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In today's talk I want to present you with a novel way of thinking about evolution. In doing 
this I want to particularly acknowledge the work of Richard Dawkins and his fabulously 
readable book, The Magic of Reality:
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Over the 190,000 or so years that our species, Homo sapiens, has existed, we have devised 
numerous imaginative stories to explain our origins. We have Rainbow Serpent stories, 
Adam and Eve stories, even extraterrestrial visitor stories. But it wasn’t until we were able 
to free ourselves from the make-believe realm of mythology and supernatural 
“explanations” and to apply the enlightening discipline of Science to the question that we 
were really able to find answers. So, the actual topic of my talk today is...

“Where Did We Really Come From?”

In the second part of today's talk I will present you with some of the details and 
complexities of how our ancestors evolved on the savannahs of Africa and how our 
particular species came to eventually populate the world. But in this first part of my talk I 
want to present your ancestry in a way that you may not have ever considered before...

You should all by now be familiar with evolution being graphically presented as a “Tree of 
Life”. In last week's talk I alluded to the importance of this concept to Darwin as he was 
developing his Theory of Evolution. Here is one, very simple, representation of that tree:
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The evolutionary relationships between living things are represented as limbs on a tree 
where the distance along the limbs measures time, the branching points show when the 
common ancestors lived and the tips show individual species... either those still alive, like 
us, or those which have become extinct, like the Dinosaurs. Modern evolutionary trees are 
enormously large and complex... much more-so than this very simplistic tree... but the 
uniting principle behind all of them is that all life is related through sharing common 
ancestors. That simple but powerful concept forms the central theme of my talk today.

As we saw in the last talk, the evidence for the interrelatedness depicted in these Trees 
comes from many sources... from the fossil record, isotope dating, comparative anatomy, 
embryology, geology and, more recently, DNA analysis. It is the incredibly close agreement
between all these independent sources of evidence that gives us enormous confidence in the 
accuracy of these Trees in representing how evolution really occurred.

But for the purposes of today's talk I'm not going to discuss all that evidence. Instead, I want
to present you with a different way of viewing our origins. In a little while I’ll show you a 
short video in which David Attenborough takes us on the more conventional journey up 
through the Tree of Life, from the very origin of life itself until the present time... from the 
distant roots of the tree to the tangled tips of its numerous branches. But for now I’d like to 
travel in reverse...

by tracing back along the twigs, branches, limbs and trunk of the tree, discovering what may
be revealed along the way. Of course, I could begin this journey at any one of the nine 
million or so tips of the evolutionary tree - because that’s approximately how many species 
exist on Earth today. But I’ll choose the tip on which our own species finds itself... mainly 
because that’s the one in which many of us would be most interested.

So, to begin tracing our ancestry back from the tip of our particular little branch, I want you 
to help me conduct a “thought experiment”. I want you to imagine that you have in your 
hand a photograph of yourself which you place on the table in front of you. On top of that 
you place a picture of your father. On top of that, a picture of his father, that is, your 
grandfather...
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...then a picture of your great-grandfather. Now, continue doing this, in your imagination, 
185 million times. Of course a stack so tall will probably topple over, so let’s lay it on its 
side. How long do you imagine this stack of pictures will be? Does it surprise you to find 
that it will actually be about 5 kilometres long! It would reach South from Newport to 
Warriewood or North to Whale Beach!
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So let’s now imagine walking to the other end of this 5 kilometre-long bookshelf and 
looking at that last picture. What do you think your 185-million-greats-grandfather would 
have looked like? Do you perhaps think that he looked like a leopard-skin wearing cave man
- sort of like Fred Flintstone? Or perhaps he would look like a Yeti - a grunting, knuckle-
dragging, hairy half-man, half-ape beast? Or perhaps you imagine he looked a little more 
like your own grandfather?

