E ST 35%
Hereditary status 39%* A43%* 41
Market economy 45% 54
Status from wealth versus 46%* 47* .30
generosity
Routine work 42%* A48%*
Deities enforce morality 30%* 30%*
Modesty in dress ST S3E
significance *%.001 *.01 Others: .05

Societies which insist on premarital chastity, sanction adultery and restrict
divorce are more likely to form large political units, have market
economies, work at routine jobs such as farming, and strive to achieve
individual wealth. Their religious systems more often include moral codes.

Table 1.2 shows that societies which are politically and economically
complex also have distinct family patterns. Compared with small-scale
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societies they are more likely to form nuclear monogamous families, marry
late and control their children’s behavior.

Table 1.2. Correlations of political and economic variables with family and social variables.

7

Societies which are politically and economically complex are more likely to form nuclear
monogamous families, marry late and control their children’s behavior.

Premarital | Monogamy | Nuclear | Marry | Control | Children
sex Versus family | late |children| wanted
restricted | polygyny
Size of S3HE S2%* A6%E | S1F*F 1 56%* 28%*
political
unit
Hereditary 39%* A42%* S5%* | 50%* 31
status
Market 45% A43%E A5k | 39% | 50%* 28
economy
Status from 46* A1 657 | 42% 1 56%*
wealth vs
generosity
Routine A42%* STH® 35% | 41k | 58**
work
Deities 30%* 42%* .30 ST 38
enforce
morality
Modesty in STHE 62 % S4%E | S4%% 1 68** 25
dress
significance | **.001 *.01 Others: | .05

These variables also correlate strongly with each other, as shown in Table

1.3 below.




Table 1.3. Significant Correlations among family and social variables linked to civilization.
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Patterns of family behavior found in more complex societies, such as monogamous nuclear families,
late marriage and control of children, correlate independently with each other.

Monogamy Nuclear | Marry | Control | Children
versus polygyny | family late | children | wanted
Premarital sex 48** 30* 43H* 38%* 32%
restricted
Monogamy vs .30 S0%* 36*
polygyny
Nuclear 29 33*
family
Marry late S4%*
Control 31*
children
significance **.001 *01 |Others: .05

Table 1.4 below shows that measures of political and economic complexity
correlate strongly. Note the link to modesty in dress, which has no obvious

connection with other features of civilization.

Table 1.4. Correlations among measures of political and economic complexity.9 Politically
complex societies tend to have advanced economies and to be modest in dress.

Hereditary | Market | Status | Routine | Deities | Modest
status | economy | wealth | work | moral | dress
Size of S8%* 62%* O1FE | 4THx | ATHE | 6O%E
political unit
Hereditary 307%* 45 34 28 48%*
status
Market A9FE | 55% | AlFF | 62%*




economy

Status from J8F* | 39%*k | GQF*
wealth

Routine work 22 STF*

Deities 39%
enforce
morality

significance *%.001 *01 | Others:
.05

It i1s no surprise that politically complex societies should have more
advanced economies. What is interesting is that they are just as likely to
insist on premarital chastity and control children. In other words, limits on
sexual behavior and control of children are just as distinctive a feature of
larger states as markets. It is logical that larger states should have market
economies, if only because political union makes trade easier, but why
should they limit sexual behavior or control their children?

This link is not without exceptions, of course. There are societies
combining advanced political and economic systems with liberal standards
of sexual behavior. The modern West and late Republican Rome are two
obvious examples, which will become highly significant once we
understand why civilized societies restrict sexual behavior. These apparent
exceptions will then help us to understand why civilizations fall.

The temperamental basis of civilization

What is needed is an explanation of why certain behaviors such as sexual
restraint are more prevalent in civilized societies. Biohistory proposes that
they represent underlying biological systems that adjust people’s
temperaments to the needs of civilization. This makes them more accepting
of wider political authority, more inclined to perform routine work, better
suited to a market economy, and more accepting of impersonal moral codes
such as those taught by religious systems. They also change their behavior



in other ways, such as increasing modesty in dress and reducing tolerance
of premarital sex.

The next step is to explore the implications of these behaviors. A core
theme of biohistory is that humans are in many ways similar to animals,
sharing up to 95% of our genes with other species. Thus it is that the family
and personal behavior associated with civilized societies can also be
observed in animals. Primates in particular can delay breeding, the
equivalent of premarital chastity and late marriage. They can form nuclear
monogamous families, and they can control the behavior and movements of
their offspring. But which species are more likely to show such behaviors,
and 1n what circumstances?

Gibbons and baboons

The study begins with two primate groups: gibbons and savannah baboons,
which display extremes of these behaviors. Gibbons, a tree dwelling ape
living in the forests of South-East Asia, act more like civilized peoples.
Baboons, a largely terrestrial monkey living in the open grasslands of
Africa, act more like the people of small-scale societies.

For example, gibbons are far less sexually active than baboons. They are
also less sociable. Studies of three different populations show that they
spend only 6%, 4% and 1.3% of the day in social activities.' By
comparison, studies of 18 baboon populations show that they spent an
average of 11.9% of their day in social activities, ranging from a low of
4.5% to a high of 22.7%.!!

Gibbons are not only less social but also less tolerant of each other than
baboons, and indeed of most primates. Males usually drive away other adult
males, and females will not tolerate other females, including their own
offspring after they reach puberty. Mated pairs defend territories, which
represents an extreme in social intolerance. They do not totally avoid other
gibbons, as they have been observed grooming and playing with individuals
from neighboring territories.'> But the only instance in which individuals of
the same gender share a territory is when two males bond with a single
female, a pattern rare in primate societies but forming 15% of families in



one well-studied population.'> In other cases, gibbons typically form
nuclear monogamous families.

Among baboons, by comparison, no monogamous or polyandrous
population has ever been found. Baboon troops normally consist of multiple
males and females, although troops in some areas may have a single male
with multiple females. One study comparing 23 populations found an
average group size of 67, ranging from a low of 19 to a high of 247.'% In
these troops, the dominant male tends to monopolize females in estrus and
sire most of the young, with other males having access only when the
dominant male is distracted.!> In human terms, baboons are promiscuous or
in some cases polygynous, but never monogamous.

Gibbon populations tend to be limited in size by restricted breeding. Mating
is delayed until after animals establish a territory. One study found that this
did not happen until around the age of 10, two years after gibbons reach full
adult size and several years after sexual maturity.'® For this and other
reasons, gibbons reproduce below their potential reproductive rate. For
example, a study of 7 gibbon females over a 6-year period found that only
one gave birth more than once, two failed to breed at all, one remained
unpaired, and the seventh female lost her mate to another female. This is the
non-human equivalent of late marriage and limited sexual activity.

By contrast, baboon populations appear to be limited mainly by predation
and infanticide. Females are sexually active soon after puberty and males
whenever they can be.

A related difference is that gibbons are highly discriminating in their choice
of mates. While different species are fertile with each other and their ranges
often overlap, only occasionally do they interbreed in the wild. They can
distinguish even closely related species living in the same area by the sound
of their calls, which are thought to be important in the maintenance of pair
bonds.!” Efforts to breed gibbons in captivity result in only half the
presented mates being accepted, even when no other mate is available.'®

Baboons, on the other hand, seem to be far less picky. A male baboon will
mate with any fully mature female in estrus. Females also appear to be less
discriminating because they solicit mating from around ten days before



ovulation, even though only juveniles and adolescents are interested at such
times.!?

There are no direct observations of parental control among gibbons, but
parents stay in close and continuous contact with their young until the age
of puberty. Baboon mothers, by contrast, wean their young early and cease
to provide much care thereafter. Gibbons also spend far more time foraging
for food than do baboons. Their food is widely scattered and generally in
small quantities, so only constant movement and searching can provide
enough food to survive. This is the non-human equivalent of very hard
work.

Limited food as an explanation for gibbon behavior

These differences can be explained by one simple observation—gibbons are
far more likely to be short of food.”’ They live in one of the most
foodrestricted environments on Earth—the tropical forests of south-east
Asia. Typically, tropical forests are lush and productive with a wide variety
of plants, including fruiting trees. If one plant species is not productive,
another is likely to be. But there are major problems—many leaves and fruit
contain dangerous toxins, and forest primates tend to be very selective
feeders. Only the fruit or leaves of particular trees at certain stages of
ripeness are suitable. Favored food plants are also widely scattered, so that
forest-living primates such as gibbons must spend a great deal of their time
foraging.

Another factor in gibbon behavior is that food supplies, though restricted,
are relatively constant throughout the year. There are variations in the
availability of certain foods, so the type of food taken will differ from
season to season, but the sheer number of plant species means that there is

always something to feed on however difficult it may be to find.?!

In such conditions gibbon numbers grow to the absolute limit allowed by
the forest larder. Hunger is thus likely to be a daily rather than yearly
problem.?> A further factor is that trees make gibbons less vulnerable to
predation, so populations are limited primarily by the carrying capacity of
the environment.”>



Other evidence is consistent with this shortage of food. In Malaysia, for
example, gibbons survive only below 500 meters. This is not because of
predation or competition from other species, but rather because any
significant reduction in food quality or increased effort involved in traveling
put their energy budget in the red. In other words, food is so hard to find
that a gibbon can barely find enough to maintain itself, even with an
exclusive territory. Nursing mothers have been seen in notably poor
condition. Intra-group squabbling over food is common and may account
for why the young are expelled from their group. Some gibbon species are
found at slightly higher altitudes, but even with these there is often too little
food to survive.”* One study found significantly higher rates of juvenile
mortality among gibbons where home ranges were larger and animals had
to travel further in search of food.?

Baboons, on the other hand, tend to live in environments where food
supplies are highly variable. Through much of the year and even (in some
areas) for several years in a row, food may be plentiful. But during times of
drought it can be very scarce, resulting in severe stress and even
starvation.’® This environment is associated with a different set of
behavioral responses.

The advantages of different behavior in different environments

Primatologists consider troop size to be a trade-off between foraging
efficiency and defense against predators. Feeding in large groups is
inefficient. If food supplies are scarce or scattered in small patches, a great
deal of time must be spent in searching for nutrients. A patch that would
feed an individual for an hour might feed a larger group for only minutes.
Socializing is an unnecessary distraction from time spent searching for food
or resting, and relatively infrequent socializing is a trade mark of groups
when food is scarce.

But if food is plentiful or in large patches, either because the land is
productive or because there are many deaths from predation or occasional
famine, then larger groups are better. More animals are available to provide
warning against predators, or even to attack them.?’ Larger groups may also
provide defense against competing groups of the same species. For



example, in one study of three baboons baboon troops impacted by a
drought, the smallest troop was driven from the most productive area so that
its numbers dropped by three quarters. Meanwhile, the larger groups
maintained or even increased their numbers.”® When large groups are
advantageous, socializing becomes a valuable way of cementing social ties
and holding the group together. This is the same benefit we saw from
socializing in hunter-gatherer bands.

An example of the trade-off between food supply and group size can be
seen in a study of baboon troops in Amboseli National Park, where groups
ranged in size from 8 to 44 members.”” Baboons in the smallest troop
obtained the same energy intake while spending half as much time foraging
as those in the largest troop. However, they were observed spending more
time near trees and were more likely to choose an elevated spot for resting,
indicating a greater caution about predators. In a Botswana baboon
population studied intensively over ten years, deaths from predation were
greatest during the floods, when troop members were scattered and less able
to warn other members of predators.>’

On the other hand, gibbons are rarely taken by predators because of their
agility and the time spent high in the forest canopy.’! On average, gibbon
populations contain a relatively high proportion of adults, indicating both
low mortality and low birth rate.’” In their environment, having too many
young could be a disaster. Pregnancy is a highly demanding state when food
is in short supply. Young that are born in less than optimal conditions are
unlikely to survive, and those that do will be weak and unable to compete.
Thus the best strategy is to limit breeding by delaying puberty and limiting
sexual activity. Territory is also a factor. Normally, gibbons will not breed if
unable to command an exclusive territory that can feed the mated pair and
their young. Without such a territory, a pregnancy is unlikely to produce
successful young and could put the female’s life at risk. Given that death
from predation is rare, it is far more sensible to wait for a suitable territory
to become available.

Environmental constraints also govern reaction to predators. Gibbons are
timid about predators, fleeing through the treetops at any sign of
disturbance. Generally, baboons are far bolder, though the actual response



depends on the predator. For lions, against which they have no defense, they
can only be vigilant, giving alarm calls and hiding in trees. But for leopards:

[If] the baboons are able to isolate a leopard in a bush, tree,
or aardvark hole, they immediately surround it, screaming,
alarm-calling, and lunging at it, seemingly without fear.
Although male baboons, with their size and enormous
canines, are much better equipped than females to fight a
leopard, the mass mobbing involves baboons of every age
and sex. Juveniles, adult females, even mothers with young
infants join to form a huge, hostile mob that tries to corner
the leopard. The attack continues even after some baboons
have received slashes on their arms, legs, and face that open

up huge wounds.*3

Leopards are not uncommonly killed by such attacks.

More abundant food makes animals bolder and more group-minded but
does not fully account for the level of aggression found in savannah
baboons. Aggression is part of a complex of social traits which will be
discussed in chapter four.

Paradoxically, timidity makes sense when the risk of predation is low.
Warning of a predator is dangerous and mobbing it far more so. Thus, there
is less point in doing it when escape is easy. But when the predator is likely
to make a kill, attempting to discourage or even kill it may be worth the risk
of confrontation.

Not only are gibbons, with their arboreal habitats, less vulnerable to
predators, they are also remarkably long-lived and have been known to
reach 44 years in captivity.>* Baboons are much shorter-lived. Female
baboons may live to more than 20 years if not taken by a predator, but the
life of male baboons could be described as “nasty, brutish and short.” Fierce
battles for dominance, together with predation, mean most never reach this
age.> Even in captivity baboons rarely live beyond the age of 30.%° This is
especially striking since larger animals typically live longer, and gibbons
are half or less the weight of baboons.>’



Both longer and shorter lives aid survival and success. If premature death is
unlikely, as for gibbons, the most successful animals are those which can
maintain their bodies and wait for better times. But if death can happen at
any moment, as among baboons, the best strategy is to put maximum effort
into breeding fast, even if it often shortens life. In one Botswana baboon
population most deaths among adult females and juveniles were due to
predation, causing up to 95% of adult female deaths. In a single year, 25%
of the troop’s adult females disappeared from confirmed or suspected
predation.?® To maximize offspring a female must breed as fast as possible,
because she may not be around next year.

This applies even more to males, since dominant males tend to sire most of
the young. Fierce competition for dominance and the consequent breeding
rights mean that male baboons often die from wounds sustained during
fights.>® So when predation is high the advantage shifts from long-term
survival to faster breeding.

A similar argument applies to choice of mates. It makes sense that animals
in food-limited environments should choose mates similar to themselves.
Success in a stable, competitive environment means adapting to local
conditions. An animal that does well in local conditions will reproduce
most successfully with a mate that is similarly adapted, not one with variant
genes that may be better suited to living somewhere else. Thus it is that
gibbons have elaborate courtship rituals, so that subtle differences in
behavior and appearance act to prevent interbreeding. Thus, regional
populations become more distinct and eventually form a multiplicity of
species, which is the case with gibbons.

By contrast, baboon environments are highly changeable so that having
variant genes may be an advantage. Thus, baboons are far less
discriminating and local sub-species readily interbreed, so that baboons are
considered as a single species.*’

Though there is no direct evidence that gibbons train or control their young,
such behavior in a food-limited environment would make sense. Offspring
are rare and vulnerable in a hungry world and need every care and
protection if they are to survive. In particular they must learn which plants
are good to eat and which are poisonous and where they can be found.



Overall, gibbon behavior is an adaptation to chronic food shortage and low
mortality, while baboon behavior is an adaption to normally plentiful food
and high mortality.

Changes in behavior as a response to environment

While gibbon behavior is an adaptation to an environment with limited
food, it is not a response to limited food. In a large number of studies no
clear exception has been found to the common gibbon pattern of one male
to one female (monogamy), with occasional families of two males to one
female (polyandry). As has been mentioned, even in captivity where food is
plentiful, gibbons are picky about mates and intolerant of their same-sex
adult offspring.*! Thus, gibbon behavior seems to be set by genes.

But this is not the case for many other species, including baboons and
vervets—a small monkey native to southern and eastern Africa. Both
baboons and vervets are found in a variety of habitats including mountain,
desert, savannah, and dense forest, sometimes in the form of different
subspecies. By their adaptability to a wide range of environments they
differ from gibbons, which are only found in dense forest. And just as
baboons and vervets can thrive in different environments, so they show a
variety of social structures to suit different environments. None of these
include monogamy with males and females paired, but the number of males
in a troop can vary from one to many. Troops thus vary widely in size. And
just as gibbons form small troops to adjust to a food-limited environments,
baboons and vervets form smaller troops in marginal habitats with lower
predation pressure. The link between behavior and environment is shown in
Table 1.5 below, taken from a study of two populations of vervets in the
wild—one in a productive swamp and the other in less productive dry

woodland.*?

Table 1.5 Ecological and demographic differences between two vervet groups43

Dry Woodland | Swamp

Food quality Lower Higher

Water availability Poor Good



Group size 9-13 11-25
Average age of female at first birth (years) 5-6 4-5
Median interval between births (years) 2 1
Average infant mortality in first year 59% 57%
Predator sightings per hundred hours 4 6

The dry woodland population shows behavior associated with species in
food-limited environments, such as gibbons. Troops are smaller and
mothers gave birth later and less often, presumably allowing them to invest
more in their young. This explains why the infant mortality rate is similar to
that of the better-fed population, despite their poorer living conditions.
Mothers did not spend more time with their young, but they were less likely
to break contact and deny them their nipple. Predators were less of a factor,
which is consistent with populations living near to the limits of its food

supply.

It is not just the mother’s behavior that increases care of the young in
marginal habitats. A study of baboons showed that during seasons of food
shortage the young were more likely to throw tantrums and thus achieve

more attention and care from their mothers.**

It 1s an axiom of primate social behavior that groups of the same species are
smaller in areas with scarcer food. As mentioned, the theory is that larger
groups protect members against predators and provide an advantage in
inter-troop competition. On the other hand, feeding is less efficient which
reduces female reproductive rates and increases mortality from causes such
as malnutrition or disease.*> Smaller groups are more efficient for feeding
purposes but provide less protection against predators and other troops.

For example, baboon populations in a marginal mountain area had smaller
troops compared to those in a more food productive national park. Mothers
also provided greater levels of care to their infants, with a longer interval
between births. In turn, infant survival rates were actually better than in
more typical baboon habitats with plentiful food.*® These findings are
consistent with the view that group size can be explained entirely in terms



of feeding strategy. Troops of wide ranging sizes allocated similar amounts
of time to foraging, in that they foraged with the same efficiency and
travelled approximately the same distances to do so.*” In terms of survival
and success this is the optimum strategy because it permits animals to
balance the advantages of smaller groups for effective foraging with the
advantages of larger groups for mutual support and defense. On balance,
group size among both baboons and vervets is a function of foraging
efficiency, food availability and predator density.

Another difference is that, though animals in food-limited environments
spend about the same time moving as animals in a more food abundant
environment, they tend to travel a great deal faster. Baboon troops in areas
with less than 700 mm of rain per year had a mean travel speed of around 2
km/hour, while those in areas with more than 1000 mm of rain travelled at
an average of 0.5 km/hour.*® When food is scarce and widely scattered,
faster movement has clear advantages in terms of locating food and thus
survival.

Many other studies have shown that primates in food-limited areas form
smaller groups. For example, a study of Japanese macaques found that on
an island where food quality was poor, the time animals spent on feeding
was 1.7 times greater than on an i1sland with better quality food. In the poor
environment, monkeys also spent significantly less time grooming each
other. There were fewer males in the groups but more solitary males outside
of groups—an indication of social intolerance. These macaques were also

more vigilant, even though there was far less aggression between groups.*’

A further finding from this study is that males on the less productive island
were never seen to mate with females in other groups or to transfer groups,
a behavior common on the more productive island. This perhaps indicates a
preference for mating with more similar and familiar animals, which is a
feature of behavior in food limited environments.

All of these species seem to be genetically adapted to environments with
more plentiful food, forming multi-male or one-male troops but not
monogamous pairs. But there are other species which vary in behavior but
with a bias towards food-limited patterns. Spider monkeys, which live in



similar environments to gibbons, form gibbon-size groups when food is
scarce but much larger ones in times of food abundance.>’

The snub-nosed langur of Mentawai, a forested island off the coast of
Sumatra, 1s one of the few primate species to be monogamous in its natural
environment. Part of the island had been logged some ten years before the
researchers arrived, and the forest regrowth provided ample food. The
langurs in this area were more numerous than in the non-logged area and
commonly formed larger troops with one male and multiple females. They
were also bolder. Though hunted intensively by local people in both areas,
those in the regrowth areas were noisier and less vigilant and thus more
likely to be captured. People came from far afield to hunt them and rarely
left without an ample catch, whereas in the untouched forest they often

ended up empty handed.’!

It should be noted here that spider monkeys and langurs in larger troops
exhibit the same boldness and large group dynamics but do not show the
same levels of aggression found among large troops of baboons. Again, we
will return to this important topic in chapter four.

The advantages of being able to change behavior as a response
to changes in food

For species in environments where food availability varies there are
benefits in being able to adapt behavior to different levels of food and
predator threat, especially since the change in food supplies can happen
very quickly. For example, snub-nosed monkeys in Yunnan form smaller
groups during the winter when food is less available, and larger ones at

other times of the year.>?

