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PREFACE

The first edition of this book was published in 1991 and has since then been translated into thirteen languages. Over the last sixteen years much has changed in the world – the Soviet Union no longer exists and the Cold War has been replaced by the problems posed by the global dominance of the United States and the threat of terrorism. Much has also changed in the environment. Some of it has been for the better, for example the agreement to end the production of CFCs and eventually HCFCs in order to stop the destruction of the world’s ozone layer. Many of the changes though have been for the worse. More than a billion extra people now live on the earth than when the first edition of this book was written. Billions of tonnes of carbon dioxide have been put into the atmosphere and the threat posed by global warming is even more starkly apparent. The destruction of the rainforests and other habitats has continued at an increasing pace.

I was therefore very pleased when Will Sulkin suggested that the time was ripe for a new edition of the book. I have taken this opportunity to completely revise the text. Every chapter, apart from the first, has been updated, revised, rewritten and expanded. One chapter has been dropped and a new one added. I have also greatly increased the number of charts and diagrams. In a world history it is inappropriate to use BC/AD and instead BCE (Before the Common Era) and CE (Common Era) have been used instead. Where there is no ambiguity CE has been dropped.

At the end of the first edition I tried to strike a balance between pessimism and optimism when I wrote: ‘Past human actions have left contemporary societies with an almost insuperably difficult set of problems to solve.’ In the last sixteen years the balance was clearly tipped in favour of pessimism. It has been a period of wasted opportunities on environmental problems. Machiavelli wrote in The Prince:

In state affairs, by foreseeing [problems] at a distance, which is only done by men of talents, the evils which might arise from them are soon cured; but when, from want of foresight, they are suffered to increase to such a height that they are perceptible to everyone, there is no longer any remedy.

How well has the world’s political leadership faced up to environmental problems over the last decade and a half? World industrial output and levels of consumption have continued to rise at unprecedented rates. The consequences, in resource and energy consumption and associated pollution, have become increasingly apparent. There can be no doubt that global warming is the greatest single threat that the world now faces. Over the last few years scientists have become increasingly concerned that the world’s climate is about to reach a point where dramatic changes may happen very quickly and that these changes will be irreversible and bring in their wake major social and economic disruption. The action taken to meet this threat has been minimal. The United States refuses to do anything. The Kyoto treaty requires only very small reductions in carbon dioxide output; it only involves countries responsible for a third of the world’s output and they are unlikely to meet the targets set in the treaty. By the time that the effects of global warming become fully apparent, and that may be very soon, it will be too late to take action to avoid disaster. The world is now seeing the conjunction of a number of trends that emerged over the last two centuries, all of which are likely to lead to immense environmental problems in the next few years. This book tries to show just how deep-rooted these trends are in the way human societies have evolved.

I would like to thank Christopher Sinclair-Stevenson for commissioning the first edition of this book and Will Sulkin for his enthusiasm about a new edition. My greatest debt of gratitude though is to my wife, Laura, who drew all the maps, charts and diagrams for this new edition and who has given unstinting support throughout.

Clive Ponting
Greece, 2007
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THE LESSONS OF EASTER ISLAND

Easter Island is one of the most remote inhabited places on earth. Only some 400 square kilometres in area, it lies in the Pacific Ocean, 3,200 kilometres off the west coast of South America and 2,000 kilometres from the nearest inhabitable land of Pitcairn Island. At its peak the population was only about 7,000. Yet, despite its superficial insignificance, the history of Easter Island is a grim warning to the world.

The Dutch Admiral Roggeveen, on board the Arena, was the first European to visit the island on Easter Sunday 1722. He found a society in a primitive state with about 3,000 people living in squalid reed huts or caves, engaged in almost perpetual warfare and resorting to cannibalism in a desperate attempt to supplement the meagre food supplies available on the island. During the next European visit in 1770 the Spanish nominally annexed the island but it was so remote, underpopulated and lacking in resources that no formal colonial occupation ever took place. There were a few more brief visits in the late eighteenth century, including one by Captain Cook in 1774. An American ship stayed long enough to carry off twenty-two inhabitants to work as slaves killing seals on Masafuera Island off the Chilean coast. The population continued to decline and conditions on the island worsened: in 1877 the Peruvians removed and enslaved all but 110 old people and children. Eventually the island was taken over by Chile and turned into a giant ranch for 40,000 sheep run by a British company, with the few remaining inhabitants confined to one small village.

What amazed and intrigued the first European visitors was the evidence, amongst all the squalor and barbarism, of a once flourishing and advanced society. Scattered across the island were over 600 massive stone statues, on average over six metres high. When anthropologists began to consider the history and culture of Easter Island early in the twentieth century they agreed on one thing. The primitive people living in such poverty-stricken and backward conditions when the Europeans first visited the island could not have been responsible for such a socially advanced and technologically complex task as carving, transporting and erecting the statues. Easter Island therefore became a ‘mystery’ and a wide variety of theories were advanced to explain its history. Some of the more fantastic ideas involved visits by spacemen or lost civilisations on continents that had sunk into the Pacific leaving Easter Island as a remnant. The Norwegian archaeologist Thor Heyerdahl, in his popular book Aku-Aku written in the 1950s, emphasises the strange aspects of the island and the mysteries that lay hidden in its history. He argued that the island was first settled from South America and that from there the people inherited a tradition of monumental sculpture and stonework (similar to the great Inca achievements). To account for the decline he introduced the idea that at a late stage other settlers arrived from the west and began a series of wars between the so-called ‘long-ears’ and the ‘short-ears’ that destroyed the complex society on the island. Whilst this theory is less extravagant than some of the others that have been put forward it has never been generally accepted by other archaeologists.