Of course we don’t know exactly what he looked like but the fossil evidence gives us a 
pretty good idea... and here he is...
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That’s right, your 185-million-greats-grandfather was a fish, swimming contentedly in the 
warm, salty oceans around 417 million years ago... and so, of course, was your 185-million-
greats-grandmother... or otherwise they couldn’t have mated and none of us would be here!

So, here we have a 5 kilometre stack of pictures with a human at one end and a fish at the 
other, and probably lots of interesting looking relatives in between...

Now let’s return to the start and walk back along this elongated bookshelf, pulling pictures 
off along the way... Each picture shows an animal that looks pretty much like its neighbours 
on either side of it - that is, it’s own ancestors and it’s own descendants. Yet if you pick two 
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pictures far enough apart they will probably look quite different.

How can this be? It can all be easily explained with the idea of evolutionary change being 
VERY GRADUAL.

It is not so difficult to visualise this phenomenon. Many things around us change so 
gradually that we hardly notice the change over short time frames, but over longer time 
frames the changes become quite noticeable....

For example you were once a baby, then a toddler, then a teenager, then an adult. On each 
day of your life you pretty much felt – and looked - like the same person you were the day 
before, and the day after. It would be almost impossible to choose an actual day when you 
changed from, say, a baby into a toddler, or a young man into an old man, but change you 
most certainly did!

Likewise with evolution. Your fishy ancestors all gave birth to a fish... albeit slightly 
different from its fishy parents, but still belonging to the same species as its parents - just as 
you are slightly different from your parents yet you, of course, are still considered to be the 
same species as your parents. Eventually, though, as the generations increase in number, so 
many of these small differences will have accumulated that there will come a time where the
organism is so different that it would be considered to be a different species to that of its 
own distant ancestor.

The important point I’m making here is that each creature in your 5 kilometre long family 
photo album had offspring that always belonged to the same species as its parents.

The change from one species into another was so gradual that you would hardly notice any 
difference from one picture to another even if you chose them 10,000 years (or 400 
generations) apart! If you looked at the picture of your 400-greats-grandfather he would be 
pretty much indistinguishable from any other modern human.
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Even 4 thousand generations ago - that is about 100,000 years ago - apart from the fact that 
he would most definitely have been dark-skinned and lived in Africa, the differences would 
be so slight that you’d hardly give him a second glance if you had dressed him in a suit and 
walked him down George Street.

But go back a million years, to your fifty thousand-greats-grandfather and the differences 
would probably be enough for you to consider classifying him as belonging to a different 
species - Scientists have called this particular species Homo ergaster… and we'll learn 
much more about him in the second part of today's talk.

When the differences between creatures are so great that they are most likely unable to ever 
mate and to produce viable offspring, we say they belong to different species. It is important
that you understand that this is the actual Biological definition of a species. We will return 
to it later, but for now it’s worth repeating, as it is crucial to any understanding of 
evolution... When the differences between organisms are so great that they are unable to 
ever mate and produce viable offspring, we say they belong to different species. 
Alternatively, when organisms are so similar that they ARE able to mate and produce viable
offspring, we say they belong to the same species.

So, returning to our 50 thousands-great-grandparents, there was never a Homo ergaster 
mother who gave birth to a Homo sapiens baby. Every one of our ancestors had offspring 
who were so like their parents that they would have definitely been considered the same 
species... and would most likely have been considered to be the same species as their 1,000-
greats-grandfathers (and, of course, the same species as their 1,000-greats-grandchildren).

Whatever we choose to call that particular species doesn’t really matter that much... 
labelling species with unique names is really just a matter of “scientific semantics” to make 
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it easier to communicate about particular groupings of organisms...
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This is very much like labelling the colours in a rainbow... even though the rainbow 
spectrum is in fact continuous, with each colour gradually merging into those either side of 
it, we still, nevertheless, label certain bits of it with colour names like Red or Green or Blue.
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Similarly, this appreciation of the gradual transition of one species into another can explain 
the inevitable uncertainty that scientists display when trying to narrow down the dates at 
which certain species appeared (or disappeared)... There was never an actual date that, say, 
Homo ergaster suddenly appeared or when his species “turned into” Homo sapiens. This 
unavoidable uncertainty is often shown on evolutionary trees as “fuzzy” connections or 
dotted lines, such as in this image of the relationships between the many different species of 
hominids. Note also the question marks which graphically highlight the incompleteness of 
the fossil record which, in turn, leads to debates about whether certain species were in fact 
direct ancestors or just cousins... It is questions such as these that will be the focus of the 
second part of today's talk.

