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Purpose


The purpose of this project is to demonstrate how a mathematical model can make predictions about population growth and immigration, and to answer two anthropological questions: how long ago did anatomically modern humans reach the Americas? Also, can this model contribute to any current anthropological debates on human population movement?
Introduction

Anatomically modern humans, also known as Homo sapiens, originated in Africa 250-200,000 years ago. They were adapted to life on the African savanna, and began as hunter-gatherers. There are two models used to describe hominid population movement. The first is called the Out-of-Africa hypothesis, and is also called the replacement hypothesis. It uses genetic, archaeological, and climatic evidence to claim that there was no interbreeding between the modern humans and the hominids already in existence throughout the world.
 The second theory, the Multiregional model, is less widely accepted. It supposes that each group of hominids stemmed from a common ancestral species which left Africa two million years ago. From then, evolution has occurred independently in all areas of the world, with interbreeding still occurring.
 The mathematical model described in this paper uses the Out-of-Africa hypothesis, as it supposes for total replacement of any existing hominid species and is therefore more suitable. The diagram below illustrates the Out-of-Africa model. Hominids first left Africa soon after 2.5 million years ago in a movement called “Out of Africa II.” Modern humans left Africa approximately 120,000 years ago in “Out of Africa II.”
 However, the exact date is contested, as modern H. sapiens enter the African fossil record 130,000 years ago.
 This date becomes crucial when the calculations are carried out using the mathematical model proposed in this project. Upon their exodus from Africa, they subsequently replaced the existing populations of hominids that lived throughout the world, including Homo neanderthalensis, Homo floresiensis, and other descendents of Homo erectus.
 The ancestral population size of anatomically modern humans was 10,000-15,000 individuals; this number is based on genetic evidence.
 
[image: image1]
There were between 45-240 individuals in each hunter-gatherer group.
 The average lifespan of a hunter-gatherer was 35 years.
 This data allows a model to be constructed that describes the population movement of modern humans.
Method
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First a scheme of the seven zones of the world was written out, as well as the dates of first arrival as determined from archaeological sites. Then the approximate geographical area of each zone was researched.

Next, the equations are written out that would describe the movement from each zone to the next. Here, x1 is the departure zone, and x2 is the arrival zone. The birth rate is described by “r,” and is assumed to be the same in both zones. The emigration level in this case is 0.0014, which means that 0.14% of the population leaves zone 1 during each generation. This number was calculated by taking the average size of a hunter-gatherer group and dividing it by the ancestral population size. The resulting number was (142.5/10,000) or 0.014. This can also be written as 1.4% of the population immigrating during each generation. Upon experimentation however this number was too large, so it was reduced by a factor of 10, to 0.0014 or 0.14% of the population.
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These equations were then used to write out a matrix equation that described the population movement in each generation.
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The e of the upper-right hand corner becomes 0, since there is no immigration into zone 1. The e of the lower-left hand corner becomes 0.0014, and since r-0.0014 (which is the immigration level subtracted from the birth rate) must be greater than 1 or the population of zone 1 becomes extinct, r must therefore be 1.0015 or greater. 1.0015 was used because the birthrate/ survival rate would have been relatively low in the beginning of the model. It is then possible to rewrite the matrix equation using n, which is time measured in generations.
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The next step was to determine an appropriate value for x1(0). Because the ancestral population of humans is 10,000-15,000, I said that an appropriate initial value of North Africa would be 10,000. Then different values for n were tried, until one was found that produced a value of x2 that was greater than 10,000, since the geographical area of the Middle East was approximately that of North Africa. 
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Africa(Middle East

N was found to be 500, which, when multiplied by the average lifespan of hunter-gatherers (35 years), is 17,500 years. So, saying that humans first left Africa 130,000 years ago, this means that humans would have left the Middle East 112,500 years ago. This process was repeated for the Middle East to Asia. In this case however the population of x3 would have to be 42 times the population of x1 since the area of the Asia region is approximately 42 times the area of the Middle East. 
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Middle East(Asia


When n=2500, the number of years would be 87,500. This means that humans would have left Asia 25,000 year ago. The next movement is from Asia to Siberia. Since Siberia is approximately ten times the geographical area of the Middle East, the population would have to reach 100,000 individuals before people could leave Siberia. So the next matrix becomes:
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When n=155, the number of years is 5,425, which means that humans left Siberia 19,575 years ago. From Siberia to Alaska, we estimate that the area of Alaska is approximately equal to that of the Middle East, so we need a population of Alaska to be 10,000.
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Siberia(Alaska


We find that n=80, so 16,775 years ago humans were leaving Alaska and entering North America. However, at the stage of Alaska into North America, something changes. The number of generations it would take for the Alaska immigrants to populate the entirety of North America would be 2000, which is far longer than it actually took. So instead the time was calculated that it would take to populate just the geographical area of California, which fits with an anthropological theory that humans moved down the west coast and then into South America, and then proceeded to populate the rest of North America. The other theory is that humans entered Alaska up to 30,000 years ago.
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Alaska(North America (California)

Another possible way to change n would be to reduce e and r to compensate for harsh conditions. However, reducing the geographical area to a narrow strip of North America seems to resolve this. So it would have taken 200 generations, or 7000 years, for people to have populated the west coast, and to leave North America. So, 9,775 years ago people were leaving North America and entering South America. 
Findings and Discussion

This model found that the time it took for each zone to be populated correlated well with the date of first entry, which is determined through archaeological evidence. Below is a directed graph of the model, which shows the dates, calculated on top, and the archaeological dates on the bottom. It was found that humans would have entered North America 16,775 years ago, and may have entered South America 9,775 years ago, if the area of North America is limited to only the west coast. This data resolves the fact that there is a site in Chile called Monte Verde, which dates to 14,500 years ago, which is even older than North American sites.
 The model also demonstrates that modern humans may have left Africa before a date of 120,000 years. Anthropologists have suggested that it may have been earlier, and this model supposes a 130,000 year exit date. When 120,000 years is used, the dates in this model do not align with archaeological evidence. Therefore, the model may suggest an earlier exit date than previously thought. Also, although this model supposes that the Out-of-Africa theory is correct, it does provide evidence supporting it, because the dates are so similar to the archaeological dates. 
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Conclusion


In conclusion, this model does an excellent job of modeling human population movement. This model not only answered the original question of when modern humans would have reached the Americas, it can also aid in the interpretation of genetic and archaeological evidence. The example given was the debate over the age at which humans entered North America. This model provided evidence that humans may not have entered Alaska 30,000 years ago, and instead may have traveled down the coastline. Some problems with the model are that it doesn’t account for geography or climate; the growth rate and immigration values remain constant, despite certain population fluctuations that would have occurred; the model assumes movement only occurred when a certain population size was met; and it doesn’t account for backward movement. Despite its shortcomings however it is still a remarkable model in that it still describes archaeological dates with some degree of accuracy. 
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