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CHAPTER 5 Supplementary material: The Evolution of Homo sapiens
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5.1 Allopatric speciation and earth history
A key event in the origin of the hominins was the formation of the Great Rift Valley. Twenty million years ago Africa was fairly level and covered from the west coast to the east coast in tropical forests housing a wide range of species of monkeys and apes. About 15 million years ago, tectonic activity caused a profound disruption to this landscape. Volcanic activity threw up the great lava based highlands called the Kenyan and Ethiopian domes, and Eastern Africa began to separate from the West. As the plates drifted apart, so the rocks collapsed leading to truly massive fault line that extends from Mozambique in the south to Ethiopia in the north. In fact this same fault extends out of Africa running northwards through the Red Sea, the Gulf of Aqaba, the Dead Sea, the Jordan Valley, the Sea of Galilee and the Beqaa valley in Lebanon. The Great Rift Valley created an east-west geographical barrier to the movement of animal populations and so promoted differential speciation each side of the divide. This process of the formation of new species from isolated populations is known as allopatric speciation; an example of this on an even more massive scale being the separation of Old World and New World monkeys from a common stock that diverged some 50 million years ago as the continents of Africa and South America separated.
 In eastern Africa the highlands formed by volcanic activity produced a rain shadow to the east of the valley. This caused the formerly continuous forest to shrink and fragment. The new geographical conditions led to the formation of an ecological mosaic of different environments, including hot and arid lowland desert, open savannah grassland and cool and moist uplands. The rapidly eroding uplands also gave rise to sedimentation processes that were effective in forming fossil remains. The whole environment seems to have been a good place for primates to live and evolve and, from the perspective of palaeontologists, a good place for them to die and leave remains. Consequently, our knowledge of early hominins is heavily based on finds in these regions. 
The rain shadow effect of the eastern highlands was complemented by a cooling and drying of the climate in the Miocene (about 25 million to 5 million years BP). It is commonly thought that it was on this border between forest and open savannah that the speciation events occurred forcing the separation of the lineages leading to the chips and gorillas and hominins.  As the forest cover retreated, so the apes remained in the forest regions and retained an arboreal lifestyle. At the same time new species of hominoids emerged adapted to wandering over longer distances in the open. One of the first of these adaptations was probably bipedalism (see below)

The cooling during the Miocene was followed by a series of periodic cooling episodes associated with ice age effects. Evidence from the measurement of oxygen isotope ratios, and the depth of layers of wind blown dust on the floors of the oceans around Africa, point to the existence of several substantial global cooling episodes over the last 5 million years. The most severe of these occurred sometime between 3.5 and 2.5 million years ago and was associated with the first major build up of Artic ice and an increase in the volume of Antarctic ice. The causes of this phenomenon may be related to the rise of the Panamanian Isthmus which joined North and South America about 2.5 million years ago and so changed the direction of ocean currents. Superimposed on top of these major fluctuations were the so-called Milankovitch cycles (caused by the changing orbit of the earth around the sun) with periods of 100,000, 41,000 and 23, 000 years. The result was a complex oscillating pattern of cooling and warming, the extremes of which usually exceed the habitat tolerances of most species then alive. Fossil evidence, however, shows that the average lifespan of a terrestrial mammalian species is several million years. Since this is much longer then the time it takes for the climate to oscillate, species must have made adaptive responses. Perhaps the commonest is dispersal: species move north in periods of warming and south in periods of cooling.

But major climatic events could also bring about species change. Elizabeth Vrba has proposed a habitat hypothesis that, put simply, linked climate change to speciation. She argues that the major cooling of three million years ago coincided with the emergence of many new mammalian species, especially in Africa (Vrba, 1999). She also observes that many of the new species have larger body sizes compared to their predecessors. Large bodies of course run at lower metabolic rates and are more capable of surviving in low temperatures.