For now, let’s continue our walk along the 5 kilometre long bookshelf. After going only 7 
metres we arrive at this picture...
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This is what your 250-thousand-greats-grandfather looked like, 6 million years ago... He 
looks a bit like a chimpanzee but he is not a chimpanzee. He is, in fact, the ancestor of both 
humans and chimpanzees. He lies at a point in our “family tree” where two branches 
diverged. Since he is so different from us, and from modern chimps, that he would most 
likely be unable to mate successfully with either, he belongs, according to our previous 
definition, to a different species. He would, however, be considered the same species as the 
few thousand or so generations preceding him and the few thousand or so generations that 
came after him.

Just think about this for a moment... if a modern chimpanzee was tracing his own ancestry 
as we have been doing, after just 7 metres and 250,000 photos he would arrive at this exact 
same photo... and every one of the thousands of photos of his ancestors from this point on 
would be exactly the same photos of exactly the same individuals that are in your family 
album!
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Let’s continue our walk along the bookshelf. At around the 40 metre we arrive at the one-
and-a-half-millionth photo, seen here on the left. It reveals a monkey-like creature who lived
25 million years ago and who is as different from modern monkeys as he is from us... but, 
again, is the same species as those in the few thousand or so photos either side of him.

Likewise with our seven-million-greats-grandfather, seen here on the right, who lived 63 
million years ago and who looks very much like a modern-day Tree Shrew. He was, of 
course, not a Shrew but was the common ancestor of all Primates.
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Leafing through another 38 million photos - about a kilometre or so further along the stack 
of photos - and we come to our 45 million-greats-grandfather who lived over 100 million 
years ago. Of course he wouldn’t have known it then, but he was to become the ancestor of 
all the Placental Mammals.
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Hiking past another 3.5 kilometres of photos and we arrive at the animal seen here on the 
left. He looks pretty much like the Water Dragons that still live beside Warriewood Creek. 
This creature, however, was the ancestor of all Mammals, Birds, Dinosaurs and Reptiles 
(including, of course, our modern-day Water Dragons). He lived over 310 million years ago.

Another 150 metres or so further along and we see his own distant ancestor, seen here on 
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the right. This was an amphibious salamander-like creature who was to become the ancestor
of all terrestrial vertebrates, including frogs and, of course, salamanders.

After walking past 5 kilometres of pictures we finally arrive at our 185-million-greats-
grandfather - that 417 million year old fish that we met earlier - the common ancestor of all 
terrestrial and aquatic vertebrates – including you and me.

Of course, our ancestry didn’t start here... but it is here that the fossil record becomes less 
complete, making the connections between the branches of the evolutionary tree even more 
hazy. But these days we can use DNA evidence to clarify many of these connections, taking
our family photo album back even further...
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... even as far as the time where the trunk of the Tree of Life split into its major divisions, 
such as that between Plants and Animals.

While the evidence from fossils, from comparative anatomy and even from embryology has 
long suggested the evolutionary relationships between all living things, it is the relatively 
recent evidence gained from comparing the DNA extracted from living organisms (and even
from some extinct organisms) that proves without doubt that all living things are cousins - 
that is, that they all evolved from the same ancestral organism. I’ll now briefly reveal how 
DNA is able to determine these evolutionary relationships.
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As we learnt in a previous talk, DNA is found inside the cells of every living thing. It is 
usually in the form of very long strands made up of just four smaller molecules, called 
“bases”, labeled here as A, T, G and C. These bases are joined together like beads on a 
necklace to make genes. These strands are then further coiled up into structures we call 
chromosomes. It is the SEQUENCE of these four bases in each of your genes that determine
the sequence of amino acids that make up specific proteins. So, the sequence of bases in 
DNA determines what proteins are produced by a cell and, importantly, when to produce 
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them. It is the unique sequence of bases in the DNA of your genes, then, that determines 
what each cell, and those around it, will look like and behave like… and ultimately what the
organism made up of those cells, will become.