The history of Easter Island is not one of lost civilisations and esoteric knowledge. Rather it is a striking example of the dependence of human societies on their environment and of the consequences of irreversibly damaging that environment. It is the story of a people who, starting from an extremely limited resource base, constructed one of the most advanced societies in the world for the technology they had available. However, the demands placed on the environment of the island by this development were immense. When it could no longer withstand the pressure, the society that had been painfully built up over the previous thousand years fell with it.

The colonisation of Easter Island belongs to the last phase in the long-drawn-out movement of human settlement across the globe. The first people arrived sometime in the fifth century at a period when the Roman empire was collapsing in western Europe, China was still in chaos following the fall of the Han empire two hundred years earlier, India saw the end of the short-lived Gupta empire and the great city of Teotihuacan dominated most of Mesoamerica. They were Polynesians and part of a great process of exploration and settlement across the vast expanse of the Pacific Ocean. The original Polynesians came from south-east Asia and they reached the islands of Tonga and Samoa about 1000 BCE. From there they moved further east to the Marquesas Islands about 300 CE and then in two directions, southeast to Easter Island and north to Hawaii in the fifth century. The last phases of the movement were to the Society Islands about 600 and from there to New Zealand about 800. When this settlement was complete, the Polynesians were the most widely spread people on earth, encompassing a huge triangle from Hawaii in the north to New Zealand in the south-west and Easter Island in the south-east – an area twice the size of the present continental United States. Their long voyages were made in double canoes, joined together by a broad central platform to transport and shelter people, plants, animals and food. These were deliberate colonisation missions and they represented considerable feats of navigation and seamanship since the prevailing currents and winds in the Pacific are against west-to-east travel.

When the first people found Easter Island, they discovered a world with few resources. The island was volcanic in origin, but its three volcanoes had been extinct for at least 400 years before the Polynesian settlers arrived. Both temperatures and humidity were high and, although the soil was adequate, drainage was very bad and there were no permanent streams on the island; the only fresh water available was from lakes inside the extinct volcanoes. Because of its remoteness the island had only a few species of plants and animals. There were thirty indigenous species of flora, no mammals, a few insects and two types of small lizard. The waters around the island contained very few fish. The arrival of the first humans did very little to improve the situation. The Polynesians in their home islands depended on a very limited range of plants and animals for subsistence: their only domesticated animals were chickens, pigs, dogs and the Polynesian rat and the main crops were yam, taro, breadfruit, banana, coconut and sweet potato. The settlers on Easter Island brought only chickens and rats with them and they soon found that the climate was too severe for semi-tropical plants such as breadfruit and coconut and extremely marginal for the usual mainstays of their diet, taro and yam. The inhabitants were, therefore, restricted to a diet based mainly on sweet potatoes and chickens. The only advantage of this monotonous, though nutritionally adequate, diet was that the cultivation of the sweet potato was not very demanding and left plenty of time for other activities.

It is not known how many settlers arrived in the fifth century but they probably numbered no more than twenty or thirty at most. As the population slowly increased the forms of social organisation familiar in the rest of Polynesia were adopted. The basic social unit was the extended family, which jointly owned and cultivated the land. Closely related households formed lineages and clans, each of which had its own centre for religious and ceremonial activity. Each clan was headed by a chief who was able to organise and direct activities and act as a focal point for the redistribution of food and other essentials within the clan. It was this form of organisation and the competition (and probably conflict) between the clans that produced both the major achievements of Easter Island society and ultimately its collapse.

Settlements were scattered across the island in small clusters of peasant huts with crops grown in open fields. Social activities were centred around separate ceremonial centres, which were occupied for part of the year. The chief monuments were large stone platforms, similar to those found in other parts of Polynesia and known as ahu, which were used for burials, ancestor worship and to commemorate past clan chiefs. What made Easter Island different was that crop production took very little effort and there was therefore plenty of free time and labour which the clan chiefs were able to direct into ceremonial activities. The result was the creation of the most advanced of all the Polynesian societies and one of the most complex in the world for its limited resource base. The Easter Islanders engaged in elaborate rituals and monument construction. Some of the ceremonies involved recitation from the only known Polynesian form of writing called rongorongo, which was probably less a true script and more a series of mnemonic devices. One set of elaborate rituals was based on the bird cult at Orongo, where there are the remains of forty-seven special houses together with numerous platforms and a series of high-relief rock carvings. The crucial centres of ceremonial activity were the ahu. Over 300 of these platforms were constructed on the island, mainly near the coast. The level of intellectual achievement of at least some parts of the Easter Island society can be judged by the fact that a number of these ahu have sophisticated astronomical alignments, usually towards one of the solstices or the equinox. At each site they erected between one and fifteen of the huge stone statues that survive today as a unique memorial to the vanished Easter Island society. It is these statues which took up immense amounts of peasant labour. The statues were carved, using only obsidian stone tools, at the quarry at Ranu Raraku. They were fashioned to represent in a highly stylised form a male head and torso. On top of the head was placed a ‘topknot’ of red stone weighing about ten tonnes from another quarry. The carving was a time-consuming rather than a complex task. The most challenging problem was to transport the statues, each some six metres in length and weighing several tens of tonnes, across the island and then erect them on top of the ahu.

The Easter Islanders’ solution to the problem of transport provides the key to the subsequent fate of their whole society. Lacking any draught animals they had to rely on human power to drag the statues across the island using tree trunks as rollers. The population of the island grew steadily from the original small group in the fifth century to about 7,000 at its peak in 1550. Over time the number of clan groups would have increased and also the competition between them. By the sixteenth century hundreds of ahu had been constructed and with them over 600 of the huge stone statues. Then, when the society was at its peak, it suddenly collapsed, leaving over half the statues only partially completed around Rano Raraku quarry. The cause of the collapse and the key to understanding the ‘mysteries’ of Easter Island was massive environmental degradation brought on by deforestation of the whole island.