When food is scarce and predators few, the best strategy is to spread out in
smaller groups for more efficient feeding, travel faster in search of food,
and spend less time in social activities such as grooming. And when
predators are scarce, flight is a better response than dangerous practices
such as mobbing. Mobbing is also less likely to be effective when groups
are smaller.



The same argument applies to reproduction. When food is short, breeding
rapidly and too early is a danger to mothers and offspring. It is far better to
delay breeding until mothers are fully mature, and even then only when
sufficient food is available. Births should be spaced and greater attention
given to offspring to optimize their chance of survival. Ideally, individuals
in such a group would spend less energy on fast reproduction and more on
body maintenance and long-term survival.

When food is plentiful and predators are common, the opposite strategy is
preferable. Coming together in large groups provides better defense against
other groups and predators, to provide warnings or even attack them.

For optimum genetic advantage in food-affluent environments, breeding
should start early because there is ample food for even immature females to
rear their young. Birth intervals may be short and maternal care less
intensive but the young will likely survive. Males should compete fiercely
for reproduction, even at risk to their own lives, because they are unlikely to
live very long as a result of predation.

We can also appreciate why animals in a food-limited environment, such as
gibbons or monogamous langurs, should be more cautious about predators.
When there are few dangerous predators, population rises to match the level
of the food supply, so food becomes scarce. There is less point risking your
life by mobbing a predator when it is unlikely to catch you. When predation
is strong, however, population stays below the level supportable by the food
supply, so food becomes relatively plentiful. Predators pose an extreme
danger, so group size increases to allow for mutual warning and defense. In
parallel, animals become bolder which allows for active mobbing.

The preceding points explain why Mentawaian langurs apparently acted
contrary to their own survival interests, showing greater boldness in the
productive areas where hunting was more prevalent. Plentiful food switches
on the anti-predator response of larger and bolder troops, effective against
snakes and eagles but not against men armed with shotguns.

There are studies documenting that food shortage is associated with the
same behavioral response in humans as in non-human primates. In the
cross-cultural survey, people who live in societies that are short of food are
more monogamous and modest in dress than people in societies where food



is plentiful. Women in these societies are also more likely to report that they
do not enjoy sex (see Table 1.6 below).

Table 1.6. Behavior related to food shortage in the cross-cultural survey53 Behaviors associated
with food shortage in non-human primates are also more common in human societies reported as
short of food.

Shortage of food
Divorce restricted 25
Monogamy 22
Women less interested in sex 44
Modesty in dress 37*
*.01 significance Others: .05 significance

How do changed food conditions affect behavior?

Having identified the behavioral effects of food shortage, the next step is to
identify how this comes about. Granted that it benefits individuals in times
of food shortage to delay breeding or forming monogamous families, how
could shortage of food give rise to such behavior? And why would it cause
people to be modest in dress—something that has no parallel in animal
behavior and yet, as we have seen, is strongly linked to other food-restricted
behaviors (see Tables 1.1 and 1.2 above).

One hypothesis is that the primate groups become smaller in tougher
conditions because animals have less time to service their social
relationships. Another is that they split up because of competition for
food.”* Both of these ideas could be valid. Grooming plays a vital role in
social cohesion, so animals that need to spend more time searching for food
will have less energy for strengthening social bonds. And direct competition
for food has a role in splitting groups, as we saw with gibbons. It is also not
unreasonable that groups short of food should travel faster between feeding
patches. But such explanations do not easily account for the full range of
behavioral changes, such as why animals in food-limited environments flee



from predators rather than mob them, breed more slowly, and give more
attention to their young.

Biohistory proposes that the changes in behavior noted in tables 1.5 and 1.6
stem from a direct physiological response to hunger. This in turn has an
epigenetic effect—hunger changes gene expression so that genes become
more or less active.

Epigenetics is a relatively new field, but it has already led to powerful
insights into the ways in which individuals develop. The key point is that
animals which experience limited food availability, either because of a
food-limited environment or reduced predator pressure, undergo
physiological changes that alter their behavior. In effect, they behave more
like gibbons and less like baboons. There are of course limits to this change.
For example, the social behavior of baboons is far more flexible than that of
gibbons, but no baboon groups have been found with the social organization
of gibbons.

Note that a limited food supply or calorie restriction, which from now on
will be identified as “CR,” does not mean starvation. Numerous studies
have found that, short of malnutrition, CR has health benefits—Ilimiting
food intake delays aging and extends lifespan for many species, including
primates. Other effects include reducing the likelihood of diabetes, cancer,
cardiovascular disease and brain atrophy.” This reflects a shift of body
resources from fast reproduction to body maintenance and longevity,
responses that are optimal in environments with stable but limited food.

CR also appears to improve learning and memory—useful skills when
locating scattered food resources in an environment such as a tropical
forest. For example, a gibbon will be more likely to survive if it is good at
remembering the location of a fruiting tree and how to reach it.

In chapter two we discuss evidence that hormone changes resulting from
CR mediate the behavioral changes. Establishing this point is not easy in
the wild, but a study of four vervet populations found that leptin levels were
up to four times higher in the wet season, when food was more readily
available (leptin is a hormone known to increase with plentiful food). And
although female leptin levels varied widely depending on breeding



conditions, and the other results were not entirely consistent, male leptin
was lowest in the population with lowest rainfall and smallest troop size.>°

A recent study supplemented the diet of mice with minimal extra sugar, an
amount equivalent to a human drinking three cans of soft drink a day. This
is, in effect, a condition of super-abundant food, because of the high calorie
content of sugar. The mice not only had a higher death rate than the mice
which did not receive the supplement, but 26% fewer males were able to

establish territories.”’ In other words, well-fed animals are less territorial.

The genetic and environmental components of CR behavior

The most successful species are those most well adapted in body and
behavior to their environments. For example, gibbons are adapted to life in
the rainforest in that their long arms are well suited to brachiating through
the trees. A genetic predisposition to high CR behavior would similarly
adapt their behavior to the tropical forest, where predation is low and
population presses against the limits of the food supply. Adults would have
to work hard to find food. They would have fewer young but spend more
time looking after them so as to produce offspring that can flourish in their
environment.

Baboons are adapted to life on the savannah and are far better than gibbons
at moving along the ground. A genetic predisposition to low CR behavior
would be adaptive to their environment where food is normally plentiful
and breeding can occur early in the lives of females. They have no need to
spread out or work overly hard to search for food. The threat of predators
means they stand to gain from membership in larger troops, which provide
many pairs of eyes to detect danger and contribute mutual defense. Larger
groups also give them an advantage in competition with other troops.
Further, if local food resources become limited, a larger group provides
protection should it choose to migrate. A large, wellorganized troop is
better able to cope with the dangers of a strange environment than
individuals or scattered nuclear families.

Such broad differences arise through the process of natural selection. When
ancestral gibbons moved into the tropical forest, individuals with longer
arms are likely to have found more food than those less capable of moving



through the trees. Better-adapted animals would have more offspring
carrying their genes which, over thousands of generations, would lead to
their becoming the superb acrobats that we now observe. Similarly, in a
resource-scarce environment, animals with CR genes would tend to be more
reproductively successful in the sense that the survival rate of offspring
would exceed that of animals such as baboons, despite producing fewer
offspring in each generation. Such genes would also predominate in future
generations.

Moving into an environment with more plentiful food, adaptation would
work the other way. Genetically determined changes in patterns of
sociability would accompany changes in sexual behavior and care of
offspring. Behavioral changes would be hastened if all the CR systems
operated as a single mechanism.

However, mammals have a faster (though not perfect) way of adapting to
the environment than the slow process of natural selection. In the next
chapter we discuss how the complex of behavior associated with rapid
adaptation to changing food availability applies to other mammal species
such as rats and mice. Within limits, what we as human beings have
inherited is the capacity of individuals to change their level of CR-related
behavior as a direct response to specific environmental conditions. The
stimuli in this case are food-abundant and food-limited environments. The
genetic code does not need to change for this process to work. The relevant
genes can simply be switched on or off epigenetically via environmental
triggers acting through hormones.

A clear implication of the preceding points is that the level of CR-related
behavior is not always fixed or constant. Species adapted to a stable
environment, such as gibbons, have minimal need to alter their behavior.
But others, such as baboons and vervets, which inhabit multiple ecological
niches, need to alter their CR-related behavior to suit. One can predict,
therefore, that the greater the range of habitats, the more CR-related
behaviors can change.

Such plasticity has its limits. Forest-dwelling species such as Mentawaian
langurs vary between monogamous and polygamous behaviors, while more
open-country species such as baboons and vervets vary between multi-male



and polygynous. This suggests that each species has a genetic “set point”
for behavior that fits its most typical habitat, but that, within limits,
behavior can vary as an adaptation to different habitats.

“Natural” levels of CR-related behavior in humans

Based on the observation of the behavior of current hunter-gatherers, whose
subsistence patterns and social structures mirror those of our distant
ancestors, the human set point for CR-related behavior appears to be low.
Hunter-gatherers normally live in multi-family groups which travel and
hunt together. For example, camps of the Mbuti pygmies consist of at least
6—7 families, the minimum required for the Mbuti practice of hunting with
nets. Family groups move periodically and also change in composition as
people attach themselves to different relatives by blood or marriage. The
maximum size of such groups is determined by the needs of hunting. Too
many people are seen as a disadvantage.>® This pattern is nothing like that
observed among gibbons and langurs where couples or polygynous males
defend an exclusive patch of land. Subsistence patterns also have more in
common with baboons than gibbons. Men spend much of their time
hunting, which is far less routine than the intensive foraging of a rainforest
primate. In this sense they also show no trace of CR-related behavior.

For human beings, having a low set point for CR-related behavior makes
sense. Humans are physically adapted to life in the open, probably more so
than baboons. Our efficient striding walk allows us to cover long distances
in pursuit of prey, and compared with most primates we are poor at
swinging through trees or even climbing them. Unable to outrun lions or
leopards and poor at climbing trees, our ancestors suffered at the hands of
numerous predators, which once again would make group defense and other
low CR-related behaviors advantageous. This cluster of behaviors can be
still be observed in group-living hunter-gatherers.

Like baboons and vervets, humans show a relatively large range of CR-
related behavior. As mentioned earlier, civilized peoples tend to have very
high levels. A farmer or factory worker usually lives with their spouse and
dependent young on a defined plot of land (even if only an apartment), with
most of their working hours spent on routine tasks. In this sense he acts



more like a gibbon than a baboon or, in general terms, more like animals in
a food-restricted environment.

However, unlike many nonhuman primate species, in no known human
society do breeding couples defend their plots against all intruders, with
each partner driving away visitors of the same sex. On the contrary, people
in most societies tend to form pair bonds but are also highly cooperative.
This behavior suggests the presence of a genetic bias towards monogamy,
which takes a peculiar form. Instead of defending a territory, mated pairs
have a strong and enduring bond within what (in primate terms) consists of
a multi-male band. This applies to hunter-gatherers as much as farmers. In
this we are unlike gibbons or langurs, because it permits us to form
monogamous nuclear families even when CR-related behavior is only
moderately high.

Still, the level of activation of the CR systems does determine the degree to
which humans are faithfully monogamous. In some societies, such as
Victorian Britain, monogamous norms were immensely strong, though even
then not always observed. In other societies, such as in much of Africa,
polygyny and even promiscuity are widely accepted. The level of CR-
related behavior 1s indicated by the strength of the social forces requiring
monogamy or permitting polygyny and/or promiscuity. So allowing for the
fact that humans are more monogamous than many other primates, when
their CR-related behavior is weak they are more likely to exercise
polygynous and promiscuous behavior. Fig. 1.1 below depicts their overall
CR-related behavior in a number of primate species, including humans.

Fig. 1.1. Proposed set points and range of variation in CR-related behavior
in various primates. Baboons and vervets are changeable but more likely to
form multi-male bands. Langurs and gibbons are changeable but more likely to
form single-male troops or even monogamous pairs. Gibbons are finely adapted
to a food stable environment and thus less able to change behavior. Human
huntergatherers are more like group-living baboons, with the exception of
unusually strong pair bonds.
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An obvious objection to this approach is that many civilized peoples today
and in the recent past have relatively high levels of CR-related behavior
without being short of food. For example, America in the nineteenth
century had plentiful land and a fast-growing population, and yet was
clearly high in CR-related behavior by human standards. This suggests that
some factor other than food shortage was responsible for the behavior. To
identify this factor or factors we must first study the biochemical and
epigenetic effects of food shortage to gain an understanding of what CR-
related behavior is really about.
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CHAPTER TwoO

Foob RESTRICTION

In the previous chapter we discussed how changes in primate behavior are a
direct and adaptive response to environments where food supplies are
limited or abundant. This chapter continues the same topic by exploring the
physiological and behavioral effects of calorie restriction or “CR” in the
laboratory.

Starvation versus hunger

Starvation is highly stressful and dangerous to health. Starving rats have
compromised immune systems and are more likely to die from infection.'
Experiments in humans establish that semi-starvation results in extreme
fatigue and weakness, irritability, anemia, apathy, reduced coordination, and
loss of concentration.? And, malnutrition as a result of anorexia can cause
acute liver damage.’

By contrast, mild CR can have beneficial effects. In the majority of studies
reviewed in this chapter rats were provided only 25% less food than if
unrestricted, or 50% less for three days only, similar to that of properly
conducted weight-loss programs for humans. These diets contain adequate
levels of protein, vitamins and minerals. The initial set of studies,
conducted by the author and his associates at LaTrobe and RMIT
Universities in Melbourne, addresses CR-induced changes in blood
hormone levels and behavior.

The effect of CR on testosterone and other hormones



Numerous previous studies establish that CR reduces blood testosterone

levels.* We replicated these studies for 25% CR and 50% CR for three days
only. Fig. 2.1 below summarizes the results.

Fig. 2.1 confirms that ongoing food restriction reduces testosterone, though
not for the group that experienced restriction for only three days. To
understand the significance of this finding, we will consider the attitudes
and behavior associated with different levels of testosterone.

Fig. 2.1. Mean serum testosterone levels of calorie-restricted adult rats.
Even mild food restriction reduces testosterone. The Control group was not
calorie restricted. The CR 25% and CR 50% groups had 25% and 50% of their
normal calorie intake restricted throughout the study, and the Acute group had
50% calorie restriction for three days.
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Testosterone is a major male sex hormone also present in females but to a
lesser degree. Among males it is associated with a strong sex drive,
aggression and striving for dominance. Men with high testosterone are less
likely to be married or in a committed relationship. They spend less time
with their wives and divorce more often.® Higher levels of testosterone in
women are associated with the pursuit of sexual gratification and increased
libido.” Among non-human primates higher testosterone, which is

associated with plentiful food, is linked to increased sexuality and
weakened pair bonds.



The link between testosterone and aggression is strong in both animals and
humans.® For example, the most violent female and male offenders in
prison have higher levels of testosterone than their less violent
counterparts.” High-testosterone males are more likely to be delinquents, to
use drugs, to abuse alcohol, to go AWOL from the military, and perform
better in combat.!? These findings are consistent with studies which link
testosterone to sensation seeking and high-risk behavior.!! High-
testosterone people are also more gregarious and more likely to need and
seek the company of others to be happy.'?

High-status animals have higher testosterone levels than low-status animals,

a relationship mirrored in human prison populations.!? Outside of prison,
however, humans with high occupational status tend to have /lower
testosterone. Large scale investigations of military veterans establish that
testosterone levels are highest in the unemployed, next in blue collar
workers, next in those working in sales and professions, and lowest of all
among farmers, although a recent study of Australian males found the
highest levels among the self-employed.'* Ministers of religion also tend to
have low testosterone levels. And, on average, people living in the country
have lower levels than city dwellers. J. M. Dabbs, in his book Heroes,
Rogues and Lovers: Testosterone and Behavior, summarizes a half-century
of research:

High levels of testosterone evolved when the human race
was young and people needed the skills of youth. High
testosterone helped them compete, but it also led them to
take risks, fight, get injured, and die young and now it
interferes with many modern activities. High testosterone
individuals are energetic but impatient; they do poorly in
school and end up with fewer years of education; they can
dominate others in face-to-face meetings, but they have
trouble handling the complexities of business. They lean
toward harsh and competitive activities and away from
subdued and thoughtful ones. High testosterone is a
drawback when careful planning, reliable work habits and
patience are needed, or when workers must attend to the
needs of others. Except for a few of the top jobs in sports



and acting, high testosterone, to my knowledge, does not
contribute to financial success.!?

The link between testosterone and aggression helps explain why animals in
food-abundant environments are more aggressive and less fearful than those
living in food-restricted environments. In particular, it helps to explain why
baboons often mob or even attack predators, rather than fleeing as gibbons
and monogamous langurs do. They do so at least partly because higher
testosterone, as a result of more plentiful food, makes them more
aggressive.

A more complex picture applies to parenting, where the effect of
testosterone varies across species. In some species, such as tamarins,
testosterone is essential for paternal care,'® while in gerbils levels drop
when males begin caring for their young.!” Humans are similar to gerbils in
that the testosterone levels of men decline after their children are born.'®
Reduction in testosterone thus suggests an explanation for the better child
care provided by males in food-limited environments.

Testosterone is not the only hormone influenced by CR. As noted in chapter
one, vervet monkeys living in a food-limited environment have less leptin
in their feces than those living in a food-abundant environment. Like
testosterone, leptin is a hormone which influences the sexual behavior of
rats. Its administration can reverse the disruption of ovulation in CR
animals and restore fertility and sexual behavior.'” Our studies show that
leptin, like testosterone, is reduced by CR, but only for the 50% CR
group.?’ Fig. 2.2 below summarizes findings from these studies.

Fig. 2.2. Mean serum leptin levels of calorie-restricted adult rats.2] CR
reduces leptin for animals with 50% restriction.
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Among the three treatment groups only CR 50% led to a reduction in leptin
levels. Neither CR 25% nor 50% restriction for three days had any
significant effect.

Other hormones also respond to CR. For example, CR reduces luteinizing
hormone (LH) and follicle-stimulating hormone (FSH), both of which
trigger ovulation in females.”” In males LH stimulates the production of
testosterone and FSH promotes sperm production.

Calorie restriction and stress hormones

CR also affects stress hormones. Because hunger is stressful it might be
predicted that it would increase stress hormones such as corticosterone
(CORT) and adrenocorticotropic hormone (ACTH). But while mild CR
increases CORT in rats, it reduces or has no effect on ACTH.?

Stress is known to have damaging effects on health and well-being. Studies
have shown repeatedly that it is a major contributor in the development of
metabolic disorders. For example, in humans, cumulative psychological
stress has been linked to coronary risk factors such as resting blood pressure
and insulin resistance. Stress also severely impacts an organism’s ability to
fight infection and illness, which increases susceptibility to the common
cold.?*



But CORT also has a protective role, preventing these effects from going
too far.>> It facilitates recovery from stress by winding down stress
responses. For example, people who have made a full recovery from a
stressful experience show higher levels of cortisol (the human equivalent of
corticosterone) than those with post-traumatic stress disorder.?¢

Other stress-related hormones are not affected consistently. One study
found an increase in adrenaline with 50% CR.?’ Our studies found no effect
with 12.5% CR and 37.5% CR, but significant reductions with 25% CR and
50% CR.?® In these studies differences between individual subjects were
striking and may account for the varying results.

Calorie restriction and sexual behavior

CR can explain the reduced sexuality and delayed breeding of animals in
food-limited environments, in that it reduces testosterone, leptin, luteinizing
hormone (LH), and follicle-stimulating hormone (FSH). All of these affect
sexual activity and sexual maturation.

Laboratory studies of rats have found that CR produces the same behaviors
found in food-restricted primates. CR animals are less fertile, reach puberty
later, and engage less frequently in sexual intercourse.”” Although an
obvious reason for these behaviors 1s reduced testosterone, our studies
suggest that lower levels of leptin may also be important. For example, in
one study a 25% CR diet reduced testosterone but not leptin levels and no
decline in sexual activity was observed. However a 50% CR diet led to a
decline in leptin as well as testosterone and subjects took longer to mount
females, although their sexual activity was otherwise the same.>"

The more general finding is that even moderate CR reduces sex drive and
sexual desire. These effects have been observed in humans as well as
animals.?! Practitioners of CR diets commonly report a reduction in libido
and a general loss of interest in sex.>? Food reduction effects are far more
striking when CR is severe. An example is found in the Minnesota
Starvation Experiment, a study designed to gain insight into the
physiological and psychological effects of semi-starvation by giving men
50% of their normal caloric intake.’® The great majority of men who



participated in the study reported a complete loss of sex drive soon after the
initiation of diet.

Our studies also found that male CR rats were less attractive to females, in
that females spent less time investigating CR males. These findings are
mirrored by other studies which show that females of many species, such as
hamsters and mice, are less interested in the smell of CR males than of
those who are not food restricted.>* Weight is unlikely to be the reason,
since females paired with well-fed males showed no preference for heavier
males.??

Similar findings have been reported for humans. Women who are ovulating,
and thus in the most fertile period of their cycle, select the faces of men
with higher levels of testosterone. But during the less fertile days of their

cycle they prefer faces indicative of lower testosterone.>¢

Such findings suggest that women are able to detect men’s testosterone
levels from facial cues and make judgments regarding their mating quality.
From a woman’s perspective there is evolutionary sense in this. In
nonfertile times she can pair with a lower testosterone male—one who 1is
more likely to support her and her offspring (as we shall see)—while
maintaining the option of being fertilized by a male with higher testosterone
who is thus, at least in animal terms, fitter. High testosterone indicates that a
male is likely to be better fed and socially dominant, suggesting superior
fitness.