Now, the interesting thing about genes is, the same genes often exist in many different 
organisms, with only occasional differences in the sequence of the bases in them. But it is 
these very differences that point to our evolutionary relationships.

For example, the gene FoxP2 exists in all mammal cells. It consists of over 2,000 bases and 
appears to play a role in speech development and in regulating the expression of several 
other genes.
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This image shows a small segment of the FoxP2 gene as it exists in a human, a chimp and a 
mouse. The numbers tell you the number of bases that are different from those in the whole 
human FoxP2 gene. In this small segment those differences are highlighted in red. You can 
see that in this gene there are nine differences between Human and Chimp DNA, yet there 
are 139 differences between Mouse DNA and ours.

Any change in the sequence of bases in DNA, such as these changes in the FoxP2 gene, is 
called a mutation. Given that mutations accumulate slowly and consistently over time, we 
can confidently say that the common ancestor to both mice and humans lived some time 
before the common ancestor of chimps and humans. This, of course, matches exactly to the 
fossil record and the measurements of dates provided by geological techniques. And it 
reinforces what we already knew when looking at the anatomical and physiological 
similarities and differences between Humans, Chimps and Mice. With the additional 
evidence provided by measuring the differences in their DNA, we can now confidently 
conclude that mice are more distant cousins to humans than are chimps.

So, with the help of comparing the sequence of bases in DNA, we can attribute much more 
certainty to our Tree of Life. We can determine how closely related we are to other living 
things, and by measuring the background rate of mutation, we can even place a time frame 
on when we must have shared a common ancestor.
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Here is another image of an evolutionary tree. This one is slightly more informative than the
one we saw earlier. It more clearly shows the branching points which, of course, indicate the
common ancestors. It also indicates where significant traits such as jaws or feathers 
emerged as a result of accumulated mutations in the genes... mutations which enabled their 
owners to compete better and to leave more offspring who would also have inherited the 
favourable trait.

In fact, as more and more organisms around the world have their genome sequenced we can 
use the similarities and differences in their DNA to map the geographic regions where 
changes in those genomes most likely occurred. Each branch and sub-branch on our 
evolutionary tree is marked with a small change in the DNA sequence, a change which is 
inherited by all subsequent descendants. These changes to the DNA sequence can be 
thought of as genetic “markers”, and it is the frequency of these markers in existing 
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populations that tells us a lot about the evolutionary and geographic path their ancestors 
took to reach the present.

With this new-found knowledge of DNA, matching it to the ever-growing catalogue of 
fossil evidence, we are slowly and methodically completing our ancestral photo album... 
extending it way back to the very first package of chemicals that displayed all the 
characteristics that we define as “living”. Scientists call this long-extinct 3.5 billion year old
organism the Last Universal Common Ancestor (LUCA) and are busily trying to decipher 
what it may have looked like, what biochemical processes it may have used to extract 
energy from its surroundings, and even what genes it may have contained. In a very real 
sense this LUCA is the great-grandparent of all living things. So as you contemplate this 
fascinating kinship between all living things, and consider where you fit in, you might like 
to reflect on the fact that while you share 99.9% of your DNA with other humans, you also 
share 98% with a chimpanzee and 85% with a fish. But even more amazingly, you share 
around 50% of your DNA with a cabbage and even 7% with a bacterium!

So here we end the first part of the story of where we really came from. In the second part 
we'll look more closely at what the evidence tells us about the details of our own species' 
evolutionary journey...