When the first Europeans visited the island in the eighteenth century it was completely treeless apart from a handful of isolated specimens at the bottom of the deepest extinct volcano crater of Rano Kao. However, recent scientific work, involving the analysis of pollen types, has shown that at the time of the initial settlement Easter Island had a dense vegetation cover including extensive woods. As the population slowly increased, trees would have been cut down to provide clearings for agriculture, fuel for heating and cooking, construction material for household goods, pole and thatch houses and canoes for fishing. The most demanding requirement of all was the need to move the large number of enormously heavy statues to ceremonial sites around the island. The only way this could have been done was by large numbers of people guiding and sliding them along a form of flexible tracking made up of tree trunks spread on the ground between the quarry and the ahu. Prodigious quantities of timber would have been required and in increasing amounts as the competition between the clans to erect statues grew. As a result by 1600 the island was almost completely deforested and statue erection was brought to a halt, leaving many stranded at the quarry.

The deforestation of the island was not only the death knell for the elaborate social and ceremonial life, it also had other drastic effects on the everyday life of the population. From 1500 the shortage of trees was forcing many people to abandon building houses from timber and live in caves, and when the wood eventually ran out altogether about a century later everyone had to use the only materials left. They resorted to stone shelters dug into the hillsides or flimsy reed huts cut from the vegetation that grew round the edges of the crater lakes. Canoes could no longer be built and only reed boats incapable of long voyages could be made. Fishing was also more difficult because nets had previously been made from the paper mulberry tree (which could also be made into cloth) and that was no longer available. Removal of the tree cover also badly affected the soil of the island, which would have already suffered from lack of suitable animal manure to replace the nutrients taken up by the crops. Increased exposure caused soil erosion and the leaching out of essential nutrients. As a result crop yields declined. The only source of food on the island unaffected by these problems was the chickens. As they became ever more important, they had to be protected from theft and the introduction of stone-built defensive chicken houses can be dated to this phase of the island’s history. It became impossible to support 7,000 people on this diminishing resource base and numbers fell rapidly.

After 1600 Easter Island society went into decline and regressed to ever more primitive conditions. Without trees, and so without canoes, the islanders were trapped in their remote home, unable to escape the consequences of their self-inflicted environmental collapse. The social and cultural impact of deforestation was equally important. The inability to erect any more statues must have had a devastating effect on the belief systems and social organisation and called into question the foundations on which the complex society had been built. There were increasing conflicts over diminishing resources, resulting in a state of almost permanent warfare. Slavery became common and as the amount of protein available fell the population turned to cannibalism. One of the main aims of warfare was to destroy the ahu of opposing clans. A few survived as burial places but most were abandoned. The magnificent stone statues, too massive to destroy, were pulled down. The first Europeans found only a few still standing when they arrived in the eighteenth century and all had been toppled by the 1830s. When they were asked by the visitors how the statues had been moved from the quarry, the primitive islanders could no longer remember what their ancestors had achieved and could only say that the huge figures had ‘walked’ across the island. The Europeans, seeing a treeless landscape, could think of no logical explanation either and were equally mystified.

Against great odds the islanders had painstakingly constructed, over many centuries, one of the most advanced societies of its type in the world. For a thousand years they sustained a way of life in accordance with an elaborate set of social and religious customs that enabled them not only to survive but to flourish. It was in many ways a triumph of human ingenuity and an apparent victory over a difficult environment. But in the end the increasing numbers and cultural ambitions of the islanders proved too great for the limited resources available to them. When the environment was ruined by the pressure, the society very quickly collapsed with it, leading to a state of near barbarism.

The Easter Islanders, aware that they were almost completely isolated from the rest of the world, must have surely realised that their very existence depended on the limited resources of a small island. After all it was small enough for them to walk round the entire island in a day or so and see for themselves what was happening to the forests. Yet they were unable to devise a system that allowed them to find the right balance with the environment. Instead, vital resources were steadily consumed until finally none was left. Indeed, at the very time when the limitations of the island must have become starkly apparent the competition between the clans for the available timber seems to have intensified as more and more statues were carved and moved across the island in an attempt to secure prestige and status. The fact that so many were left unfinished or stranded near the quarry suggests that no account was taken of how few trees were left on the island.

The fate of Easter Island has wider implications. Like Easter Island the earth has only limited resources to support human society and all its demands. Like the islanders, the human population of the earth has no practical means of escape. How has the environment of the world shaped human history and how have people shaped and altered the world in which they live? Have other societies fallen into the same trap as the islanders? For the last two million years humans have succeeded in obtaining more food and extracting more resources on which to sustain increasing numbers of people and increasingly complex and technologically advanced societies. But have they been any more successful than the islanders in finding a way of life that does not fatally deplete the resources that are available to them and irreversibly damage their life support system?
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THE FOUNDATIONS OF HISTORY

Human history cannot be understood in a vacuum. All human societies have been, and still are, dependent on complex, interrelated physical, chemical and biological processes. These include the energy produced by the sun, the circulation of the elements crucial for life, the geophysical processes that have caused the continental land masses to migrate across the face of the globe and the factors regulating climatic change. These constitute the essential foundations for the way in which the various types of plants and animals (including humans) form complex, interdependent communities. Research in a wide variety of disciplines is increasingly making it clear that life on earth and all human societies depend on the maintenance of a number of delicate balances within and between a whole series of complex processes. These findings also help us understand the way in which the environment has influenced the development of human societies and, just as important, the human impact on the earth.