High testosterone levels also suggest that an animal has a strong immune
system, in that they have been associated with depressed immune function.
If so, a male with a high level who looks healthy must have very “good
genes” because he has resisted infection, despite the handicap of high
testosterone.’’ By analogy, if two men are equally fast at running a race but
one is weighed down by a heavy pack, the man with the pack will be
viewed as more fit. Like a heavy pack, testosterone is an immune system
handicap.

The same explanation has been offered for anecdotal reports that “jocks™ in
high school have greater dating success than “nerds.” Football players tend
to have relatively high testosterone levels while, as noted, professionals and



other white-collar workers have lower levels.>® But high testosterone levels
do not always improve mating success. In the previous chapter we noted
that mice given extra sugar were less successful at breeding because they
were less able to defend a territory. The same applies to gibbons, which are
normally unable to attract a mate without having established an exclusive
territory. An analogy would be to the high school jock who grows up to
drive trucks for a living, compared with his nerd classmate who founds a
multi-million dollar software company. Even with his dominant personality
and high testosterone, the truck driver may have less long-term success in
finding the most desirable mate.

Calorie restriction and health

Many studies have shown CR to be good for health. CR animals tend to
have increased lifespans, greater resistance to disease, and fewer age-related
diseases.’” Fig. 2.3 below shows the results from a study designed to
determine if CR rats recover more quickly from a fever induced by
injection with lipopolysaccharide (50 pg/kg). This experiment is a standard
test of disease resistance that poses minimal danger to an animal’s health.

The findings in Fig. 2.3 can be understood in terms of animals adapting to
limited food availability by transferring resources from reproduction to
body maintenance. If breeding is difficult in its current environment, an
animal will expend more effort in maintaining itself so as to be alive and
healthy when more food is available. This is part of a strategy that is likely
to pass on the maximum number of genes to the next generation. In effect,
when food is plentiful and females are available for mating, this means
breeding as much as possible, even if it means a shortened lifespan.
Otherwise, look after yourself and wait for better times.

Other studies have shown CR to improve learning, memory and motor
performance among aged rats and mice, and to some extent in younger
ones.*” As indicated in the last chapter, better learning and memory may
help animals to search for and remember the locations of food in a foodpoor
environment.



Fig. 2.3. Recovery from fever by control and calorie-restricted rats.*! While
the control group showed a fever for six days, the 25% CR group began to
recover rapidly after three days, and the 50% CR group showed little evidence of
fever at all. This suggests that calorie restriction increases resistance to disease.
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Calorie restriction, exploration and activity

CR animals are more exploratory. As a rule, rats prefer closed to open
spaces as a way of avoiding predators, and take time to begin exploring
open areas. The key difference is that CR rats are quicker than control rats
to venture out. They spend more time in open areas as well as more time
exploring novel environments.*> This behavior is not driven by hunger as
such, because exploration persists for up to ten days after unlimited food is
restored.*® Related studies find that 50% CR rats rear up on their hind legs
—a sign of exploration—more often than controls.**

Other studies have found CR animals to be more mobile and spontaneously
active than controls.*> Again, this does not appear to be primarily a search
for food as it persists even when there is no available food and the
“activity” involves running on a wheel. These behaviors are quite distinct



and even opposite to the effects of starvation, which typically induces
lethargy.

Calorie restriction and fear of predators

Willingness to explore and enter open areas is a standard test for low
anxiety in rats, which suggests that CR animals are less anxious. However,
studies have shown that 25% CR animals are more cautious when
encountering cat urine. They are slower to enter areas marked with urine,
more likely to flatten their backs and extend their hind paws (signs of
caution and risk assessment), and more likely to freeze. They also groom
themselves less, which for rats is another indication of caution.*® All of
which suggests that CR rats are more anxious than controls. How can these
findings be reconciled?

The key 1s to recognize that neither behavior is indicative of anxiety, but
both are adaptive responses to food shortage. When food is scarce and
scattered, animals must spend more time and effort seeking it out—even
before they feel hunger. This makes them more exploratory. But shortage of
food indicates that predators are less of a danger, because if they were then
the population would be controlled and food more plentiful. So rather than
fight the predator or give warning, the best response is to flee. Both these
behaviors are seen in food-restricted populations in the wild. As we saw in
the last chapter, animals in such populations spend more time searching for
food and are quicker to flee from predators—gibbons more than baboons,
and monogamous langurs more than polygynous langurs.

Calorie restriction and reduced sociability

The same approach explains another aspect of CR behavior—that CR
animals are less sociable. A group of rhesus monkeys which experienced a
severe three-week food shortage became less sociable and spent less time
grooming and playing than when well fed.*” A study of men on a 50% CR
diet for six months also found them to be significantly less social. And
obese women on a severely restricted diet were less likely to indulge in
social eating.*®



CR animals are less tolerant of members of their own species, attacking
strangers more fiercely and persistently.*” CR rats initiate interactions with
unfamiliar rats sooner than controls. They also engage in more ongoing
contact including “walking over” unfamiliar rats, which is a sign of
dominance.’® Traditionally, contact frequency is considered a sign of
sociability, but from the above discussion it is clear that it can better be
interpreted as wariness of strangers.

Like exploration and fear of predators, these behaviors are adaptive
responses to food shortage. When food is scarce and scattered, feeding in
smaller groups or as individuals is more efficient. Food shortage also
indicates that predators are not as dangerous, so there is less need of larger
groups for warning or defense. This means that other members of the
species are more likely to be seen as competitors for food, best kept at a
distance. These findings are consistent with the observed lower social
tolerance of animals living in food-limited environments and their tendency
to spread out and form smaller groups. The extreme form of such behavior
is the territorial monogamy of the gibbon.

Calorie restriction and better maternal care

CR also improves maternal behavior. Relative to controls, 15% CR and
30% CR females spend more time close to their pups, suckle them more
intensively and for longer, and engage in a greater number of maternal
activities.’! Further, females on a 25% CR diet while nursing maintain
better nests and are quicker to retrieve pups when scattered.>>

Levels of parental care vary enormously across species. Some, including
most fish, do nothing to protect or nurture their young. Others, of which
humans are perhaps the best example, provide protection, nourishment and
intensive training for years or decades. Species’ levels of parental care
correlate with lifespan, environmental stability, body and litter size, and
other factors.”> What CR seems to do is improve parental care so that the
young have a better chance of survival in tough conditions, and also provide
a competitive advantage in an environment where only the fittest
individuals have a chance to breed.



Summary of the effects of calorie restriction on individuals

In the previous chapter we saw that animals in food-restricted environments
show differences in behavior that adapt them to the needs of those
environments. In this chapter we have seen that all of these behaviors can
be explained as a direct response to mild food restriction. Calorie restricted
animals become more active and exploratory, more fearful of predators, less
sociable, and less tolerant of other members of the species. They reduce
mating and breeding but take better care of their young. Their body
maintenance systems cause them to live longer. They have reduced
testosterone but higher levels of cortisol.

Effects of maternal calorie restriction on offspring

It is now time to consider how restricting the food of mothers affects their
adult offspring. The first point to make is that severe food restrictions on
mothers can harm their adult offspring. Rats whose mothers experienced
50% CR during gestation and nursing were more easily stressed and
showed higher levels of CORT and ACTH as adults.>* But the mild or
short-term CR of mothers has very different effects, as indicated in Fig. 2.4.

Fig. 2.4. ACTH levels in the adult offspring of CR mothers.”> ACTH levels
are lower in adults whose mothers were exposed to CR before conception,
gestation or lactation. CR restriction was at 25%, except for the pre-conception
group whose mothers experienced 50% CR for three days only.
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* Denotes a significant difference from the control group at p<0.001.

While severe food restriction of mothers is associated with higher levels of
ACTH in the adult offspring, mild or short-term food restriction is
associated with lower ACTH. Fig. 2.5 below finds a similar pattern for

CORT.

Not only is this the opposite effect to severe food restriction in early life, it
is also opposite to the effect of CR on adults. Adult CR increases CORT,

while experience of mild CR in early life reduces it.

Fig. 2.5. Serum corticosterone in in adult rats whose mothers were calorie
restricted. CORT levels are lower in adults whose mothers were exposed to CR
pre-conception, during gestation or during lactation. CR restriction was at 25%,
except for the pre-conception group whose mothers experienced 50% CR for
three days only. This effect is opposite to that of CR on adults, which increases

CORT.
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More surprising and significant findings emerge from studies measuring the
effects of maternal CR on leptin and testosterone, both of which are reduced
by adult CR. Figs. 2.6 and 2.7 show the results of these studies in which
maternal CR selectively increases the levels of these hormones in adult
offspring.

Fig. 2.6. Serum testosterone levels in rats calorie restricted in early life.>©
While CR reduces testosterone in adults, there are indications that maternal CR
increases testosterone in the adult offspring.
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Fig. 2.7. Serum leptin levels in adult rats whose mothers were calorie

restricted.”’ Calorie restriction reduces leptin in adults, but three days of calorie
restriction before a female conceives increases leptin levels in her adult

offspring.
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The findings from Figs. 2.4-2.7 are summarized in Table 2.1 below.

Table 2.1. Effects of calorie restriction in adults, and in the adult offspring of CR mothers, on
testosterone, leptin, ACTH, CORT, and adrenaline.




Testosterone | Leptin | ACTH | CORT | Adrenaline
CR in adults Lower Lower | Stable | Higher | Variable
or
lower
Effect on adults of Higher | Higher | Higher
severe maternal CR
in infancy
Effect on adults of Higher | Higher | Lower | Lower | Lower
mild maternal CR in
infancy

Better maternal care in the form of licking and/or grooming has been linked
to lower ACTH and CORT in the adult offspring,>® but this does not appear
to be the reason for these findings. Although females experiencing CR
while nursing were better mothers, those experiencing it before conception
or during gestation were not, yet the same pattern appears in all three
groups.

Effects of maternal calorie restriction on offspring behavior

The adult offspring of CR mothers clearly have different hormone patterns
from controls. Their behavior also differs. Studies have found that 50% CR
during gestation and lactation cause adult offspring to become more
aggressive and dominant, as indicated by walking-over behavior in which
animals crawl over one another. These animals are also more active in
initiating interactions and responding to partners than controls>>—behaviors
which last well beyond the period of food restriction.

In our experiments, adult CR rats spent more time in the open arm of a
maze than controls. This behavior is taken as indicating greater interest in
exploration. Studies of 25% maternal CR found no difference in this test.
However, the combined results from pre-conception, gestation, and
lactation groups revealed fewer entries into the dangerous (for rats) central
and middle zones of open fields during the first five minutes of testing.®



The pre-conception group was lowest on entries and slowest to emerge into
the open. This behavior profile is again opposite to that of adult CR.

Other studies revealed that adult CR rats are more active in investigating
strange animals, a behavior that was also present in the adult offspring of
the lifelong and gestation groups. The lifelong group also showed more
dominance behavior such as pinning, walking over, and wrestling. (Pinning
is one animal holding another down, with the latter’s chest touching the
floor.) This is consistent with the observed effects of adult CR.

However, the offspring of the pre-conception group spent less time
wrestling than the offspring of the control group. Again, this is opposite to
the effect of adult CR and opposite to the finding noted above, that the adult
offspring of 50% CR mothers were more aggressive. The point to
emphasize here is that the effects of mild maternal CR on offspring are in
most ways the opposite to those of adult CR. Adult CR makes animals more
willing to explore but their adult offspring are less willing to explore. This
outcome depends on the offspring receiving plentiful food in later life,
however. The offspring of the lifelong CR group, which also experienced
food shortage as adults, behaved much like the adult CR group. They were
more exploratory and more likely to investigate and dominate strangers by
walking over and pinning them.

Effects of maternal calorie restriction on offspring sexual
behavior

Recall that adult CR reduces interest in sex and sexual activity, which is
consistent with the finding of reduced testosterone. However, mild maternal
CR has the opposite effect here also. With 25% maternal CR, a clear
increase is observed in sexual activity among the offspring of mothers
experiencing calorie restriction in the pre-conception period. These subjects
also showed the biggest rise in testosterone.®’ All maternal CR groups
started copulation by mounting the females sooner than animals from the
control group. Further, the lactation and pre-conception offspring reached
ejaculation sooner and more often than control subjects. The only offspring
group not to show increased sexual activity was the lifelong group, which
was similar in its behavior to the control group. Because adult CR reduces



sexual activity and maternal CR increases it, the effects cancel each other
out.

Effects of maternal calorie restriction on gene expression

We now turn to possible causes. How is it that the same stimulus, mild CR,
can have opposite effects on both hormones and behavior when experienced
in early and later life? This brings us to gene expression, or epigenetics.

Genes have their effects on the body by the production of proteins. Proteins
can be in the form of hormones, such as testosterone or cortisol, or other
substances such as enzymes. Various factors affect gene activity, meaning
how much (if any) of a protein is produced (or ‘expressed’). Recent
research has shown that the activity of genes can be influenced by the
environment, especially in early life. This is called epigenetics. An
epigenetic effect occurs when a stimulus in the environment changes the
activity of a gene and the activity is passed on in cells when they divide.
One way this happens is through the attachment of methyl groups to
sections of DNA, a process known as methylation. Heavily methylated
sections of the genome tend to be less active in producing proteins.

In some situations epigenetic effects can be ‘inherited’ in the sense that they
transfer directly from parent to child, although the effects fade over
generations if the environmental stimulus fails to continue. For example,
one study from Sweden found that the experience of famine or abundance
during late childhood (roughly ages 9—12 in boys and 8—10 in girls) had a
major impact on the lifespan of grandchildren. Boys whose paternal
grandfathers experienced famine lived far longer than those whose
grandfathers had access to ample food.°> In other words, early life
experience had an epigenetic effect that carried across two generations. In a
similar study, epigenetic effects were observed among individuals
conceived during the Dutch famine of 1944. Overall, they were more likely
to suffer from obesity and those affected during the second trimester had a

higher incidence of schizophrenia.®

Studies conducted by the author and his associates have been more limited
in scope. Much of our work has been directed at identifying the effects of
early experience on adult character. This research has also focused on the



effects of mild food restriction rather than extreme deprivation states such
as starvation. Currently we are measuring the activity level of a number of
genes with known effects on hormones.®* While this research is in a
preliminary stage, early findings point to profound epigenetic effects on the
offspring of calorie restricted rats.

For example, one gene strongly affected by maternal CR is the androgen
receptor. Similar to a thermostat, it reacts to high levels of testosterone by
shutting down testosterone production, thereby preventing testosterone
levels from rising beyond a certain level. Maternal CR appears to
downregulate or dampen the activity of this gene in offspring, which should
allow testosterone to rise higher than otherwise. This may explain why
maternal CR is associated with higher testosterone and greater sexual
activity in the offspring.

An interesting finding from this study is that the pre-conception, gestation
and lactation groups all show a significant reduction in the activity of this
gene compared to controls. The lifelong group is an exception in that it does
not show a reduction, which raises the possibility that CR in the later life of
offspring may partially reverse the effect of maternal CR on the androgen
receptor.

Our results suggest that the epigenetic effects of maternal CR are complex
yet can be significant, in some cases doubling and in other cases halving the
activity level of specific genes. Changes of this magnitude can account for
many of the observed changes in hormones and behavior.

The one critical point stemming from these studies is that early CR has an
effect which is dramatically different and even opposite to the effects of CR
in later life. In later chapters, especially chapter 5, we discuss evidence that
CR-type influences on infants can have quite different and even opposite
effects to those in older children (ages 6-12) and adolescents. Such
differences provide a basis for understanding many aspects of human social
behavior.

Summary and conclusions



This chapter has reviewed studies on the effects of mild food shortage on
laboratory rats. One key effect of CR is reduction in testosterone, a
hormone associated with aggression, sociability, and sexual activity. CR
also reduces leptin, a hormone associated with sexual activity. In neither
case does this appear to be a stress reaction.

In terms of behavior, CR rats tend to be less sexually active. They explore
more actively and are more willing to enter the exposed arm of a maze,
behaviors which are usually taken as signs of low anxiety, yet they are more
fearful of cat urine. They are less sociable and quicker to investigate and
climb over strange animals (a sign of dominance).

On balance, female rats exposed to CR become better mothers. They spend
more time their young, build better nests, and are quicker and more efficient
at gathering pups back into the nest.

The effect of mild maternal CR on offspring is not only different from that
of adult CR but in some ways opposite. In particular, offspring show less
evidence of stress. (By contrast, severe maternal CR results in infants with
higher levels of stress as adults). The offspring of CR mothers were also
less exploratory but more sexually active than controls, behaviors that are
the opposite of the effects of CR on adults. The offspring also showed a
dramatic change in the activity level of certain genes, although there are
indications that later CR may partially reverse these effects.

These findings indicate that the behavior of animals in food-restricted
environments, as described in the last chapter, can be explained largely as a
direct physiological response to mild hunger. The experience of mild food
shortage brings about exactly the kind of changes that are adaptive in such
environments. It causes animals to spread out, be more active in their search
for food, flee from predators, limit and delay breeding, and provide better
parental care.

In the next chapter we discuss how these biological systems can help
explain much that is otherwise puzzling and inexplicable in human
societies. For example, people in more complex societies tend to show
family and social patterns characteristic of food shortage, even when food is
plentiful. Occupationally successful people tend to have lower testosterone
than then those who are low-skilled and unemployed, and testosterone



levels may drop as food becomes more plentiful, findings that are opposite
to observations in animals. It also helps explain why our species struggles
so much with sexual behavior. Finally, we will see how changes in attitude
and behavior associated with food shortage underpin civilization.
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CHAPTER THREE

THE CivILIZATION FACTOR

In chapter one we saw that certain forms of family and social behavior are
characteristic of societies with large political units and complex economies.
These behaviors include nuclear monogamous families, curbs on sexual
behavior, late marriage and control of children. We proposed that, among
many non-human primate species, similar behaviors can be explained as a
direct response to food shortages which allow animals to adapt to food
limited environments. When food is chronically short, social bonds break
down so that troop size decreases. At the extreme, as with gibbons, a single
mated pair with their immature young defends an exclusive territory. As
part of the behavioral adjustment to scarce food, animals more frequently
patrol their territory to repel possible intruders and protect their food
supply. Such behavior is carried out at the expense of rest, socializing and
sex. In the sense that they spend more time searching for food, animals in
food-restricted environments can be seen as more industrious. They also
make better parents, spending more time with their young and looking after
them more carefully. And they are more likely to flee from predators.

In chapter two we reviewed studies of the biochemical effects of calorie
restriction (CR) primarily on laboratory rats. We showed that restricting
food to females before and after giving birth (maternal CR) has epigenetic
effects on their offspring. Maternal CR affects the expression of certain
genes which leads to changes in the physiology and behavior of offspring in
later life. Maternal CR has a similar effect to adult CR in rendering animals
more exploratory, but it can also have opposite effects such as increasing
testosterone. It is important to note that these effects are quite distinct from
those of stress, such as might result from starvation. For example, mild



adult CR reduces levels of the stress hormone ACTH, while severe stress
increases 1t. And, maternal CR also reduces ACTH levels in adult offspring.

Relating animal studies to humans

How do these findings relate to human behavior? In particular, why do
people in civilized societies behave—in some ways—as if they are short of
food? And how can they do so even when food is relatively plentiful?

A useful departing point for answering these questions 1is the
wellestablished finding that CR reduces testosterone in both humans and
animals. Moreover, the studies cited in chapter two show that humans with
low testosterone behave differently than do those with higher testosterone.
They engage in significantly less sexual activity, physical aggression and
face-to-face confrontation. They have more stable marriages, stronger
interest in their children, and are more likely to closely govern the behavior
of their children. Further, they tend to control their own impulses, are less
likely to use drugs, and are less outgoing and sociable.

Crucially, they are also more likely to be employed and to excel in
occupations that require repetitive working routines and delayed
gratification, such as farming or white collar occupations. Successful high
testosterone individuals tend to sports stars or entertainers—professions that
employ relatively few people.! Thus, in civilized societies, low testosterone
is more likely to be associated with economic success.

The behavior of humans with low testosterone is in many ways similar to
that of food restricted animals. Like low-testosterone humans, food
restricted animals are less sociable, more interested in their offspring, more
timid, and more likely to form exclusive pair bonds. The greater capacity of
low testosterone people to work and to do so for future rewards also has
analogs in animal behavior. These include low impulsivity and a greater
willingness to explore and search for food even when not hungry.
Comparable behavior is observed among hunter-gatherers and primitive
horticulturalists where food is chronically scarce, in that monogamous
marriage and paternal involvement in the provision of food are more

common in populations living in these environments.” These findings



suggest close similarities between humans and other primates in the effects
of CR.

However, as also mentioned in chapter one, CR behavior in humans is
usually associated with advanced and complex societies in which food is
not always scarce. To account for this apparent contradiction it is necessary
to recognize some new factors, as findings from English history illustrate.

Food-restricted behavior and economic success

Turning to England of centuries past, the individuals most likely to restrict
sexual activity and form nuclear monogamous families were members of
the industrious middle classes who were unlikely to be short of food and
who had above-average numbers of children. In his well-researched book A
Farewell to Alms, Gregory Clark documents how for hundreds of years
better-off families tended to have more surviving children than the poor. For
example, a study of English wills in 1585—-1638 establishes that men with
an estate of more than £100 had 40% more children than those with smaller
estates. Occupation accounted for only one fifth of the difference in wealth.
In terms of surviving children, wealth mattered far more than education or

literacy.?