In the earlier part of this talk I used evidence based mainly, but not solely, on the fossil 
record, to take us on an enlightening 417 million year journey back to the fish that was our 
185-millions-great-grandfather. We also saw how the concept of a “species” is necessarily 
fuzzy, caused by trying to pin discrete labels onto what is really a continuous spectrum of 
genetic variation. I also briefly outlined the way that DNA can be used to reveal the genetic 
relationships between all living things... basically concluding that the more similar is the 
DNA of two organisms, the more recently they must have shared a common ancestor.

Now I want to extend what we learned by using the evidence from the fossil record and 
from DNA analysis to further elaborate the fascinating story of how and where modern 
humans evolved, and how we managed to end up populating the entire planet.

We’ll start our story with the emergence of hominins - that is, animals that occupy that 
branch of the evolutionary tree that led eventually to modern humans, Homo sapiens. As we
saw in Part 1 of this talk, that split occurred in Africa around 6 million years ago. One 
branch of that split led to us, the other to the modern chimpanzees.

Of course, finding fossils of creatures that lived 6 million years ago is no easy task, 
especially when those creatures lived and died in humid rainforests with its bone-dissolving 
acidic soils. Nevertheless, the fossilised remains of several individuals that lived around that
time have been painstakingly unearthed and they reveal a picture of what this distant 
relative might have looked like. The individual most likely to be similar to that common 
ancestor of chimps and humans is called Ardipithicus. The Paleontologists who discovered 
her remains in East Africa called her “Ardi”, and this is a reconstruction of what she 
probably looked like:
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Six million years ago East Africa was densely forested. Ardi lived in the forests, much as 
modern chimpanzees do, but appears to have spent much of her time on the ground, rather 
than in the trees. She could walk semi-upright but not for long distances as her feet still had 
the opposable big toe of a tree dweller and her knees had to remain partially bent, even 
when standing. Her brain was no larger than that of a modern chimpanzee and there are no 
signs of tool making. Several species of Ardipithecus occupied East Africa for over 2 
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million years, gradually disappearing around 4 million years ago.

The next substantial fossil hominin finds were also made in East Africa. They yielded 
several different individuals, similar enough to be labeled as the same genus, but different 
enough to be considered different species. Paleontologists called them Australopithicenes, 
and the best known fossil of these was one belonging to the species Australopithecus 
afarensis. But her discoverers called her “Lucy”.
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Lucy lived around 3.2 million years ago. She was bipedal, spending a lot of her time on the 
ground, but she was still pretty much at home in the trees, probably retreating there to sleep.
We know for sure that she walked on two legs because several of her relatives actually left 
footprints in the now-solidified volcanic ash that had fallen on the shores of an ancient 
lake...
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Although they are quite a bit smaller, these footprints look remarkably human. Lucy 
belonged to one of several species of Australopithecenes, many of which coexisted in Africa
for over 2 million years… between 4 and 1.8 million years ago. Their relatively small brain 
suggests that our ancestors evolved an upright stance long before they evolved a large brain.
Many now think that it was the freeing up of the hands to carry and manipulate objects that 
made a larger brain so advantageous. Natural Selection would therefore have favoured 
greater intelligence... and the increase in brain size is an obvious trend in hominin evolution.

There was significant diversity among all these species of Australopithicenes... and they 
ranged widely over Eastern and Southern Africa. Members of one group were quite large 
and heavily built. We call these the “robust” Australopithicenes. Another group contained 
species that were smaller and lightly built. We call these the “gracile” Australopithicenes. It 
is to this last group that Lucy belonged, and it is on this particular branch of our 
evolutionary tree that our direct ancestors are thought to have lived.

Although many of the Australopithicene species survived for many hundreds of thousands 
of years, their population size was always very small, and every single one of those species 
eventually became extinct. Only one tenacious twig of their particular tree was to live on, 
changing ever so slowly into other group of species that we now refer to as the hominids... 
that is, species that all belong to the same Genus as us, Homo.