Human history has been affected by the action of large scale geological and astronomical forces over long periods of time. Although the amount of land on the globe has remained broadly constant, its distribution has altered radically. The rocks a few miles below the earth’s surface are molten and flow in convection currents caused by the heat rising from the earth’s core. The flow causes movements in the earth’s crust in the form of large ‘plates’ which move across the surface of the globe. The convection currents from the core of the earth well up in ridges under the oceans and then flow outwards, forcing the plates further apart so that the North Atlantic is currently widening at about a centimetre a year and the east Pacific by about ten centimetres a year. Material flows back down into the earth in the deep oceanic trenches. Where the plates meet there is major instability, causing earthquakes and volcanoes.

The effects of these movements can be seen in the natural disasters that have punctuated human history – volcanic eruptions such as Thera, which may have overwhelmed Minoan society on Crete, the eruption of Vesuvius that destroyed Herculaneum and Pompeii or major earthquakes such as that in the Senshi province in China in 1556 that killed over 800,000 people or those affecting Lisbon in 1755 and Tokyo in 1923 that killed tens of thousands. The impact in the long term is even greater. About 400 million years ago the earth had two supercontinents – Laurasia (North America, Europe and Asia) and Gondwanaland (South America, Africa, India, Australia and Antarctica) divided by the Tethys Sea. When this massive land mass broke up, the southern continents were situated over the south pole, causing glaciers in what is now Brazil and South Africa, and Laurasia was in the tropics. What is now North America broke away from Europe about 200 million years ago, although the major drift apart to form the Atlantic Ocean has only occurred in the last eighty million years. Gondwanaland began to break up into separate continents about 160 million years ago but the formation of most of the Indian Ocean and the break between Australia and Antarctica occurred in the last sixty million years. Africa and South America split apart 100 million years ago.

The drift of the continents across the globe has had a profound impact on human history. It has determined the distribution of resources, and it accounts for the differing flora and fauna of the continents. Material welling up from the earth’s core formed part of the continental land masses and determined the location and concentration of the world’s mineral resources. The position of the continents at an earlier stage of their history explains the distribution of fossil fuel reserves in the modern world. Coal, oil and natural gas come from the decomposition of the vast tropical forests present about 250–300 million years ago. Continental drift has also been a major influence in determining the current distribution of plants and animals. Some have evolved in isolation and others have been driven to extinction by competitors when suddenly brought into contact with other parts of the world. For example, marsupial mammals had a worldwide distribution about eighty million years ago. As the continents drifted apart, marsupials were replaced in Eurasia by placental mammals. They survived in South America until it joined North America about thirty million years ago and they live on in Australia, which has remained isolated. The evolution of animals in different parts of the world has also had major effects on human history. The isolation of the Americas from the Eurasian landmass meant that animals domesticated in Europe and Asia such as sheep, goats, cattle and horses were not present. This influenced both their agriculture and their transport – domesticated animals were relatively unimportant and, although societies in the Americas were aware of the principle of the wheel, they could not utilise it because no draught animals were available.

Climate has been a fundamental force in shaping human history. Year-to-year variations in the weather influence crop yields but more significantly major, long-term trends have affected the ability of humans to settle parts of the globe, influenced the way plants and animals are distributed and placed limits on the crops that can be grown. The distribution of the continents has also been one of the factors determining climate. The ice ages, which have dominated the world’s climate for the last two and a half million years, depend for their effect on the current distribution of the land masses of the northern hemisphere. Large scale ice sheets could not develop, and move further south when the climate became colder, without the continents clustering towards the north pole and the formation of a land-locked Arctic Ocean about three million years ago.

The position of the continents is only one factor influencing the world’s climate. Apart from the steadily increasing energy output of the sun and the levels of gases such as carbon dioxide and methane in the atmosphere, the major factor determining climate is a series of astronomical cycles affecting the earth and its orbit round the sun. In the 1920s a Yugoslavian scientist, Milhankovic, put forward his theory but was largely ignored. Only in the last thirty years, with scientific analysis of cores taken from ocean sediments and ice sheets giving information on climate stretching back over hundreds of thousands of years, have his theories been accepted. Over a period of 90–100,000 years the earth’s orbit varies from being nearly circular to more elliptical. At present the orbit is becoming more circular and reducing the difference between the times when the heat from the sun falling on the earth is at its maximum and minimum. The second cycle, the timing of the earth’s closest approach to the sun, is completed every 21,000 years. At the moment the earth is nearest to the sun during the northern hemisphere winter. This reduces the impact of seasonal climatic change in the north whilst increasing it in the southern hemisphere. The third cycle affects the ‘tilt’ of the earth, which varies over a period of about 40,000 years. At the moment the tilt is decreasing, which again reduces the difference between the seasons. Although there are other short-term cycles, such as minor variations in the sun’s output over a 22–23 year period (linked to sunspot activity and reversals of the solar magnetic field), it is the combination of the three long-term cycles that largely determines the earth’s changing climate.

The long-term cycles alter the distribution of the sun’s energy falling on to the earth. The current closeness of the continents in the northern hemisphere to the pole is of crucial importance because only a two per cent drop in heat from the sun during the northern summer can initiate glaciation. Cool summers allow winter snow and ice to survive to the next winter and the growing snow cover causes further cooling by increasing the reflectivity of the earth’s surface. This further reduces the temperature in the northern hemisphere, leading to a rapid increase in the extent of the ice sheets and glaciers. The same process cannot work in the southern hemisphere when changes in the earth’s orbit produce cool summers there. Apart from Antarctica there is insufficient land near to the pole and too much water (which moderates the temperatures) to allow continental ice sheets to form. For the last two and a half million years a cycle of ice ages has affected the earth’s climate; the interglacial periods have normally been short, a total of 250,000 years out of the last two million. The warmest interglacial phase was about 120,000 years ago.

