Notes on Human Development, Climate, and Technology 

	
	Ho, ho! I am the Toad, the motor car snatcher, the prison breaker, the Toad who always escapes. Sit still, and you shall know what driving really is, for you are in the hands of the famous, the skillful, the entirely fearless Toad! 

Kenneth Grahame, The Wind in the Willows 


Suggested Readings:

· G. Tyler Miller, Jr., Sustaining the Earth: An Integrated Approach, Wadsworth, 1994. 

· F. T. Mackenzie and J. A. Mackenzie, Our Changing Earth: An Introduction to Earth System Science and Global Environmental Change, Prentice Hall, 1995. 

· H. Weiss et al., The Genesis and Collapse of Third Millennium North Mesopotamian Civilization, Science, 261, 995, 1993. 

· Reid Bryson and Thomas Murray, Climates of Hunger, University of Wisconsin Press, 1977. 

· J. Burke and R. Ornstein, The Axemakers Gift, Grosset/Putnam, 1995. 

We wish to learn:

· What is the time line for human evolution? 

· What was the relationship between past climate, technology and cultural development, and human population? 

· What natural processes led to cultural innovations? 

· How did the agricultural revolution occur? 

· What processes drove the invention of writing, trade and urban dwelling? 



1. Human Timelines

In the classic novel The Wind in the Willows by Kenneth Grahame, Mr. Toad gets repeatedly carried away by new fads and manias. Overcome with enthusiasm, he embarks on successive "wild rides" in his new caravan, red car, and airplane - mindless of costs or consequences. Although J. Fabius Toad is naive, dangerous, and full of vainglory, he is also a deeply sympathetic character and leads a charmed life. 

In some ways the Toad's story is analogous to human cultural evolution. Humans have repeatedly stumbled or chanced upon new approaches to solve the age-old problems of food, clothing, and shelter. In so doing, at each successive stage, humans have gone on wild rides, leading on to new lands, capabilities and comforts. The latest in the series of such revolutions is going on around us and involves new information technologies that will undoubtedly unlock powerful new insights and potentials. 

Figure 1 sets a timeline for the appearance of humans on Earth. As can be seen, ours is a very recent arrival indeed. 
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	Figure 1: The history of life. Notice the reletively recent arrival of the first hominids


Beginnings.

We will try to summarize the story of human evolution making some reasonable but untestable assumptions regarding the relevant forces and processes. What follows is meant to be a plausible scenario, not actual history. 

Our story began perhaps about six to eight million years ago, long after the continents had moved to their present positions and the dinosaurs had become extinct. The seeds of the change, as so often, were climatic circumstances. We know that climates often exhibit unexplained and unpredicted quirks. One such repeating phenomenon seems to be the three-hundred year drought - a period of relative dry conditions associated with changed atmospheric circulation patterns. 
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	Turkwel Riverbed, East Africa. Source: National Geographic, Sept. 1995. 


A few centuries of drought caused the East African forests to thin out. Galleries of woodland - like this one along the dry Turkwel river - wound their way across the great Savannah. 

We know from the fossil record that conditions similar to the picture at left existed during this time. For example, the remains of forest dwelling animals (monkeys, antelope and rats) and grass-dwelling animals field (rats and gerbils) have been found close together in sediments of the same age at Allia Bay. 

The dry climate pushed many tree-dwelling primates out of the forest, forcing them to adapt to the dangerous new Savannah conditions. Some primates stayed behind behind in the trees; these evolved into chimpanzees, gorillas and other apes. Those that moved on evolved into humans through multiple intermediate species known as "hominids". 

Modern DNA studies can verify the family connections involved. For example, chimpanzee and human DNA show only a 1.5% difference. From this, it can be estimated that humans and chimps had a common ancestor some 6 million years ago. In fact, chimpanzees are closer to humans in genetic makeup than either are to Gorillas. These latter apes appear to have split off from the primate branch leading to humans some millions of years before the chimpanzees. 

The Hominids

The oldest hominid fossil found to date was uncovered in Lothagam, East Africa in 1967. "Hominid" is the name given to primates with characteristics that are intermediate between the homo line (which started about 2 million years ago) and the apes. There were probably many hominid species, just as there are many monkey species today. Some of them have been given names like Ardipithicus ramidus (ground ape) and Australopithecus afarensis. The most famous early fossil skeleton of all, that of Lucy, was one of the latter species and was found in Ethiopia in the 1970's. 
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	Figure 3: A Timeline for Human Evolution


Timeline for human evolution

The Great Rift Valley of Africa (pictured in Figure 4) is probably the cradle of humankind. The Turkana Basin, in particular, harbors a remarkable 4-5 million year record of hominid evolution. Surrounded by volcanic hills, the Turkana Lake has dried up and then swelled to great size as it did 4-5 million years ago. Here tectonic activity has uplifted the ancient sediments, exposing to rapid erosion soils within which early hominid bones have fossilized. 

