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          There is no history of mankind, there are only many histories of all kinds of aspects of human life.




          —KARL POPPER




           




          The fate of nations hangs upon their choice of food.




          —JEAN-ANTHELME BRILLAT-SAVARIN


        


      


    


  




   




   




  There are many ways to look at the past: as a list of important dates, a conveyor belt of kings and queens, a series of rising and falling empires, or a narrative of political,

  philosophical, or technological progress. This book looks at history in another way entirely: as a series of transformations caused, enabled, or influenced by food. Throughout history, food has

  done more than simply provide sustenance. It has acted as a catalyst of social transformation, societal organization, geopolitical competition, industrial development, military conflict, and

  economic expansion. From prehistory to the present, the stories of these transformations form a narrative that encompasses the whole of human history.




  Food’s first transformative role was as a foundation for entire civilizations. The adoption of agriculture made possible new settled lifestyles and set mankind on the path to the modern

  world. But the staple crops that supported the first civilizations—barley and wheat in the Near East, millet and rice in Asia, and maize and potatoes in the Americas—were not simply

  discovered by chance. Instead, they emerged through a complex process of coevolution, as desirable traits were selected and propagated by early farmers. These staple crops are, in effect,

  inventions: deliberately cultivated technologies that only exist as a result of human intervention. The story of the adoption of agriculture is the tale of how ancient genetic engineers developed

  powerful new tools that made civilization itself possible. In the process, mankind changed plants, and those plants in turn transformed mankind.




  Having provided the platform on which civilizations could be founded, food subsequently acted as a tool of social organization, helping to shape and structure the complex societies that emerged.

  The political, economic, and religious structures of ancient societies, from hunter-gatherers to the first civilizations, were based upon the systems of food production and distribution. The

  production of agricultural food surpluses and the development of communal food-storage and irrigation systems fostered political centralization; agricultural fertility rituals developed into state

  religions; food became a medium of payment and taxation; feasts were used to garner influence and demonstrate status; food handouts were used to define and reinforce power structures. Throughout

  the ancient world, long before the invention of money, food was wealth—and control of food was power.




  Once civilizations had emerged in various parts of the world, food helped to connect them together. Food-trade routes acted as international communications networks that fostered not just

  commercial exchange, but cultural and religious exchange too. The spice routes that spanned the Old World led to cross-cultural fertilization in fields as diverse as architecture, science, and

  religion. Early geographers started to take an interest in the customs and peoples of distant lands and compiled the first attempts at world maps. By far the greatest transformation caused by food

  trade was a result of the European desire to circumvent the Arab spice monopoly. This led to the discovery of the New World, the opening of maritime trade routes between Europe, America, and Asia,

  and the establishment by European nations of their first colonial outposts. Along the way, it also revealed the true layout of the world.




  As European nations vied to build global empires, food helped to bring about the next big shift in human history: a surge in economic development through industrialization. Sugar and potatoes,

  as much as the steam engine, underpinned the Industrial Revolution. The production of sugar on plantations in the West Indies was arguably the earliest prototype of an industrial process, reliant

  though it was on slave labor. Potatoes, meanwhile, overcame initial suspicion among Europeans to become a staple food that produced more calories than cereal crops could from a given area of land.

  Together, sugar and potatoes provided cheap sustenance for the workers in the new factories of the industrial age. In Britain, where this process first began, the vexed question of whether the

  country’s future lay in agriculture or in industry was unexpectedly and decisively resolved by the Irish Potato Famine of 1845.




  The use of food as a weapon of war is timeless, but the large-scale military conflicts of the eighteenth and nineteenth centuries elevated it to a new level. Food played an important role in

  determining the outcome of the two wars that defined the United States of America: the Revolutionary War of the 1770s to 1780s and the Civil War of the 1860s. In Europe, meanwhile, Napoleon’s

  rise and fall was intimately connected with his ability to feed his vast armies. The mechanization of warfare in the twentieth century meant that for the first time in history, feeding machines

  with fuel and ammunition became a more important consideration than feeding soldiers. But food then took on a new role, as an ideological weapon, during the Cold War between capitalism and

  communism, and ultimately helped to determine the outcome of the conflict. And in modern times food has become a battlefield for other issues, including trade, development, and globalization.




  During the twentieth century the application of scientific and industrial methods to agriculture led to a dramatic expansion in the food supply and a corresponding surge in the world population.

  The so-called green revolution caused environmental and social problems, but without it there would probably have been widespread famine in much of the developing world during the 1970s. And by

  enabling the food supply to grow more rapidly than the population, the green revolution paved the way for the astonishingly rapid industrialization of Asia as the century drew to a close. Since

  people in industrial societies tend to have fewer children than those in agricultural societies, the peak in the human population, toward the end of the twenty-first century, is now in sight.




  The stories of many individual foodstuffs, of food-related customs and traditions, and of the development of particular national cuisines have already been told. Less attention has been paid to

  the question of food’s world-historical impact. This account does not claim that any single food holds the key to understanding history; nor does it attempt to summarize the entire history of

  food, or the entire history of the world. Instead, by drawing on a range of disciplines, including genetics, archaeology, anthropology, ethnobotany, and economics, it concentrates specifically on

  the intersections between food history and world history, to ask a simple question: which foods have done the most to shape the modern world, and how? Taking a long-term historical perspective also

  provides a new way to illuminate modern debates about food, such as the controversy surrounding genetically modified organisms, the relationship between food and poverty, the rise of the

  “local” food movement, the use of crops to make biofuels, the effectiveness of food as a means of mobilizing political support for various causes, and the best way to reduce the

  environmental impact of modern agriculture.




