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Human Biological and Socio-cultural Development

Humans are related to every living thing on this planet.


There is g-randeur in this view of life, with its several powers, having been originally breathed by the Creator into a few forms or into one; and that, whilst this planet has gone cycling on according to the fixed law of gravity, from so simple a beginning endless forms most beautiful and most wonderful have been, and are being evolved.

Charles Darwin (1809–82)1



It has always been one of the greatest puzzles for human beings: why do we, the world and the universe exist? The extraordinary naturalist Charles Darwin found no better answer than that already contained in the first book of Moses: God created the world. In 1863, in a letter to the famous botanist Joseph Hooker, Darwin wrote: ‘It is mere rubbish thinking, at present, of origin of life; one might as well think of origin of matter.’2

The natural sciences have come up with no more convincing explanation to this day. But we do at least have an idea of what happened after the Creation, or – in modern terminology – after the Big Bang, 13.8 billion years ago. Astronomers and physicists are developing ever more sophisticated theories of the universe’s expansion since that point, and how it separated into matter and energy. According to their findings, the earth was formed 4.6 billion years ago from gases condensing around the sun. The first evidence of simple life forms stems from around 3.8 billion years ago. Their home was the ‘primordial sea’, and traces of them can still be found in fossil form today. In the mid-nineteenth century, Charles Darwin gave a scientific explanation of how life on earth diversified and developed from that point on. His theory of evolution continues to shape our understanding of how life developed. It provided the foundation stone for all discoveries made over the past 150 years in fields as diverse as embryology, evolutionary developmental biology, palaeontology and – above all – molecular genetics. Darwin’s theory has been largely proven by researchers in these fields, who have also greatly expanded our knowledge about how all kinds of life forms developed, from bacteria to fungi, plants and animals, and of course humans.3 The commonly used terms ‘family tree’ or ‘tree of life’ are misleading: the lines of descent don’t lead off like branches from a trunk, but sprout in all directions like a bush.
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The theory of evolution helps us to understand not only where we come from, but also how we became what we are today. It offers an explanation for why humans are related to all living things, such as bacteria and fungi, plants and other animals; how our physical and mental features like the hand or social behaviour developed; and why humans have managed to develop so quickly over what is, in evolutionary terms, an extremely short period of time. The theory of evolution also helps us find answers to the following questions:

How did the enormous diversity among humans come about, and why is each human being unique? Where does the insatiable human drive to understand and control the world come from? And why have humans developed into extremely social animals who also spend their lives attempting to live in harmony with their environment? The initial answers to these questions can be found in biological evolution. It represents the foundation from which socio-cultural evolution, which is what created humans as we know them, was able to develop.

ALL LIVING THINGS DEVELOPED OUT OF ONE ANOTHER

In 1863, when the British biologist Thomas Huxley first brought Charles Darwin’s theory of evolution to public attention in his book Man’s Place in Nature, the idea that mankind might be descended from the apes caused an explosion of outrage. But through his wide-ranging observations of plants and animals, Darwin had made discoveries about the origins of man that went far beyond this. Erring on the side of caution, he kept these thoughts to himself, quite rightly fearing they would cause an even greater uproar and be rejected even more vehemently than Huxley’s revelation. Darwin had ultimately come to the conclusion that all living things – plants and animals and humans, too – had a common ancestor.

Fossil evidence

Dating fossilized remains tells us at what point in the earth’s history different species of plants and animals appeared, how long they existed for and when they vanished. The oldest bacterial life forms were discovered in a fossilized sea bed. They lived 3.8 billion years ago. The earliest evidence of single-celled organisms with an obvious nucleus (bacteria have no cells) comes from around 600 million years ago. These ‘eukaryotes’ developed into multicellular organisms at the time when the level of oxygen in the atmosphere began to rise from 3 per cent to today’s level of 20 per cent. From this point on, palaeontologists are able to trace the origins of more and more new plant and animal species by means of fossil finds. They have discovered that vertebrates first appeared in the early to middle Cambrian period (540 million to 500 million years ago). Particularly significant finds are those that show transitional life forms, such as the dinosaur Archaeopteryx, a link between reptiles and birds, and the Tiktaalik, a link between bony fish and tetrapods.4 Well-documented fossils of horse-like mammals illustrate the way in which, over the course of 65 million years, multi-toed browsing animals the size of foxes developed into modern horses, via many intermediate stages.

But research by palaeontologists has not only shown the evolutionary diversification of plants and animals. It has also revealed periods in which mass extinctions took place. In a relatively short period of time, geologically speaking, numerous groups of plants and animals were decimated or even disappeared from the earth altogether. In the Permian period, around 250 million years ago, an estimated 90 per cent of all animal species were wiped out. At the end of the Cretaceous period, 65 million years ago, there was another mass extinction, probably as the result of a climate catastrophe caused by a huge meteorite strike, a massive volcanic eruption or another as yet unknown event. This catastrophe led to the extinction of the dinosaurs and numerous other animal species. But these mass extinctions, several of which have taken place over the course of evolution, didn’t just destroy life; each time, new life was also created. After the last mass extinction 65 million years ago, entirely new species of plants and animals developed, including the ancestors of the mammals and birds we know today. Despite knowing nothing of mass extinction, Lucretius (c. 97–55 BC) captured this essential feature of nature when he wrote: ‘Nothing is completely destroyed that we see living today. Nature creates new from old, and the life of the future blossoms in endless flux from the tomb of the past.’

Common features in developmental biology

Several hundred years ago, humans realized that the distinguishing features of living things didn’t appear in haphazard combinations. Plants and animals could be grouped together according to their appearance and placed in hierarchies by looking at certain attributes. The Swedish naturalist Carl von Linné (1707–78) created the foundation for a modern botanical and zoological taxonomy with his binary system of classification. Charles Darwin regarded the similarities in how living things are constructed as a strong indication that they all had a common ancestor.

The zoologist Ernst Haeckel, a contemporary of Darwin’s, observed that organisms like fish, tortoises and humans are very different once they are mature. But there are some similarities between them in their early embryonic stages. From this, he extrapolated the ‘rule of recapitulation’: in its development from fertilized egg to adult animal (ontogenesis), each living creature recapitulates the historical stages of evolution (phylogeny). The rule as Haeckel formulated it has been proved wrong, but it does hold true for the early embryonic stages of related species, such as mammals – another piece of evidence that each species of plant and animal builds on earlier species and on organ systems retained from them.

Certain morphological structures in related species of animals point to common ancestors. These ‘homologous’ features have developed in different directions, depending on the functions they had to fulfil in their environment. The illustration below, from Darwin’s era, shows how similar bones in mammals have evolved differently according to the functional challenges facing each species. Useful structures have been strengthened, and superfluous ones have receded or disappeared altogether.