Once the primates had left the safety of the forest, they must have experienced great stress and danger. The earliest hominid that we know about, Ramidus, was about 4 feet tall and had both simian and human characteristics. His remains have been found close to tree seeds, petrified wood and fossil antelopes and squirrels and he probably lived near or in forests. Ramidus did not walk fully upright yet - this had to wait for another million years or so. 
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	Figure 4: The Great Rift Valley


Although the evidence is scanty, Ramidus may have raised himself up on hind legs to pluck fruit. In any event, we do have clear evidence of true bipedalism from about 4 million years ago. A tibia bone from the Kanapoi site (4.1 million years old) has characteristics that convince the expert of bipedalism. These characteristics include the concave nature of both condyles (Figure 3). This differs from Chimps and other Apes that have one concave and one convex condyle. Also, the bone below the condyles also has been built up to withstand the impact stresses of walking. Remarkable 3.5 MY-old footprints were also found in the mid-1970's. The footprints are of a creature unquestionably standing on two legs. 

The adjustment to walking on two legs was probably caused by climatic changes. It led to a revolution in hominid development. The bipedal hominids, such as Australopithecus, had greater incentive to improve their vision, looking at longer vistas than before. The front limbs were freed up for other work, such as tool making and carrying. The weight of the body shifted to the pelvis and legs, leading to major changes in the childbirth process, including the biophysical need for human infants to be born immature. These bipedal ancestors were walking around the Savannah and surviving because of their greater adaptability (greater vision, and improved ability to keep cool). Toe dexterity was more or less abandoned in favor of finger dexterity and sensitivity. Significantly, with this bipedalism also came useful asymmetry, both in limbs and brain. Right hands and left hands could perform different tasks, such as holding and slicing - this simple progression vastly increased the repertoire of possible actions. The left side of the brain of Australopithecus differs from the right side and is evidence of specialization in manipulation and tool making abilities. 

Ramidus to Habilis

The next great breakthrough was in the progression from Ramidus to Homo habilis - the first true exemplar of the Homo line. By two and a half million years ago, the hand-eye-brain improved design for Ramidus led to Habilis - a key actor in the story. Habilis was a toolmaker. He could shape pebbles into simple tools and these tools allowed him to control his environment. The first simple tools were for cutting and scraping and have been dated to 2.6 million years ago in Ethiopia. These "axes" made it possible construct simple shelters. They permitted Habilis to go hunting in groups. This activity probably led to the development of vocalizations for group hunting and enabled the hunters to support larger family groupings. Habilis developed quickly. 

Habilis to Erectus

By two million years ago, the new species had spread through and probably out of Africa. A five-foot tall, heavy-set descendent now emerged - Homo erectus, whose skeleton from the neck down looks human. Erectus was living in the East African hill country, running down prey, and ranging ever further for food. 

Erectus produced the first truly specialized tools for cutting, pounding, butchering, cracking, and sharpening. Erectus invented fire, providing him with great confidence and perhaps starting a great story-telling tradition. 

By 600,000 years ago, the brain volume had increased by another factor of two and complex speech had developed, due in part to the lessened need for muscular jaw and mouth components to eat tough food. The vocalization required greater control of diaphragm and ribs and that, in turn, enabled enlarged nerve canals favoring larger brain stems. 

Erectus to Homo Sapiens

About 120,000 years ago, anatomically modern humans, Homo sapiens, moved out of Africa, building shelters, hunting and gathering, and moving about 200 miles per year in tightly knit groups of about 25. Each hunter-gatherer required about 15 square miles of territory to find sufficient food. Once a particular region was depleted, they moved on, establishing a pattern of human activity. 90,000 years ago they were carrying sophisticated tool kits and moving through the middle east. 40,000 years ago, they had arrived in Siberia and by 15,000 years ago they had crossed the frozen Bering Straits into America. Archaic forms of Homo sapiens included Neanderthal Man and Cro-Magnon man - named after the sites of early fossil discovery. Truly modern man is sometimes called Homo sapiens sapiens. 
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Thanks to their tools, early humans were able to adapt to many different terrains and succeed. This adaptation led to the different races of today - Eskimos, for example, are adapted to the cold, with thick, short trunks. The three main physical groups - African, Eurasians, and South Asian/Oceanians had arrived on the scene with a multiplicity of languages, cultures and customs. The tool making revolution enabled the first unnatural spurt in global population. 
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Figure 1: Human Population Growth over Time

2. The Agricultural Revolution

About 12,000 years ago, there were about 5 million people on Earth, living in scattered hunting groups of about 25 individuals, very aware of and dependent on natural cycles. At this time, we estimate that it took about 15 square miles to support each hunter gatherer. As time went on, people traveled further to seek out reliable food and animal resources, they noted that plants recycle themselves if they are in moist surroundings. The hunter gatherers kept returning to river beds and flood plains which were naturally more fertile areas. In fact, they probably wintered over in valleys. 