  In his book The Wealth of Nations, first published in 1776, Adam Smith famously likened the unseen influence of market forces, acting on participants who are all looking out for their

  own best interests, to an invisible hand. Food’s influence on history can similarly be likened to an invisible fork that has, at several crucial points in history, prodded humanity and

  altered its destiny, even though people were generally unaware of its influence at the time. Many food choices made in the past turn out to have had far-reaching consequences, and to have helped in

  unexpected ways to shape the world in which we now live. To the discerning eye, food’s historical influence can be seen all around us, and not just in the kitchen, at the dining table, or in

  the supermarket. That food has been such an important ingredient in human affairs might seem strange, but it would be far more surprising if it had not: after all, everything that every person has

  ever done, throughout history, has literally been fueled by food.
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          I have seen great surprise expressed in horticultural works at the wonderful skill of gardeners, in having produced such splendid results from such poor materials; but

          the art has been simple, and as far as the final result is concerned, has been followed almost unconsciously. It has consisted in always cultivating the best-known variety, sowing its

          seeds, and, when a slightly better variety chanced to appear, selecting it, and so onwards.




           




          —CHARLES DARWIN, The Origin of Species


        


      


    


  




   




   




  Foods as Technologies




  What embodies the bounty of nature better than an ear of corn? With a twist of the wrist it is easily plucked from the stalk with no waste or fuss. It is packed with tasty,

  nutritious kernels that are larger and more numerous than those of other cereals. And it is surrounded by a leafy husk that shields it from pests and moisture. Maize appears to be a gift from

  nature; it even comes wrapped up. But appearances can be deceptive. A cultivated field of maize, or any other crop, is as man-made as a microchip, a magazine, or a missile. Much as we like to think

  of farming as natural, ten thousand years ago it was a new and alien development. Stone Age hunter-gatherers would have regarded neatly cultivated fields, stretching to the horizon, as a bizarre

  and unfamiliar sight. Farmed land is as much a technological landscape as a biological one. And in the grand scheme of human existence, the technologies in question—domesticated

  crops—are very recent inventions.




  The ancestors of modern humans diverged from apes about four and a half million years ago, and “anatomically modern” humans emerged around 150,000 years ago.

  All of these early humans were hunter-gatherers who subsisted on plants and animals that were gathered and hunted in the wild. It is only within the past 11,000 years or so that humans began to

  cultivate food deliberately. Farming emerged independently in several different times and places, and had taken hold in the Near East by around 8500 B.C., in China by around

  7500 B.C., and in Central and South America by around 3500 B.C. From these three main starting points, the technology of farming then spread

  throughout the world to become mankind’s chief means of food production.




  This was a remarkable change for a species that had relied on a nomadic lifestyle based on hunting and gathering for its entire previous existence. If the 150,000 years since modern humans

  emerged are likened to one hour, it is only in the last four and a half minutes that humans began to adopt farming, and agriculture only became the dominant means of providing human subsistence in

  the last minute and a half. Humanity’s switch from foraging to farming, from a natural to a technological means of food production, was recent and sudden.




  Though many animals gather and store seeds and other foodstuffs, humans are unique in deliberately cultivating specific crops and selecting and propagating particular desired characteristics.

  Like a weaver, a carpenter, or a blacksmith, a farmer creates useful things that do not occur in nature. This is done using plants and animals that have been modified, or domesticated, so that they

  better suit human purposes. They are human creations, carefully crafted tools that are used to produce food in novel forms, and in far greater quantities than would occur naturally. The

  significance of their development cannot be overstated, for they literally made possible the modern world. Three domesticated plants in particular—wheat, rice, and maize—proved to be

  most significant. They laid the foundations for civilization and continue to underpin human society to this day.




  The Man-Made Nature of Maize




  Maize, more commonly known as corn in America, provides the best illustration that domesticated crops are unquestionably human creations. The distinction between wild and

  domesticated plants is not a hard and fast one. Instead, plants occupy a continuum: from entirely wild plants, to domesticated ones that have had some characteristics modified to suit humans, to

  entirely domesticated plants, which can only reproduce with human assistance. Maize falls into the last of these categories. It is the result of human propagation of a series of random genetic

  mutations that transformed it from a simple grass into a bizarre, gigantic mutant that can no longer survive in the wild. Maize is descended from teosinte, a wild grass indigenous to modern-day

  Mexico. The two plants look very different. But just a few genetic mutations, it turns out, were sufficient to transform one into the other.




  One obvious difference between teosinte and maize is that teosinte ears consist of two rows of kernels surrounded by tough casings, or glumes, which protect the edible kernels within. A single

  gene, called tga1 by modern geneticists, controls the size of these glumes, and a mutation in the gene results in exposed kernels. This means the kernels are less likely to survive the

  journey through the digestive tract of an animal, placing mutant plants at a reproductive disadvantage to nonmutants, at least in the normal scheme of things. But the exposed kernels would also

  have made teosinte far more attractive to human foragers, since there would have been no need to remove the glumes before consumption. By gathering just the mutant plants with exposed kernels, and

  then sowing some of them as seeds, proto-farmers could increase the proportion of plants with exposed kernels. The tga1 mutation, in short, made teosinte plants less likely to survive in

  the wild, but also made them more attractive to humans, who propagated the mutation. (The glumes in maize are so reduced that you only notice them today when they get stuck between your teeth. They

  are the silky, transparent film that surrounds each kernel.)
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    Progression from teosinte to proto-maize and modern maize.