Six million years ago, our ancestors split off from other great apes. Since then, the hands of primates have continued to develop into differently shaped organs with a variety of functions. Orang-utans live in trees, and their hands and feet mainly help them cling to branches and move along them. Their thumbs are therefore hardly developed at all. Gorillas, on the other hand, live almost entirely on the ground, though they can still climb tall trees. Their ‘knuckle walk’ places their weight on their second and third fingers, which have thus developed into very powerful digits. Chimpanzees, who spend part of their time in trees and part on the ground, have better-developed thumbs – evidence that they can manipulate objects, as when they crack a nut with a stone or piece of wood.
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Figure 1.3: Development of the hand in primates over the last six million years.

The most important feature of the human hand is its large thumb. It is opposable, which means it can meet each of the other fingers, especially the forefinger. This pincer grip enables us to pick up the smallest of objects. We can lift and carry heavy things using our whole hand, and use large tools such as hammers. We use our hands for a host of physical tasks, but also for interpersonal communication and intellectual activities. We might point a finger in a particular direction to draw attention to something, or wave goodbye to someone. Schoolchildren count on their fingers. Deaf people use gesture, movement and the positioning of their fingers and hands to replace the elements of speech in sign language. A sign also used by hearing people is putting our hands together in prayer. It points to a close relationship between hand and intellect.

Common threads of life

When Charles Darwin published his groundbreaking book On the Origin of Species in 1859, followed by The Descent of Man, and Selection in Relation to Sex in 1871, the structures and functions of the body’s cells and the cell nucleus were still largely unknown, and it would be many years before chromosomes were discovered. At around the same time (1865) the Augustine monk Gregor Johann Mendel reported on his pioneering cross-breeding experiments with pea plants, and the ‘Mendelian laws of inheritance’ he had derived from them.5 However, his writings became widely known only forty years later, long after his death, meaning that Darwin had no knowledge of anything approaching modern genetics. But Darwin still noted the diversity and similarities among plants and animals with a keen eye, and was interested in the results of breeding cattle and domestic animals, which he observed on farms and at livestock markets. He too conducted cross-breeding experiments, using pigeons. The successful breeding processes that caused the features of a species to undergo obvious changes in the space of a few generations led him to conclude that a comparable process of selection must be taking place in the natural world. Using nothing more than his extraordinary gift for observation and his highly developed powers of analysis, Darwin grasped the ways in which characteristics were preserved or changed in the natural world, and how living things adapted to their environment.

It was many more decades before the cell nucleus, the chromosomes contained within it and finally the threads of life within the chromosomes, the DNA double helix, were discovered and their significance understood. In 1944, Oswald Avery and his colleagues proved that deoxyribonucleic acid (DNA) was where inherited information was stored. DNA is an extraordinary substance that stores all the information on an organism’s structure, development and functions, and passes it on very reliably to the next generation. It has been doing this for hundreds of millions of years, from the first life forms to all the species of plants and animals that have ever existed, including humans.

Molecular genetics confirmed Darwin’s assumption: all living things, including humans, have a common origin. As incredible as it may sound, certain sections of our DNA originate in the DNA of the first life forms to populate the earth. We aren’t just related to primates, but – albeit to very different extents – to all other living things as well, including fish, the platypus and the chicken. We have genetic material in common with bees, worms and even with grape vines and mildew. As the illustration shows, the protein-coding genes prove a genetic link between humans and the widest variety of animal and plant species. The protein-coding genes are those that trigger the production of specific proteins. These proteins are some of the building blocks used to create and regulate the cells of the body. The closer another species is to humans in the evolutionary family tree, the more genes we have in common with it. The overlap between humans and chimpanzees, our closest relatives, is estimated at between 90 and 99 per cent of the whole genome, depending on the methods used in the study. Which comes as no real surprise when you consider that our ancestral lines only parted ways 6 million years ago.
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Figure 1.4: A common heritage. The percentage of protein-coding genes that humans share with other living things. (source: Herrero 2013)
Humans, then, are not fundamentally different from the more advanced species of animals – we have merely developed our needs and abilities further, making them more sophisticated than those of any other species (see Chapters 4 and 5). We are genetically related to all living things. This insight makes us, as the only living creatures conscious of this connection, responsible for all life on this planet. All the more so when we’re forced to recognize that we are so closely tied to other living things, and they to each other, that our survival depends on them. We rely on plants to produce oxygen, and they in turn rely on bacteria, insects and birds for their metabolism, for fertilization and for spreading their seeds.

ADAPTATION AND CHANGE IS A PRINCIPLE OF LIFE

For more than 450 million years, countless species of plants and animals have been developing from each other and surviving in a huge range of environments. What has made evolution so successful? Charles Darwin also found an answer to this question in his theory of evolution – an answer that, with a few modern additions, remains convincing 150 years later.

Long-term adaptations in the course of evolution

At the very heart of evolution stands each living thing’s struggle to adapt as well as possible to the environmental conditions in which it lives, in order to survive and reproduce.6 If individual members of a plant or animal species have characteristics that give them a greater chance of survival and a reproductive advantage, they will have more offspring – although their offspring won’t all inherit these characteristics. The ‘natural selection’ that arises from this doesn’t affect the genes, but rather the characteristics developed by an organism, and it doesn’t affect just one individual, but whole groups: plants like wheat, for example, or herd animals like buffalo. Over the course of many generations, advantageous characteristics appear more frequently, and disadvantageous characteristics less so. Organisms adapt to their environmental conditions with increasing specificity, and the frequency distribution of their genes gradually changes. If the genetic differences within or between populations of a species become ever more pronounced and more numerous, a new species will ultimately emerge, the individual members of which can only reproduce among themselves. Humans force this process of selection when they breed plants and animals. The deliberate pairing of dogs has led to the emergence of a tremendous variety of breeds in a very short space of time (from the perspective of evolutionary biology); from a Chihuahua lap dog to a giant Newfoundland or a lightning-fast greyhound. But, as different as dogs may be in their size and shape, they are all still part of the same species.

A key term in evolutionary theory is ‘fitness’. And this term, as used in evolutionary biology, has nothing to do with sport or peak physical condition. The quote from Hubert Spencer about the ‘survival of the fittest’ is also used wrongly in social Darwinism to mean the ‘survival of the strongest’ – a state of constant competition between the individuals of a species. What the phrase meant to Charles Darwin, however, was ‘the survival of those who are best fitted to their environment’. And a huge variety of animals can fit themselves to the same environment.

In order for selection to take place at all, the genetic make-up of a species must be widely varied and subject to constant evolutionary change. The diversity and development of the genome, and the development and differentiation of organs, functions and behaviour that come with these, are further basic elements of evolution. They enable a species to adapt to changing conditions.

In the course of evolution, the genome of all living things has changed slowly but constantly – although only where change has been advantageous. Some areas of the genome are extremely stable, while others change continually. Some genes are retained under varying environmental conditions, while others disappear, change or are re-formed. There are genes and gene complexes that have stayed the same for hundreds of millions of years, such as the Hox gene, which has been determining the structure of body segments and limbs along the body’s axis in insects, fish, birds, mammals and humans for more than 400 million years.

