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Introduction

Humans are rather weak when compared with many other animals.
We are not particular fast and have no natural weapons. But we
have become the world’'s apex predator and have taken over the
planet. We Homo sapiens currently number nearly 7.5 billion and
are set to rise to nearly 10 billion by the middle of this century. We
have influenced almost every part of the Earth system and as a
consequence are changing the global environmental and
evolutionary trajectory of the Earth. WWe are also both inadvertently
and on purpose changing our own evolution. Fundamental to our
success is that we are very smart, both individually but more
importantly collectively. But why did evolution favour the brainy
ape? Because let face it there are lots of drawbacks to having a
large brain. First every child tries to kill their mother, as it is difficult
and dangerous to giving birth to offspring with such a large head.
Second you need a large amount of food in order to keep the organ
running, as big brains are energetically expensive. Third it
frequently goes wrong. So the large brain must have given our
ancestors a major advantage.

This book pieces together the evidence for human evolution by
focusing on the major evolutionary changes that occurred in Africa
that led our ancestors to walk upright and then to become
progressively smarter. Without the unique combination of tectonics,
global and local environmental changes, and celestial mechanics
human evolution would never have occurred. In this introductory
chapter | briefly review the origin of our planet to put our evolution
in the context of all evolution on Earth. | then set out the ten



transitions that have occurred on the way to humans becoming the
new geological superpower. What | hope this book will show is that
this human ascendancy was not inevitable but caused but a unique
combination of factors. As the great evolutionary theorist Stephen
J. Gould suggested, if we reran the tape of evolution again and
again the chances of humans evolving is zero.

In the beginning

To comprehend human existence and how we got here | believe
we need to put our evolution into context. To do this we need to
understand the origins of our planet and how life has evolved. So
let us start right at the beginning of everything. The Universe,
according to cosmologists, is 13.8 billion years old. It all started with
the Big Bang, when all the matter in the Universe was created and
blasted outwards. About 100,000 years after the creation of matter,
its expansion allowed it to cool, so that negatively charged
electrons were trapped by positively charged protons forming
hydrogen gas. At this point there were no galaxies, no stars, no
planets, and no life—only an expanding cloud of gas. Over time,
this irregular cloud started to form clumps of matter. Gravity pulled
on the gases within these clumps to form galaxies. Gravity within
each galaxy pulled matter together to form billions and billions of
stars.

Deep within each star the immense pressure resulting from
gravity forces the hydrogen atoms to collide. These collisions
occasionally lead to the creation of helium through the fusion of two
hydrogen atoms and results in a huge release of energy. Stars thus
burn hydrogen through nuclear fusion. As a star’s fuel is converted
from hydrogen to helium, the helium starts to collide and its fusion
creates carbon and oxygen. The carbon then burns to create
oxygen, neon, sodium, and magnesium. This nuclear fusion or
‘cooking’ continues through the elements up to and including iron.
These lighter elements are the main ones found in rocky planets
and are often called the planet builders. Elements heavier than iron
can only be created by neutron capture that involves adding
energy. This only occurs in the ejecta of massive star, ten to
twenty-five times the size of the Sun, when they finally explode.
Large stars that have massive gravitational force have the most
intense nuclear fires and are extremely bright but relatively short-
lived. These stars produce all the elements and distribute them
throughout galaxies through supernova explosions at the end of
their cosmically short life. So we are all made of stardust. Though



these massive stars create the building blocks for planets and life
they themselves are not suitable for forming a habitable solar
system. Smaller stars, like our Sun, have a smaller gravitational
pressure and thus cook their hydrogen at a much slower rate and
provide a more stable long-term environment to allow solar systems
to develop. Our own Sun has already existed for 4.6 billion years, in
5 billion years time it will expand forming a Red Giant, and will
continue expanding until it runs out of fuel in about 7.5 billion years
time.