  




   




  Another obvious difference between teosinte and maize lies in the overall structure, or architecture, of the two plants, which determines the position and number of the male and female

  reproductive parts, or inflorescences. Teosinte has a highly branched architecture with multiple stalks, each of which has one male inflorescence (the tassel) and several female inflorescences (the

  ears). Maize, however, has a single stalk with no branches, a single tassel at the top, and far fewer but much larger ears halfway up the stalk, enclosed in a leafy husk. Usually there is just one

  ear, but in some varieties of maize there can be two or three. This change in architecture seems to be the result of a mutation in a gene known as tb1. From the plant’s point of

  view, this mutation is a bad thing: It makes fertilization, in which pollen from the tassel must make its way down to the ear, more difficult. But from the point of view of

  humans, it is a very helpful mutation, since a small number of large ears is easier to collect than a large number of small ones. Accordingly, proto-farmers would have been more likely to gather

  ears from plants with this mutation. By sowing their kernels as seeds, humans propagated another mutation that resulted in an inferior plant, but a superior food.




  The ears, being closer to the ground, end up closer to the nutrient supply and can potentially grow much larger. Once again, human selection guided this process. As proto-farmers gathered ears

  of proto-maize, they would have given preference to plants with larger ears; and kernels from those ears would then have been used as seeds. In this way, mutations that resulted in larger ears with

  more kernels were propagated, so that the ears grew larger from one generation to the next and became corn cobs. This can clearly be seen in the archaeological record: At one cave in Mexico, a

  sequence of cobs has been found, increasing in length from a half inch to eight inches long. Again, the very trait that made maize attractive to humans made it less viable in the wild. A plant with

  a large ear cannot propagate itself from one year to the next, because when the ear falls to the ground and the kernels sprout, the close proximity of so many kernels competing for the nutrients in

  the soil prevents any of them from growing. For the plant to grow, the kernels must be manually separated from the cob and planted a sufficient distance apart—something only humans can do. As

  maize ears grew larger, in short, the plant ended up being entirely dependent on humans for its continued existence.




  What started off as an unwitting process of selection eventually became deliberate, as early farmers began to propagate desirable traits on purpose. By transferring pollen from the tassel of one

  plant to the silks of another, it was possible to create new varieties that combined the attributes of their parents. These new varieties had to be kept away from other varieties to prevent the

  loss of desirable traits. Genetic analysis suggests that one particular type of teosinte, called Balsas teosinte, is most likely to have been the progenitor of maize.

  Further analysis of regional varieties of Balsas teosinte suggests that maize was originally domesticated in central Mexico, where the modern-day states of Guerrero, México, and

  Michoacán meet. From here, maize spread and became a staple food for peoples throughout the Americas: the Aztecs and Maya of Mexico, the Incas of Peru, and many other tribes and cultures

  throughout North, South, and Central America.




  But maize could only become a dietary mainstay with the help of a further technological twist, since it is deficient in the amino acids lysine and tryptophan, and the vitamin niacin, which are

  essential elements of a healthy human diet. When maize was merely one foodstuff among many these deficiencies did not matter, since other foods, such as beans and squash, made up for them. But a

  maize-heavy diet results in pellagra, a nutritional disease characterized by nausea, rough skin, sensitivity to light, and dementia. (Light sensitivity due to pellagra is thought to account for the

  origin of European vampire myths, following the introduction of maize into European diets in the eighteenth century.) Fortunately, maize can be rendered safe by treating it with calcium hydroxide,

  in the form of ash from burnt wood or crushed shells, which is either added directly to the cooking pot, or mixed with water to create an alkaline solution in which the maize is left to soak

  overnight. This has the effect of softening the kernels and making them easier to prepare, which probably explains the origin of the practice. More importantly but less visibly, it also liberates

  amino acids and niacin, which exist in maize in an inaccessible or “bound” form called niacytin. The resulting processed kernels were called nixtamal by the Aztecs, so that the

  process is known today as nixtamalization. This practice seems to have been developed as early as 1500 B.C.; without it, the great maize-based cultures of the Americas could

  never have been established.




  All of this demonstrates that maize is not a naturally occurring food at all. Its development has been described by one modern scientist as the most impressive feat of

  domestication and genetic modification ever undertaken. It is a complex technology, developed by humans over successive generations to the point where maize was ultimately incapable of surviving on

  its own in the wild, but could deliver enough food to sustain entire civilizations.




  Cereal Innovation




  Maize is merely one of the most extreme examples. The world’s two other major staples, which went on to underpin civilization in the Near East and Asia respectively, are

  wheat and rice. They too are the results of human selective processes that propagated desirable mutations to create more convenient and abundant foodstuffs. Like maize, both wheat and rice are

  cereal grains, and the key difference between their wild and domesticated forms is that domesticated varieties are “shatterproof.” The grains are attached to a central axis known as the

  rachis. As the wild grains ripen the rachis becomes brittle, so that when touched or blown by the wind it shatters, scattering the grains as seeds. This makes sense from the plant’s

  perspective, since it ensures that the grains are only dispersed once they have ripened. But it is very inconvenient from the point of view of humans who wish to gather them.