	As humans recognized the importance of place to survival, they started to lead more sedentary lives - that is they settled in appropriate fertile places and used dry farming to raise crops. With dry farming, each human now only needed 3 square miles on average for food supplies. The first villages were on the fertile plains of the Levant, in view of the Mediterranean. There was an abundance of fish and fruit and the people used the plentiful trees for firewood. The natural forests of the Mediterranean region have never recovered their pristine state since the time of these first villages.
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Wet Farming
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Around 7,000 years ago, increasingly long spells of dry weather drove some riverine communities to invent irrigation in river valleys. This revolution led to great food surpluses and increased population densities. Now, for the first time, specialties other than those related to food acquisition, became possible. Strong individuals were needed to protect valuable surplus resources that could be traded. Bureaucracies were invented to measure and control the surpluses. Writing developed at this time also, firstly as a way to keep track of property. Animals were domesticated. The first cities were founded in Mesopotamia, China, India, and Egypt. 

The development of wet farming and the concentration of people in city communities was a major revolution and caused a great spurt in the carrying capacity of the human species. However, humans were still subject to the vagaries of climate. 



3. The Rise and Fall of the Northern Mesopotamian Civilization

Since the archaeological record becomes fairly detailed, we can reconstitute some of the history of these early civilizations and relate developments to climate circumstances. Interestingly, There usually seems to be a clear connection in the rise and fall of civilizations and climate. One good example is the Third Millennial Civilization of Northern Mesopotamia. 

Mesopotamia was an ideal site for riverine city development. The two rivers, the Tigris and the Euphrates, provided reliable irrigation and also afforded a degree of protection for communities. Recent detailed archeological digs in Northern Mesopotamia (now near the border of Syria and Iran) have provided a rich store of information, including data on climate changes. 

After four thousand years of a relatively stable and small agricultural community, there was sudden rapid development in the area known as Tell Leilan (Tell is a mountain site, affording natural protection). This occurred during 2600-1400 BC (or about 6,000 years before the present). The climate data suggests that the rapid development coincided with a significant change in climate from regular rainfall great variability in seasonal rainfall. 

The greater variability must have sparked the inhabitants of the region to plan ahead more carefully, storing in surpluses from good times for the droughts that would surely follow. This foresight was the impulse behind the whole development of the civilization. Once the surpluses had been obtained, they needed careful policing to ensure that the grain was properly stored and held free of robbery. This led to the concept of kingship and greatly increased the importance of record keeping. Scribes at this time were a very small fraction of the population and needed a lifelong education, since there was a pictogram for each and every item (no alphabet). The scribes were, however, powerful and we can imagine that they jealously protected their position in society. The Tell Leilan city grew to be a great metropolis of ~100 hectares - one of the first large planned cities. Its boundaries extended to include areas of southern Mesopotamia. 

The simple village economy of the 29th and 27th centuries BC was replaced by a structured economy based on central collection and storage-and-redistribution. This change was probably seeded by climate variability. 

Another major innovation of this civilization was the rule of Law, which replaced vendetta (too unstable a system for a planned economy). The famous Hamurrabi code (eye for an eye...) dates from a slightly later period when the north was overrun by the south. Also, imperialism was also developed about this time. 

The sudden collapse of the Tell Leilan civilization in 2200 BC was also climate-related. It is clear from a study of the sediments that a two-to-three century drought occurred at about this time. The new civilization came to an abrupt end. 

The Classic Mayan Civilization

Often through history, a multi-hundred-year drought seems to have been responsible for major societal changes. Such an event also seems to have occurred with the Classic Maya civilization. This civilization developed 3000 years ago in Mesoamerica. After flourishing for almost 2000 years, it suddenly collapsed around 1100 years ago. The period of collapse again corresponded to distinctly drier condition - the three hundred year drought. 

The following figure tells the story. Research into sediments at Lake Chichancanab, Yucatan, Mexico show evidence of the destructive drought in various indicators. These include calcium carbonate records of shellfish, oxygen isotopes, and sulfur deposits - evidence of rapid wind erosion. 

The Classic Maya civilization may well have been stopped in its tracks by a drought. 
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	4.9 m core sediments from Lake Chichancabab, Yucatan, showing evidence of a 2-300 year drought in sulfur and oxygen isotopes about 1100 years ago.


The Egyptian Civilization

In many ways the Egyptians were best placed to carry forward the agricultural revolution successfully. They had reliable seasonal flooding from the Nile and protection from enemies on all sides (deserts and seas). In addition, Papyrus grew plentifully on the banks of the Nile and this made reading and writing a pastime not only for the highly educated scribes, but for many other individuals. Papyrus was ideal - it was cheap and plentiful, as opposed to the clay tablets used by the Mesopotamians. 

In fact Egypt centralized its economy quickly and ran the most bureaucratized economy in history. Egypt developed the alphabet and this led directly to the dawn of philosophy when the technologies traveled to Greece. 



4. Summary

Humans have been on Earth only a small fraction of the time. Human evolution involved a set of successive evolutionary steps that may have been set in motion by the climate changes. 

The first hominid species, such as Australopithecus, reacted to the encroaching Savannah-like climate in East Africa by becoming bipedal. A succession of hominid species, including Ramidus, and Habilis improved upon the basic design and developed simple tool technologies that allowed them to propagate far beyond the original homelands. Homo habilis was the first builder of specialized tools. Homo erectus invented fire and developed group hunting methods. 

A major advance occurred when humans developed agricultural technologies. These, plus the vagaries of climate change, seeded the development of the early civilizations.