The story does not end here. Differences in wealth occur for a reason.
Contrary to popular opinion, wealth in the past was only partly the result of
inheritance. Pre-modern England had a relatively high rate of social
mobility.* There was a ready market in land and it was possible for an
energetic and frugal laborer to buy property and move up the social ladder.’
But the main form of social mobility (in contrast to much of the modern
world) was downward, because wealthier families had more surviving
children. This meant that their property tended to be divided among a
greater number of heirs so that each child received less. A study of
seventeenth century wills in Suffolk records that at the time of their deaths,
nearly half the sons of higher-class testators ended up with less wealth than
their parents.®

The effect of downward mobility can compound over generations. For
example, of 70 families owning small parcels of land in Halesowen in the
years 1270-82, only 25 had any direct descendants owning land in 1348.7



The rest of the descendants had lost their lands, emigrated, or their line had
died out.

Better-off men were more likely to have better-off sons. Why this was so
Clark does not explain, but a good possibility is that it had more to do with
inheritance of character and work ethic than inheritance of wealth—points
addressed in detail in later chapters. In one study of 147 father-and-son
pairs, the sons with multiple brothers and sisters (and thus children with
potentially less wealth to be inherited) were just as likely to end up as well-
off as those with fewer siblings.® Given their system of primogeniture,
aristocrats were able to maintain family wealth without a powerful work
ethic, but this was only a small segment of the population.

Thus, for the great majority of people, the only way to maintain family
wealth was through the CR-related behaviors of industry and frugality.
These people were not wealthy by modern standards or even those of the
time, but they were less likely than the poor to be short of food. And yet, in
a seeming paradox, it was this group which showed the industry and
frugality which we have associated with food shortage.

Introducing “C”

Here, a new terminology is needed. Because CR-like behavior is only
partially related to food shortage in human societies, we need a term for the
biological system that responds to environmental stimuli and leads to CR-
like changes in temperament and behavior. In human societies this system is
strongest in large states with complex economies, or what we commonly
refer to as “civilizations.” Because of this we will refer to it as “C.”
Civilized societies, and animals chronically short of food, tend to be high C.
Smaller-scale societies, and animals with plentiful food, tend to be low C.

The advantages of low C

In chapter two we discussed how behavior linked to food restriction in
animals—now identified as low C behavior—can be beneficial to humans
in some situations. For example, low C men have high testosterone. They
tend to be dominant in face-to-face interactions, attractive to women, are



often successful in sports and entertainment, and are bolder if less-
disciplined soldiers.

Low C is well suited to life as a hunter-gatherer. In these societies men have
little need to do routine work. Studies of 13 societies in which people live
by hunting, gathering and shifting agriculture document that men work an
average of 5.3 hours per day compared, for example, with 8.2 hours per day
in Great Britain in 1800.° In such societies men have little need to do
routine work and a great deal to gain by developing strong social bonds.
The most successful men will be those who are aggressive, dominant and
impulsive, good at hunting and war, able to form strong bonds with their
fellows, and skilled at seducing fertile women. In these societies lower C
men, like many dominant animals, may have shorter lives but more
offspring.

The same points apply to the struggle for survival between small groups.
Hunter-gatherers and small-scale agricultural societies are usually insecure
as a result of constant feuds and raids. Under these conditions, bonds
between group members and group defense are vital for survival and offer a
distinct advantage over scattered families who are less able to cooperate
with each other.

Nor is there any need to spread out in search of food. Most huntergatherers,
and early-stage agriculturalists who practiced herding and horticulture,
could feed themselves with a few hours of work per day, leaving ample
time for socializing, leisure and sex. Constant small-scale warfare is one
reason why these populations rarely increased in size to the point that their
food supplies were compromised. In his book on Yanomamo villages in the
Amazon basin, W. J. Smole explained that people needed a much larger
territory than their subsistence requirements so that they could hide from
enemies. '’

Viewed this way, our ancestral environment was more like that of a baboon
troop with abundant food, rather than that of a gibbon family searching out
scarce and scattered food in a tropical forest. In short, most hunter-gatherer
societies bear a closer resemblance to cooperative baboon troops than to
competing and intolerant gibbon families. The one key difference relates to
sexual behavior, as discussed in chapter one. Primate species like baboons



that form multi-male troops tend to be promiscuous, with dominant males
getting better access to fertile females. Huntergatherers are more likely to
indulge in promiscuity or polygyny than people in civilized societies, but
they also develop strong pair bonds. Apart from this one area, however,
humans are a naturally low-C species—sociable, cooperative and not

especially hard-working.'!

High C and farming

The low-C temperament was ideally suited to the needs of our
huntergatherer ancestors, but this changed when people began to settle
down and become farmers. The rise of farming is usually seen as stemming
from the development of food crops and domesticated animals. To a large
extent this explains why agriculture first arose in areas such as the Middle
East that had wild plants and animals suited to domestication, an
interpretation Jared Diamond proposed in his seminal work Guns, Germs
and Steel.'” But farmers also need to have the temperament for routine hard
work, and to plan carefully for the future by, for example, selecting and
putting aside quality seeds for next year’s crops. This requires a different
temperament from that of a hunter-gatherer—one with higher C. Thus,
while low-C behavior is beneficial in hunter-gatherer societies, the
advantage shifts to higher C with the rise of farming.

An example of the importance of temperament in performing routine work
is found in the behavior of the forest-dwelling Mbuti pygmies of Central
Africa. In recent times, Bantu-speaking farmers have colonized parts of the
forest by converting land for agriculture. The Mbuti appreciated the benefits
of farming but were far less keen on the hard physical work it demanded.
As a result, they only rarely worked in the fields and were more likely to be

employed as plantation guards.'?

The Mbuti simply did not have the temperament for the monotonous tasks
involved in farming. This same type of temperament can be seen in hunter-
gatherers at the fringes of Western society. Jack McLaren’s account of an
attempt to run a coconut plantation in north Queensland a century ago
indicates the problems that arose from the use of aboriginal labor. The
workers were keen on trade goods but reluctant to work for more than a day



at a time, and were inconsistent even on the days they did work. They
tended to doze the afternoon away if permitted, and would down tools at

any time to dig yams or chase a wallaby, needing constant supervision. '

Hunter-gatherers have proved far more adept at herding cattle, which has a
great deal in common with hunting, than more monotonous tasks such as
farming. For example, aboriginal Australians were accustomed to hunting
emus by herding them into purpose-built corrals, and so took readily to
stock work.!> Pastoral work is clearly more congenial to a low-C
temperament than farming.

The biological basis of work

But why should a temperament that adapts animals to food-restricted
environments suit human beings to routine work such as that involved in
farming? The answer can be found in studies showing that CR animals
search for food even when they are not hungry, as suggested by the more
active exploratory behavior of calorie restricted rats. In human terms, they
are “working” for future, rather than immediate, benefit. This is exactly
what a farmer must do—preparing the field now in the expectation of food
harvested several months in the future. It 1s also what a student does,
sacrificing present consumption for a better income in the future. Such
activity may also be at the expense of socializing and sex, and in this sense
a hard-working human also acts much like an animal in a food-restricted
environment.

It is even possible that the human race was prepared for the rise of farming
by a genetic change to slightly higher C. Between two-hundred and fifty
thousand years ago, human skulls became rounder and brow ridges less
prominent, both signs of lower testosterone.'® The change could have been
driven by the benefits of slightly higher C, such as in making possible
greater care by fathers. This could help explain one of the greatest puzzles
of the human past—why agriculture developed in several different regions
within a few thousand years, using completely different plants and with no
plausible contact between at least some of them. Points of origin include the
Middle East, East Asia, New Guinea, the African Sahel and Meso-America.



By modern standards all humans were low C before the rise of agriculture,
but they may have been slightly higher C than in the distant past.

The biological basis of the market

Civilized peoples not only work harder at routine tasks, they are also more
likely to relate to each other through the market. Relating this to biology is
more difficult. No animal has the intellectual equipment to build and
operate in a market economy, which involves spending effort to earn
something that only has value in exchange for something else. But
speculating for a moment, what kind of temperament would allow a rat or
monkey to flourish in a market economy once it developed the intellectual
capacity to build one? A possible answer can be found in the concept of
impersonality. A territorial animal is oriented towards a piece of ground
rather than to other members of the species outside the nuclear family. This
is a relatively impersonal attitude, and it differs from that of huntergatherer
bands and primitive agriculturalists. These are territorial in the sense that
they drive intruders away from their tribal territory. But their primary
relationships are with individuals within the band, and these tend to be close
and reciprocal. For example, a successful hunter shares the meat from his
kill in the knowledge that others will do likewise with their kills. Or, as in
Melanesia, a man may give away food during competitive feasts to gain
status.!” These primary economic relationships are personal between the
people that participate.

Money and market economies, on the other hand, mean distributing goods
in ways that are largely independent of personal relationships. They are
impersonal. If someone has money they can usually buy the goods even if
not related to the vendor. It is not necessary that the buyer even know the
vendor prior to the transaction. This impersonal exchange is critical to the
way that market economies work. A stall holder in a public market would
not last long if they gave away produce to friends and family and refused to
sell to strangers.

All known human societies engage in trade. Tribal peoples, for example, are
quite capable of trading with people outside their band and tribe, and at
times even with enemies. Margaret Mead gives many examples of such



trade in New Guinea, including the Mundugumor buying mosquito nets and
the Tchambuli selling baskets and buying captives.'®

But people in less complex societies tend to focus on more personal forms
of distribution, with both temperament and culture making it difficult to
adjust to the market economy. For example, present-day Indigenous
Australians often find it difficult to accumulate property because of the
obligation to share their money with close kin. A study of urban Aboriginal
households in Melbourne during the early 1960s reveals a culture of high
reciprocity where money, meals, tasks and leisure time were shared not only
between the extended family but also with boarders and acquaintances.
Aboriginal notions of decent behavior required them to help anyone who
asked, especially if young children were in need. This was also a response
to help they had received in the past, and to ensure future support for
themselves.!”

Refusal to give or share known resources commonly resulted in public
accusations and loss of face. For this reason, individuals not wanting to
share assets would hide them. While reciprocal behavior may be
commendable it is too personal to be effective in a market economy.?’
Market behavior requires a more impersonal temperament—one that
strengthens bonds with the nuclear family and weakens ties with others,
including close kin. At the extreme, it is the monogamous territoriality of a
gibbon.

With this in mind one might speculate that gibbons with the intellect of a
human could make effective traders because their high-C temperament
means they lack strong preferences for one neighbor over another. They
could offer to swap a particular type of nut in their own territory for a
desired fruit in another. If only one of their neighbors has the desired fruit
then that would be the one to trade with. And, supposing that they had the
ability to travel more widely while still preserving a territory, they might
then make such exchanges with a wide range of other gibbons

Personal relationships do matter in a market economy, but those that do are
based on trust. A stallholder who sells bad fruit will not get my business
tomorrow. Or in gibbon terms, if I gave you nuts and you fail to hand over



fruit, I won’t deal with you again. But it is a relationship created by an
impersonal exchange which helps to facilitate future exchanges.

A baboon with human intelligence, on the other hand, would probably be a
less effective trader than a gibbon. The relationships of a baboon are
personal, primarily with other members of the troop. What matters is
whether an animal is friend or foe, higher or lower in the troop hierarchy, or
a potential mate. A more powerful animal could take food and a less
powerful one may be forced to give it up. Friends might share food and thus
build a coalition. An enemy might be challenged for it. A potential mate
might be presented with it in return for sex. Baboon troops may have
vaguely defined home ranges but are not territorial as such. There is no
attachment to anything as impersonal as a piece of ground. Baboon society
is broadly similar to the way that hunter-gatherer societies work, because
both have low-C temperaments and are thus personal rather than impersonal
in orientation.

Other explanations for the rise of agriculture

There have been suggestions in recent decades that the rise of such behavior
with the development of agriculture has been at least partly driven by genes,
especially given the evidence that humans have been evolving rapidly over
the past 10,000 years in areas such as lactose tolerance and disease
resistance.”! While such a possibility cannot be totally dismissed, C-type
behavior and attitudes could not be primarily genetic in origin. C can rise
very fast in the general population, as happened in Europe between 1200
and 1850 (see chapter seven). Given that hard-working and thrifty people
tended to have more surviving children, as indicated by Gregory Clark, it is
barely possible that genes could have changed enough to account for the
rise in C during that period. But the fal/l of C can be very much faster
(chapters twelve, thirteen and seventeen) and there is no possible way that
genetic change could account for this. Changes in C must therefore be
primarily epigenetic rather than genetic in origin.

One of biohistory’s fundamental hypotheses is that the political structure of
a society reflects the temperament of its people, especially those who are
high in status. Thus, it is the increase of the higher C temperament rather
than any other economic or social factor that makes the development of



more powerful and organized states possible. These states in turn have a
clear advantage over weaker and more fragmented groups. An extreme
example is the way high-C European peoples overran the lower C
indigenous groups of North America after 1607 and of Australia after 1788.
Other examples include the southward migration of northern Chinese
farmers in the centuries bracketing the birth of Christ, and the expansion of
agricultural Bantu speakers into southern Africa over the past thousand
years.

Other benefits of high C

The advantages of higher C are not limited to making people better farmers
or traders. Individuals with low testosterone levels are less aggressive and
more law-abiding. As states become centralized and increasingly require
more ordered behavior, violence and disregard for rules may bring
punishment and even death, rather than extra breeding privileges. In effect
the more advanced a society, the greater the advantages of higher C.

High C also plays a role in maintaining populations by increasing the care
of children. Recall that CR mothers spend more time with their offspring,
and low testosterone men are more devoted fathers. Better parental care
may be a necessity because, as archaeological evidence shows, when people
shift their lifestyle from hunting and gathering to farming their standard of
living drops. People become shorter and malnutrition and disease
increase.22 When populations are dense, disease spreads more easily,
especially when poor hygiene contaminates food and water supplies. In this
harsher environment, children require the support and hard labor of both
parents if they are to have the best chance in life. It is not surprising then
that hard-working family men tend to have more surviving offspring than
careless philanderers, a point suggested earlier in the discussion of English
wills.

Later chapters present evidence that levels of C have tended to rise steadily
over the past ten thousand years. States have increased in size, population
density has increased, and trade networks have become larger. But what
would cause C to rise so high? The early stages of agriculture did not
require a dramatic change in temperament, though the Mbuti found even the
early stages difficult to sustain. Further, lifestyles do not change overnight.



The early stages of the adoption of agriculture were gradual, starting with
the intensification of foraging and taking minute steps into farming and the
domestication of animals. Foragers who adopted agriculture could hardly
have been aware that they were embarking on a “revolution,” but as
population numbers increased and farming became a more serious and full
time occupation, the potential value of a higher C temperament increased.”?
Not only does elevated C give individuals and families an advantage over
their neighbors with lower C, it also benefits whole societies in their
competition with other societies. As farming and other technologies
develop, societies capable of raising C among their members gain an
advantage over their rivals. Such societies are more productive and more
likely to create an economic surplus which can be spent on military and
other technologies. They also readily organize into larger and more
effective political units.

Then there is the issue of violence. Populations increase, not only because
people work harder and adopt better technology, such as improved food
crops and more efficient farming methods, but also because there are fewer
deaths from violence. For example, even before 1350, it is estimated that
English males were about one-tenth as likely to die from violence
(including wars) as the average hunter-gatherer. Death by violence was
even less likely by the eighteenth century.?*

This causal mechanism works both ways. Not only does higher C make
possible larger states and more complex economies, but the rise of larger
states (for example, when imposed by a more powerful neighbor) causes
competitive pressures that increase the value of a high C temperament.

Physical technologies such as better plants and metal-working can be seen
as acting in tandem with this change in temperament. They are not only
more likely to be developed by well-organized, higher C peoples, but they
increase the value of the high-C temperament. For example, a farmer with
domesticated animals and quality seeds can use land far more productively
than a slash-and-burn horticulturalist, allowing greater population densities.
One important reason for the rapid advance of European settlers in North
America and Australia is that they were far more numerous than the
indigenous peoples in the area of settlement. By contrast, the Norse settlers



in Newfoundland around 1,000 A.D. were too few to gain a foothold,
despite superior weapons and a more advanced political organization.

Biohistory is compatible with technological explanations for Western
success, such as expressed in Jared Diamond’s Guns, Germs and Steel.>
Diamond proposes that civilization in the Americas was held back by the
lack of animals that could be easily domesticated, and the north-south
configuration of the Americas meant that there was less opportunity for
crops to spread east and west to areas of similar climate. Fewer crop
varieties and lack of domesticated animals meant that the high C
temperament was less of an advantage and so slower to develop. Similar
explanations have been given for the slower development of sub-Saharan
Africa including lack of suitable crop varities, the effect of tsetse flies on
cattle, and the lack of navigable waterways which limited communication
and trade.”® But Africa at least had contact with the advanced cultural
technologies of the Middle East. The Americas lacked such an advantage,
and with less land area than Eurasia contained fewer competing societies to
develop cultural technologies. Thus their native peoples were largely wiped
out or absorbed, while Africans still dominate Africa.

How culture supports C

Allowing that higher C provides advantages to individuals and groups, how
might it come about? The short answer is that cultures have evolved norms
of behavior that persuade and/or pressure their members to act in ways that
raise C. Biohistory labels these methods of elevating C as “Cpromoters,”
and the key point to note about C-promoters is that they are usually
associated with religion.

Fasting

One obvious C-promoter is fasting, which is a feature of many religious
systems. Jews have been fasting for more than 3,000 years. Catholic and
Orthodox Christians are expected to observe the Lenten fast during the
weeks leading up to Easter. Other Christian groups have developed their
own traditions, such as Mormons who are expected to fast for 24 hours
once each month. These practices are not confined to Judaism and



Christianity. Buddhist monks and nuns are expected to not eat after midday,

and Hindus, Jains and Bahais prescribe fasting at different times of the
27

year.

The most rigorous and best-known example 1s the Muslim A gradual rise in
both C and V culminated in the Arab conquest and the rise of Islam, seen as
an especially powerful and durable cultural system which promotes long-
term success at the expense of economic progress. A clear implication is
that the Muslim populations of the Middle East will spread and gradually
assimilate most of the world into their own faith and culture, beginning with
Europe. Patriarchy and purdah, not liberal democracy, will be the true “end
of history.” fast of Ramadan, during which Muslims are not to eat or drink
during daylight hours for an entire month. They believe that fasting
promotes patience, self-discipline and self-control.”® The effect would not
be as powerful as year-round fasting, but any form of food restriction
should serve to increase C. Annual fasting also has another effect, which
will be discussed in the next chapter.

Changing the type of food to reduce calories will have an effect similar to
that of eating less. Certain foods may be forbidden for a specific period,
such as meat during Lent. Or specified foods may be avoided altogether.
Pork, a typically fatty meat high in calories, is an example. Avoiding it and
consuming lower calorie food amounts to a mild form of CR. The same
applies to complete or partial vegetarianism as practiced by many Hindus,
Buddhists, and Christian groups such as Seventh Day Adventists.

Of all major religions, the Jains are the only ones who are rigorously
vegetarian. As is typical of a people with high C, they are commercially
successful. Although they make up less than 0.5% of the population of
India, they pay 24% of the country’s income tax.>’

Fasting is not enough—the “effect feedback cycle”

So one C-promoter is fasting. But fasting alone is not enough to achieve
and sustain very high C. Humans are a naturally low-C species, and high
levels of C are required to support complex political and economic systems.
The degree of fasting required to bring about very high C in humans would
almost certainly undermine health. It is also clear, as indicated earlier, that



high-C individuals are not necessarily short of food. This suggests that
another type of C-promoter is required to account for the high level of C
characteristic of complex societies.

How, then, can C be raised to the level required? The answer to this
question can be found in a peculiar quirk of our mammalian heritage which
has enabled humans to “hijack™ the biological systems which evolved to
adjust behavior to food supplies, and use these to adjust temperament and
behavior in ways that make civilization possible.

Its essence is this—any behavior that results from high C, if reinforced by
external pressures, further raises C. Biohistory refers to this as the “effect
feedback cycle.” Its key requirement is that external pressures must change
behavior in ways that go well beyond that dictated by temperament. In other
words, people who act as if they have very high C will raise their level of C.
For example—and these numbers are purely arbitrary—suppose that an
individual has a C level of 4 but, because of social pressures, acts as if they
have a C level of 6. This might be enough to raise their C to 5. More
concretely, 1f someone’s natural inclination is to have sex once a week, to
raise their level of C they may need to restrict themselves to once a month.

One characteristic of all C-promoters is that they reduce testosterone. Mild
food shortage reduces testosterone and is thus a C-promoter. But any
change in behavior that reduces testosterone is a C-promoter. This is why
groups such as Mormons avoid tea and coffee. Even though few calories are

involved, caffeine increases testosterone.>"

Restricting sex

The most powerful and effective C-promoter for humans is curbing sexual
activity, which reduces testosterone levels and has none of the
calorierestriction drawbacks of fasting. The evidence for this is that sexual
activity has been widely found to increase testosterone. Rabbits and pigs
show a clear increase in the testosterone levels of males following
ejaculation,?! and for bulls the mere presence of a receptive female has the
same effect.>> When rhesus monkeys are allowed access to receptive
females their testosterone levels increase significantly.’> The same applies
to rats, which show a rise in testosterone levels with sexual activity, the



presence of a receptive female, or even environmental clues associated with
34
sex.

These findings suggest that sexual activity may have an even bigger impact
on testosterone than abundant food. Studies cited in chapter two noted that
calorie restriction reduced testosterone levels by up to half. By comparison,
sexually experienced male rats register 2.6 times their baseline testosterone
levels after sexual activity.>> Mere exposure to receptive females had a
similarly dramatic effect. Taken as a whole, these studies suggest that
sexual activity, or even exposure to receptive females, increase testosterone
far more than food shortage reduces it.