Our Solar System formed 4.568 billion years ago from the
gravitational collapse of a giant interstellar gas cloud. The vast
majority of the system’s mass is in the Sun, with most of the
remaining mass contained in Jupiter. There are four smaller inner
or terrestrial planets—Mercury, Venus, Earth, and Mars. The four
outer planets are giant planets. Then there is the asteroid belt,
made up of numerous irregular shaped bodies and minor planets.
The total mass of the asteroid belt is about 4 per cent that of the
Moon, of which half is made up by the four largest asteroids. The
two largest planets, Jupiter and Saturn, are gas giants, and are
composed mainly of hydrogen and helium. It is the position and
mass of Jupiter that has helped to create our relatively stable Solar
System. It also influences the changing shape of the Earth’s orbit
around the Sun, and this has a profound effect on the Earth’s
climate. The two outermost planets, Uranus and Neptune, are ice
giants, and are made of water, ammonia, and methane. Further out
are rocky fragments, one of which is Pluto, which to my youngest
daughter's dismay has been downgraded to a ‘dwarf planet’ or
planetoid.

Central to the stability of the Earth is the Moon. The Moon
formed about 4.53 billion years ago, some 30-50 million years after
the origin of the Solar System. The prevailing hypothesis is that the
Earth—Moon system formed as a result of a giant impact. A Mars-
sized planet, which has been named Theia, hit the proto-Earth,
increasing the mass of the Earth while blasting material into orbit
around the proto-Earth, which accreted to form the Moon. The
Moon is thus made of the lighter elements found in the surface of
the proto-Earth. So the Moon does not have a metal core and its
density is lighter than Earth’s. The Moon acts as the Earth's
gyroscope, so its axis of rotation in relation to the Sun has
remained very similar for the last 4.5 billion years. As we will see
later, the small wobbles of the axis of the rotation are enough to
push the Earth into and out of the ‘great ice ages’. About 100
million years after the formation of the Solar System the Earth
degassed, creating an early atmosphere of nitrogen and carbon



dioxide as well as significant amounts of water. The Earth overall
has very low amounts of the essential volatiles such as water,
carbon dioxide, and methane, which are essential for life. Only one
molecule in 3 million on Earth is water, but through these early
processes they have been concentrated at the surface. At about 4
billion years ago we have the first evidence of rock formation on
Earth (Figure 1). Then, at about 3.5 billion years, we have the first
evidence of life on Earth—and that is where our story really begins.

H. sapiens

230-65 Ma Dinosuars 4540440 Ma Formation of the Earth
225 Ma Mammans\—;""/"—k
~380 Ma /,—

first vertebrate land animals

~530 Ma
Cambrian explosion

41003800 Ma first signs of Life
flisst animals "«,‘/ Prokaryotes
L}

~3500 Ma
Photosynthesis

muliceliular Life

~2300 Ma
Rise of Qxygen in atmosphere

FIGURE 1 Major biological events in the 4.6 billion years history of the Earth.

Ten key steps in human evolution

The essential requirements to form a habitable planet seem to be a
small long-lived star, a stable Solar System, and a planet at the
right distance from the star so it is not too hot and not too cold and
which also has enough water and carbon at the surface to support
life. Once these elements were established then | think there are
ten key transitions that occurred that inadvertently ended up with
humans populating and dominating the whole planet. | summarize



these below, and we will examine a number of them in more detail
later.

1. Origin of life

Fossil evidence for life can be found as far back as 3.46 billion
years ago in the form of preserved cellular structures in the Strelley
Pool Formation in Western Australia. These are thought to be
created by ‘single-celled’ bacterial communities that formed
stromatolites and are still found today in the warm shallow seas in
Shark Bay, Australia. Little seems to have happened during the
following so-called ‘boring’ billion years until about 2.4 billion years
ago, when a significant rise in atmospheric oxygen known as the
Great Oxidation Event is recorded in the rocks. Until then, only
simple, ‘prokaryotic’ organisms existed on Earth. The more
complex ‘eukaryotic’ cells, with nuclei and other internal structures,
emerged between 2.1 and 1.6 billion years ago from the merger of
two types of prokaryotes, and these are the basis of almost all
multicellular organisms.

2. Origin of complex life

The origin of animals is currently uncertain, but simple animals had
probably evolved by about 600 million years ago. However, most of
what were to become the major animal phyla we know today
appear to have arisen during a period of rapid diversification known
as the Cambrian Explosion, which began about 541 million years
ago, the start of what is known as the Phanerozoic Eon, and lasted
for over 40 million years. Some of the extraordinary forms that
existed at this time are captured in the remarkably preserved fossil
assemblages of the Burgess Shale (Rocky Mountains, Canada)
and Chengjiang (Yunnan Province, China). This melting pot of
evolution included one branch—the vertebrates—that evolved a
backbone, and it is from these that we are descended.