  In a small proportion of plants, however, a single genetic mutation means the rachis does not become brittle, even when the seeds ripen. This is called a “tough rachis.” This

  mutation is undesirable for the plants in question, since they are unable to disperse their seeds. But it is very helpful for humans gathering wild grains, who are likely to gather a

  disproportionate number of tough-rachis mutants as a result. If some of the grains are then planted to produce a crop the following year, the tough-rachis mutation will be propagated, and every

  year the proportion of tough-rachis mutants will increase. Archaeologists have demonstrated in field experiments with wheat that this is exactly what happens. They estimate that plants with tough,

  shatterproof rachises would become predominant within about two hundred years—which is roughly how long the domestication of wheat seems to have taken, according to

  the archaeological record. (In maize, the cob is in fact a gigantic shatterproof rachis.)




  As with maize, proto-farmers selected for other desirable characteristics in wheat, rice, and other cereals during the process of domestication. A mutation in wheat causes the hard glumes that

  cover each grain to separate more easily, resulting in “self-threshing” varieties. The individual grains are less well protected as a result, so this mutation is bad news in the wild.

  But it is helpful to human farmers, since it makes it easier to separate the edible grains after beating sheaves of cut wheat on a stone threshing floor. When grains were being plucked from the

  floor, small grains and those with glumes still attached would have been passed over in favor of larger ones without glumes. This helped to propagate these helpful mutations.




  Another trait common to many domesticated crops is the loss of seed dormancy, the natural timing mechanism that determines when a seed germinates. Many seeds require specific stimuli, such as

  cold or light, before they will start growing, to ensure that they only germinate under favorable circumstances. Seeds that remain dormant until after a cold spell, for example, will not germinate

  in the autumn, but will wait until after the winter has passed. Human farmers would often like seeds to start growing as soon as they are planted, however. Given a collection of seeds, some of

  which exhibit seed dormancy and some of which do not, it is clear that those that start growing right away stand a better chance of being gathered and thus forming the basis of the next crop. So

  any mutations that suppress seed dormancy will tend to be propagated.




  Similarly, wild cereals germinate and ripen at different times. This ensures that whatever the pattern of rainfall, at least some of the grains will mature to provide seeds for the following

  year. Harvesting an entire field of grain on the same day, however, favors grains that are almost ripe at the time. Grains that are over-ripe or under-ripe will be less viable if sown as seeds the

  following year. The effect is to reduce the variation in ripening time from one year to the next, so that eventually the entire field ripens at the same time. This is bad

  from the plant’s point of view, since it means the entire crop can potentially fail. But it is far more convenient for human farmers.




  In the case of rice, human intervention helped to propagate desirable properties such as taller and larger plants to aid harvesting, and more secondary branches and larger grains to increase

  yield. But domestication also made wheat and rice more dependent on human intervention. Rice lost its natural ability to survive in flood waters, for example, as it was pampered by human farmers.

  And both wheat and rice were less able to reproduce by themselves because of the human-selected shatterproof rachis. The domestication of wheat, rice, and maize, the three main cereal grains, and

  of their lesser siblings barley, rye, oats, and millet, were all variations on the same familiar genetic theme: more convenient food, less resilient plant.




  The same trade-off occurred as humans domesticated animals for the purpose of providing food, starting with sheep and goats in the Near East around 8000 B.C. and followed

  by cattle and pigs soon afterward. (Pigs were independently domesticated in China at roughly the same time, and the chicken was domesticated in southeast Asia around 6000 B.C.) Most domesticated animals have smaller brains and less acute eyesight and hearing than their wild ancestors. This reduces their ability to survive in the wild but makes them more

  docile, which suits human farmers.




  Humans became dependent on their new creations, and vice versa. By providing a more dependable and plentiful food supply, farming provided the basis for new lifestyles and far more complex

  societies. These cultures relied on a range of foods, but the most important were the cereals: wheat and barley in the Near East, rice and millet in Asia, and maize in the Americas. The

  civilizations that subsequently arose on these edible foundations, including our own, owe their existence to these ancient products of genetic engineering.
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    The centers of origin for domesticated maize, wheat, and rice.


  




  Present at the Creation




  This debt is acknowledged in many myths and legends in which the creation of the world, and the emergence of civilization after a long period of barbarism, are closely bound up

  with these vital crops. The Aztecs of Mexico, for example, believed men were created five times, each generation being an improvement over the last. Teosinte was said to have been man’s

  principal food in the third and fourth creations. Finally, in the fifth creation, man nourished himself with maize. Only then did he prosper, and his descendants populated the world.




  The creation story of the Maya of southern Mexico, recounted in the Popul Vuh (or “sacred book”), also involves repeated attempts to create mankind. At first the gods fashioned men

  out of mud, but the resulting creatures could barely see, could not move at all, and were soon washed away. So the gods tried again, this time making men out of wood. These creatures could walk on

  all fours and speak, but they lacked blood and souls, and they failed to honor the gods. The gods destroyed these men, too, so that all that remained of them were a few tree-dwelling monkeys.