Turning this argument around, if sexual activity increases testosterone then
curbs on sexual activity should reduce it. A reasonable guess is that by
combining fasting with strict limits on sexual activity, testosterone levels
could be reduced by more than 80%.

Similar effects have been observed among humans. One study found that
couples having sex on a particular evening had higher levels of testosterone
(both men and women) than those who did not, even though initial
testosterone levels were similar.® In another study, the testosterone levels
of women who were temporarily physically separated from their partners
peaked the day before they met their partners and after sexual activity.
Levels were the lowest when they were separated from their partners for at
least two weeks.?>” Salivary testosterone has also been found to increase in
men attending sex clubs, with one study reporting a rise of 11% for

observers and 72% for participants.®®

Similar findings apply to luteinizing hormone (LH), which is increased by
sexual activity. Both human and animal studies establish that sexual
arousal, or the anticipation of sexual activity, increases the level of LH.?°
Sexually experienced rams also have been found to have higher levels of
LH.40

Sexual activity immediately after puberty has an especially powerful and
enduring effect. One study found that rats that were sexually active at 12
weeks (i.e. shortly after puberty which for rats is 6-8 weeks) had up to



double the levels of testosterone of those without such experience, which
persisted for eight months even without further exposure to females.*!

Applying this to humans, if early sexual experience is associated with
elevated testosterone, then restricting sexual activity in the years following
puberty should be an especially powerful C-promoter. Guarding the chastity
of young women is the most obvious way to achieve this, and virtually all
civilizations have prescribed this until recently. This does not eliminate the
sexual activity of young men, of course, but the C of men is usually less
important than that of women, in that men are not the primary caretakers of
children.

Female chastity also reduces sexual opportunities for men, which increases
their C. Whether this is an advantage or not depends on what society
expects of men. For farming and especially commercial occupations, higher
C offers an advantage because it promotes hard work and enterprise. This
explains why religions whose members are heavily involved in commerce,
such as Jains and Jews, tend to rigorously limit the sexual activity of their
male members.*?

But when men are warriors rather than workers, low C with its high
testosterone has benefits. The more warlike the society and the less men are
involved in jobs requiring hard work or business acumen, the greater the
benefits of low C. Because women do not normally fight, there are no
similar advantages to their having high testosterone. Thus it is adaptive for
the most warlike societies to have double standards in which women’s
chastity is carefully controlled while men are free to indulge themselves
with non-breeding women such as prostitutes, or even with one another. We
will discuss this further in the next chapter.

Of course, male jealousy and fear of cuckoldry serve as powerful emotional
incentives for controlling the sexual behavior of women. But jealousy alone
does not explain why some societies are so concerned with cuckoldry, while
others are far less so. If jealousy were the critical issue, then patriarchal
societies would always control female sexuality. However, as we will see,
they do not.



We noted earlier that in rats the period immediately following puberty is
especially important in setting the level of C in later life. Sexual activity at
this time doubles their testosterone in later life. The Kinsey Report finds a
similar pattern for humans. Single males who reported substantially less
voluntary sexual activity (that is, excluding nocturnal emissions) during
their adolescence and twenties were far more likely to achieve a tertiary
education, an indication of lower testosterone. Fig. 3.1 below documents
this relationship for unmarried males from ages 15 to 30.

Fig. 3.1. Mean weekly total sexual outlet (minus nocturnal emissions) of

unmarried males, by educational level.*3 Adolescents and young men with
lower levels of sexual activity, including masturbation, heterosexual and
homosexual intercourse, are more likely to achieve educational success.
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Fig. 3.1 relates the weekly frequency of sexual activity (including
masturbation, heterosexual and homosexual intercourse) of unmarried
males aged 15-30 to years of education. Note that the subjects who were
most educated had the lowest frequency of sexual activity in each of the
four age cohorts.



One possible explanation for these findings is that males who go on to
higher education have a lower sex drive, but the frequency of their
nocturnal emissions suggests otherwise. As Fig. 3.2 indicates, males who
completed a tertiary education had far more nocturnal emissions between
ages 15 and 30.

Fig. 3.2. Mean weekly nocturnal emissions of single males, by educational

level.** Years of education are linked even more strongly to nocturnal
emissions, a likely measure of the degree of sexual frustration.
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Nocturnal emissions serve as a measure of sexual frustration, meaning that
sexual activity is below the level set by temperament. Fig. 3.2 suggests that
it 1s sexual frustration, rather than a lower level of sexual activity as such,
which best predicts educational achievement. It is also significant that the
strongest links occur at the youngest ages. Men who went on to complete
tertiary education had nearly three times the nocturnal emissions between
the ages of 16 and 20 compared to those who completed only eight years of
education. But between puberty and 15 they had nearly seven times more
emissions.



If lack of a sexual outlet in early adolescence reduces testosterone in
humans, as it does in rats, these findings make perfect sense, given the
strong link between lower testosterone and occupational success.

Remarkably, the Kinsey Report indicates that tertiary educated men reported
more emissions than those who achieved less education, even when they
were married (Fig. 3.3).

Fig. 3.3 Mean weekly nocturnal emissions of married males by educational

level.*> Men who were sexually restrained completed more years of education
than those who were not, even when married.
Years of education

@ 0-8
o 9-12

0.18
" 13+
5
2 o016
4|
5 0.14
w©
£
5 012
et
Q
(o]
€ 01
>
x
$ oo0s
2
G
T 006
=

0.04

0.02 I

0
16-20 21-25 26 -30 31-35 36 - 40 41-45
Age

These findings imply that men who restrict their sexual activity below its
natural level, thus raising their level of C, are more likely to achieve
educational success. According to Kinsey, a similar pattern applies to
occupation. Teenagers who ended up in higher-level occupations had lower
total sexual activity and more nocturnal emissions than those who did not. It
is noteworthy that these findings are related to the occupational status they
achieved, not that of their parents. Teenagers from workingclass
backgrounds who achieved middle-class occupations had middleclass
sexual patterns, while teenagers from middle-class backgrounds who ended

up in working-class occupations had working-class sexual patterns.*® In



fact, the highest level of nocturnal emissions, indicating perhaps the
greatest control of sexual behavior, was found in the sons of skilled laborers
who became professionals. Restricting adolescent sex is thus a powerful C-

promoter.*’

A recent study has found similar results at the college level. Male and
female college graduates were more likely to report never having had sex
and were less likely to report having sex during the previous 12 months
compared to age- and sex-matched non-college graduates. Their lifetime
histories also contained fewer sexual partners.*

It is commonly thought that the reason successful parents have successful
children is that the parents teach their children the value of work. Biohistory
suggests another possibility—successful parents also influence their
children’s behavior in such a way that the children have fewer opportunities
for sexual activity. For example, parents might require their children to stay
at home in the evenings rather than go out to parties, take them to church, or
discourage friends thought to be bad influences. Reduced sexual activity
increases C, which renders teenagers temperamentally more likely to study
hard and stay out of trouble. Parents’ influence thus has physiological,
psychological and cultural effects.

Because the effects of early sexual activity are so lasting, it is likely that
there 1s an epigenetic effect—the level of testosterone (and presumably
other hormones) in the period immediately after puberty has a relatively
permanent effect on the epigenome. This is something yet to be
investigated, but is a strong candidate for future research.

The preceding studies offer insights as to why some children fail to
maintain their parents’ social and economic statuses. A teenager joining a
“faster” social group will tend to adopt their attitudes and behaviors,
including sexual behaviors, leading to a decline in C and thus an aversion to
middle-class values associated with hard work and enterprise. Similarly,
adolescents from deprived backgrounds who adopt stricter codes of
behavior may raise their C and thus achieve occupational success.

Kinsey’s findings also indicate that religious people of all denominations,
and especially Orthodox Jews, have lower rates of sexual activity even



when married.*” Because religious teachings curb sexual activity it might
be thought that religious people would have more nocturnal emissions, but
this is not the case. This may be because religious men have higher C as a
result of parental control in late childhood, which lowers testosterone and
thus reduces their sex drive.

The lowering of C by early sexual activity can have other effects. Studies
have found that people who engage in sexual activities early in life, and
especially those with multiple partners, are far more likely to abuse drugs.
This is a very plausible connection given that early sexual activity increases
testosterone, and higher testosterone people are more likely to abuse drugs.
Although, of course, drug use itself may also promote promiscuous sexual
behavior, such as by motivating women to engage in prostitution.>”

The focus of these studies has been on higher education, which is the
primary route to occupational success in the modern world. But irrespective
of educational attainment, curbing sexual activity should promote success
in any endeavor that requires hard work, discipline, tolerance of routine and
a willingness to forgo short-term gratification for the sake of long-term
goals.

Turning back to the cross-cultural study first discussed in chapter one, we
noted that civilized peoples are more likely to restrict sexual activity than
those in smaller scale societies. One interpretation of this difference is that
people with high C are less interested in sex, and there is some evidence for
this. Societies where women are reported to not enjoy sex tend to have
more advanced political and economic systems than those in which women
report that they enjoy it (see Table 3.1 below).

Table 3.1 shows that both restriction of sexual activity and lack of interest
in sex are strongly related to aspects of civilization, including larger
political units, the market economy and hard work.

Table 3.1. Correlations in the cross-cultural survey dealing with women’s dislike of sexual

activity and restrictions on sexual behavior.” | Both sex restrictions and lack of interest in sex are

associated with civilization, indicating that reduced sexual activity is both a consequence and cause
of high C.

Women |Premarital sex| Adultery | Divorce



dislike sex | restricted restricted | restricted
Size of political unit 40 53k ST 35%
Hereditary status 39 43%* 41
Market economy 47 45% S54*
Marriages based on 0% 39% 43 41
status
Status from We.alth 46* 47 30
Versus generosity
Routine work 42 48%*
De1t1e.s enforce 51 30% 30%
morality
Modesty in dress 45 STH* S53%*
Shortage of food 44 25
Late age of puberty .69
significance **.001 *.01 Others: .05

This suggests both that restricting sexual activity increases C and that
higher C renders women less interested in sexual activity. The table also
shows that women are less likely to be interested in sex when the society is
short of food and when the age of puberty is later, both of which are
biological aspects of high C.

The cross-cultural survey further suggests that restricting sexual activity is
also associated with the desire for children, in the sense that having more
children increases a woman’s status (see Table 3.2 below).

Table 3.2. Societies which restrict sexual activity are more likely to want more children.>?

Premarital sex Adultery Divorce
restricted restricted restricted
Children 305 25 31
wanted
significance  [*.01 Others: .05

This is consistent with the biological picture of high C that includes a
greater interest in children, necessary to rear successful offspring in a tough,



food-restricted environment.

Control of children

Another C-promoter is the systematic control of a child’s behavior, which is
one way in which C is transmitted between generations. A child’s C appears
to be set in large part by parental control, with some support from the wider
community. Control thus joins restrictions on sexual activity and epigenetic
inheritance as prominent C-promoters.

The degree to which children are controlled largely reflects the parental
level of C. High C parents exercise self-discipline and restraint in their own
lives and find it natural to control and direct their children. However, social
and religious pressures may encourage parents to be stricter than
temperament alone would prescribe. For example, even parents who are not
inclined to discipline their children may experience social censure if their
children are rude, dishonest or lazy. Such pressures may help to increase C
in the next generation.

There are societies in which C declines across generations, as appears to be
the current case in the West, a matter examined in detail in later chapters.
As it proceeds, parents become less capable of raising their children in a
high-C manner, and C-promoting methods seem less “natural” to them.
They are likely to accept the advice of experts, such as Dr Spock, who
advocate less parental control, behavior which is congenial to their
temperament. This line of analysis suggests that books advising parents
about how to behave reveal less about how children should be treated than
about how they are treated. The authors of such books reflect current values
because books that do so are likely to sell more copies than those that
reflect other values.

Of course, parents are not the only people who influence children. Other
adult caregivers including relatives, nannies, neighbors and teachers, have
an impact, as do other children. This point is underscored by studies of
identical twins reared together where, for example, only 35% of the
brothers of violent criminals or rapists engage in the same types of
behavior.>®> Temperament therefore is set not by parents alone but by peers
and the community.



Pre-natal influences

It is also very likely that C is transmitted between generations before birth,
either through the environment of the womb or through epigenetic effects
on sperm or ova prior to conception. The rat experiments described in the
previous chapter show that CR has a significant effect during gestation or
before conception, but do not determine whether this was a direct effect or a
result of changes to the mother which influenced her behavior after birth.
The extent of such influences will be determined by exposing fathers but
not mothers to CR to eliminate environmental effects, an experiment

currently being run.>*

Rural living

We noted earlier that living in the countryside tends to promote C, whereas
urban living tends to reduce it. This is consistent with Kinsey’s figures
which show that rural males have lower rates of sexual activity than city
dwellers, that farmers have lower testosterone, and that country people tend
to reach puberty later. > This helps to explain, for example, why hedonistic
groups, from the decadent aristocrats of ancient Rome to flappers of the
1920s, are mainly found in cities. By implication, rural living can thus be
seen as a C-promoter.

Work, Sabbath keeping

Earlier we mentioned the critical importance of the effect feedback
cycle.Any behavior that is a result of high C, if reinforced by external
pressures, will increase the level of C. High-C people tend to be less
sexually active, so social pressures to restrict sexual activity tend to
increase C. In other words, acting high C causes people to have higher C.

Another C-promoter is work. High-C people tend to be good at routine
work, which means that financial, social or religious pressures to work hard
tend to promote C. This is especially the case if the timing of work is
determined by a code such as Sabbath keeping, which enjoins working hard
for six days while taking the seventh day off. The more strictly the code is
observed, the more likely that C will be promoted. Commercially successful



groups, from Orthodox Jews to Mormons, not only place strong limits on
sexual activity but are also strict Sabbatarians.”® It is a strange irony, but
seemingly an inherent part of human physiology, that the best way to get
people to work hard is to introduce a rigid requirement that on certain days
they must not work at all.

Ritual

Religious rituals such as the Catholic Mass are also C-promoters,
particularly if performed in a precise and detailed manner. When people are
required to act in a highly programmed way, such as repeating set prayers
and chants, C is likely to increase. This is especially so for priests and
monks from whom precise performance of rituals is expected. Monastic
orders may require attendance at several services a day. Religious rituals are
especially effective C-promoters because many of them are public, and
social pressures can lead people to perform them far beyond levels
congenial to temperament.

Any detailed code of behavior can have the same effect. Jewish ritual law,
with its complex of rules that control many areas of life to a minute degree,
is an outstanding example. It includes strict rules about what foods may be
eaten and how they are prepared, purification rituals such as those that
follow menstruation, requirements for set prayers and ceremonies,
circumcision of infants, and even principles for the way hair may be cut or
beards trimmed. These rules serve as a powerful system of C-promoters
which have created the highly successful Jewish temperament, and thus
success 1n business and intellectual pursuits. The time and effort spent in
studying the law and supporting full-time specialists can be regarded as a
sound investment for a people focusing on business and the professions.

While Jewish ritual law is an extreme example, any code that controls or
influences behavior should increase C. Honesty, obedience to the law, non-
violence, courtesy, philanthropy and even altruism in a general sense are
examples of these codes. The one common and essential point about C-
promoters is that they require real effort. To maintain high C, people need
to eat less than they would like, have less sex than they would prefer, and
control their children more tightly than they are inclined to do. They not



only need to work hard but to do so at appropriate times. And depending on
their particular tradition, they need to participate in rituals and observances.

Social and religious pressures

Clearly, to behave in these ways requires powerful influences which act to
thwart individual desires. Social disapproval is one such influence, as for
example the way chastity has been maintained in many societies. A girl
from a respectable family who strays attracts widespread condemnation. If
she becomes pregnant she might be cast out by her family. If she marries it
will most likely be to a poorer man, with the prospect of a harder and
shorter life. Or she might become a prostitute, a dangerous and unhealthy
occupation in most societies. She might even be killed. Whatever happens,
her family suffers disgrace and humiliation. Given these potential
consequences, an unmarried girl and her family have every incentive to
keep her chaste during the all-important period following puberty, when the
level of C is largely determined. A similar scenario applies today in much
of the Muslim world.

While social censure is a powerful force influencing behavior, an equally
potent one is religion. Recall that many of the C-promoters mentioned
above are part of religious systems. Religion codifies many of these
behaviors into rituals and laws that are highly resistant to change, especially
when written down in sacred books. A clear example is the resistance of
most Christian churches to accepting homosexuality, which the Bible
condemns in no uncertain terms, despite growing acceptance in the general
community.

For believers there is the added sanction of divine anger for aberrant
behavior coupled with divine blessing as a reward for virtue. For example,
consider the following quote from the Ten Commandments:

I the Lord your God, am a jealous God, punishing the
children for the sins of the fathers to the third and fourth
generations of those who hate me, but showing love to a
thousand generations of those who love me and keep my
commandments.



The message is that those who obey God’s laws will be more successful in
their progeny than those who fail to obey. This principle works quite well at
any level, since hard-working and devoted parents are likely to prosper and
raise more children. And to the extent that their children accept the same
values and work ethic, they too are likely to succeed.

The benefits of religion

Many scholars believe that religions confer competitive advantages on
believers. For example, Judaism has been seen to enhance group
cooperation and help its followers economically.’” Group loyalty is largely
maintained over generations by religious rituals and symbols that
commemorate sacred values, defeats and victories.’® The ordeal of
community survival is continually refreshed in the memory of each
generation.

To this may be added the proposition that religious codes can have a
profound impact on temperament and behavior via their C-promoting
effects. They promote industrious and disciplined behavior, the willingness
to sacrifice present consumption for future benefit, better parenting and
more cooperation at the community or national levels.

Religions also tend to be effective C-promoters because of the development
of high-C religious specialists. One reason for this is that restrictions on
sexual activity tend to be stronger for such people. Buddhist and Christian
monks and Catholic priests are denied any legitimate sexual outlet. Others,
such as Protestant ministers and Jewish rabbis, are not required to abstain
sexually but they are held to a stronger standard than applies to the general
community.

Sexual restraint can be required of religious specialists even by low C
peoples. For example, the Yanomamo of the Amazon basin have few
constraints on sexual behavior; but their shamans are required to fast
rigorously and abstain from sexual intercourse for a year before initiation.>”
Religious specialists also carry the strongest obligations to perform rituals,
and 1n general to behave in an exemplary manner. This in turn gives them
relatively high statuses in most societies, which makes them a powerful
pressure group for C-promoting behavior.



Until recently, most religious specialists in complex societies were
supported by the authorities, thus adding political weight to divine
displeasure and the forces of social conformity. Moreover, political leaders
have had a shrewd understanding of the value of religion in buttressing their
rule. Edward Gibbon captures this point in discussing the Roman Empire:

The various modes of worship, which prevailed in the
Roman world, were all considered by the people, as equally
true; by the philosopher, as equally false; and by the
magistrate, as equally useful.®

In this he echoes statements by such eminent Roman writers as Seneca and
Lucretius. While religion has been the main vehicle for promoting C in
most of the world, the philosophy of Confucianism has played much the
same role in East Asia.

Competition between religions

Biohistory and the model of C offer a new way of understanding changes in
human societies. From the earliest times, civilizations have invested
immense resources in religion, ranging from Mayan temples to Sumerian
ziggurats and Catholic cathedrals. From one perspective it might seem more
sensible to direct productive surpluses into warfare or agriculture or trade
rather than religion. Further, we might expect societies that “waste”
resources on religion to be defeated by more efficient states that dispensed
with priests and replaced them with soldiers.

But if religion is viewed as an essential driving force of social evolution,
investment in it makes good sense. Societies that spend heavily on religious
priorities and thereby increase the C of their members will be more
successful than those that fail to make such investments. Viewed in this
way, the advance of civilization is not just a matter of superior physical
technologies but of more advanced and effective religions which constitute
“cultural technologies.” In the competitive struggle for survival, peoples
with better cultural technologies have crushed or swamped their rivals, one
effect of which is an overall rise in C across the past few millennia.



Stress as a C-promoter

The last C-promoter to consider is stress, such as that caused by
overcrowding, danger or starvation. Studies have found that for rats, an
increase in CORT in response to stress is associated with a decline in
testosterone, and that the higher the CORT the more testosterone levels
decline. Blocking the increase in CORT during stress partially nullifies this
effect, in that testosterone levels are similar to those without increases in
CORT.®! Baboons respond in a similar manner. Wild baboons living freely
in Kenya under conditions of social stress have been found to have high
cortisol (the equivalent to CORT in primates) and reduced testosterone
production in their testes.5?

Direct infusion with cortisol or CORT mirrors these findings. When
injected 1t reduces testosterone in men, rhesus monkeys, songbirds and
lizards.®® Stress also reduces levels of follicle-stimulating hormone and
luteinizing hormone (both hormones also reduced by food shortage) and
injection with CORT reduces the level of LH in hens and rats.®* Further,
stress acts as a C-promoter by reducing interest in sex.%’

C-demoters

A “C-demoter” is the opposite of a C-promoter. C-demoters are anything
that lowers C including sex, alcohol, recreational drugs, caffeine, idleness
and high-calorie food. Each of these, and especially drugs and high-calorie
food, have opposite effects to calorie restriction. In chapter one we saw the
effects of one C-demoter when mice given extra sugar were less adept at
defending their territories than those with a mouse-normal diet.