The various forms of life on earth, including humans, do not exist independently, they are part of ecosystems – a term which is used to refer to a community of organisms and their environment. There are many different types of ecosystem such as a tropical forest, a grassland prairie or a coral reef but the foundation of all of them, and therefore the basis for life on earth, is photosynthesis – the process by which the energy of sunlight is used by plants and certain types of bacteria to create chemical compounds essential for life. Apart from the exotic life forms that live on the sulphur produced in deep ocean volcanic vents it is the only way that energy is introduced into the system. Very little of the sun’s energy is, in fact, converted into matter and there is no way in which this efficiency can be improved since it depends on the amount of light falling on the earth, the laws of physics and the amount of carbon dioxide in the atmosphere. (Selective breeding of plants does not increase the efficiency of photosynthesis, it simply makes the plants put more of their effort into producing those parts that humans find useful at the cost of other parts.)

Within an individual ecosystem photosynthesisers (such as plants, trees and grasses) provide the basic energy input. They are the bottom of the food chain which links together all the different organisms. When photosynthesisers die they are broken down in the soil by decomposers such as fungi and their essential elements become available for other plants to use. (The pattern is similar in a marine environment.) Photosynthesisers are also eaten by animals (herbivores) which are able to extract essential nourishment from the plant. Herbivores are in turn eaten by other animals (carnivores) which are capable of extracting their food from animals. Some animals, known as top carnivores, can eat both herbivores and carnivores. When all these animals die their carcasses rot and the essential elements are recycled. Most ecosystems have complex food chains with numerous interrelationships between the various parts. However, behind this complexity there is an iron rule. The higher the animals is in the food chain, the rarer it will be. Each step up the food chain is further removed from the primary production of the photosynthesisers, is less energy efficient and consequently the numbers that can be supported get smaller. This is why only a very small number of carnivores can exist within an ecosystem compared to the number of primary producers. In the case of a deciduous wood in southern England, almost 90 per cent of the primary production by the photosynthesisers (in this case trees, plants and grasses) eventually falls to the ground and decomposes on the woodland floor and another 8 per cent is stored as dead wood, which eventually decomposes. Less than 3 per cent is available for herbivores to eat and even less for the carnivores who have to live off the herbivores.

Ecosystems are not static. Over time they develop through an orderly and predictable series of changes resulting from the modification of the environment by the plants and animals themselves to culminate in a climax system which has the maximum possible number of plants and animals for the available energy input. It takes thousands of years to move from bare rock through lichens and mosses to ferns, plants and eventually trees to create a climax forest that can survive for very long periods – provided there is no human interference. The original pioneer species that colonise the rock are adapted to coping with poor soils or with none at all. Slowly, as decayed matter is accumulated, a better soil is created, capable of sustaining annual plants and successively perennials, grasses, shrubs and trees. As the ecosystem develops and changes, so do the plants and animals that can be supported. This development of an ecosystem has occurred countless times during the earth’s history – for example the retreat of an ice sheet after a glacial period exposes bare rock, which within a few thousand years is converted into a climax temperate forest. Where a climax ecosystem is destroyed (as is often the case through human intervention to clear forests) then the subsequent process of change is speeded up because good soil already exists. For example, arable land (the result of forest clearance at an earlier stage in its history) left uncultivated in England will, through a succession of arable weeds, grasses and shrubs such as hawthorn and mixed scrub, revert to an oak and ash forest within 150 years.

The different types of ecosystem depend to a large extent on the temperature and level of rainfall. They are therefore found in broad bands between the poles and the equator. Changes in the earth’s climate cause these bands to change location, often by hundreds of miles over a period of several thousand years, as well as producing major local variations. At present, near the poles, low rainfall, low temperatures and permafrost produce tundra (poorly drained, acidic soil covered in low scrub). Further away from the pole in the northern hemisphere (though not in the southern because there is no land in the right place) are the great coniferous forests known as the taiga. Further away still from the poles are the temperate forests with their rich secondary flora, better soils, high leaf drop and a correspondingly large quantity of decomposers. Then there are the grasslands, which have less rain than the temperate forests and where the soils are poorer. In two bands sited about 30°N and 30°S of the equator are large areas of desert – a product of the global weather system which concentrates larges masses of very dry air in these latitudes. Finally in the tropics, around the equator, with both high rainfall and temperatures, are the vast, tropical rainforests. There are of course many local variations within this overall picture such as the tropical savannas of grassland with scattered thorny trees and the temperate rain forests of north-west America and southern New Zealand.

The productivity of the different ecosystems varies greatly. In the tundra the level of primary production is low because of the cold and lack of sunshine. This means fewer species can be supported and then not in large numbers. The food chain is therefore short and relatively simple. The open oceans are virtual deserts whereas coral reefs and estuaries teem with life, reaching levels equivalent to the most productive of all terrestrial systems – the tropical forests. These forests, which cover about 6 per cent of the world’s land surface, produce about 40 per cent of all the terrestrial primary plant production and contain about half of all the plants and animals on earth. Rainforests are remarkable not just for the quantity of life found there but also for the diversity. A typical ten square kilometre patch of forest will contain the following species (not individuals) – 1,500 flowering plants, 750 trees, 125 mammals, 400 birds, 100 reptiles, 60 amphibians, 150 butterflies and probably over 50,000 insects. (In total in the tropical forests there are probably twenty million species of insect.) Tropical forests are, however, very different in their structure from temperate forests, which have rich soils. Three-quarters of all the nutrients are held in the plants and trees and only 8 per cent in the soil. Very little rain water runs off into the soil – over half is evaporated and most of the rest absorbed directly by the plants and trees. The soil itself is thin, acidic and of poor quality, with very little humus. If the ecosystem is destroyed through forest clearance most of the nutrients are destroyed too; there is little available in the soil to support crops or grass and the exposed ground can quickly turn into hard, baked clay.