There is still very little research available on the molecular-genetic mechanisms that guarantee such a high level of stability in genes. It is worth noting that we have not just one but several copies of some genes. Perhaps nature is ensuring stability in the same way a sensible computer user might: it is making back-up copies. In recent years, scientists have discovered the ‘DNA repair gene’,7 the function of which is to ensure that damaged genes are given back their original structure, maintaining their stability.
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Figure 1.5: The Hox gene has been determining the structure of body segments and limbs along the body’s axis in a wide variety of species for more than 400 million years.
The long-term evolutionary change of the genome is down to ‘mutations’. Mutations can occur in genes and gene complexes as well as in chromosomes. If the former are affected, then a gene’s building-blocks, its ‘base pairs’, are doubled, replaced, changed or destroyed. Mutations can occur spontaneously (at conception, for example) or are triggered by external factors such as radioactivity or chemicals. They can be useful or harmful, or have no effect at all on the gene or the gene complex’s ability to function. If mutations occur in the body’s organs they can lead to malignant tumours. These ‘somatic’ mutations are confined to the affected cells and are not inherited. But if mutations take place in stem cells, from which the sperm and the egg develop, they can be passed on to offspring. The development of the genome in the course of evolution is caused by these ‘gamete’ mutations.

A mutation in the chromosomes can be a ‘numerical’ chromosome abnormality, producing a change in the number of chromosomes. People with Down’s syndrome have three copies of chromosome 21, for example. Individual chromosomes can also undergo structural changes, as when a section of the chromosome is missing or doubled (deletion or duplication). Children with Cri-du-chat syndrome have learning disabilities and a very high-pitched cry, caused by a deletion on the short arm of chromosome 5. The effects of chromosomal disorders are rarely absent and almost never positive.

But the idea that spontaneous mutations and natural selection are the only things that lead to ‘meaningful’ development of the genome no longer seems plausible. Other mechanisms must exist – particularly those that lead to a kind of linkage between organism and environmental influences. Such a function could be fulfilled by the DNA repair gene mentioned above, for instance. This gene effectively carries out a process of selection among genetic mutations. Mutations that are advantageous for the organism are retained, while those that impair the organism’s ability to function are reversed. This means the genome is developed less by spontaneously occurring mutations than by deliberate repair processes. This theory is supported by the molecular genetic research of the past few years, according to which far more mutations occur than previously thought: we simply don’t spot them because they are then reversed.8 ‘Epigenetic’ processes could be something else that create a connection between genome and environmental factors. For several years now, epigenetics has been looking into the question of how environmental factors can influence the activities of genes on a molecular level. It has proved, for instance, that certain external factors lead to a change in gene activity, by causing a DNA methylation of particular base pairs in a gene, or a modification of the proteins around which the DNA of a chromosome is wrapped (histones).9 These external factors play an important role in the development of an embryo, and probably continue to have an effect after birth. It is entirely possible, though difficult to prove, that epigenetic changes retained over generations can lead to advantageous, or occasionally disadvantageous, changes in the genome. It is highly likely that there are further exchange relationships between genome and environment about which we still know nothing.

Change from one generation to the next

Changes in our genetic make-up don’t just take place along the grand timescale of evolution, but also in the lifetime of every individual human. In choosing a partner, we determine the selection of genes that will be passed on, and during conception a child’s genes and chromosomes are put together in a unique combination that has never existed before and never will again.

Sexual selection is an ancient and widespread form of selection across many species of animals. A particular characteristic – the configuration of the tail-feathers in a male peacock, for example – gives the individual with that characteristic an advantage when it comes to reproduction. Sexually attractive males or females reproduce more successfully. In each generation, they pass on their genes more frequently than their less attractive and therefore less successful competitors. The animal kingdom has an incredible repertoire of characteristics that feature in sexual selection. These may be physical features like the size of antlers for stags, the volume and length of song for songbirds, or the body language in the grey goose’s courtship dance. Human courtship behaviour covers a very wide variety of factors:10

Factors involved in sexual selection (adapted from Morris 1987)

• Physical attractiveness: development of secondary sexual characteristics (beard, breasts), physique (men: broad shoulders, muscles; women: wide hips, soft curves).

• Social behaviour: rituals of encounter (e.g. in nightclubs), display behaviour (men: sitting with legs far apart; women: swaying hips).

• Physical contact: all stages and forms, from holding hands and caressing to intercourse.

• Personality traits and abilities: humorous and entertaining character, social competencies, shared interests.

• Existential and social guarantees: women tend to look for economic security, including income and property, social esteem and status.

• Potential for parenthood: interest in family and children, and in bringing up children together

• Cultural and social value systems: moral ideas, social rules regarding choice of partner and marriage, significance of family and children, group selection on the basis of certain cultural characteristics (e.g. caste system)

For humans, choosing a partner isn’t just a matter of erotic charisma and sexual attractiveness. A series of factors such as personality traits, cultural values and expectations of existential and social security also play a fundamental role and contribute indirectly to the make-up of a child’s genome. In addition to this, partners often get together because they are similar in certain areas such as intellectual ability (‘assortative mating’, see chapter 2).

In sexual reproduction, the genome is mixed up twice. A new configuration of genes, gene complexes and chromosomes is first created when the egg and sperm cells are formed in the mother and father. In the process of meiosis, the number of chromosomes in the parent cell from which the egg and sperm develop is reduced from forty-six to twenty-three. The child therefore inherits a particular selection of chromosomes from the mother and father (interchromosomal recombination). The process of intrachromosomal recombination involves the genes on the chromosomes being reconfigured once again: each pair of matching chromosomes, for example the two copies of chromosome 12, is aligned. There is an exchange of genes and gene complexes between the two chromosomes (‘crossing-over’). The chromosomes that are passed on to the child are therefore no longer completely identical with those of the mother and father. At fertilization, the two simple sets of chromosomes from the mother’s egg cell and the father’s sperm cell are united, and a full set of forty-six pairs of chromosomes is formed once again, enabling a child to develop.

A mother and father, with their twenty-three pairs of chromosomes, can each produce 8.39 million (233) different gametes. When the two sex cells fuse at fertilization, there are 35 billion possible combinations (233 × (233 + 1)/2 ≈ 3.5 × 1013). The probability of a couple having two genetically identical offspring is therefore extremely slight, except in the case of monozygotic (identical) twins. This enormous number of possible combinations also tells us that children can vary in how much they differ from their parents (see Chapter 2). The sum of this difference will probably be an even greater number, since the calculation above doesn’t take into account intrachromosomal recombination.

The diversity of the genome is so great that each person is genetically different from all the other 8 billion people on the planet. We are aware of our own uniqueness, and have to deal with our own individuality and the enormous diversity among our fellow humans on a daily basis – which can be a very challenging task.

A masterplan for development

If you are building a house, you don’t just need materials; you also need an architectural plan and a timetable detailing the order in which the work is to be carried out. The development of a living thing works in exactly the same way. It requires building materials such as carbohydrates, proteins and trace elements, and a detailed masterplan setting out when each gene and messenger substance (such as enzymes and hormones) needs to be activated in the body’s cells, so that the building materials are used correctly.