5.2 The enigma of Homo floresiensis
The discovery in 2003 of fossilized remains of diminutive humans dating to about 18,000 years ago on the island of Flores, near to Java in Indonesia, illustrates how new finds continue to  radically reshape our views on hominin evolution (Brown et al, 2004). The discoverers called this new species Homo floresiensis and argued that it was a descendent of Homo erectus. If this turns out to be correct, Homo floresiensis replaces H. neanderthalensis as the last hominin to go extinct. To the annoyance of the teams that found the fossil, journalists quickly began to use the term “hobbit” to describe this new species. The species does indeed pose a problem for hominin phylogeny. It was small in stature, some 1.5 metres tall, and had a brain the size of a modern chimpanzee; yet its bones are associated with tools found in the same area. Such are the difficulties with these finds that many have suggested that it is not a new species at all but rather a variant of H. sapiens suffering from pathological dwarfism.
5.3   Origin of modern humans: competing hypotheses
	Multiregional evolution        
	Out of Africa hypothesis                     

	Basic tenets
	Basic tenets

	1. Migration of Homo erectus from Africa about two million years ago into Asia and Europe.
2.  Local adaptations   and genes transfers   between regional populations gradually giving rise to Homo sapiens with local morphological differences (“races”) we see today.

3.  No clear breach between  Homo erectus and Homo sapiens, part of the same species lineage
	1.  Homo erectus   migration out of      Africa between 1.8M and 700,000   yrs ago. But Homo erectus then went extinct in all its localities

2. Homo sapiens was a species that arose initially in one place: Africa about 200kya – 150 kya years ago

3. Homo   sapiens migrated   out of Africa about 72 kya ago. 
4. Homo sapiens replaced all other species with minimal interbreeding



	Key predictions
	Key predictions

	Transitional fossils between archaic humans (erectus) and modem humans should be found in all parts of the Old World.    
Continuity of anatomy  between archaic humans   and modern ones should be observed                      

Modem humans should be  found in the Old World over a broadly similar  period


	Transitional fossils between archaic hominins to modem humans should only be found in Africa. 
There should be no evidence of   hybridization  between archaic and observed  modem humans 
Modem humans should appear in some places (for example, Africa)   earlier than others. 



At present there is more support for the Out of Africa model more than its rival. There are several lines of evidence:
1. There is a marked lack of transitional fossils in Europe and Asia that would be needed to show that evolution from H. erectus to H. sapiens was taking place. Cave sites in Israel (for example, Qafzeh and Skhul) dating to 100,000 BP show skeletons of anatomically modern humans and not H. erectus-H. sapiens intermediaries.
2. Examination of Neanderthal DNA shows it to be distinct species and not an intermediary between H. erectus and H. sapiens. According to the multiregional model, Neanderthal DNA should resemble European DNA more than it does African DNA since Neanderthals lived in Europe long after H. erectus moved out of Africa. Yet Neanderthal DNA is totally distinct from European and African DNA. But to be fair to the multiregional model this tells us about Neanderthals but not other Old World Species.
3. Compared to chimpanzees, human DNA is remarkably homogenous. There is less genetic diversity amongst all humans than is found in a single population of chimpanzees in central Africa (Stone et al 2002). This would seem to imply a relatively small founding population of humans in the past. Yet if Homo sapiens evolved simultaneously in numerous areas from H. Erectus, we would expect much more variation. 
5.4 Y –chromosomal Adam
Human males possess one Y chromosome which they inherit from their father. Most of this chromosome does not undergo sexual recombination and is passed down intact (apart from periodic mutation and insertion events) along the male line. The Y chromosome therefore acts a little like the male counterpart of mtDNA; and just as there was a mitochondrial Eve so there existed a Y-chromosomal Adam. Over 90% of the DNA on the Y chromosome is so called junk DNA and so is resistant to the effects of natural selection. The sequence of DNA here can be used to identify lines of descent and by making some reasonable assumptions about mutation rates the dates of key events in its history. Studies on this problem, however, often end up reporting very different time scales. One recent study by Poznik et al (2013) suggests a coalescence of Y chromosomes to a most recent common ancestor at about 120-156kya, and a convergence of mtDNA to “mitochondrial eve” at about 99-148kya. Y chromosome studies lend enormous support to the Out of Africa model.
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