Soil is the product of an ecosystem – it has been created by living plants and animals and it continues to rely on them to remain fertile and productive. Before the earliest forms of life emerged from the sea there was no soil; all the land on earth was bare, eroded rocks and deserts. Soils build up over thousands of years through physical, chemical and biological processes as rock is weathered into minute fragments and incorporated together with the remains of dead plants and animals to form a medium that supports bigger plants and trees as the ecosystem develops to a climax. Fertility is built up and maintained as an active process through the interaction of the plant cover, the existing soil, the work of decomposers and other environmental factors such as rainfall and temperature. All of these processes make the various types of soil found in different parts of the globe one of the most complex living systems on earth. Just half a hectare of good soil from the temperate regions will contain one million bacteria of just one type, 100,000 yeast cells and 50,000 fungus mycelia. Although soils are created over time this process is, on a human timescale, so slow that the soil is in effect a non-renewable resource. It is also a highly fragile one. Ecosystems develop naturally in a way that protects the soil on which they depend. On the dry grasslands it is the roots of the grass that hold together a poor soil and in the temperate forests it is the whole process of extensive leaf drop in the autumn, combined with a large number of decomposers living off the dead material, which maintains a highly fertile soil. In tropical forests, where the soils are generally poor in nutrients and potentially vulnerable to the high rainfall and temperatures, the ecosystem has developed in such a way as to protect the soil. Once the trees and plants of an ecosystem are destroyed or badly damaged then the underlying soil is very quickly subjected to severe strain and can easily be destroyed or eroded away by the wind and rain, leaving only a degraded remnant.

To fully understand the individual parts of an ecosystem, it is necessary to see them as part of a bigger picture. All the parts of an ecosystem are interconnected through a complex set of self-regulating cycles, feedback loops and linkages between different parts of the food chain. If one part of an ecosystem is removed or disrupted there will be knock-on effects elsewhere in the system. The extent of the reverberations will of course vary depending on the nature, scale and duration of the disruption; on the relative significance of the part or parts affected; and on the resilience of the ecosystem. For example, if one species of animal is wiped out (by disease or by being hunted to extinction) then there will be ramifications up and down the food chain. The population of those plants and animals that formed its diet will increase, while those that previously hunted it for food will decrease, and these changes will then bring further secondary disruption at other levels in the food chain. The destruction of the primary producers (as with forest fire or deliberate clearance) will constitute an attack on the base of the food chain and it will have disastrous effects on all parts of the chain.

Just as the plants and animals in an ecosystem are parts of a greater whole, so ecosystems themselves are part of a greater whole – the earth itself. For all practical purposes the earth is a closed system. Although sunlight gets in to provide the necessary energy for life all the other resources are finite. The fact that the earth is a closed system also means that nothing can get out. All waste products must go somewhere. This fact, combined with the limited resources available to all living things, means that the recycling of the materials necessary for life is an essential function of all ecosystems and other physical and chemical processes on earth. Problems can arise though when artificial wastes are ‘disposed of’ in ecosystems, for example by dumping at sea or discharging into the air. Many of these products cannot be recycled at all by the natural systems or not in the concentrations in which they are found as a result of human activity, and they remain as pollutants somewhere in the system. All pollution is, therefore, bound to affect natural processes and ecosystems, whether on land, in the oceans or in the atmosphere. Humans too are part of the earth’s ecosystems, whether or not they are always conscious of this fact and its implications. All plants and animals tend to modify the environment as they compete and cooperate with others to survive and flourish. In their relationship to the ecosystem, two factors distinguish humans from all other animals. First, they are the only species capable of endangering and even destroying the ecosystems on which they depend for their existence. Second, humans are the only species to have spread into every terrestrial ecosystem and then, through use of technology, to have dominated them. (They have even been able to develop ways of heavily exploiting marine ecosystems too.)

The most important task in all human history has been to find a way of extracting from the different ecosystems in which people have lived enough resources for maintaining life – food, clothing, shelter, energy and other goods. Inevitably this has meant intervening in natural ecosystems. The problem for human societies has been to balance their various demands against the ability of the ecosystems to withstand the resulting pressures.
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NINETY-NINE PER CENT OF HUMAN HISTORY

For all but the last few thousand years of their roughly two million years of existence, humans have obtained their subsistence by a combination of gathering foodstuffs and hunting animals. In nearly every case people lived in small, mobile groups. It was without doubt the most successful and flexible way of life adopted by humans and the one that caused the least damage to natural ecosystems. It enabled them to spread across the face of the globe into every terrestrial ecosystem and to survive not just in favourable areas with easily obtained food but also in the rigorous conditions of the Arctic, the tundra of ice-age Europe and the marginal dry lands of Australia and southern Africa.

The origins and earliest development of humans and their immediate ancestors have to be deduced from scanty evidence, usually the fossilised remains of partial skeletons, sometimes as little as a jaw bone or a tooth, and therefore interpretation is difficult. Not surprisingly, the topic arouses great controversy between experts, and numerous conflicting schemes have been put forward to explain the nature of particular fossils and their relationship to each other. The fact that the remains have, so far, only been found in a few areas of the world, mainly eastern and southern Africa, has naturally heavily influenced explanations of the likely geographical origins of human ancestors and their development.

Fossils found from about 2–1.5 million years ago and called Homo erectus are recognised as being the direct ancestors of modern humans. But much earlier fossil remains reveal evidence of certain ‘human traits’, notably upright posture (as early as 3.5 million years ago) and toolmaking linked to the first stone tools about two million years ago. The distinguishing characteristic of Homo erectus is a large brain size of about 1,100cc (about three-quarters of modern human capacity). They emerged in east Africa and they survived until about 200,000 years ago when the first anatomically modern skeletons, named in a piece of immense self-flattery Homo sapiens, are found in east and southern Africa. By about 30,000 years ago fully modern human types (Homo sapiens sapiens) were widespread throughout the world.