The code was cracked in 2001: scientists had managed to unlock 99.9 per cent of the human genome, meaning that the DNA sequences of all the chromosomes are now known.11 Since then, the genomes of plants and animals have been decoded at an ever-increasing rate. As the DNA has been sequenced, researchers have been astonished to discover that the quantity of DNA has not necessarily increased over the course of evolution. The number of base pairs in humans is 3.29 × 109; in a water flea 2 × 108, in the common newt 2.5 × 1010 and in cabbage 7 × 108. There is, then, no direct correlation between the size of the genome and a life form’s level of sophistication. Nor does the number of chromosomes reflect how advanced a life form is. The cell nucleus holds 46 in humans, 48 in chimpanzees, 12 in squid, 80 in the blackbird, 48 in the cyclamen and 216 in the common horsetail.

It would also be incorrect to assume that unlocking the human genome means that we now know what humans are made of: that isn’t the case at all. Even if we know how many letters are contained in a book, and the order they’re written in, we still don’t know what the book is about. For that, we have to understand the language in which it is written.

The genome – as mentioned above – consists of several billion base pairs. It is mind-boggling to think that such an immense quantity of information has been passed on so reliably over millions of years, in such a complex process of exchange and fusion. The development of a child, in particular during the first months after conception, is no less a miracle. We know a fair amount about the early development of organs in drosophila, mice and zebrafish, but hardly anything about this process in humans. We may know the sequence of the gene complexes on the forty-six chromosomes, but we have very little understanding of how or when the countless interactions between the genes in the body’s cells take place. Millions and millions of cells divide, differentiate and specialize in our organs over the course of days, weeks and months. In the brain, for instance, cells mature into very different types and perform very different functions. It will be decades before we have a real understanding of the highly complex activities of genes in early child development – if we ever do.

Recent studies in molecular genetics confirm that for decades our idea of the connection between genes and the manifestation of characteristics has been too simplistic. Initially, it was thought that the protein-coding genes were much more important than they really are. Humans have far fewer of these than expected: 23,700. Simple animal and plant species have more coding genes, such as the water flea with 31,000, or the cabbage plant with 100,000. Scientists have had to recognize that there is no correlation between the number of protein-coding genes and the complexity of an organism. We share up to 99 per cent of our DNA sequences with our closest relatives, chimpanzees, but our physical and mental characteristics are clearly different from theirs. It cannot be down to the coding genes alone.

The protein-coding genes and gene complexes make up just 2 per cent of the whole genome, while non-coding genes make up the other 98 per cent. For a long time, the latter were referred to as ‘junk DNA’, because their significance for developmental biology was not recognized. This is surprising insofar as nature doesn’t produce anything superfluous. Everything has some function, even if we don’t understand what that function is. We are slowly starting to grasp the fact that the non-coding genes are the real key to understanding human development. Some of these genes, with the help of additional nucleic acids such as the ribonucleic acids, programme the development of the unborn child.12 They determine which genes are switched on and off, and when. The miracle of human development isn’t performed by a rowdy mob of genes; this is a highly complex, genetically predetermined process that regulates the spatial and chronological interplay of coding and non-coding genes and their products, such as enzymes. In the course of development, gene activities become increasingly fixed and limited, and the cells become more strongly set in their ways. After the sperm and egg have fused together, ‘totipotent’ stem cells are formed, from which all the different kinds of cells in the body develop. Over the course of a pregnancy, the cells start to differentiate themselves into types specific to different organs such as the heart, liver and brain.

The key to human development therefore lies less in the size of the genome than in its masterplan. It consists on the one hand of a kind of record of how human evolution has proceeded up to this point, and on the other of instructions for how to build a human being. The masterplan is like the choreography for a ballet, and the genes are its dancers. The number of dancers does as little to determine the type of performance as the number of genes does for the developing organism. And the size of the ballet company also gives no clue as to what piece the dancers will perform. The same ensemble can stage quite different pieces. It is only when the dancers start to move, to interact with each other and create shapes and scenes that the subject and style of the performance become apparent. The choreography prescribes each move made by the dancers during the performance in minute detail. They are active at different times as soloists, in groups or as an ensemble, and become ever more strongly fixed in their function. And the same goes for genes. They are switched on according to a highly complex plan which covers both time and space, in order to set specific processes in motion; then they in turn switch on other genes, and are switched off again. Dancers can stumble, miss each other, forget a sequence or pause for a moment if they are momentarily put off, say, by a sneezing fit in the audience. Genes, too, can become active at the wrong moment – or, for a variety of outside reasons such as viral infections, they may not follow the masterplan to the letter. Fortunately these missteps are very rare.

The development of a human being doesn’t take an hour or two, like a ballet; it takes nine long months of pregnancy to produce a child capable of life, and another fifteen years to produce all the characteristics and abilities that go to make up an adult human. The masterplan creates the thing that differentiates a human from all other living things: their genotype. When I speak of the genotype in the chapters that follow, I don’t mean the human genome, but the sum total of what makes up the unique organism formed during pregnancy. This organism develops in harmony with the environment each foetus finds in its mother’s womb, and continues to develop for many more years through constant interaction with its environment.

Related but different

A few years ago molecular-genetic studies showed Irish and Scottish people that, much to their astonishment, they weren’t just descended from brave Vikings from the freezing North, but also from fearless Tuaregs from the hot Sahara.13 Each of us has distant relations in Asia, Australia or America. Europeans have genetic similarities with Mongols; Indians have similarities with the Maya peoples; and Aborigines with Scandinavians. Genetic studies of populations have proven without doubt that all humans are related to each other.14 There is no evidence to suggest that human ethnicities or races are based on particular genetic characteristics. There is no single gene or gene complex that clearly divides certain groups of people from others, or gives them advantages or disadvantages with regard to specific characteristics and abilities. Many people find it understandably difficult to believe that there is no specific marker for a particular race, even though we can readily tell people of European descent from Africans, Arabs and Chinese people. Even though people have a wide spectrum of skin tones and blue, green or brown eyes; even though some people have almond-shaped eyes, and some don’t.

But how is it that all people are related but different? Most characteristics are determined not by a single gene, but by several; at least three genes are involved in eye colour, for example. In addition to that, a gene can appear in different variations, called alleles. The ‘gey’ gene consists of two alleles, one for green and one for blue eyes, and ‘bey2’ consists of one gene for brown and one for blue eyes. And an allele can be either dominant or recessive, meaning that it has a stronger influence over a characteristic than other alleles, or is suppressed by them. The allele for brown eyes is dominant over the alleles for other eye colours. There is a complex mechanism behind the great variety of eye colours in humans. With most characteristics, like the shape of a person’s eyes, even more genes with various alleles are involved. For a characteristic such as height, the number of genes and their alleles is so large that we see a continuum in how this characteristic appears (multifactorial inheritance). People aren’t either short or tall; there is a steady gradient of height from shortest to tallest.