Most studies of high-calorie food concentrate on the physical effects,
including increased risk of obesity, high blood pressure, diabetes and stroke.
But there is also evidence of psychological effects that are opposite to C-
promoters, in the sense that they reduce self-discipline and selfcontrol. One
study found that adolescents who drink more than five cans of soft drink a
week are more likely to carry a weapon and attack peers, family members,
and dates. Other studies have linked soft-drink consumption with violence



and mood problems in adolescents, and with aggression, social withdrawal
and attention problems in five-year-olds.%¢

C-demoters such as soft drinks and junk food boost mood in the short term,
but in the long term they reduce C and raise anxiety. This often leads to a
further “fix” which reduces C still further and creates more anxiety.
Biohistory proposes that addictive drugs such as heroin and alcohol work
this way. In humans, the C-demoting effects of drugs are so powerful that
they can more than offset the C-promoting lack of nourishment experienced
by many addicts. One reason drugs and alcohol may be so difficult to give
up is that the anxiety stemming from the decline in C increases the desire
for a short-term fix, a problem that may be more difficult to overcome than
the physical addiction. Excessive sexual activity, of course, works in much
the same way.

C-promoters have opposite effects in that they can bring about
improvements in mood. As noted in a diet study discussed in chapter two,
there was a long-term decline in anxiety associated with increased C.

Summary and conclusions

The complex of hormonal, behavioral, temperamental and epigenetic
changes associated with C-promoters has made the rise and maintenance of
complex societies possible, particularly those focused on trade and business
rather than war. It increases the capacity for work and delayed gratification.
It promotes law-abiding behavior and reduces violence. It also increases
interest in children and promotes their survival and success in competitive
environments. It helps to maintain and increase populations.

To achieve and sustain high C, societies have adopted systems of belief and
moral codes that have physiological and behavioral effects similar to those
of calorie restriction. To the degree that people adhere to these systems they
allow C to rise to a higher level than would otherwise be possible, even
when food is relatively abundant. These influences on behavior—especially
limits on sexual activity but also religious rituals and other behavioral codes
—are key features of major religions. In this sense, religion can be seen as a
central factor contributing to the rise of human civilization, at least as
important is physical technologies such as metalworking and writing.



A critical point to understanding C-promoters is the workings of the effect
feedback cycle,wherein any behavior that is a result of higher C can add to
the level of an individual’s C, provided that it is carried out beyond the
requirements of an individual’s temperament. By their nature, C-promoters
take effort and discipline, and require powerful cultural and religious
sanctions to maintain. Meanwhile, C-demoters such as recreational drugs
and sex work in the opposite way, reducing C and tending to increase
anxiety in the medium to long term.
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CHAPTER Four

A GGRESSION

C is a physiological system that allows animals to adapt their behavior to
the needs of a food-limited environment. In animals it is primarily a direct
response to food shortage. The main reason for higher C among humans is
that societies have developed religious and other cultural systems that
change behavior in ways that mimic the effects of food restriction. These
practices are termed C-promoters. Through the principle of the effect
feedback cycle any behavior resulting from C, if reinforced by outside
pressures, can increase C.

High C people tend to be industrious, skilled at agriculture and commerce,
and more accepting of distant political authority. This means that
individuals with higher C tend to prosper in complex societies which have
social hierarchies and economies based on trade. In addition, societies with
higher C members tend to overrun and absorb those with lower C. From
this perspective, the rise of civilizations can be seen not just as the
development of physical technologies such as agriculture and metal
working, but of cultural systems that promote C—mainly religions.

C, however, is not the only example of a complex of behavioral traits found
in advanced human societies. In this chapter we will consider a second set
of traits relating to aggression, morale, and a high birth rate—this is
referred to as “V” (for vigor).

This chapter extends the comparisons between gibbon and baboon behavior
and C, and documents how baboon social behavior can serve as a model for
V as well as for low C.



Baboons compared with domesticated animals

Variation in C-type behavior is not the only distinction to make between
animal societies. Baboons have been used as a model for low C, but
domesticated animals also have very low C. They are less timid than wild
animals, which is what makes them “tame.” They are socially tolerant, in
that they are capable of living together in large groups. They make poor
mothers, which is why a “broody hen” is an oddity in the farmyard. They
are also highly sexed and indiscriminate in mating. Wild ducks, for
example, have specific courtship rituals and flocking signals, and in the
wild they will not normally mate with other varieties. These rituals often
break down with domestication, which suggests that for some species they
are acquired rather than innate behaviors.

Farmers tend to selectively breed for tame animals that can tolerate
crowding and produce young easily, but some changes take place even
when they are not desired. Breeders who wish to retain differences between
varieties of domesticated birds often have to physically separate them so as

to prevent inter-breeding.!

But in other ways, domesticated animals behave quite differently from
baboons. Domesticated animals display a remarkable lack of aggression,
which 1s what allows them to live in crowded conditions. Baboons, on the
other hand, are known for their ferocity. As described in chapter one, a
baboon troop can drive off and even kill the leopards which are their main
natural predators. Early primate studies suggested that dominant males act
as protectors to the troop, although more recently it has become clear that

they only exhibit self-sacrifice when protecting close kin.?

Baboons also fight ferociously among themselves. The following
description is from Robert Sapolsky’s colorful account of baboon life, and
tells of how a long-term alpha male, Saul, was deposed by a coalition of
other males:

Joshua and Menasseh, another big male, soon bound to be
enemies, teamed up first. They spent a morning making
coalitional appeasement gestures to each other, cementing a
partnership, and finally worked up the nerve to challenge



Saul, who promptly kicked their asses, slashed Menasseh’s
haunch, sent them both running. By most predictions, that
should have settled that. Instead, the next day, Joshua and
Menasseh formed a coalition with Levi ... Saul dispatched
the trio in seconds. And they came back the next day with
the vile Nebuchanezzar in tow. Nebuchanezzar and
Menasseh managed to hold their own for a few seconds
fencing against Saul before he scattered them.

The next day they were joined by Daniel and, as a measure
of how much they just needed cannon fodder for this great
enterprise, Benjamin. Six against one. [ was betting on Saul.
He emerged at the edge of the forest, and they surrounded
him ... It seemed like the assassination of Caesar ...

Saul made his decision, launched himself at Levi and
Joshua. I’'m sure he would have gotten away with it,
scattered the six, but Menasseh got in a lucky shot from
behind. He lunged at Saul’s back as the latter leapt,
managing to hit Saul’s haunches. It knocked him off
balance, and he missed Levi and Joshua, landing on his side.
And everyone was on him in an instant.

For three days afterward, he lay on the forest floor. Why he
wasn’t killed by hyenas then, I’ll never know. He’d lost a
quarter of his weight, his shoulder was dislocated and his
upper arm broken, and his stress hormone levels were
soaring. He recovered, though it was iffy for a while. [But]
he was never in another fight, never mated again,
disappeared to the bottom of the hierarchy. And he returned

from whence he came, back into the wilderness.>

Note both the savagery and the coalition building in this description.
Sapolsky goes on to note that the victorious coalition lasted for just one
morning, followed by months of chaos as ranks flip-flopped.

Besides their aggression, a second difference between baboons and
domesticated animals is that baboon troops have an impressive level of
organization. The typical troop has a hierarchy of males with an alpha male



at the head of the troop. The alpha has priority access to desirable females
during their most fertile period, and thus tends to father most of the young.
Once an alpha male has occupied his position long enough to regard the
young as likely to be his progeny, he becomes highly protective of the
troop.

When they travel, baboon troops move in a highly organized fashion. They
set off in a coordinated manner in which males, especially the alpha male,
are likely to initiate the direction of travel.* The most vulnerable troop
members are protected in the center, and when the troop is faced with
danger the higher status males race forward to face it.> Domesticated
animals also tend to have a hierarchy or “pecking order,” but are less
cooperative.

Another difference between baboons and domesticated animals is that
baboons seem to be intolerant of crowding. Early in the twentieth century a
colony of mainly male hamadryas baboons was established at Whipsnade
Zoo in England. The result was carnage. Many males and virtually all
females and young were killed over a period of months and there were other
differences characteristic of highly stressed societies, notably a status
hierarchy that was both steep and unstable.® It is perhaps not surprising that
animals as aggressive as baboons should be stressed when confined to a
small space. While hamadryas baboons differ from savannah baboons in
that they form one-male rather than multi-male troops, it is likely that
savannah baboons would also be intolerant of crowding.

Another distinction between baboons and domesticated animals concerns
relations between the sexes. Baboon males dominate females, largely
because they are much bigger. Females may be threatened and attacked,
although most of the time dominant males protect them.

Finally, we may consider attitudes towards offspring. As noted earlier,
domesticated animals are typically low C and generally make poor parents.
Baboons, on the other hand, are good parents—for a while. For instance,
baboons are hugely interested in newborn babies, which have a distinctive
black coloring, and make every effort to touch and handle them. In one
population, adult females attempted to handle a newborn infant every 9
minutes, which had fallen to once every 30 minutes by the time the infant



was one year old.” In human terms they are intensely devoted and
protective mothers. But once weaned, which typically takes place when the
mother goes into estrus, offspring are largely rejected by their mothers.® It
is as if a two-year-old boy or girl, formerly a protected treasure, were left to
run wild.

Baboon parenting is thus distinct from low-C parenting. Low-C mothers
have less interest in their young at any age, which in humans also implies a
lack of control or discipline. Baboon mothers combine the intensive care of
infants with relative indifference to older offspring.

Baboon fathers also behave differently from low-C fathers in that they are
more likely to protect their young. Once the alpha male loses his position,
which is typically after less than a year, he continues to try and safeguard
the offspring that are likely to be his. He defends them against both
predators and immigrant males, who try to kill infants so as to bring
females back into estrus and allow such males to sire more young.
Infanticide presumably persists because it allows males to sire more of their
own offspring.” Protection by the likely father guards against infanticide
and it is often carried out at great personal risk, in that confronting an
immigrant male or predator may cause injury or even death.

Introducing V

Thus, while baboons behave in ways that are characteristic of low C, there
are other aspects of their behavior which cannot be explained in such terms.
These include aggression, intolerance of crowding, hierarchical
organization, male dominance, and intensive care of infants with rejection
of juveniles. This is a constellation that we will also find in many human
societies, such as the warlike pastoral tribes which have raided the settled
lands throughout recorded history. The label given to this complex of
behaviors and attitudes is “V,” indicating vigor and aggression.

What are the benefits of high V for baboons? The answer can be found in
the baboon’s physical and social environment. Life on the savannah is
dangerous. Baboons feed mostly on the ground and cannot outrun predators
such as lions or leopards. Aggressive group defense greatly increases the
chance of survival.



There is also starvation. Food on the savannah is normally plentiful, which
i1s one reason why baboons have low C, but that is not always the case.
Food can be scarce at certain times of the year, and even more so during
extended periods of drought.'” By making animals intolerant of crowding,
high V encourages them to migrate, which is vital when food supplies are
unstable. Animals which migrate readily are more likely to survive the next
drought by finding a refuge area, while those staying in one place until all
food is gone may starve. Intolerance of crowding impels migration even
when food is locally plentiful, and high-V groups are more likely to survive
the journey.

V-type behavior also helps baboons meet the challenges of migration: rival
troops, predators, and limited knowledge of refuges such as suitable trees.
Higher V makes baboons vigorous and aggressive, actively cooperating in
foraging and defense, and organized to care for the young and weak.

This pattern of behavior is not required in the food-restricted environment
of a tropical forest. Here, food resources are scattered but fairly constant so
that population rises to the level of food supply. Predators cannot be a major
cause of death, because heavy predation would reduce the population below
the carrying capacity of the environment and food would be plentiful. This
means there is less need for active defense such as mobbing, so animals
with low V and high C such as gibbons flee from danger. Nor do animals in
such environments normally need to migrate, so there is less need for group
organization and defense.

Genes versus environment as a source of V

A difference in the level of V accounts for some differences in behavior
between chimpanzees and bonobos. Chimpanzees are highly aggressive,
and males have often been observed to attack and kill the males of
neighboring troops. Chimpanzee males are strongly dominant over females.
Bonobos are far less aggressive and have never been observed to kill each
other. Also, and very unusually for primates, females tend to be dominant
over males. All this suggests that chimpanzees have higher V than bonobos.
Bonobos remain less aggressive than chimpanzees even in captivity with
plentiful food, so that the difference is presumably genetic (as it is for
gibbons, which maintain high C behavior in captivity). This pattern fits the



connection between high V and famine, given that food seems to be more
plentiful and nutritious in bonobo areas so there is less likelithood of

famine.!!

Baboons, like chimpanzees, appear to be genetically primed for high V. Not
only are baboons aggressive by nature but their physical characteristics
promote high-V behavior. The distinctive black coloring of infant baboons
releases an innate protective response, and much larger males are likely to
be dominant over females. Both of these factors, indulgence of infants and
dominant males, will be seen as V-promoters. Animals with a genetic
predisposition for high V are adjusted to life in dangerous and unpredictable
environments.

Yet, just as levels of C can adapt to the environment in many species, so
levels of V may vary quite widely. A study of a baboon troop in a forest
fringe area, which had not suffered food shortage for a number of years,
found the troop to be much less hierarchical than typical savannah troops.
Males were less aggressive and more likely to flee from danger rather than
protect the troop by rushing to face it.!? In another case, baboons feeding at
a garbage dump became far less aggressive, especially after a TB epidemic
wiped out much of the troop (which presumably meant there was plentiful
food).!3

Japanese macaques provide another example of major differences in Vtype
behaviors such as hierarchy, aggression and intolerance of crowding. A
study of five troops of macaques on Shodoshima Island found that they
varied widely in the strength of their hierarchies, as measured by the
exclusion of subordinate males from the center of the troop. The most
hierarchical troops had a larger individual feeding area and defended a

larger territory per monkey, an indication of aggression.'* Findings from
this study are shown in Fig. 4.1 below.

Fig. 4.1. Hierarchy strength, troop range per monkey and individual feeding

area in five troops of Japanese macaques.15 The more hierarchical troops
controlled larger territories, an indication of high V. Compared with the least
hierarchical troops, the most hierarchical had four times the range per monkey,
and four times the individual feeding area.
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The one exception was I troop, which was less hierarchical but had a
relatively large home range. The authors explained this by the fact that
home ranges shrink when troops are provisioned, and the I troop was the
only troop not to have been provisioned.

In addition, the more hierarchical troops were less tolerant of other troops in
their home range. The biggest overlaps in home ranges were of the K troop
(low hierarchy) with the I and T troops (low and medium hierarchy
respectively), which points to a greater tolerance of crowding in these three
groups. They required less personal space per troop member and were more
tolerant of neighboring troops. They are, in our terms, lower V. This
supports the idea that V behavior is variable and not fixed genetically.

V increased by intermittent stress

Granting that V is partly set by genes, it is important to explain what causes
it to increase. The trigger we propose is intermittent stress. Later, we will
consider the physiological evidence for how this happens, but here we focus
on features of the savannah environment that inflict stress on baboons.

First, there are stresses inherent in baboon society, such as aggressive
conflicts within and between troops. Dominant animals threaten and attack



subordinate ones, and even dominant males are stressed when established
hierarchies break down and new ones are being established. This is attested
to by high levels of cortisol measured in baboon troops at such times.

Even more fundamentally, the environment itself is highly dangerous.
Baboons live on open grassland with the constant threat of attack by lions
and leopards. The level of resulting anxiety is illustrated by this account of
baboons crossing a dangerous water channel:

Water crossings ... are fraught with anxiety. Long before
they enter the water, the baboons sit at the island’s edge,
nervously grunting and looking out towards the island they
hope to reach. Any movement on the water’s surface elicits
a chorus of alarm calls and brief flight. Once they seem
satisfied that the coast is clear, adults begin to cross.
Reluctantly, the juveniles follow, some grunting nervously,
others moaning or screaming, and others running to leap on
their mothers’ backs, anxious to get a ride ... The whole
spectacle is chaotic and amusing to the human observer but
deeply distressing for the baboons, who are out of their
element and vulnerable to any predator that lurks in the

water or along the too-well-travelled path.'¢

Actual attacks are even more traumatic. For example, analysis of feces
shows that female baboons experience a dramatic rise in glucocorticoid

levels after a close relative is taken.!”

While further research is needed to test the idea that famine and predator
threat increase V in non-human primates and rodents, there is suggestive
evidence for this in human populations. A recent cross-cultural study found
that societies with a history of unpredictable natural disasters are far more
likely to engage in warfare—not especially at times when disasters strike
but as a general pattern of behavior. Significantly, chronic food shortage (a
C-promoter rather than V-promoter) was not found to correlate with
warfare. The study also concluded that encouraging aggression in children
was a consequence of war rather than the cause of it, because it declined

when warfare ceased.!®



Increased V as a response to predation helps animals to defend themselves
against predators. As discussed earlier, this is partly because predators
lower C indirectly by keeping populations down so that food remains
plentiful. Lower C in turn causes animals to become bolder and group
together, so they have a better chance of successfully warning troop
members before an attack. But on the other hand, predation of troop
members is highly stressful, and any reaction to short-term stress that
causes animals to become more aggressive and well organized will also be
very useful. In short, predation makes animals such as baboons better able
to resist predators by potentially lowering C (if food becomes more
plentiful) and increasing V.

Likewise, an increase in V as a response to famine helps animals to succeed
in environments where famine is common. Famine, like predator attack, is
highly stressful. Increased V as result of famine would encourage migration
by increasing tolerance of crowding, and bring about aggressive and
cohesive groups that would make migration successful. The advantage of
the V system is that it works even when an individual has not directly
experienced famine. The experience of parents or even grandparents can be
transmitted through the upbringing of young baboons in the crucial years
before puberty.

The transmission of V starts with baboon mothers, which are highly
nurturing and protective of infants. Mothers may be anxious but they are
not normally abusive or neglectful. In effect, infancy is a relatively
stressfree period for baboons, apart from the anxiety transmitted by the
mother. At weaning, however, a young baboon is abruptly rejected by the
mother and enters a fraught and dangerous world. Apart from predation, he
or she is a low status animal in a fiercely aggressive and competitive
society. It is this combination of an anxious but nurturing mother, followed
by abrupt rejection and severe intermittent stresses after weaning, that
transmits the high V temperament to the next generation. The reason for
this will become clear when we study physiology.

Stresses continue in adult life. Although fights involving physical contact
may be rare in a baboon troop with an ordered hierarchy, there is still
conflict and competition. Subordinate males are often threatened and tend



to have high resting levels of cortisol, which undergo only a relatively
modest rise when they are challenged. This is not a healthy response.

Dominant males, on the other hand, only have chronic high cortisol levels
when the dominance hierarchy is contested.'” In other circumstances their
cortisol levels are low, rising quickly under a direct challenge but then
falling rapidly once the challenge is over. It is these dominant males who
are the fiercest and most effective fighters. In other words, V is increased in
adults by severe episodes of stress combined with relatively low stress at
other times.

Thus, the V mechanism makes it possible for animals which experience
famine or predation to migrate when population density rises, to organize
tightly, and to react to threats with warlike ferocity. By transmitting V to the
next generation through a set pattern of upbringing, it allows the next
generation to act in a similar way even without any direct experience of
famine or predation.

With time, abundant food causes V to weaken, just as it does C. Well-fed
animals lose high-C characteristics such as good maternal care, pair bonds,
territoriality, timidity, and selective mating. They also lose V characteristics
such as intense care of infants, hierarchical organization, aggression and
intolerance of crowding. As we will see, these are the same physiological
and temperamental changes that happen to people when civilizations
collapse.

Stress

To gain a deeper understanding of how famine and predation might bring
about the characteristics of V, we turn to laboratory studies on the
physiology and effects of stress.

Stress can best be viewed as a response that evolved to help animals
physically cope with danger. This is often referred to as the “fight or flight”
mechanism. When faced with a challenge such as a hungry lion or a
dangerous member of our own species, stress hormones including
adrenaline, noradrenaline and cortisol are released into the bloodstream.
These function to shut down bodily systems that are not related to fight or



flight by diverting resources into muscles and other systems needed to cope
with immediate danger.”’ Usually this reaction shuts down quickly when
the danger is past, but in response to some conditions stress becomes
chronic. Examples include overcrowding and constant harassment by more
powerful rivals.?!

Our concern here is the effect of stress in early life. As with calorie
restriction, the effects on non-adults differ from those on adults. Further, the
type and degree of stress matter a great deal. For example, a stressed mother
who neglects or abuses her infant will have a very different impact on the
infant from a mother whose anxiety causes her to be intensely warm and
protective. Chronic and unavoidable stress has a very different, even
opposite, impact from occasional stress that offers the individual some
prospect of avoidance or escape. Studies of maternal neglect in rats and
monkeys illustrate all of these points.

Maternal neglect

Arguably the most damaging form of stress is maternal neglect or abuse of
infants. Male rats separated from their mothers during infancy develop
depression-like behavior and are more aggressive to other males.”> The
same response profile has been found among primates. For example, in a
series of experiments rhesus monkey infants were reared in controlled
environments without mothers or contact with peers, with the intent to raise
animals there were hardy and healthy. The project failed. The animals
reared alone were unable to relate to others, incapable of normal sexual
behavior and liable to self-harm.”® Related studies have shown that many
rhesus females reared in i1solation will not voluntarily mate. Not
surprisingly, these females made extremely poor mothers.”* Other studies
have found that monkeys experiencing maternal abuse make poor mothers
and have lasting emotional problems.?>

Monkeys reared in social isolation exhibit bizarre and often ritualistic
behavior. They are wusually fearful but occasionally fearless.
Hyperaggressive or self-destructive behaviors may alternate with extreme
passivity. The one common theme throughout these studies is that their
social behavior makes it very difficult for them to cooperate with other



members of their species. This is, of course, the opposite of the cohesive
and organized high-V behavior.