The earliest humans and their direct ancestors inhabited a variety of habitats within a belt of tropical and semi-tropical country stretching from Ethiopia to southern Africa. The population was small, thinly spread, living in groups which probably depended mainly on the gathering of nuts, seeds and plants, which they would have supplemented by scavenging dead animals killed by other predators and perhaps the hunting of a few small mammals. It was this basic form of subsistence – gathering and hunting – that was to last as the human way of life until the development of agriculture about 10,000 years ago.

Gathering and hunting

Gathering and hunting as a way of life is now restricted to a handful of groups in the world such as the Bushmen of south-west Africa, some pygmy groups in the equatorial forests of Africa, the Hadza of east Africa, a few groups in India and south-east Asia, some Aborigines in Australia, some Inuit in the Arctic and the native inhabitants of the tropical forests of South America. These groups now occupy essentially marginal habitats, having been gradually pushed aside by the advance of agriculture. Two-thirds of the Inuit originally lived in a much more benign climate south of the Arctic Circle, while the Aborigines used to live mainly in the productive regions of eastern Australia, not in the central and northern deserts. The commonly accepted view of gathering and hunting is that it produces a life which is, to quote Thomas Hobbes, ‘nasty, brutish and short’. In the last fifty years new anthropological studies of existing gathering and hunting groups have provided a fascinating insight into how humans lived for the overwhelming majority of their history and how they were integrated into the environment. These studies have emphasised the relatively easy way in which sufficient food could be extracted from what would have been much more productive ecosystems than those now occupied by such groups. In parallel with these findings there has been a revolution in archaeological thinking and techniques for investigating early human remains. Instead of collecting large numbers of stone tools and trying to classify them into different ‘cultures’ on the basis of marginal differences in the way in which they were made, archaeologists have adopted a much more sophisticated approach. This emphasises trying to understand, often using contemporary groups as examples, what tools were made to do, what activities were carried out at the different sites, how human groups exploited their environment in different ways to obtain food and how their seasonal movements were integrated into this overall pattern.

What emerges from these new approaches is a much more positive view of gathering and hunting groups. In general, gatherers and hunters do not live under the constant threat of starvation. Rather, they have a nutritionally adequate diet selected from a wide range of the available food resources. This wide variety of food is normally only a small proportion of the total amount of food available in the environment. Obtaining food and other forms of work take up only a small proportion of the day, leaving large amounts of time free for leisure and ceremonial activities. Most groups survive with very few goods because their wants are few and because they would find extra goods a hindrance to their mobile way of life. Items such as hunting tools or cooking utensils have no great value because they can be easily replaced from locally available materials. The pattern of life varies during the year depending on the seasonal availability of different types of food. Most of the time they live in small groups of about 25–50 people and come together in larger groups for ceremonial purposes, marriage and other social activities at a time when food supplies allow a larger population to gather in one place. Within the group there is no concept of food ownership and food is treated as available to all. Food is not stored because that would interfere with mobility and because their experience dictates that some food will always be available even if certain items are occasionally in short supply.

The Bushmen of south-west Africa (until forcibly removed by the Botswana government) illustrated how easily gathering and hunting groups could obtain sufficient food. The mainstay of their diet was the highly nutritious mongongo nut obtained from a drought-resistant tree. It is a very reliable source which keeps for over a year. It contains five times the calories and ten times the amount of protein of an equivalent amount of cereal crops and 225 grams (about 300 nuts) has the calories of just over a kilogram of cooked rice and the protein of about 400 grams of beef. In addition eighty-four different species of food plants are available although the Bushmen normally used only twenty-three of them. There are fifty-four edible animals available although only seventeen were hunted regularly. Compared with modern recommended levels of nutrition the diet of the Bushmen was more than adequate; calorie intake was higher, protein consumption was about a third higher and there were no signs of any deficiency diseases. The amount of effort required to obtain this food was not very great – on average about two and a half days a week. The work involved was relatively constant throughout the year (unlike agriculture) and except at the height of the dry season the search for food rarely involved travelling more than ten kilometres in a day. Women and men devoted about the same amount of time overall to obtaining food but the women, who were responsible for gathering, brought in about twice as much food as the men were able to hunt. The women tended to work about one to three hours a day and spent the rest of the time in leisure activities. Hunting, which was carried out by the men, was more intermittent, involving perhaps a week of hunting followed by no activity at all for about two or three weeks. About 40 per cent of the group played no part in the work of obtaining food. About one in ten were aged over sixty and treated as honoured members and the young were not expected to provide food until they married at about the age of twenty for women and twenty-five for men. Similar patterns have been found amongst the Hadza of east Africa and the Aborigines of Australia.

All of these groups have now been pushed into marginal subsistence areas and so it is safe to assume that when similar groups were able to live in locations with more abundant resources, food gathering would have been even easier. Indeed, many contemporary groups fail to see the attractions of agriculture with its much greater workload. As one of the Bushmen told an anthropologist, ‘Why should we plant when there are so many mongongo nuts in the world?’ Leisure time is valued very highly and preferred to increasing food supplies (which are already more than adequate) or producing more material goods (which can be a hindrance). In the twentieth century the Siane tribe in New Guinea adopted modern steel axes instead of traditional stone tools. This reduced the amount of time needed to provide an adequate level of subsistence by about a third. The new spare time was not spent in increasing output but was devoted to ceremonies, leisure and warfare. Similarly in sixteenth-century Brazil the Portuguese found that the native tribes, if not enslaved, would only work for them until they had earned enough to buy metal tools and then they wanted to enjoy their extra leisure.