But this still doesn’t explain why characteristics like skin colour, eye shape and height are distributed so differently from one part of the world to another. This is the result of natural selection, which is how we adapt to different living conditions – the climate, for example. The skin colour that is most advantageous to a particular geographical region gradually comes to dominate there. In regions that get a lot of sun, such as Africa, people are dark-skinned; pigments (melanin) protect their skin from excessive ultraviolet rays. Light skin is more advantageous in places like northern Europe, where the sunlight is weaker, because it aids vitamin D synthesis and bone growth. Scientists have been able to prove a correlation between skin colour and geographical region: the higher the UV radiation, the more pronounced the pigmentation.15 Typically, almond-shaped eyes are seen not only in the Asiatic population, but also in the Sami people of Finland and the indigenous populations of Africa and South America. Scientists suspect that in the early period of Homo sapiens, people with this eye shape adapted better to regional weather conditions that included strong sunlight, snow and rainstorms – which often come with poor visibility. Living conditions dictate the selection pressures to which genes and gene complexes are subjected (such as the genes for skin pigmentation in Africa and Siberia), which causes characteristics to be distributed differently between populations.

From experience we know that Japanese people tend to be shorter than Europeans. But this difference in height is due not to different genetic features, but to dissimilar living conditions. Migration and the influence of socio-economic factors prove this theory quite conclusively. Until the 1960s, Japanese children and adults were significantly shorter than Americans and Europeans. But when Japanese people emigrated to the United States and had children who grew up there, these children weren’t significantly shorter than American children of European descent. And in the past forty years children in Japan have also grown taller and taller. Both the migration effect and the increase in height in the country of origin can be put down to improved living conditions, particularly a diet richer in calories and protein.16

The World Health Organisation (WHO) works on the assumption that the people of all large populations have the same genes for height. The average height varies, if at all, only by a few centimetres between Europeans, Africans, Asians and Australians who grow up in good living conditions.17 One exception is the Pygmy people. Their short stature is due to a genetic defect in a growth hormone, the ‘insulin-like growth factor’.18

Essentially we can assume that, for any given characteristic, under the same living conditions the variety between individuals within a population will be far greater than the overall difference between populations. In Europeans, the difference between the shortest and tallest people is around forty centimetres, and in extreme cases up to sixty centimetres. The distribution is exactly the same within the Asiatic, African or Australian populations. The difference in height between one person and another can be more than ten times the difference between populations.

The same applies to intellectual ability.19 The average intelligence quotient (IQ) varies by just a few points between populations, when differences in living conditions are taken into account – in particular the quality of education available. But the difference in IQs seen between individuals within a population is more than sixty points.

If there are no ‘ethnicities’ and ‘races’ with clear genetic differences, then how did millions of Jews, Roma and other population groups come to be persecuted and murdered because of their ‘race’ during the Nazi period? Such crimes against humanity are not rooted in molecular-genetic differences, but in socio-economic and cultural realities such as poor governance, language and religion. Features of our social behaviour such as xenophobia also play a role here (though never a crucial one). We will come back to this in Chapters 5, 7 and 10.

WHY HUMAN EVOLUTION HAS TAKEN SUCH AN UNUSUAL COURSE

There are some plant species that have changed very little over long periods of time. These ‘living fossils’ include horsetails and ferns: evidence of their ancestors goes back 350 million to 400 million years. Living fossils also exist in the animal kingdom, examples being ants, the nautilus and the crocodile. The oldest fossil evidence of ants, preserved in amber, is estimated to be around 100 million years old. Some species of ant have changed very little in the intervening period, in terms of body shape and colony-building behaviour. Evidence of the nautilus’s ancestors (cephalopods) goes back as far as 400 million to 500 million years. The nautilus as we know it today is 30 million to 60 million years old. Crocodiles are the descendants of the dinosaurs that populated the earth around 230 million years ago; the species of crocodile alive today have existed for around 50 million years. Even if the living fossils in the plant and animal kingdoms are still developing, they have changed so little that their morphological characteristics allow us to trace them back to their ancestors very easily. But why haven’t they changed over such long periods of time? From the point of view of evolutionary biology, the most obvious explanation is that they found their ecological niche early on, and it has been largely preserved to this day. There has simply been no need to adapt to changing environmental conditions. The following question is much more difficult to answer: why have millions of plant and animal species, and in particular humans, developed in such an extreme way?

Human evolution

For a long time, the course of human evolution was far from spectacular. The first mammals from which we originally descended were similar to today’s rats, and lived 200 million to 230 million years ago. The oldest fossil finds that can be classed as primates are around 50 million years old. Scientists estimate that the great apes (hominidae) originated between 18 million and 15 million years ago. Between 6 million and 7 million years ago, a population of African apes split into two species. Via an unknown number of intermediate stages and branches, one of these species evolved into the primates we know today, such as chimpanzees and bonobos. The other, via a similarly unknown number of stages and branches, developed into humans.20

Around 4 million years ago, a species of australopithecines, an early predecessor to humans, began to stand up and walk on two legs. Its arms and hands were then free to handle objects and could be used among other things to employ sticks and stones as tools (pebble tools). The australopithecine brain had grown to around 25 per cent larger than those of other primates of the same period. We can only speculate as to what other achievements these early ancestors of ours were capable of. They were probably comparable with those we can observe in today’s chimpanzees, who are also able to use tools.

Between 2 million and 3 million years ago, the growth of these apes’ brains began to accelerate. These ‘human’ ancestors (as the genus name ‘Homo’ tells us) were now capable not only of using objects as tools, but of adapting these tools for a specific purpose. They chose particularly hard types of stone, struck them against others to work them into sharp-edged tools, and used them as axes, spear tips and stone knives, with which they could, for example, hunt animals and remove the flesh from the bones.

It is likely that 1 million to 2 million years ago several groups of australopithecines and other hominids lived alongside each other all over Africa, and many larger groups of these hominids migrated and spread right across Eurasia. We don’t know how they lived, or what their cognitive abilities were. There are clues that they had already developed a nuanced acoustic form of communication. The skulls of Homo erectus, which populated the earth around 1.5 million years ago, have an indentation on the inside that may be the imprint of the Broca speech area.21 A lowering of the larynx characteristic of humans can be seen in Homo heidelbergensis, which lived between 500,000 and 200,000 years ago. The lower-lying larynx was coupled with an enlarged nose and throat region, enabling these hominids to produce a variety of sounds. Both these findings make it likely that these early hominids had a highly developed form of acoustic communication, though they don’t prove the existence of language – meaning communication with a symbolic character (see Chapter 5). This means we don’t know whether these hominids used an early form of language, exchanged experiences or even told their children stories and myths.

The species Homo sapiens sapiens (generally known as Homo sapiens), from which we are all descended, evolved from one of the various Homo groups around 200,000 years ago – we don’t know which. This new hominid was more lightly built than any of the previous species in the Homo genus and, most importantly, had a much larger brain, which gave it entirely new cognitive abilities.