  Finally, after much discussion about the appropriate choice of ingredients, the gods made a third generation of men from white and yellow ears of maize: “Of yellow maize and of white maize

  they made their flesh; of corn-meal dough they made the arms and the legs of man. Only dough of corn-meal went into the flesh of our first fathers, the four men, who were created.” The Maya

  believed they were descended from these four men and their wives, who were created shortly afterward.




  Maize also features in the story told by the Incas of South America to explain their origins. In ancient times, it is said, the people around Lake Titicaca lived like wild animals. The sun god,

  Inti, took pity on them and sent his son Manco Capac and his daughter Mama Ocllo, who were also husband and wife, to civilize them. Inti gave Manco Capac a golden stick with which to test the

  fertility of the soil and its suitability for growing maize. Having found a suitable place, they were to found a state and instruct its people in the proper worship of the

  sun god. The couple’s travels finally brought them to the Cuzco Valley, where the golden stick disappeared into the ground. Manco Capac taught the people about farming and irrigation, Mama

  Ocllo taught them about spinning and weaving, and the valley became the center of the Inca civilization. Maize was regarded as a sacred crop by the Incas, even though potatoes also formed a large

  part of their diet.




  Rice too appears in countless myths in the countries where it is grown. In Chinese myths, rice appears to save mankind when it is on the verge of starvation. According to one story, the goddess

  Guan Yin took pity on the starving humans and squeezed her breasts to produce milk, which flowed into the previously empty ears of the rice plants to become rice grains. She then pressed harder,

  causing a mixture of blood and milk to flow into some of the plants. This is said to explain why rice exists in both red and white varieties. Another Chinese tale tells of a great flood, after

  which very few animals remained for hunting. As they searched for food, the people saw a dog coming toward them with bunches of long, yellow seeds hanging from its tail. They planted the seeds,

  which grew into rice and dispelled their hunger forever. In a different series of rice myths, told in Indonesia and throughout the islands of Indochina, rice appears as a delicate and virtuous

  maiden. The Indonesian rice goddess, Sri, is the goddess of the earth who protects the people against hunger. One story tells how Sri was killed by the other gods to protect her from the lecherous

  advances of the king of the gods, Batara Guru. When her body was buried, rice sprouted from her eyes and sticky rice grew from her chest. Filled with remorse, Batara Guru gave these crops to

  mankind to cultivate.




  The tale of the creation of the world and the emergence of civilization told by the Sumerians, the ancient inhabitants of what is now southern Iraq, refers to a time after the creation of the

  world by Anu, when people existed but agriculture was unknown. Ashnan, the grain goddess, and Lahar, the goddess of sheep, had not yet appeared; Tagtug, patron of the

  craftsmen, had not been born; and Mirsu, the god of irrigation, and Sumugan, the god of cattle, had not arrived to help mankind. As a result, “the grain . . . and barley-grain for the

  cherished multitudes were not yet known.” Instead, the people ate grass and drank water. The goddesses of grain and flocks were then created to provide food for the gods, but no matter how

  much the gods ate, they were not filled. Only with the emergence of civilized men, who made regular offerings of food to the gods, were the gods’ appetites finally satisfied. So domesticated

  crops and animals were a gift to man that conferred upon him an obligation to make regular food offerings to the gods. This tale preserves a folk memory of a time before the adoption of farming,

  when humans were still foragers. Similarly, a Sumerian hymn to the grain goddess describes a barbaric age before cities, fields, sheepfolds, and cattle stalls—an era that came to an end when

  the grain goddess inaugurated a new era of civilization.




  Contemporary explanations of the genetic basis of plant and animal domestication are really just the modern, scientific version of these ancient and strikingly similar creation myths from around

  the world. Today, we would say that the abandonment of hunting and gathering, the domestication of plants and animals, and the adoption of a settled lifestyle based on farming put mankind on the

  road to the modern world, and that those earliest farmers were the first modern, “civilized” humans. Admittedly, this is a rather less colorful account than those provided by the

  various creation myths. But given that the domestication of certain key cereal crops was an essential step toward the emergence of civilization, there is no doubt that these ancient tales contain

  far more than just a grain of truth.
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  THE ROOTS OF MODERNITY
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          Cursed is the ground because of you; through painful toil you will eat of it all the days of your life.




          —GENESIS 3:17


        


      


    


  




   




   




  An Agricultural Mystery




  The mechanism by which plants and animals were domesticated may be understood, but that does little to explain the motivations of the people in question. Quite why humans

  switched from hunting and gathering to farming is one of the oldest, most complex, and most important questions in human history. It is mysterious because the switch made people significantly worse

  off, from a nutritional perspective and in many other ways. Indeed, one anthropologist has described the adoption of farming as “the worst mistake in the history of the human race.”




  Compared with farming, being a hunter-gatherer was much more fun. Modern anthropologists who have spent time with surviving hunter-gatherer groups report that even in the marginal areas where

  they are now forced to live, gathering food only accounts for a small proportion of their time—far less than would be required to produce the same quantity of food via farming. The !Kung

  Bushmen of the Kalahari, for example, typically spend twelve to nineteen hours a week collecting food, and the Hazda nomads of Tanzania spend less than fourteen hours. That leaves a lot of time

  free for leisure activities, socializing, and so on. When asked by an anthropologist why his people had not adopted farming, one Bushman replied, “Why should we

  plant, when there are so many mongongo nuts in the world?” (Mongongo fruits and nuts, which comprise around half the !Kung diet, are gathered from wild stands of trees and are abundant even

  when no effort is made to propagate them.) In effect, hunter-gatherers work two days a week and have five-day weekends.