The earliest animal that is known to have possessed all of the characteristics that define it as 
belonging to the Genus Homo was found by Louis Leakey in 1960 in the Olduvai Gorge 
region of East Africa. He nicknamed it “Handy Man” because it’s remains were clearly 
associated with crude stone tools. We now name it Homo habilis.
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Homo habilis spent much of its time on the ground, but still retained a number of features 
that clearly betrayed his arboreal ancestry. In fact it is these particular adaptations that lead 
some to argue that Homo habilis is really yet another branch of the Australopithicine lineage
and is most likely our cousin, rather than a direct ancestor. Debates such as these are so 
often about the significance of anatomical differences and whether or not they would have 
been sufficient to prevent successful interbreeding, thereby enabling the classification of a 
different species. Such debates merely confirm the incredibly gradual nature of evolutionary
change, and, as we discussed earlier, the inevitable blurring of the lines as one arbitrarily-
named species slowly and imperceptibly evolves into another over tens of thousands of 
generations.

Homo habilis survived for a million years or so in East Africa, from 2.4 to 1.4 million years 
ago. They had smaller teeth and larger brains than the Australopithicenes and, most 
importantly for our story, they had enough intelligence and manual dexterity to fashion tools
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out of stone and bone, giving them a significant evolutionary advantage in the wild kill-or-
be-killed world in which they lived.

Also crucial to our story is the fact that some fossils, believed to be very closely related to 
Homo habilis, have been found as far away as the Middle East, indicating that this distant 
cousin of ours was occasionally able to migrate out of the mother continent, Africa, at least 
in small numbers.

In fact, this ability to wander over large distances was a very notable characteristic of the 
next group of animals we encounter in our branch of the family tree - the very peripatetic, 
and very successful Homo erectus.
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Homo erectus is sometimes also known, especially outside Asia, as Homo ergaster. He 
lived between 2 million and 70,000 years ago. Fossil remains have been found in many parts
of Asia, Europe and Africa. The famous Peking Man, Java Man and Turkana Boy are all 
examples of fossil finds that are now classified as members of Homo erectus. But the oldest 
fossils are found in Africa, indicating that it was most likely on that continent that this 
species first appeared.

Homo erectus had a larger brain than Homo habilis. He stood more upright. Importantly he 
could lock his knees, allowing him to walk great distances without tiring. He used a wide 
variety of tools, mainly stone, wood and bone. Most notably he used fire and could cook his 
food. He lived in complex social groups, larger than just his immediate family. He was 
better suited to living in open ground, freed from the need to remain near forested areas. 
Some even developed rafts that could cross short waterways, allowing them to spread 
further than ever before...
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The fossil evidence tells us that it is likely that small bands of Homo erectus left Africa on 
at least two occasions. The first time, about 1.8 million years ago, took them to the Middle 
East and to South-East Asia, as well as to most parts of Africa. You can see the extent of 
their travels as dark green in this map. In the second exodus, less than a million years ago, 
they appear to have crossed the Gibraltar Strait into Spain - shown as light green in the map.
Around the same time, other groups from India spread westwards into Europe and still 
others into the northern areas of Asia. Homo erectus was so successful and adaptable that he
was the first hominid to occupy virtually the whole continent of Africa.

Given that Modern Man, Homo sapiens, first appeared in Africa about 190,000 years ago, 
and given that Homo erectus was still around until about 70,000 years ago, it is highly likely
that the two species of hominids met and interacted. We’ll talk more about these interactions
in a while, but for now let’s introduce the next hominid to populate our branch of our family
tree...
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Homo heidelbergensis lived from 800,000 to 250,000 years ago. The similarities of his 
fossils with other species, especially the skulls, suggests that he shared a common ancestor 
with Homo erectus. That common ancestor is most likely to have been Homo habilis, who 
we spoke about earlier. Homo heidelbergensis himself was most likely to have been the 
common ancestor of several hominid species, including our own. Homo heidelbergensis, 
then, holds a very important place in our family tree.