Another Homo group, the Neanderthals, which evolved from Homo heidelbergensis, populated the whole of Eurasia 500,000 years ago and were probably much more similar to Homo sapiens than scientists once assumed. The oldest Neanderthal graves that have been discovered are in the caves of Qafzeh and Skhul in Israel, and are between 120,000 and 90,000 years old. Burials involving burial objects were carried out between 70,000 and 50,000 years ago (Shanidar, Iraq), and possibly before. This means the Neanderthals must have thought about death and the spiritual realm, which presupposes a certain concept of time. For 30,000 years they shared the earth with modern humans, before dying out around 30,000 years ago for reasons unknown. Their brains seem to have been slightly larger than those of Homo sapiens, though this clearly didn’t give them any evolutionary advantage. Another recently discovered group of Homo sapiens, which had contact with both Homo sapiens sapiens and the Neanderthals, is known as the Denisovans. They lived around 40,000 years ago in the Altai mountains in southern Siberia.22

Molecular–genetic clues suggest there was a degree of intermingling between Homo sapiens, Neanderthals and Denisovans. Our genome contains small parts of the Neanderthal genome, including the FOXP2 gene, which is linked to the ability to speak.23 A variant of the EPAS1 gene, which is present in Tibetans and makes it easier for them to breathe at high altitudes, is said to come from Denisovans, and points to certain genetic crossovers with Homo sapiens.24 Assuming that Homo sapiens sapiens did mate with Denisovans, Neanderthals and quite possibly other hominids, then we may assume that they were more similar in their communication and social behaviour, and in their way of life, than was previously thought.

Our early ancestors and phylogenetically closest relatives existed for hundreds of thousands of years – much longer than Homo sapiens have been around. But modern man was the sole survivor. There must be significant reasons for this survival that go beyond finding good living conditions.

An extraordinary development

Evolution takes time. It took the horse 55 million years to raise the height of its withers from 40 to 160 cm, and grow from 20 to 800 kg. But only 3 million years passed in the evolution of Homo sapiens before its brain had more than tripled in weight, going from 400 to 1,400 g in men and 1,300 g in women. This development is highly unusual in evolutionary biology – and it is what enabled the socio-cultural evolution of humans to take place.

Between 3 million and 6 million years ago, the brains of our earliest ancestors were about the same size as those of the other great apes. Between 2.5 million and 3 million years before our time, their brains began to grow to a remarkable size and – as anthropologists have found – went on growing until about 200,000 years ago. The brain grew from 400 to an average of 1350 g. The brains of our nearest relatives the primates, by contrast, experienced an insignificant level of growth during this time. Why did the brains of at least one species of Australopithecus suddenly start to grow faster than the others, even though there was no corresponding increase in its height and weight?

[image: Figure 1.6: The skulls of a macaque, orangutan, chimpanzee and human.]
Figure 1.6: The skulls of a macaque, orangutan, chimpanzee and human.

The first clues to what might have caused this brain growth have been provided by recent discoveries in molecular genetics.25 The HAR1 gene is ancient and extremely stable. Although the genealogical lines of chimpanzees and chickens split off 400 million years ago, the only difference between their versions of this gene lies in two of its 118 base pairs. The genealogy of chimpanzees and humans split only 6 million years ago. But in that comparatively short period there have been eighteen changes in the 118 base pairs of human HAR1. If the HAR1 gene is absent, a child will develop a ‘smooth brain’, lacking the furrows of a normal brain (lissencephaly). This defective brain structure causes learning disabilities. Another gene, ASPM, has an even more direct connection to brain size. If this gene is absent, the brain doesn’t develop to the right size (microcephaly). The cerebral cortex is largely missing, and the brain weighs only 400 g. It is similar to that of a chimpanzee or gorilla. Without the ASPM gene, we find ourselves back at the stage of evolution when accelerated brain development began, around 3 million years ago. The noteworthy thing here is that both genes, HAR1 and ASPM, are regulatory genes, not protein-coding genes. As an embryo develops, they play a crucial role in shaping and structuring the cerebral cortex. Alongside these two, there are sure to be other, as yet unknown, genes and gene complexes affecting brain development.

As the brain’s weight increased, the number of nerve cells rose to 20 billion, and the number of synapses (points of contact between the nerve cells) rose to an incredible 400 billion. Even so, the growth of the brain alone doesn’t explain the continued development of intellectual abilities in humans. The brain of an elephant weighs in at an impressive 4.6 kg – about three times as much as the human brain. Elephants are social animals and communicate with each other, but they have nowhere near the same cognitive and linguistic abilities as humans. Alongside quantitative factors such as the increase in numbers of nerve cells and synapses, qualitative factors must have made an important contribution to man’s cognitive capability. Abilities like symbolic thinking and language, which set man apart from other animals, require sophisticated, conscious ideas that can only be produced by a high level of networking between the areas of the brain (see Chapters 3 and 6). How such extreme networking between neuronal structures came about in the first place, and what kind of brain architecture and neuronal interconnection lies at the root of our brain’s enormous capability, remains a mystery. Why should the brain have stopped growing 200,000 years ago? Some anthropologists even claim that brain weight has begun to decrease again in the past 28,000 years. But, strictly speaking, we can’t rule out the possibility that our brains are still growing. The average increase in brain weight over the last 3 million years has been around 30 g per 100,000 years. The small amount of data we have for the last 200,000 years neither proves nor rules out an increase or decrease of 60 g. There aren’t enough measurements available to give us a reliable average.
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Figure 1.7: Development of brain weight in the early ancestors of humans, gorillas and chimpanzees over the last 7 million years. Since this is based on the measurement of individual skulls, the spread of brain weights is not known. The results must therefore be interpreted with caution (average and range of brain weights for modern humans: for male brains 1,400 ml (range: 200 to 1,600 ml); for female brains 1,300 ml (range: 1,100 to 1,500 ml)). (source: adapted from Pike et al. 2012)

The developmental neurologist Heinz Prechtl reasoned that the brain had ceased to develop because the head of an unborn child couldn’t grow any further: a larger head wouldn’t be able to pass through the narrow gap in a woman’s pelvis during childbirth.26 The zoologist Adolf Portmann even postulated that human children had to be born early – a kind of physiological premature birth – due to their large heads.27 But there are other, far more compelling reasons for babies being born immature (see Chapter 3).

Might it be possible that the human brain stopped growing because it was sufficiently equipped to manage the challenges of life? And could it be starting to grow again now, as humans are faced with new challenges such as the digital revolution?

Over the past 3 million years, brain development has been placed under a constant pressure from selection. Abilities that were particularly advantageous were more frequently passed on to offspring than others were. Good spatial orientation in the natural world was particularly useful for hunting. Social, linguistic and musical abilities improved cohesion in the community. Highly developed logical thought helped people get a better grasp of causal connections – the effect of soil conditions and weather on the growth of plants and animals, for example. An understanding of temporal connections was helpful in gathering fruit that ripened at different times. Gross motor skills used in hunting and fine motor skills for using tools were particularly beneficial. As with all other living things, individual abilities developed differently in different humans. Some people possess more advanced social and linguistic skills, while others have excellent figural and spatial abilities, and others still have particularly well-developed motor skills.