  The hunter-gatherer lifestyle in preagricultural times, in less marginal environments, would probably have been even more pleasant. It used to be thought that the switch to farming gave people

  more time to devote to artistic pursuits, the development of new crafts and technologies, and so on. Farming, in this view, was a liberation from the anxious hand-to-mouth existence of the

  hunter-gatherer. But in fact the opposite turns out to be true. Farming is more productive in the sense that it produces more food per unit of land: a group of twenty-five people can subsist by

  farming on a mere twenty-five acres, a much smaller area than the tens of thousands of acres they would need to subsist by hunting and gathering. But farming is less productive when measured by the

  amount of food produced per hour of labor. It is, in other words, much harder work.




  Surely this effort was worthwhile if it meant that people no longer needed to worry about malnutrition or starvation? So you might think. Yet hunter-gatherers actually seem to have been much

  healthier than the earliest farmers. According to the archaeological evidence, farmers were more likely than hunter-gatherers to suffer from dental-enamel hypoplasia—a characteristic

  horizontal striping of the teeth that indicates nutritional stress. Farming results in a less varied and less balanced diet than hunting and gathering does. Bushmen eat around seventy-five

  different types of wild plants, rather than relying on a few staple crops. Cereal grains provide reliable calories, but they do not contain the full range of essential nutrients.




  So farmers were shorter than hunter-gatherers. This can be determined from skeletal remains by comparing the “dental” age derived from the teeth with the “skeletal” age

  implied by the lengths of the long bones. A skeletal age that is lower than the dental age is evidence of stunted growth due to malnutrition. Skeletal evidence from Greece

  and Turkey suggests that at the end of the last ice age, around 14,000 years ago, the average height of hunter-gatherers was five feet nine inches for men and five feet five inches for women. By

  3000 B.C., after the adoption of farming, these averages had fallen to five feet three inches for men and five feet for women. It is only in modern times that humans have

  regained the stature of ancient hunter-gatherers, and only in the richest parts of the world. Modern Greeks and Turks are still shorter than their Stone Age ancestors.




  In addition, many diseases damage bones in characteristic ways, and evidence from studies of bones reveals that farmers suffered from various diseases of malnutrition that were rare or absent in

  hunter-gatherers. These include rickets (vitamin D deficiency), scurvy (vitamin C deficiency), and anemia (iron deficiency). Farmers were also more susceptible to infectious diseases such as

  leprosy, tuberculosis, and malaria as a result of their settled lifestyles. And their dependence on cereal grains had other specific consequences: female skeletons often display evidence of

  arthritic joints and deformities of the toes, knees, and lower back, all of which are associated with the daily use of a saddle quern to grind grain. Dental remains show that farmers suffered from

  tooth decay, unheard of in hunter-gatherers, because the carbohydrates in the farmers’ cereal-heavy diets were reduced to sugars by enzymes in their saliva as they chewed. Life expectancy,

  which can also be determined from skeletons, also fell: Evidence from the Illinois River Valley shows that average life expectancy at birth fell from twenty-six for hunter-gatherers to nineteen for

  farmers.




  At some archaeological sites it is possible to follow health trends as hunter-gatherers become more sedentary and eventually adopt farming. As the farming groups settle down and grow larger, the

  incidence of malnutrition, parasitic diseases, and infectious diseases increases. At other sites, it is possible to compare the condition of hunter-gatherers and farmers living alongside each

  other. The settled farmers are invariably less healthy than their free-roaming neighbors. Farmers had to work much longer and harder to produce a less varied and less

  nutritious diet, and they were far more prone to disease. Given all these drawbacks, why on earth did people take up farming?




  The Origins of Farming




  The short answer is that they did not realize what was happening until it was too late. The switch from hunting and gathering to farming was a gradual one from the perspective

  of individual farmers, despite being very rapid within the grand scheme of human history. For just as wild crops and domesticated crops occupy a continuum, there is a range from pure

  hunter-gatherer to relying entirely on farmed foods.




  Hunter-gatherers sometimes manipulate ecosystems to increase the availability of food, though such behavior falls far short of the deliberate large-scale cultivation we call farming. Using fire

  to clear land and prompt new growth, for example, is a practice that goes back at least 35,000 years. Australian aborigines, one of the few remaining groups of hunter-gatherers to have survived

  into modern times, plant seeds on occasion to increase the availability of food when they return to a particular site a few months later. It would be an exaggeration to call this farming, since

  such food makes up only a tiny fraction of their diet. But the deliberate manipulation of the ecosystem means they are not exclusively hunter-gatherers either.




  The adoption of farming seems to have happened as people moved gradually along the spectrum from being pure hunter-gatherers to being ever more reliant on (and eventually dependent on) farmed

  food. Theories to explain this shift abound, but there was probably no single cause. Instead a combination of factors were probably involved, each of which played a greater or lesser role in each

  of the homelands where agriculture arose independently.