In general, gathering and hunting groups live largely by gathering. Hunting is a difficult and hazardous activity with only intermittent rewards at best. Studies of top carnivores in ecosystems (which is the role humans are trying to adopt when hunting) show that they only make a kill about once in every ten attempts. Humans, even with some help from technology, are much less adapted to this role than lions or tigers and are likely to achieve even lower success rates. In early gathering and hunting groups, operating with fairly primitive spears and bows and arrows, most of the meat in their diet is likely to have come from scavenging on animals killed by other predators. In the equatorial and tropical areas hunting rarely contributes more than a third of a group’s diet. Ecosystems further away from the equator are less productive and therefore the available plant food needs to be supplemented – often through the more time-consuming task of fishing. The great grasslands pose major problems for these groups in finding food because of the lack of suitable plants for human consumption and the difficulty in hunting the large herds of grazing animals. It is only in the Arctic areas, with their almost total lack of suitable plant food, that hunting dominates subsistence. In these areas finding sufficient food is not easy and survival requires a great deal of skill and effort to make use of the limited resources available.

In order to obtain the necessary subsistence, gathering and hunting groups depend on a deep knowledge of their local areas and in particular an awareness of what types of food will be available at different places and at different times of the year. Their way of life revolves around major seasonal changes in methods of subsistence and patterns of social organisation are integrated into these changes. Contemporary gathering and hunting peoples again illustrate how historical groups would have adapted to their particular conditions. The Bushmen of south-west Africa lived in a relatively homogeneous environment, moving camp about five or six times a year but never moving on more than fifteen or twenty kilometres at a time and making longer trips only for social occasions such as marriage. The Gidjingali Aborigines of northern Australia have a clear seasonal round of varying exploitation. In the wet season, when swamps are full, they eat water lilies – the stalks are eaten raw, the seeds made into unleavened cakes and the corms cooked. In the early dry season they move to an area where large yams are found since the tubers are easy to locate at this time of the year when the tendrils are still green. Later they move to the edge of the wetlands where the men hunt geese and the women dig up spike rush corms. At the height of the dry season subsistence depends on cycad nuts which, although difficult to prepare, are plentiful and can support the large groups of people who gather together at this time for ceremonial, religious and social events. Only in a brief period before the rainy season is there any shortage of suitable food when subsistence depends on less favoured roots and plants.

An example of an extreme form of adaptation to a harsh environment influencing all forms of economic and social life is provided by the Netsilik Inuit living north and west of Hudson’s Bay in Canada, who were studied in the 1920s before they had any real contact with modern technology. Their way of life depended on careful exploitation of every part of their environment. Houses and storage facilities were made from snow and ice. Clothing, kayaks, sledges and tents came from the skins of animals and their bones provided tools and weapons. Cooking utensils were made out of stone. The seasonal round of subsistence activity was highly varied. In the winter the Netsilik were totally dependent on seal hunting. A huge number of hunters had to cover the numerous holes in the ice used by the seals for breathing. This was therefore the time of year when extended social groups gathered together in great igloo communities and took part in the major religious and ceremonial activity of the year. The large winter camps broke up into small groups living in tents from June when it was possible to hunt the seals on the ice. By July the groups moved inland, fishing and occasionally hunting caribou. In August they constructed stone weirs across streams in order to catch the plentiful supply of salmon trout moving upstream to spawn. At the end of the month they again came together in large groups for the communal activity of hunting from kayaks as the caribou crossed the rivers during their annual migration. In October smaller groups of Inuit would fish for salmon before reassembling in larger groups for the winter seal hunt. In each of the phases of communal hunting there were social customs to ensure that everybody was fed and that nobody was penalised because of poor luck or lack of skill.

These modern examples of gathering and hunting groups tell us a good deal about the way in which historical groups would have operated in the various environments they inhabited around the world. All gathering and hunting groups, both contemporary and historical, seem to have tried to control their numbers so as not to overtax the resources of their ecosystem. This was achieved through a number of accepted social customs. The most widespread was infanticide involving the killing of certain categories such as twins, the handicapped and a proportion of female offspring. (Studies in the 1930s showed that Inuit groups killed about 40 per cent of their female children.) In addition, protracted weaning of infants probably provided a form of birth control and some of the old people may have been abandoned if they were ill or a burden on the group. In such ways the demand for food and, therefore, the pressure that gathering and hunting groups placed on their environment was reduced. Population densities were generally low (although the numbers would vary according to the type of environment and its natural level of productivity). The best estimate for the total population of the world about 10,000 years ago, just before the adoption of agriculture in a few areas, was not more than about four million and in earlier periods it would have been considerably less than that.

Technology and development

The gradual development of human societies and the spread of settlement across the globe into different environments can be traced to the four basic traits that distinguish humans from other primates. Fundamental to all advance was an increase in brain size. A bigger brain seems to have been important in achieving the power of abstract thought so vital to the development of technology. A second vital breakthrough (made as early as three and a half million years ago) was the ability to stand fully upright on two feet. This was important not just in increasing mobility but also in freeing the hands to undertake other tasks such as using tools. The third trait was the use of speech. Not surprisingly there is absolutely no evidence as to when speech was adopted. In a primitive form it probably existed from an early date but complex language only became possible when fully modern humans evolved about 200,000 years ago. The ability to communicate would have opened the way to increased group co-operation and more elaborate social organisation in general as well as aiding the spread of different cultural advances. The fourth trait was fundamental to the human settlement of the world – the adoption of technological means to overcome difficulties imposed by hostile environments. Although other animals use tools, humans are the only ones to make complex tools and use them on a major scale. Stone toolmaking began about two million years ago with the first crude stone choppers from pebbles, although other less durable tools that have not survived would probably have been used earlier.

Apart from stone tools, the artefacts and technologies used by the earliest humans were wooden spears (about 400,000 years ago), bolas stones for entangling animals (about 80,000 years ago), the use of wood and skins and also fire. Since fires also happen naturally, the exact date at which fire was first deliberately used is a matter of considerable controversy. There are ambiguous indications from the site of Chesowanja in east Africa dated to about one and a half million years ago but
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