Masters of adaptation

In order to learn about the origins of Homo sapiens and the species’ migratory behaviour, molecular genetic studies have been carried out in population groups on every continent. The scientists behind these studies focused on certain properties of the mitochondrial DNA and the Y chromosome, and made some extraordinary discoveries.28

Modern man is descended from a group of just 10,000–60,000 humans, who lived between 150,000 and 200,000 years ago in East Africa.29 The 8 billion people in the world today come from a relatively small original population. Around 7500 generations have come and gone since our direct ancestors left the savannah and spread out across the globe. All the Africans, Americans, Australians, Chinese and Europeans living today are separated from early modern man by the same number of generations.

Using molecular–genetic methods, we can also reconstruct the migratory movements of our ancestors and when they took place, even after thousands of years. The decisive wave of migration happened around 65,000 years ago. Humans initially settled in the Middle East, and from there they carried on migrating to Europe, or spread across Asia all the way to Australia and the Pacific Islands. Around 13,000 years ago, several waves of migrating humans crossed the Bering Strait to North and Central America, and eventually pushed on to the southern tip of South America. They didn’t move freely all over the land mass, tending instead to follow the rivers and coastlines. And humans certainly didn’t take the world by storm. A rate of one kilometre per year was enough to take them all the way round the world over 40,000 years. Our direct ancestors managed to populate every continent – with the exception of Antarctica – and used their extraordinary cognitive and social abilities to adapt to an incredible array of environmental conditions, from the jungles of Africa to the steppes of Siberia and the islands of the Pacific. Around 12,000 years ago, humans began to intervene in their environment more and more. This was the start of socio-cultural evolution.

[image: Figure 1.8: The spread of modern man over the past 65,000 years, using data taken from studies of DNA markers.]
Figure 1.8: The spread of modern man over the past 65,000 years, using data taken from studies of DNA markers.
SOCIO-CULTURAL EVOLUTION

By and large, we are still the same animals we were 200,000 years ago. There have been no significant changes to the genome or the brain of Homo sapiens over this period (a very short space of time in evolutionary terms). So why didn’t our ancestors invent the smartphone 200,000 years ago? Or is it just that we are ignorant of these things because the evidence of what early Homo sapiens achieved hasn’t survived?

The prelude to cultural evolution

We can see what humans were capable of in terms of culture as early as 40,000 years ago from the realistic pictures scratched, drawn or painted on cave walls and boulders. They depict hunting scenes and a great number of different animals of the period. Famous sites include Lascaux in the Dordogne (France) and Altamira in Cantabria (Spain); other discoveries have been made in Russia, China and Australia.

[image: Figure 1.9: (left) Cave painting (at least 15,000 to 20,000 years old); (centre) vulture bone flute (35,000 years old); (right) the Venus of Willendorf (28,000 years old).]
Figure 1.9: (left) Cave painting (at least 15,000 to 20,000 years old); (centre) vulture bone flute (35,000 years old); (right) the Venus of Willendorf (28,000 years old).

The humans of that time also carved perfectly formed animal and human figures out of ivory and stone, using sharp-edged flint tools to produce artefacts like the 28,000-year-old Venus of Willendorf. In 2008, a flute made of vulture bone estimated to be 35,000 years old was discovered in the Hohler Fels cave near Ulm in Germany. You can hear what a flute like this might have sounded like by searching for ‘bone flute music’ on the internet.

Between 10,000 and 12,000 years ago, cultural evolution began to gather pace, with the start of arable farming and livestock breeding in the Middle East. Previously nomadic hunters and gatherers settled down to become farmers. This ‘Neolithic Revolution’ took place slightly later in Asia and Central America. People sowed and tended various types of grain and cultivated plants. They domesticated animals, the first of these being dogs, sheep and goats, then cattle and – as researchers have discovered only recently – bees. Cave paintings have been found in Laos of people riding elephants and using ploughshares in fields 6,000 years ago. Scientists estimate that farming and cattle-rearing would have enabled up to fifty more people to live and eat on the same area of land than would have been possible in the previous nomadic era.

Settlement led to new ways of life. People no longer had to spend all their time, day after day, satisfying their needs by hunting animals and gathering fruits and plants. They cultivated ever larger areas of land using increasingly intensive farming methods, and laid down winter stores. Bringing in a harvest of corn or owning a field signified existential security. Even at this time, wealth was probably an expression of foresight and high social status. People moved from simple huts and caves into clay and stone houses, communities grew larger, and the first towns came into being. The town of Göbekli Tepe in southern Anatolia is estimated to be between 8,000 and 10,000 years old.

Sedentary living, farming and raising cattle created unprecedented periods of free time. People no longer had to spend all their waking hours just keeping themselves alive. They were able to make better and better use of their skills, and constantly expand the range of their activities. They invented the wheel, which was first used for turning clay pots and then as a cart wheel. Potters didn’t just produce vessels to hold food and drink; their creations were also artistically decorated. And textiles didn’t just protect people from the cold and rain; they were also worn as adornment. People began to mine and work with metals. Weapons that had previously been made of stone were now cast from bronze, copper and eventually iron. Jewellery was first made using nuts, shells and gemstones, but in time these were increasingly replaced with precious metals such as bronze, gold and silver.30

With over-production of things like cereals came trade, and soon the exchange of luxury goods such as amber necklaces. It is no coincidence that the term ‘culture’ is derived from the Latin cultura (agriculture, cultivation, care). Culture in its widest sense encompasses everything that humans have produced: the visual arts, morality, law, religion, technology, science and business. This ‘cultural revolution’ isn’t coded into our genes like the biological revolution, but is captured in artefacts and documents of all kinds.

Exponential acceleration

One of the best ways to track cultural evolution is by looking at communication. We don’t know how long ago our ancestors developed a language with a symbolic function. But it is entirely possible that the beginnings of language development go back as far as 100,000 years – or perhaps even 200,000. Oral traditions and the social preservation of information may therefore have developed very early in human history. Cultural evolution took a great leap forward with the invention of writing. The first written symbols were used around 5,000 years ago in Mesopotamia. The invention of paper around 2,000 years ago, printing using wooden blocks in the seventh century (both in China), and the printing press in fifteenth-century Europe helped to spread the written word more widely. A veritable flood of information began in the nineteenth century with the mechanization of the printing process. The information technology of the past thirty years has multiplied the volume of data in existence once again, raising it to mind-boggling levels.
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Figure 1.10: Exponential curve of cultural progress, using the example of language. The time axis is not drawn to scale, in order to show progress over the last 3,000 years.