  One of the most important factors appears to have been climate change. Studies of the ancient climate, based on the analysis of ice cores, deep-sea cores, and pollen profiles, have found that

  between 18,000 B.C. and 9500 B.C. the climate was cold, dry, and highly variable, so any attempt to cultivate or domesticate

  plants would have failed. Intriguingly there is evidence of at least one such attempt, at a site called Abu Hureyra in northern Syria. Around 10,700 B.C. the inhabitants of

  this site seem to have begun to domesticate rye. But their attempt fell victim to a sudden cold phase known as the Younger Dryas, which began around 10,700 B.C. and lasted

  for around 1,200 years. Then, around 9500 B.C., the climate suddenly became warmer, wetter, and more stable. This provided a necessary but not sufficient condition for

  agriculture. After all, if the newly stable climate was the only factor that prompted the adoption of farming, then people would have adopted it simultaneously all around the world. But they did

  not, so there must have been other forces at work as well.




  One such factor was greater sedentism, as hunter-gatherers in some parts of the world became less mobile and began to spend most of the year at a single camp, or even took up permanent

  residence. There are many examples of sedentary village communities that predate the adoption of farming, such as those of the Natufian culture of the Near East, which flourished in the millennium

  before the Younger Dryas, and others on the north coast of Peru and in North America’s Pacific Northwest. In each case these settlements were made possible by abundant local wild food, often

  in the form of fish or shellfish. Normally, hunter-gatherers move their camps to prevent the food supply in a particular area from becoming depleted, or to take advantage of the seasonal

  availability of different foods. But there is no need to move around if you settle next to a river and the food comes to you. Improvements in food-gathering techniques in the late Stone Age, such

  as better arrows, nets, and fish hooks, may also have promoted sedentism. Once a hunter-gatherer band could extract more food (such as fish, small rodents, or shellfish) from its surroundings, it

  did not need to move around so much.




  Sedentism does not always lead to farming, and some settled hunter-gatherer groups survived into modern times without ever adopting agriculture. But sedentism does make

  the switch to farming more likely. Settled hunter-gatherers who gather wild grains, for example, might be inclined to start planting a few seeds in order to maintain the supply. Planting might also

  have provided a form of insurance against variations in the supply of other foods. And since grains are processed using grinding stones which are inconvenient for hunter-gatherers to carry from one

  camp to another, greater sedentism would have made grains a more attractive foodstuff. The fact that grains are energy-rich, and could be dried and stored for long periods, also counted in their

  favor. They were not a terribly exciting foodstuff, but they could be relied upon in extremis.




  It is not hard to imagine how sedentary hunter-gatherers might have started to rely more heavily on cereal grains as part of their diet. What was initially a relatively unimportant food

  gradually became more important, for the simple reason that proto-farmers could ensure its availability (by planting and subsequent storage) in ways they could not for other foods. Archaeological

  evidence from the Near East suggests that proto-farmers initially cultivated whatever wild cereals were at hand, such as einkorn wheat. But as they became more reliant on cereals they switched to

  more productive crops, such as emmer wheat, which produce more food for a given amount of labor.




  Population growth as a result of sedentism has also been suggested as a contributory factor in the adoption of farming. Nomadic hunter-gatherers have to carry everything with them when they move

  camp, including infants. Only when a child can walk unaided over long distances, at the age of three of four, can its mother contemplate having another baby. Women in settled communities, however,

  do not face this problem and can therefore have more children. This would have placed greater demands on the local food supply and might have encouraged supplemental planting and, eventually,

  agriculture. One drawback with this line of argument, however, is that in some parts of the world the population density appears to have increased significantly only after the adoption of farming,

  not beforehand.




  There are many other theories. In some parts of the world hunter-gatherers may have turned to farming as the big-game species that were their preferred prey declined in

  number. Farming may have been prompted by social competition, as rival groups competed to host the most lavish feasts; this might explain why, in some parts of the world, luxury foods appear to

  have been domesticated before staples. Or perhaps the inspiration was religious, and people planted seeds as a fertility rite, or to appease the gods after harvesting wild grains. It has even been

  suggested that the accidental fermentation of cereal grains, and the resulting discovery of beer, provided the incentive for the adoption of farming, in order to guarantee a regular supply.




  The important thing is that at no point did anyone make a conscious decision to adopt an entirely new lifestyle. At every step along the way, people simply did what made the most sense at the

  time: Why be a nomad when you can settle down near a good supply of fish? If wild food sources cannot be relied upon, why not plant a few seeds to increase the supply? The proto-farmers’

  slowly increasing dependence on cultivated food took the form of a gradual shift, not a sudden change. But at some point an imperceptible line was crossed, and people began to become dependent on

  farming. The line is crossed when the wild food resources in the surrounding area, were they to be fully exploited, are no longer enough to sustain the population. The deliberate production of

  supplementary food through farming is then no longer optional, but has become compulsory. At this point there is no going back to a nomadic, hunter-gatherer lifestyle—or not, at least,

  without significant loss of life.




  Did Farmers Spread, or Did Farming Spread?




  Farming then poses a second puzzle. Once agriculture had taken root in a few parts of the world, the question then becomes: Why did it spread almost everywhere else? One

  possibility is that farmers spread out, displacing or exterminating hunter-gatherers as they went. Alternatively, hunter-gatherers on the fringes of farming areas might

  have decided to follow suit and become farmers themselves, adopting the methods and the domesticated crops and animals of their farming neighbors. These two possibilities are known as “demic

  diffusion” and “cultural diffusion” respectively. So was it the actual farmers or merely the idea of farming that spread?