3. Evolution of mammals

The unique features of mammals are milk-producing mammary
glands in females, fur or hair, three bones in the inner ear which
evolved from the reptilian jaw, and a neocortex (Figure 2). The
neocortex is a region of the brain that controls higher functions
such as sensory perception, generation of motor commands,
spatial reasoning, and, in humans, conscious thought and
language. The earliest mammals are thought to have emerged from
mammal-like reptiles before the end of the Triassic Period, by about
225 million years ago.
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FIGURE 2 Key morphological features that define hominids.

4. Extinction of the dinosaurs



There have been several mass extinctions in Earth history, the
most extreme of which was at the end of the Permian some 250
million years ago, which destroyed most of life on land and in the
oceans. This has been referred to as the ‘mother of all extinctions’,
but somehow life managed to survive and then diversify after this
close call. The mass extinction most directly relevant to our story
however is the Cretaceous—Tertiary extinction also called the ‘KT
extinction for short. Around 66 million years ago, a major period of
volcanism resulting in massive outpourings of lava, resulting in the
Deccan Traps in India, compounded by the Chicxulub meteorite
impact event in Central America, caused a mass extinction that
killed off many species, including the non-avian dinosaurs. This
extinction event was essential in the story of human evolution as it
ended the 170 million-year domination of dinosaurs and allowed
the evolution and proliferation of mammals, and the appearance of
the first ancestors of primates.

5. Evolution of social primates

Ten million years after the extinction of the dinosaurs, during a
period of super-global warming, the first fossil evidence for true
primates and social monkeys begins to appear. Anthropoids or
simians, a group that includes primates and monkeys (Table 1),
began to live in larger groups, which meant that each animal had to
negotiate complex webs of friendships, hierarchies, and rivalries.
This is thought to have been a major driver of brain expansion later,
in hominins.

TABLE 1. Common terminology used in human evolution and in
this book

Anthropoids All primates (monkeys and great apes and
their fossil ancestors), hominins, and humans

Hominids All great apes (gorillas, orangutans,
chimpanzees, bonobos, gibbons), hominins,
and humans

Hominins All our fossil ancestors (Ardipithecus,
Australopithecus, Homo)

Anatomically Homo sapiens, but without substantial

modern humans evidence for our cultural accoutrements (art,
burials, ornament, musical instruments)

Humans Only modern humans, Homo sapiens, with
clear evidence of cumulative culture




6. Evolution of hominins

The exact origins of hominins is disputed. However, the last
common ancestor with chimpanzees is thought to have lived
between 8 and 5 million years ago. Despite the relatively miniscule
genetic difference between modern humans and chimpanzees, our
evolutionary paths have been radically different since the split.

7. Bipedalism

Between 10 and 5 million years ago, hominins developed the ability
to move efficiently on two legs. At the same time chimpanzees and
gorillas became better at tree-climbing and developed knuckle-
walking while on the ground. Bipedalism allowed our ancestors to
spread out from East Africa into Northern and Southern Africa.
Some of these bipedal hominins were already using stone tools by
at least 3.3 million years ago.

8. Brain expansion

About 2 million years ago new hominin species appeared with
brains up to 80 per cent larger than their ancestors, and for the first
time they dispersed out of Africa. This large brain was
accompanied by other sweeping changes to life history (shortened
intervals between births, delayed child development), body size,
the shape of the pelvis, and a shoulder morphology which allowed
projectile use. These species show adaptations to long-distance
running, ecological flexibility, and social behaviour, including food
processing.

9. Cumulative culture

Homo sapiens emerged about 200,000 years ago in East Africa
and dispersed into Eurasia. It is not until 100,000 years ago that
there is evidence of creative thinking. From 50,000 years ago this
becomes more consistent, with evidence of art, ornaments, and
symbolic behaviour. These steadily increase in complexity and
frequency and demonstrate that knowledge was being generated
and passed on to the next generation. Culture was being
accumulated and grew with every generation.

10. Agriculture and industrial revolutions

At the end of the last ice age, about 11,000 years ago, agriculture
first appeared in South West Asia, South America, and northern
China. It then appeared 6,000-7,000 years ago in southern China