The time of isolation or neglect is crucial, with the first six months being
associated with more devastating effects than the second six months, even

though both periods are before the normal age of weaning.?¢

The Mundugumor—a case study in infant neglect

No human society isolates infants to the degree just described for monkeys,
but some give remarkably little attention and affection to infants. One such
group 1s the Mundugumor, which was visited by the anthropologist
Margaret Mead during the 1930s.?” Infants were held in a stiff basket, often
hung from a peg, and nursed quickly and roughly, which usually resulted in
minimal contact with their mother. After infancy the neglect continued.
Children were punished severely and inconsistently and treated with little
affection. An unexpected death of a child from drowning was likely to be
seen less as a personal tragedy than as an annoying mishap causing
unwanted trouble.

The Mundugumor were riven by hostility and mistrust between parents and
children, husbands and wives, and brothers and neighbors. What social
coordination existed was the result of a few amiable men and women who
were generally despised. Fear was a constant theme, ranging from the fear
of other people to that of drowning. As we would expect from such a stress-
filled childhood, the Mundugumor were ferociously aggressive and feared
by their neighbors. In short, the Mundugumor showed all the features
associated with early isolation in rhesus monkeys, including fearfulness and
extreme aggression, poor social adjustment and poor parenting behavior.

While this is one case study, we may tentatively state that there is an
important lesson to drawn from the Mundugumor. The story of humanity is
frequently a story of struggle for survival or supremacy with more powerful
societies conquering, expelling or exterminating their neighbors. Being
aggressive can be an advantage in this respect and the Mundugumor were
no exception. They lived in an exceptionally fertile area from which all
other groups had been expelled, and they enjoyed plentiful food for which
there was minimal need for work.



But their aggression came at a high price. The Mundugumor lacked social
cohesion and were poor parents—exactly the same behaviors found in
monkeys deprived of maternal care. One consequence was that their
population had been dropping markedly in recent years despite plentiful
food. By contrast, baboons are effective mothers and their groups are
cohesive and well-organized. So while both societies suffer extremes of
stress, Mundugumor are low V and baboons tend to be high V.

Cortisol and aggression

In chapter two we suggested that food restriction can have different effects
on infants and adults, most notably with respect to testosterone. Restricting
the food of adults reduces testosterone, while restricting the food of mothers
has no effect or may even increase the testosterone of offspring.

We have seen that neglect or abuse in infancy can have damaging effects in
later life, including hyper-aggression. A number of studies have found that
experience of stress in later childhood and adolescence also makes children
and animals more aggressive.”® On the other hand, chronically stressed
adults with higher levels of stress hormones tend to be less aggressive.

Studies on rats are consistent with this view. Rats with a dysfunctional
glucocorticoid system, and thus low levels of circulating CORT, are more
aggressive to intruding rats than controls. The study also found a greater
level of activity in areas of the brain that control fear and stress, suggesting
that they feared the intruder. Once these rats were treated with an injection
of glucocorticoids they were no more aggressive than controls.?” In studies
of mice and hamsters, stressed animals with higher baseline CORT were
found to be less aggressive.>’

The effect of CORT in inhibiting aggression seems to apply mainly when it
is chronically high. Trout given a single cortisol treatment are more
aggressive towards intruders than before the injection, but became less
aggressive following three days of treatments.’! There is other evidence
showing that low doses of CORT increase aggression, whereas high doses
reduce it.>?



The same pattern has been found in humans. Low cortisol levels are
associated with aggression in school-age boys.’> This also applies to
adolescent boys for verbal and physical aggression, cruelty to people and
pets, destructive behavior, lying, truancy, vandalism and stealing.>*

Testosterone is associated with aggression, but it is clear that cortisol also
plays its part. For example, one study found that prisoners who had
committed violent crimes had higher levels of testosterone, but the link was
strongest among prisoners with low cortisol levels. The findings suggest
that cortisol may directly moderate the relationship between testosterone
and aggressive behavior.’> Similarly, a study of boys in a delinquency
program showed that those exhibiting high testosterone were more
aggressive than those with low testosterone levels, but only if their cortisol
was low.3°

People and animals that respond effectively to challenge tend to have low
resting cortisol levels which ramp up quickly in response to crisis, and then
decline when the crisis is past.

A study of air traffic controllers found that the best-adjusted controllers had
generally low levels of cortisol coupled with a rapid and effective response
to stress (such as an unusually heavy workload). Other controllers showed
high chronic cortisol levels and a less active response to stress. Members of
the latter group were less happy with their work and showed more

psychological problems than the low cortisol controllers.?”

Thus it is that while past experience of stress increases aggression, chronic
ongoing stress (indicated by higher cortisol) reduces aggression. This is
why dominant male baboons are so ferocious—they have experienced
severe stresses in the past but are currently high status, and thus less likely
to be chronically stressed. They were also indulged and protected as infants
by highly anxious mothers. Thus they are able to cooperate and their
aggression is appropriately channeled. Their cortisol levels are normally
low, but rise rapidly when challenges arise, whether from a leopard or a
competing male.

Intermittent stress: the toughening effect



So far we have a somewhat paradoxical picture. People and animals are
more aggressive following early experience of stress, which is associated
with elevated CORT. Aggression is also increased by a single infusion of
cortisol, so long as it is not too high. But aggression is associated with
lower levels of cortisol. How can the same hormone have seemingly
opposite effects? An answer can be found in what may be termed the
“toughening effect,” a process by which short-term exposure to stress trains

the body to cope better with future stresses.*

We saw earlier that maternal neglect or separation has a lasting impact on
behavior. Separating infant rats from their mothers for more than three
hours makes them more reactive to stress, more fearful, and less willing to
explore novel environments or foods. But handling rats for brief periods up
to fifteen minutes has the opposite effect. Their adrenal glands become
larger but they are less reactive to stress as adults, less fearful, and more
adventurous. One possible explanation is that short separations make the
mother more attentive to pups in the form of licking and grooming while
longer separation makes her less attentive.>”

But the toughening effect is a more likely reason, as indicated by studies of
the direct administration of CORT, which simulates many of the effects of
stress. Studies have found that administering high levels of CORT to
mothers after birth reduces maternal care and produces offspring which are
more fearful as adults and have an impaired adrenocortical response to
stress. However, moderate CORT in drinking water has beneficial effects. It
improves maternal care, protects against brain damage, and improves
learning and memory.** And it has also been found to protect the offspring
against Ischemic brain damage, a form of stroke.*! Our own studies have
even found a slight increase in the sperm count of the male offspring.
Further, CORT is thought to help protect infants against infection.*> Thus
while severe stress, especially combined with maternal neglect of infants, 1s
harmful, moderate stress without neglect or abuse can be beneficial.

This effect can also be seen after infancy. When hamsters are stressed
during puberty by exposure to a dominant male, they became more
aggressive as adults than animals not experiencing such stress, while the

same exposure as adults is associated with lower levels of aggression.*?



Note that the mere exposure to a higher status animal has this effect, even
when there is no actual attack or even threat. In the next chapter we will see
evidence of V-promoting effects when parents systematically control
children, even in the absence of punishment. The effects are less strong in
the absence of punishment, but they still exist. Thus, parental control is a V-
promoter as well as a C-promoter but only when applied in /ate childhood.
Parental control in infancy works to undermine the indulgence required for
the maximum level of V.

Apart from their effects on cortisol, repeated short-term stresses may
increase the capacity of amine-producing cells that are responsible for
noradrenaline, adrenaline and dopamine.** When released from the adrenal
gland, adrenaline and noradrenaline act very quickly in focusing attention
and initiating the release of glucose into the blood, thus readying the body
for challenge. Unlike cortisol, however, they do not reduce the body’s repair
and maintenance systems, such as the immune system.*> They are absorbed
very quickly, so their effects are short-lived. Nor do they cause emotional
distress.

In contrast, chronic stress depletes amines and allows them little time to
recover.’® Depleted amines are associated with many psychiatric
disorders.*’ Reduced dopamine is also found among people who are lacking
in motivation and unable to experience enjoyment, even such familiar
pleasures as favorite foods. Depleted noradrenaline availability can lead to a
lack of arousal and enthusiasm, and depressed people commonly combine
low levels of noradrenaline and dopamine with chronically high cortisol.*

Short-term stresses give the amines time to recover, and the experience
makes the amine-producing cells more productive. The net effect is that
people are made capable of coping with stresses via an amine response
rather than the more damaging cortisol response.*’

When an amine response to a challenge is insufficient and a cortisol
response 1s optimal to ready the body for action, repeated short-term
stresses also seem to render the cortisol response more effective.”” The
body 1s conditioned so that cortisol ramps up when needed and declines
rapidly when the immediate challenge has passed. This toughened response
to challenge avoids the damaging effects of long-term stress. Almost any



kind of stressor appears to have this toughening effect on rats, including
handling by humans, vigorous exercise, mild shock or cold.’! The
important point is that each episode must be relatively short-term, allowing
ample time to recover.

The effect of a stressor depends not only on its duration but on how much
the stressed individual feels in control of it. This is illustrated by a series of
experiments in which two monkeys were yoked together in the laboratory.
At random intervals both were given an electric shock. One, the “coping”
monkey, could turn off the shock for both monkeys. The other, the
“passive,” monkey, could not. Though both animals experienced the same

pain, the passive monkey had no way to control or affect the outcome.>>

Electric shocks are painful. Thus, it is not surprising that both monkeys
were stressed in the experiment. Response to stress, however, is complex
and involves different hormones and parts of the brain. In this experiment,
each monkey reacted differently. The coping monkey showed more of what
is known as a Cannon response, the passive monkey more a Selyean
response. Table 4.1 below summarizes these response differences.

Table 4.1. Cannon and Selyean responses to stress.>> Stresses over which the individual feels
some sense of control have very different effects on hormones, brain activity and behavior from those
which are perceived as uncontrollable. Cannon responses have the “toughening effect,” which allows
the body to respond more effectively to future challenges. In terms of Biohistory, they increase V.
Selyean responses are more likely to lead to chronic stress.

Cannon Response Selyean Response
Neuro- .
: Sympathetic-adrenal- . :
endocrine ymp Pituitary-adrenal-cortical
medullary
system
Adrenalmg, ACTH, corticosterone,
Hormones noradrenaline,
testosterone falls
testosterone
Area of brain |Amygdala Hippocampus septum
Threat to control; can Ioss of control; unable to

Evoked more

by fight back, or threat is of [respond effectively or predict

known and fixed duration joutcome
Behavior Arousal, defense, displaysDepression, withdrawal, low




aggression and anger mobility, lower sex and maternal
drives
Personality of Ambitious, driving, Subordinate animals, people
people . :
.. |vigorous, strive for who lack self-acceptance and

responding in . )

. dominance have a poor sense of their worth
this way
Some related [More likely to have heart [Tumors and peptic ulcers, viral
pathologies disease and bacterial infections

The features shown in Fig. 4.1 above explain why punishment or neglect in
infancy, when the individual is too young to understand why it is being
administered and is helpless to avoid it, can lead to lifelong anxiety. The
infant’s response is Selyean, and so future response to challenge is likely to
be Selyean. By contrast, a brief period of separation or the high CORT of an
anxious but nurturing mother are likely to produce a Cannon response, and
future response to challenge is more likely to be of the Cannon type.

The situation changes when the child is older. Chronic and unavoidable
stress 1s still likely to produce a Selyean response, but occasional
punishment may be met by a Cannon response. Older children, unlike
infants, know why they are being punished. It may be that they have done
something wrong, or simply failed to stay out of reach of an angry parent.
They also understand that the punishment will end, just like the yoked
monkey which can turn off the electric current. Thus, punishment in infancy
tends to undermine V, while intermittent punishment in later childhood may
increase it.

This toughening effect is likely to be stronger in larger families, which are
consistently linked to more authoritarian parents, physical punishment and
child neglect.”* If nothing else, having another baby in short order is likely
to reduce the protection and indulgence of older children, most of whom
will be well past infancy, so that the effect is to increase rather than reduce
V.

This pattern is well understood by people in some cultures. In an Egyptian
village discussed in greater detail in chapter six, the youngest and only
children were seen as lacking the experience of competition and conflict in



childhood that produces aggressive and competitive adults. As a result,
parents positively encouraged sibling rivalry and what we would term
“bullying” as necessary experiences to produce the aggressive and
competitive temperament required for success in their culture.>>

Maternal anxiety, high status males

There is one final V-promoter to consider, which will play a hugely
important role in human societies. Anxious mothers, provided they are not
neglectful, seem to produce adult offspring with a toughened response to
challenge. As discussed in chapter two, food restriction increases CORT in
mothers but lowers it in their adult offspring. This has a great effect, as
shown in Fig. 4.2. The adult offspring of food-restricted mothers have less
than half the CORT levels of controls, implying that exposure to CORT in
infancy reduces the chronic level of CORT in adults.

Fig. 4.2. Serum corticosterone levels in rats that were calorie restricted in

early life.>® Rats whose mothers were calorie restricted while nursing them have
lower levels of the stress hormone CORT as adults. Since CR increases CORT,
this suggests that exposure to higher CORT in infancy causes rats to have lower
CORT levels as adults.
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As we have seen, if an anxious mother is also abusive and neglectful then
the infant experiences a Selyean-like stress response which renders it less



able to cooperate as an adult. This is low V. But an anxious mother who is
doting and affectionate creates a Cannon-like response in her infant so that
it becomes more confident, cooperative, assertive and aggressive when the
need arises. This is high V.

Another important factor behind V is high adult status, because cortisol
inhibits aggression. This means that male V is maximized when males are
strongly dominant over females. A male infant is reared by a subordinate
and thus anxious mother, and grows up to be a dominant and thus less
anxious male. This helps to explain the extremely high V of baboons, since
males tend to be strongly dominant over females (aided by their much
larger size). Putting this in human terms, V is increased by patriarchy.

To summarize—four influences are required to maximize the aggressive but
cooperative high V temperament. One is that the mother be anxious, and
transmit this anxiety to her infants. The second is that the mother also be
indulgent and protective of her infants so that their stress response in later
life is Cannon-like rather than Selyean-like. The third is that the juvenile
experiences frequent but intermittent stresses after infancy, even if only by
exposure to powerful and higher status individuals. The fourth is relatively
high status as an adult.

Epigenetic Changes

It is likely that all these influences have epigenetic effects, and this even
applies to adults. Rats given access to a running wheel were found to react
much better to stress than controls, and showed clear differences in the
epigenetic mechanism of methylation, which influences the expression of
certain genes expressed in the brain.>’

Support for this can be found in our study of the epigenetic effects of
maternal food restriction.’® In chapter two we saw significant effects on
genes relating to the control of testosterone, but there was also an impact on
genes relating to CORT. This is significant because food restriction causes a
moderate increase in CORT and thus could act as a V-promoter.

One such change was found in the glucocorticoid and mineralocorticoid
receptors, which react to high levels of CORT by dampening down CORT



production and preventing its rise beyond a certain level. In our maternal
CR animals the activity of these receptors was reduced, which should allow
the levels of CORT to rise higher than otherwise. Similarly, the POMC gene
has the effect of signaling the release of ACTH, so activation of this gene
should increase ACTH. POMC was significantly more active in the pre-
conception group and should therefore be associated with higher levels of
ACTH. Since these animals had lower levels of CORT and ACTH than
controls, the likely conclusion is that changes to these genes help make
possible the more active and efficient stress response characteristic of
higher V individuals. This contrasts with that of animals or people who are
chronically stressed and show only a muted stress response to danger.

Genetic “set points” for V

We saw in chapter two that each species has a genetically-based “set point”
for C arising from the environment for which it has been adapted. For
example, gibbons are adapted to a tropical forest environment where food
supplies are normally stable and have a high set point for C. Baboons are
adapted to the savannah environment where food is normally plentiful and
have a low set point for C.

The same applies to V. As discussed above, baboons are naturally high in V,
a state reflecting the threat of predators and famine to which they are also
adapted. Along with the behavioral tendency to high V they also have
distinct physical features that support V. These include the larger size of
males, which helps make them dominant over females, and a distinctive
black coloring of infants that promotes the intensive care of the very young.
By contrast, gibbons lack the physical characteristics to support V. Males
and females are similar in size and infants have no obvious differences in
coloration.

Like baboons, humans evolved for life on the dangerous savannah, so it
seems reasonable to suspect that we too would have high V. However,
based on our knowledge of egalitarian hunter-gatherer communities,
humans are likely to be moderately low in terms of V.°>° Compared with a
typical baboon troop, most hunter-gatherer societies treat children with
mildness and affection. Also, the size difference between men and women
is more like that of gibbons than baboons, and human infants lack a



distinctive coloration. On balance, it is likely that humans are genetically
primed for moderate to low V.

But as with C, the set point for V can change via natural selection in
response to any long-term change in the environment. In species such as
gibbons, which are narrowly adapted to their environment and seem to vary
little in social behavior, the level of V seems to be relatively fixed. But V in
other species, such as humans and baboons, can be changed by
environmental conditions. In later chapters we will return to these
differences when we examine human societies in which members are as
fierce and hierarchical as any baboon troop, and other societies that are as
mild and tolerant of crowding as domesticated animals. Just as high V in
baboons is associated with the fierce aggression and tight organization
needed to fight off leopards and other baboon troops, high V gives a human
society the characteristics that make it successful in war. Fig. 4.3 illustrates
the differences between species in the level and variability of V.

Fig. 4.3. Hypothetical set points and range of variation for V. Gibbons are
predisposed to low V and baboons to high V. The behavior of hunter-gatherer
groups suggests that humans are predisposed towards moderately low V. But
compared with other primates, human societies show a startling range of
variation in levels of V.
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Understanding V

In its most fundamental sense, V helps animals to thrive in a dangerous and
unpredictable environment. It is a cluster of behaviors and attitudes that
includes aggression, high morale and the psychological ability to eftectively
respond to challenges without long-term stress. It is the result of offspring
being reared by anxious mothers, provided that mothers are not neglectful
or abusive. It is increased by intermittent and relatively controllable stresses
in childhood after the age of weaning. For a child a controllable stress is
one that can be relieved by a specific behavior such as behaving as parents
require, or that i1s of known and fixed duration. For adults, high status
lowers resting cortisol levels and thus promotes V.

High V individuals have low resting levels of cortisol and other stress
hormones, but with the potential to mount a rapid and effective stress
response in the face of challenge. They have the capacity to be aggressive,
but in appropriate circumstances and in cooperation with other members of
the species. They are less likely to be socially maladjusted. They react to
threat with a Cannon-like rather than a Selyean-like response.

V 1is subject to the same effect feedback cycle that applies to C. Any
behavior resulting from V will cause V to increase. For instance, the
aggression of high-V males can lead to confrontation and conflict, which in

turn can lead to periodic stresses that increase V.

V is reduced by chronic and uncontrollable stresses, and most strikingly by
maternal neglect or separation in infancy. The biochemical effects of such
early experience include chronically high cortisol and ineffective responses
to stress in later life. Low-V individuals tend to be passive, lacking in
confidence, and have poor social adjustment.

V in human societies

In chapter three it was suggested that gibbons are genetically primed for
high C and humans for low C, but human C is far more variable. Raising C
beyond this level is highly advantageous for some societies, though it
requires that people act in ways at odds with temperament, such as by
eating less food or having less sexual activity than they would prefer.



The same applies to V. Humans are both genetically primed for low V and
highly variable in their level of V. And V can be highly beneficial if it helps
a society gain success in war. Stress alone is not enough to achieve this
state, as indicated by the Mundugumor headhunters discussed earlier.
Although feared by their neighbors they were poorly organized and would
only fight when the odds were very much in their favor. Success in war
requires tight organization and a higher order of courage.

A high level of V can help tribes and nations in their struggle for survival.
High-V peoples are warlike, confident, well organized at the local level, and
frequently conquer or drive out neighboring groups. This point is captured
by the medieval Muslim philosopher Ibn Khaldun, who describes the
recurrent influx of patriarchal and warlike peoples into the settled lands
with dense farming populations and cities, where they took the local women
for their own and imposed elements of their culture and sometimes
language.®! Perhaps the best example of a high-V culture in recent times
would be the peoples of Afghanistan who have fought two superpowers to a
standstill during the past few decades, although many Afghans fought for
both the Soviets and the Americans.

Throughout history, the advantages of high V have been equally as great for
complex, large-scale civilizations. In later chapters we will propose that,
along with violence and destruction, barbarian invaders brought civilization
a long-term benefit by imposing V-promoting customs on the peoples they
conquered. Such practices not only maintain birth rate but allow local
groups in complex civilizations to organize and defend themselves. In
turbulent times, local defense is often the key to survival. For this reason,
we must consider the ways in which V is raised in human societies.

Higher V from harsh and unstable environments

Harsh environments with unstable food supplies tend to increase V. Warlike
tribes ranging from the Elamites of the twenty-fourth century BC to the
Arabs of the eighth century AD repeatedly overran the settled lands of the
Middle East. These tribes came from harsh and unforgiving environments,
whether mountains or deserts. They were pastoralists, living on marginal
land not suited to farming because of poor water supplies or rugged
terrains.%? The same pattern of aggressive pastoralists overrunning farming



peoples can be seen in other areas, including Africa and the Asian
steppes.63

Once they became established in wealthy and fertile areas they lost much of
their martial vigor and became victims of more warlike peoples in turn. Ibn
Khaldun also noted this, believing that barbarian tribes, because of their
relative cohesion, youth and vigor, conquered decadent civilizations that
had become soft through easy living.%*

Raising V through culture

A more significant source of V in human societies can be found in culture.
Just as cultures raise C by such methods as restraints on sexual activity and
religious rituals, so they have developed ways to raise the level of V.