  The idea that farmers spread out from the agricultural homelands, taking domesticated crops and knowledge of farming techniques with them as they went, is supported by evidence from many parts

  of the world. As farmers set out to establish new communities on unfarmed land, the result was a “wave of advance” centered on the areas where domestication first occurred. Greece

  appears to have been colonized by farmers who arrived by sea from the Near East between 7000 B.C. and 6500 B.C., for example. Archaeologists have

  found very few hunter-gatherer sites, but hundreds of early farming sites, in the country. Similarly, farmers arriving via the Korean peninsula from China seem to have introduced rice agriculture

  to Japan starting in around 300 B.C. Linguistic evidence also supports the idea of a migration from agricultural homelands in which languages, as well as farming practices,

  were dispersed. The distribution of language families in Europe, East Asia, and Austronesia is broadly consistent with the archaeological evidence for the diffusion of agriculture. Today, nearly 90

  percent of the world’s population speaks a language belonging to one of seven language families that had their origins in two agricultural homelands: the Fertile Crescent and parts of China.

  The languages we speak today, like the foods we eat, are descended from those used by the first farmers.




  Yet there is also evidence to suggest that hunter-gatherers were not always pushed aside or exterminated by incoming farmers, but lived alongside them and in some cases became farmers too. The

  clearest example is found in southern Africa, where Khoisan hunter-gatherers adopted Eurasian cattle from the north and became herders. Several European sites provide archaeological evidence of

  farmers and hunter-gatherers living side by side and trading goods. The two types of community had very different ideas about what sort of sites were desirable for

  settlement, so there is no reason why they could not have coexisted, as long as suitable ecological niches remained for hunter-gatherers. Things would have become progressively more difficult for

  hunter-gatherers living near farmers, however. Farmers would not have worried so much about overexploiting wild food resources near their settlements, given that they had farmed foods to fall back

  on. Eventually the hunter-gatherers either joined farming communities, or adopted farming themselves, or were forced to move to new areas.




  So which mechanism predominated? In Europe, where the advent of farming has been most intensely studied, researchers have used genetic analysis to determine whether modern Europeans’

  ancestors were predominantly indigenous hunter-gatherers who took up farming or immigrant farmers who arrived from the Near East. In such studies, people from the Anatolian peninsula (western

  Turkey), which lies within the Fertile Crescent, are taken to be genetically representative of the earliest farmers. Similarly, Basques are assumed to be the most direct descendants of

  hunter-gatherers, for two reasons. First, the Basque language bears no resemblance to European languages descended from proto–Indo-European, the language family imported into Europe along

  with farming, and instead appears to date back to the Stone Age. (Several Basque words for tools begin with “aitz,” the word for stone, which suggests that the words date from a time

  when stone tools were in use.) Second, there are several Basque-specific genetic variations that are not found in other Europeans.




  In one recent study, genetic samples were taken from both these groups and were then compared with samples from populations in different parts of Europe. The researchers found that the genetic

  contributions from Basques and Anatolians varied significantly across Europe: The Anatolian (that is, Near Eastern farmer) contribution was 79 percent in the Balkans, 45 percent in northern Italy,

  63 percent in southern Italy, 35 percent in southern Spain, and 21 percent in England. In short, the contribution from farmers was highest in the east and lowest in the

  west. And this provides the answer to the puzzle. It suggests that farming spread as a result of a hybrid process in which a migrant farming population spread into Europe from the east and was

  gradually diluted by intermarriage, so that the resulting population ended up being descended from both groups. The same thing probably happened in other parts of the world, too.




  The spread of farming from its agricultural homelands, followed by the population growth of farming communities, meant that farmers outnumbered hunter-gatherers within a few thousand years. By

  2000 B.C., the majority of humanity had taken up farming. This was such a fundamental change that even today, many thousands of years later, the distribution of human

  languages and genes continues to reflect the advent of farming. During domestication, plants were genetically reconfigured by humans; and as agriculture was adopted, humans were genetically

  reconfigured by plants.




  Man, an Agricultural Animal




  Human farmers and their domesticated plants and animals struck a grand bargain, though the farmers did not realize it at the time, and their fates became intertwined. Consider

  maize. Domestication made it dependent on man, but its alliance with humans also carried maize far beyond its origins as an obscure Mexican grass, so that it is now one of the most widely planted

  crops on earth. From mankind’s point of view, meanwhile, the domestication of maize made available an abundant new source of food; but its cultivation (like that of other plants) prompted

  people to adopt a new, sedentary lifestyle based on farming. Is man exploiting maize for his own purposes, or is maize exploiting man? Domestication, it seems, is a two-way street.




  Even today, thousands of years after the first farmers began the process of domesticating plants and animals, mankind is still a farming species, and food production remains humanity’s

  primary occupation. Agriculture employs 41 percent of the human race, more than any other activity, and accounts for 40 percent of the world’s land area. (About a

  third of this land is used for crop production, and about two thirds provide pasture for livestock.) And the same three foods that underpinned the world’s earliest civilizations are still the

  foundations of human existence: Wheat, rice, and maize continue to provide the bulk of the calories consumed by the human race. The vast majority of the remaining calories are derived from

  domesticated plants and animals. Only a small proportion of the food consumed by humans today comes from wild food sources: fish, shellfish, and a sprinkling of wild berries, nuts, mushrooms, and

  so on.
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