Cultural accomplishments, as the graph above shows, haven’t simply accumulated over the course of human history; they have grown exponentially. In each time period, progress has been many times greater than in the previous one. Systems of symbols, and the artistic representation of life in drawings and sculptures, developed much more strongly between 10,000 and 40,000 years ago than it did in the preceding 150,000 years. The number of cultural artefacts produced in the 10,000 years before the start of our calendar was many times greater than in the preceding 30,000 years. In the first 1,800 years AD, the rate of cultural production increased many times over once again. And in the nineteenth and twentieth centuries, humans produced a million times more cultural goods of all kinds in the space of just 200 years than in the previous 1,800 years, and even over the whole 200,000 years since the emergence of Homo sapiens. The human brain was without doubt one of the crucial components that allowed this exponential development to take place, but it is far from being the sole factor. A series of advantageous environmental conditions and reciprocal developmental processes helped to accelerate our cultural progress:

Improved living conditions. Until around 12,000 years ago, our early ancestors spent most of their time finding food and protecting themselves from extreme weather and all kinds of other dangers. The last ice age ended only 12,000 years ago. Large parts of Europe, Asia and North America lay under a sheet of ice several kilometres thick. Then the climate began to improve, making a vital contribution to the rise of arable farming and cattle-rearing. Humans also found land in Eurasia that was much better suited to farming than the jungles, savannahs and deserts of Africa.

Settlement. Once people became settlers, the millennia that followed saw their activities becoming more diverse and more specialized, for instance through the use of ploughs and three-field crop rotation. There was an increasing division of labour, in the work of craftsmen, for example. In smaller tribes, skills that had been learned by one generation frequently died out again, but in larger communities these skills were handed down, developed further and exchanged with other communities.

Food. Growing food and raising livestock meant more people could be fed. There were still periods of hunger, but thanks to the practice of laying down stores these were less frequent and less devastating than in earlier times. The Pharaoh’s dream of the seven fat and seven lean years in the First Book of Moses illustrates the existential significance that precautionary cultivation had gained even at that time. Anthropologists have suggested that, although people had more to eat as settlers, their diet wasn’t as good as their nomadic ancestors’ had been. Food improved in relation to its calorific content and the provision of carbohydrates and protein. But in comparison with the eating habits of the hunter-gatherers, the quality of nutrition fell. It was less varied, and often so unbalanced that people began to suffer from anaemia, deformations of the spine, and vitamin and mineral deficiencies.31

The invention of writing. Settlement led to an increase in trade between communities. The more goods were exchanged within and between the settlements, the greater the need to measure and record quantities, numbers and areas. Writing and counting systems were originally invented for this purpose. An early form of writing – symbolic marks on earthenware jars – was developed around 5,500 BC. It came from the Vinča culture, which was native to modern-day Serbia and Transylvania. The first recorded real writing system, known as cuneiform, was invented by the Sumerians in Mesopotamia around 3000 BC. It is made up of symbols scratched into clay tablets with a stylus. Pictorial hieroglyphs were developed in Egypt around 3000 BC. These early forms of writing were developed further by the peoples of the Middle East, the Phoenicians, Egyptians, Greeks and Romans, finally becoming the Latin alphabet we use today.

Writing systems didn’t just make trade quicker and easier. They allowed people to record the laws and decrees needed to regulate life in increasingly complex communities. They also made it easier to preserve and pass on customs, stories and religious ideas, and so writing increasingly replaced oral traditions. The Epic of Gilgamesh, one of the oldest surviving written poems, comes from the heyday of Babylon, and is around 3,500 years old. Even then, it told of a great flood and a proto-Noah.

The invention of numbers. We don’t know when humans began to count, but it was probably tens of thousands of years ago. Numbers and sums were first recorded in written form by the Sumerians, in around 3000 BC. The oldest examples of algebra are found on an Egyptian papyrus document from 1700 BC. It contains the following problem: ‘An amount added to one seventh of itself equals nineteen. How large is the original amount?’

The replacement of Roman numerals with Arabic numbers led to a breakthrough. The latter use a decimal system that makes carrying out mathematical operations far more efficient than the categorical Roman system. They also contain the mathematical concept of zero.

Education. Education in the sense of a deliberate schooling in academic disciplines such as reading, writing and mathematics, and the imparting of cultural accomplishments, began around 4,000 years ago, but for a long time it was reserved for a small, elite circle of people. General compulsory education was introduced only in the nineteenth century, when society recognized that scientific, technological and economic progress necessitated raising the general level of education in the whole population.

Health. The first piece of writing dealing with health and sickness once again comes from ancient Babylon. The Code of Hammurabi was written in around 1800 BC and provides information on the use of medicines and magic substances. We can assume that people have been thinking about health, sickness, dying and death for tens of thousands of years. They studied the use of medicinal herbs, and worked as midwives and religious healers. From the ancient world to the Renaissance, the healing arts were ruled by the doctrine of the ‘humours’. Modern medicine emerged around 400 years ago, from a union of the natural sciences and the healing arts. Andreas Vesalius studied human anatomy, in particular the heart, and William Harvey was interested in how the circulatory system functioned. But real progress in medicine was only seen towards the end of the nineteenth century. New technological equipment such as the high-resolution microscope enabled biologists like Louis Pasteur to prove that bacteria were the cause of diseases including cholera, plague and tuberculosis. Biochemists studied the metabolism and discovered messenger substances like insulin and enzymes such as lactase. Wilhelm Conrad Röntgen detected and made use of X-rays. Working with discoveries made in the natural sciences, a fast-growing pharmaceutical industry developed vaccines, narcotics, antibiotics and countless other drugs.

But the significant improvement in human health was not only due to accomplishments in medicine. Hygiene measures such as clean drinking water, toilets and sewer systems, an adequate supply of high-quality foodstuffs and much improved housing also made an important contribution.

Raw materials. Our ancestors discovered minerals (salt, precious stones) and metals (copper, zinc, iron) in the earth. Raw materials were so important for cultural development that archaeologists named periods such as the Bronze Age and the Iron Age after them. Over thousands of years, humans developed increasingly efficient methods for mining natural resources, extracting them from earth and rock, processing them and using them in a huge variety of ways.

The use of energy sources. The earliest fire pit, at more than a million years old, was discovered in the Wonderwerk Cave in South Africa, and another fire pit with burnt food residues was found in Gesher Benot Ya’aqov in Israel. The latter has been connected to Homo erectus. Fire must have been essential to the survival of Homo heidelbergensis as they colonized Europe north of the Alps 600,000 years ago – at the time, an extremely cold region. Roasting meat and cooking plants opened up new sources of food to our ancestors and improved their nutritional intake. At the same time, fire offered warmth, light and protection from predators and insects. Eventually, it also allowed them to exploit materials such as metals and clay.

With the advent of industrialization, the demand for energy grew enormously. It was initially met by steam power, and later through the exploitation of oil and coal deposits. But it was the discovery of electricity that brought the great breakthrough in the supply of energy. Energy could now be transported over great distances at little cost, and was
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Figure 1.11: The development of the world population, from 10,000 BC to 2007.
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Figure 1.12: (left) Lars ‘builds’ a little house for himself and his sister; (right) Ushguli, a village with watchtowers in Georgia, built in the Middle Ages.
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