One such method 1s fasting, which is a V-promoter as well as a C-promoter,
especially when it is severe but infrequent, as with the annual Lenten fast of
Catholic and Orthodox Christianity. The most rigorous and effective V-
promoter is the Ramadan fast of Islam which forbids eating or drinking
during daylight hours for an entire month. Such fasts have the effect of V-
promoting famines, as compared to milder but more frequent fasts with
have the C-promoting effects of chronic mild food shortage.

V is also increased by commandments to honor parents, and by behavior
associated with principles such as “spare the rod and spoil the child.” Both
of these reinforce hierarchy, and punishments inflict the kind of short-term
stresses that toughen the stress response for later life.

The society of ancient Sparta can be seen as a system designed to maximize
the level of V. The Spartans were, in their time, the best warriors in Greece.
Their whole way of life was a preparation for war, and it incorporated
exactly the kind of short-term stresses described earlier. According to
Plutarch, boys were trained by constant, vigorous exercise, running and
swimming as well as wrestling and fighting. They were provided with only
a single tunic and cloak in the coldest weather. They were left short of food
and often had to steal or starve. They were trained to endure pain, such as in
a public ceremony where boys ran a gauntlet of flogging to steal cheeses
from an altar. Taken together, these factors together caused Spartan warriors



to have higher V than their rivals, most of whom were part-time soldiers,
giving them a key advantage in war.%’

English public schools of the nineteenth century provide another example
of high-V training. They had a similar (if less rigorous) system to the
Spartans characterized by vigorous sport, cold showers, physical
punishment, and institutionalized bullying through the fagging system. The
Duke of Wellington is said to have observed that “the battle of Waterloo
was won on the playing fields of Eton,” indicating a connection between a
Spartan upbringing and British Imperial success:

Almost unconsciously the public school boy absorbed a
complete code of behavior which would enable him to do
the “right thing” in any situation. It involved obedience to
superiors, the acceptance of a position in the hierarchy, team
spirit, and loyalty. It produced the gifted amateur, trained for
nothing but ready for anything, who had a relaxed air of
command, a sense of duty and a feeling of the obligation of
the superior to his inferiors. It also involved the traditional
British phlegm, reserve, understatement, unflappability, the
stiff upper lip, a result of the inculcation of modesty in
victory and defeat, the all-male society in which emotion
was sissy, the encouragement of restraint in the exercise of

power.

For the English, the mid-nineteenth century was a time of maximum C,
reflected in the emphasis on reserve, discipline and restraint. But their focus
on hierarchy, team spirit and toughness is the epitome of V. This was also
specifically training for the English upper classes, whose higher status as
adults would reduce chronic stress and bring V to a maximum.

Military Drill

Increasing the level of V is almost certainly the main value of military drill.
While new recruits need to be able to use weapons and work as a team, it is
not immediately obvious why marching in step and presenting arms for
several weeks might create better soldiers. The key is that such activities



force the soldiers to behave in a way typical of high V, which means acting
cooperatively within a steep and controlling hierarchy. Adopting high-V
behavior tends to raise V, an example of the effect feedback cycle.

Unlike in the eighteenth century, marching in step is not the way modern
armies fight, but experience has shown it to be an effective way of creating
effective soldiers. In Goodbye to All That, Robert Graves describes his time
as an instructor and front-line officer during the First World War, and his
observations that proficiency at parade-ground drill correlated with combat
effectiveness:

We [the officers at the Harfleur “Bull Ring”] all agreed on
the value of arms-drill as a factor in morale ... I used to get
big bunches of Canadians to drill: four or five hundred at a
time. Spokesman stepped forward once and asked what
sense there was in sloping and ordering arms, and fixing and
unfixing bayonets. They said they had come across to fight,
and not to guard Buckingham Palace. I told them that in
every division of the four in which I had served ... there
were three different kinds of troops. Those that had guts but
were no good at drill; those that were good at drill but had
no guts; and those that had guts and were good at drill.
These last, for some reason ... fought by far the best when it
came to a show ... I told them that when they were better at
fighting than the Guards, they could perhaps afford to
neglect their arms-drill.®’

Severe and intermittent stresses, such as a period of famine or attack by a
predator attack, or simply by exposure to powerful authority, also increase
V in adults. Traditional military training is designed to simulate just these
kinds of stresses. An extreme example is the behavior of the Imperial
Japanese army before 1945 where soldiers were physically beaten by their
superiors. In Western armies abuse has traditionally taken the form of
insults and dressing down by an NCO, but the effects are likely to be
similar. Any such experience, especially combined with a program of
rigorous exercise, will elevate stress hormones such as cortisol.®®



Harsh environmental conditions provide another form of stress. The most
rigorous military training is provided to elite units, exemplified in a
description of the US Navy SEAL training called “Hell Week™:

Trainees are constantly in motion; constantly cold, hungry
and wet. Mud is everywhere—it covers uniforms, hands and
faces. Sand burns eyes and chafes raw skin. Medical
personnel stand by for emergencies and then monitor the
exhausted trainees. Sleep is fleeting—a mere three to four
hours granted near the conclusion of the week. The trainees
consume up to 7,000 calories a day and still lose weight ...

Throughout Hell Week ... instructors continually remind
candidates that they can “Drop-On-Request” (DOR) any
time they feel they can’t go on by simply ringing a shiny
brass bell that hangs prominently within the camp for all to
see.®”

An instructor at the San Diego facility had no doubt that the key factor in
the training of SEALS is psychological rather than physical:

The belief that [this training] is about physical strength is a
common misconception. Actually, it’s 90 percent mental and
10 percent physical ... [Students] just decide that they are
too cold, too sandy, too sore or too wet to go on. It’s their

minds that give up on them, not their bodies.”’

If the purpose of SEAL-type training was purely to build fitness, this could
be achieved far more easily and reliably by an ongoing regimen similar to
that used in professional sports training. But its aim is also to build a
toughness of mind and an aggressive confidence, which is exactly what
these elite units require. They require high V.

The rigorous training also serves another purpose—to select people who
already have the necessary toughness. Seventy percent of candidates fail
stage one of SEAL Basic Training, which is striking given that the
candidates specifically volunteered for what is known to be a tough and
arduous course. In other words, candidates would normally have high V



before volunteering, and those with the highest V would be the most likely
to survive because their stress response has been honed by past experience
to effectively meet the challenge.”!

A case study—cult purchase in the New Guinea highlands

V can be increased in adults but, as with C, the most important influencing
factors are the experiences of early life. The initiation ceremonies of
preliterate peoples, which boys needed to go through to be considered men,
seem designed to elevate V and at the same time inculcate cultural values.
The peoples themselves are fully aware of the benefits of such ceremonies.
In the Enga culture of the New Guinea highlands, cults were purchased by
local leaders with the direct aim of improving the behavior of young men.”?

Clan leaders chose initiation rites believed to produce longevity, strength
and the capacity for hard work and responsibility. Also valued was the
ability to raise many pigs, speak in public, and father many children.
Clansmen met to compare the economic and political performance of other
clans, and then approached the most impressive. Criteria included the
bachelors’ physiques, the clan’s success in producing and exchanging goods
and in defending its land, and whether it had produced prominent young
men. Payment —in pigs, salt, axes and oil—was arranged for rites, spells,
sacred objects, training for local experts, and supervision of the
performance. The cost of the sacred objects alone could be as much as a
young man’s bride price, which allowed him to get married.

Initiation rituals imposed hardships designed to separate boys from their
mothers—emotionally as well as physically. Candidates were confined in
ritual shelters and forbidden to urinate or defecate for days. Their diet was
restricted. During the ritual they were marshaled and subjected to
frightening sights and sounds. Some boys fled in terror. Those that persisted
would be made to sit in darkness for extended periods awaiting further
trials. When the rituals were completed, the initiates were required to
observe an extended period of strict food taboos, lifted one at a time over
the following months and years. These practices would impose severe
intermittent stress (V) and intense control of behavior (C).



Bachelor cults were designed to prepare young men for adult
responsibilities and leadership. Bachelors were judged in need of reform if
they showed inappropriate sexual behavior or were generally ineffective.
There were also ceremonies designed to deal with sickness and other
calamities.

The toughest and most demanding cults, such as the Kaima ancestor cult,
originated in the tougher environment of the western highlands. These were
also the most successful, spreading widely through the Enga cultural area.
The toughest environments produce the men with highest V who are most
likely to develop high-V cults and religions. This is something we will
examine later when studying the rise of Islam.

Patriarchy

Another function of the successful cults was to strengthen patriarchy,
accomplished by focusing on male ancestors and providing men with a
crucial ceremonial role. And of all V-promoting customs in human
societies, patriarchy is probably the most important.

The cross-cultural survey discussed in the previous chapter shows this
pattern (see also Table 4.2 below). Two measures of patriarchy were used:
formal dominance, which reflects patriarchal customs, and actual
dominance in the home. Societies in which men dominate women are more
aggressive, both in terms of internal conflicts and in competition with
neighboring groups, than those in which women have higher status.

Table 4.2. Aggression, male dominance, and punishment.73 Patriarchal societies, and those which
punish older children, tend to be more warlike. Both patriarchy and punishment are V-promoters but
patriarchy appears to be the most effective.

Formal male Home Punishment in late
dominance dominance childhood
Conflict yv1th1n gk 7 g
community
Feuds with other 46%*
communities i
significance *%.001 *.01




These findings indicate that aggression is increased not by the customs that
underlie patriarchy (formal male dominance), but by the actual control and
domination of women (home dominance). A woman’s anxiety is likely to
be influenced by her relationship with her husband rather than what society
says it should be. Home or actual dominance also correlates moderately
with feuding, while formal dominance and punishment of older children do

not. A likely explanation is that more civilized societies tend to suppress
feuds.

The link between patriarchy and V applies to every level and type of
society. When Margaret Mead visited the ferocious Mundugumor of New
Guinea, she also spent time with a tribe called the Tchambuli who lived
nearby. She describes them as a society where women were psychologically
dominant over men.

According to her account, Tchambuli customs required each boy to kill a
captive for his initiation, which indicates that they had once been warlike,
but in recent times had lost all taste for violence. Their initiations could
only be completed by purchasing captives such as orphans from
neighboring tribes. As a result they became subject to increased raiding, and
shortly before European contact they were driven from their fertile lakeside
home by more aggressive peoples, returning only when warfare was
prohibited by the colonial administration.”* Later studies suggest this is an
exaggeration. The Tchambuli did war on neighboring tribes on occasion,
many men beat their wives, and neither sex was clearly dominant. But it
seems clear that they were both less aggressive and less patriarchal than
their neighbors.”>

Anglo-Saxon England is another example of a society where declining
patriarchy was accompanied by reduced capacity for warfare. English
society was formally patriarchal, but it was a nation where women had
unusually high statuses by the standards of mainland Europe at that time. A
woman was not to be married against her will and she retained her property
in marriage. Women could take oaths and were able to act as grantors,
grantees and witnesses of charters. They could own and bequeath land, and
surviving wills show no differences in the treatment of sons and

daughters.’®



But higher status for women was associated with growing military
weakness, especially by contrast with high-V Norsemen from the bitterly
cold and famine-prone lands of Scandinavia. King Aethelred, who reigned
between 978 and 1016, paid massive sums to buy off Danish invasions. He
was briefly deposed by the Danish king Sweyn in 1013, and Sweyn’s son
Cnut seized control after his death.

Eventually, in 1066, England fell to the Normans, Norsemen who had
settled in northern France and whose aptitude for war made them rulers of
territories ranging from southern Italy and Sicily to England. They were
more patriarchal than the English, as illustrated by changes in English law
after the conquest. A husband now had absolute right to control his wife’s
dowry and could give it away or sell it. Sons were favored over daughters in
inheritance and widows were no longer the guardians of their own children.
And their laws reflected the presumption that women were totally obedient

and submissive to their husbands and unable to resist their will.”” In other
words, biohistory suggests that the high status of Anglo-Saxon women
reduced English V and thus their capacity for war, which made conquest by
a higher-V people possible.

Patriarchy is linked not only to conflict and warfare but to a number of
other variables which we have previously linked to V (see Table 4.3 below).
This indicates that patriarchal societies are not only more aggressive but
show stronger local organization and hierarchy. When patriarchy is stronger
local leaders have higher status, kin groups are more unified, and adult sons
tend to obey fathers. This is similar to the pattern of behavior seen among
baboons, which combine aggression with a cohesive, hierarchical social
organization. It is this social pattern that adapts animals to a dangerous,
changeable environment, and makes humans better at waging war.
Patriarchal peoples, like baboons, tend to form aggressive, well-organized
and hierarchical local groups. Such groups contrast strikingly with the
Mundugumor, who are aggressive but not well organized.

Table 4.3 Variables linked to patriarchy and sexual restrictions in the cross-cultural survey.78
Stronger male dominance is a sign of V and is linked to restrictions on sexual activity, to strongly
organized local groups (local leaders high status, unity of kin groups, adult sons obey fathers), to
children wanted (a measure of how much children add to a woman’s status), and to punishment in
late childhood—another V-promoter. Restrictions on sexual behavior are also related to patriarchy



and other variables associated with V (local leaders high status, adult sons obey father, children
wanted).

Formal male |[Dominance [Premarital sex |Adultery
dominance at home restricted restricted
Premarital sex | g, 28% xx 58
restricted
Adultery 39 21 5g kx
restricted
Local leaders " %
high status 29 31 32 30
Unity of kin 37 36%
groups
Adult sons obey| 7., 44 39% 29
father
Children wanted|.36* 37 25 31
Comshment 030 26 36+ 30
significance ** 01 *.01 Others: .05

Effective warfare requires not only aggression but coordination, and the
willingness to risk or even sacrifice one’s life in the service of one’s group.
It is the dominant baboon who puts the females and young behind him and
turns to face the leopard; the soldier who covers the man on his left with his
shield and has equal confidence that the man on his right will do likewise.
Such behavior is the essence of high V.

Table 4.3 indicates that patriarchal societies also tend to restrict sexual
behavior, usually explained by the need for men to have greater confidence
in the paternity of their children. But this does not explain why patriarchy in
the home shows a strong correlation to premarital chastity (.28) than to
restrictions on adultery (.21). Nor does it explain why in some Muslim
cultures a girl’s chastity is such a concern to her family that they may even
take her life if she offends. A more plausible explanation is that limiting
sexual activity is also a V-promoter, as confirmed by significant correlations
of sexual restraint with local leaders having high status and adult men
obeying fathers. Women under stress are more likely to neglect and abuse



infants, so raising a woman’s C—by restricting her sexual activity or
controlling her in other ways—has the potential to counteract the effects of
stress by making her more maternal.

Patriarchal societies also tend to have a high birth rate, as suggested by the
“children wanted” variable which measures how much the status of women
depends on having more children. Once again there are similarities to
baboon society, where intense care of young infants and rejection of infants
after the first few months reduce the interval between births. This is an
adaptation to a dangerous and changeable environment where fast breeding
is vital to group survival.

This link between V and fast population growth explains why people from
the deserts and steppes migrate repeatedly into more settled areas. From one
perspective, this is contrary to common sense. Populations should grow
where food is plentiful on the fertile plains and river valleys, and remain
fixed or decline in mountains or deserts where food is scarce. Yet the
opposite is more often the case, and V theory provides an explanation.

Finally, Table 4.3 indicates that patriarchal societies are more likely to
punish children in late childhood. Both patriarchy and punishment of older
children are V-promoters and, from the principle of the effect feedback
cycle, are also consequences of high V. Thus, patriarchy should make
people more likely to punish older children, and punishment of older
children should make societies more patriarchal.

While punishment of older children is a V-promoter, the theory predicts that
punishment of infants should reduce V. As indicated by monkey studies,
neglect and abuse of infants leads to a Selyean-type response which
undermines V. Table 4.4 shows that the effect of punishing infants is in
some ways opposite to that of punishing older children.

Table 4.4. Variables that link to punishment of infants and patriarchy.79 Punishment of infants
is negatively correlated with unity of kin groups, adult sons obeying fathers, and children wanted—
all aspects of V that correlate positively with patriarchy.

Punishment 02 Dominance at home
Unity of kin groups -.30 36%*
Adult sons obey father -.26 44%*




Children wanted -.44 37*
significance **.001 *01  [Others: .05

These findings are also consistent with an observation first developed in
chapter two—the response of animals to a stimulus is highly dependent on
the age at which the stimulus is experienced. For example, early food
restriction increases or has no effect on testosterone, while later food
restriction reduces it.

Harsh treatment of juveniles

There 1s another factor likely to increase V. We have noted that baboon
mothers, though solicitous and protective of very young infants, tend to
start rejecting them at a relatively young age. This is part of the “fast
breeding” profile of high V—mothers are freed to become pregnant again
as soon as possible. But given that early separation from mothers is a result
of high V it may also be the cause of it due to the effect feedback cycle. One
possible reason is that ongoing contact with a highly anxious mother after
weaning acts to set lifetime anxiety levels higher, even though such
experience before weaning does not. Also, maternal supervision may
protect a child from rough play and bullying, which serve to increase V.

This interpretation implies that people with younger siblings should have
higher V as long as the gap between offspring is no more than 2-3 years,
because the birth of a new baby normally reduces the amount of time a
mother spends with a child. This means that having more offspring should
increase the V of the offspring, just as V increases the birthrate.

Research by Frank Sulloway provides some support to this view. He found
first-born sons to be more conservative and identify more with parents.5
Children receiving a drop in attention at the birth of a younger sibling
should have higher V and thus be more conservative.

The effect feedback cycle predicts that an increase in V from any cause,
including occasional severe stresses, should increase male status relative to
females. In other words, living in harsh environments such as deserts or
mountains or the frozen north should, other things being equal, promote
patriarchy. And because V promotes confidence and high morale, having



high status will also promote V. This is the pattern characteristic of baboons
—the most aggressive (high-V) animals are the high status males. Table 4.5
below summarizes these findings.

Table 4.5. Characteristics of V and the factors that increase it.

V increased by V characteristics

Mother anxious but maternal to infants Males dominant over females
Women’s sex restricted

Early weaning; another sibling Higher birthrate

Occasional stresses: cold, hunger,
predators, threat, exposure to powerful
authority

Aggressive, intolerant  of]
crowding

Copes well with challenge
Cooperates in  hierarchical

group
Higher status as adult Confident, high morale

Military basic training, e.g. drill

The entries in Table 4.5 are consistent with the view that V is a system that
facilitates adaptation to unstable environments. People or animals react to
occasional severe stresses, such as famine, by changing their behaviors to
adapt to such conditions. They breed faster, become more aggressive and
confident, and cooperate within hierarchical groups. These same behavioral
changes cause them to treat their young in such a way as to elevate their V.
More confident and dominant males can be expected to make females more
anxious, for the same reason that lower status animals and people in any
environment tend to be more anxious than those with higher status. Shorter
birth intervals mean juveniles are released from maternal protection and
exposed to intermittent stresses in the environment.

Among baboons, stresses are provided by powerful males. Although
dominant males are not generally anxious they are inclined to threaten or
even attack lower status animals. It is these outbursts that allow baboon
males to fight off leopards and strive with each other for dominance. A
similar outburst directed against a juvenile is a massively stressful
experience, but one soon ended by flight. Even without any specific threat,
their very power acts as a V-promoter for juveniles.



In human terms, the equivalent is a beating or lecture administered by a
father or schoolmaster, or any form of systematic control. Other intermittent
stresses result from incidents of conflict with similarly aggressive peers, or
occasional bullying by older children. In all these cases the stress is severe
but of limited duration which leads to the “toughening” effect described
earlier. The overall effect is to produce the high-V character that is optimal
for survival in an unstable environment.

The function of such behavior is that the generation that has experienced
famine or severe predator stress transmits its experience to the younger
generation, who may not have had the same experience. The younger
generation thus has much of the aggression and group cohesion necessary to
cope with an unstable and dangerous environment. However, their V will
not be as strong as the older generation, and without further reinforcement
will fade over time.

Summary and conclusions

The factor we have labeled V, which can be identified in the behavior of
animals such as savannah baboons, i1s also found is humans and is one of
the key factors in biohistory. V is created by an attentive mother who is
made anxious by low social status, famine or social trauma. It is reinforced
by abrupt separation from the mother at weaning (around age two in
humans), such as can result from the birth of another infant. It is further
strengthened by periodic stresses after weaning and to a lesser extent in
adulthood, or any exposure to powerful authority. Thus, parental control in
late childhood is not only a C-promoter but also a V-promoter, though only
mildly so in the absence of punishment. Finally, V comes to a peak when
adults have relatively high status and thus lower cortisol.

Animals and people with high levels of V are aggressive, confident and
function well within small group hierarchies. Males tend to be dominant
over females. Males with high V are more effective soldiers and tend to
have more children than males with low V. Societies with high V are more
likely to make war and conquer their opponents. Like C, V is strongly
linked to the restriction of female sexual activity.



V is a mechanism that has evolved to adjust social behavior to resourcerich
but unstable and dangerous conditions. When predation is common and
there are periodic famines, animals are afflicted by intermittent stresses or
by exposure to high status animals, and thus become better at breeding,
fighting and migrating. Some human societies have developed religious and
other cultural systems that reinforce V, such as patriarchy, annual fasts and
close-order drills. This gives them a competitive advantage over peoples
with lower in V.

In the next chapter we look more closely at the formation of C and V during
childhood.
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CHAPTER FIVE

INFANCY AND CHILDHOOD

In previous chapters we have seen that environmental influences, especially
those early in life, cause epigenetic and hormonal changes which have
broad effects on temperament and beha