His brain was nearly as large as that of a modern Homo sapiens. His tools, while still made 
of stone, wood and bone, were, however, quite sophisticated. He most likely used a simple 
language, and there is evidence of burial rituals, indicating an ability for abstract thought 
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and an active imagination. There is fossil evidence that he ranged widely both within and 
outside of Africa – most especially in Europe. Such a wide range usually means quite a lot 
of genetic variation, and there appears to be a bewildering range of shapes and sizes of this 
species as they wandered back and forth across the Old World, swapping genes with other 
varieties of hominids as they went.

It is thought that one or more of these many variants of Homo heidelbergensis gradually 
evolved into at least three other species. In Europe, one variant gradually evolved into the 
Neanderthals. In Central Asia, another variant gradually evolved into the Denisovans. And 
in Africa, one variant, around 190,000 years ago, evolved into Homo sapiens.

Much of what we know of these recent hominids has been deduced from the fossils and 
tools that they left behind. But lately, this knowledge has been considerably refined by 
examining the DNA of human populations still in existence, and - in a few very rare 
circumstances - by actually examining DNA painstakingly extracted from the fossilised 
remains of long-dead ancestors.
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For example, we know that Neanderthals evolved in Eastern Europe around 250,000 years 
ago, spreading out to sparsely occupy much of the Middle East and Western Europe. 
Amazingly we have been able to extract DNA from fossilised Neanderthal bones and map 
the entire Neanderthal genome. We now know that Neanderthal DNA differed from our 
DNA by a mere 0.12%. We know that their brains were quite large and that they lived in 
small tribal groups. We know they didn’t die out until 39,000 years ago, and that they must 
have encountered our own species on numerous occasions. This is evidenced by the fact that
most non-African humans alive today contain small fragments of DNA containing genetic 
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markers that can be traced back to the Neanderthals... in fact nearly 4% of the DNA of all 
contemporary non-Africans can be identified as Neanderthal, clearly implying that a fair 
degree of interbreeding must have occurred.

We know that the Neanderthal population was already in decline when modern humans first
entered Europe 43,000 years ago, but it is very likely that the more numerous modern 
humans out-competed the Neanderthals and most likely would have fought with them 
directly, contributing to their demise.

Meanwhile, in Central Asia another offshoot of Homo heidelbergensis was evolving into 
another related species. Astoundingly, we know about this species from a mere handful of 
fossilised teeth and finger bones found in a cave in a remote region of Southern Russia 
called Denisova.
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Fortunately that finger bone contained enough DNA to enable us to sequence the entire 
genome... and the sequence told us that here was a creature that was not only closely related 
to Neanderthals but even more closely related to modern humans, differing just enough to 
be considered a sub-species of our own. They are commonly referred to as the Denisovans.

The unique mixture of genes in the Denisovans indicate a considerable degree of 
interbreeding with both Neanderthals and with Homo sapiens.
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It seems that the Denisovans evolved in Central Asia and migrated north into Siberia and 
south into South East Asia and New Guinea. As we get better at analysing DNA we are 
discovering more and more interesting facts that fossils alone couldn’t tell us. For example, 
we know that Tibetans have a version of a gene which helps them to adapt to the low 
oxygen levels at high altitude... and the same version of that gene is found in the Denisovan 
genome, suggesting that the Tibetans, who are, of course, modern humans, acquired that 
adaptation through interbreeding between their ancestors and the Denisovans.

Similarly, markers on the Denisovan genome are found in modern day Melanesians and 
Australian Aborigines, indicating a degree of interbreeding as their Homo sapiens ancestors 
moved down through South East Asia before crossing into Australia some 50,000 years ago.

Even more interesting is the fact that a mere 25 genes differ ever so slightly between a 
Denisovan genome, a Neanderthal genome and our own. Several of these genes appear to be
related to brain development, more specifically to language development. This fact 
emphasises the huge role that language must have played in our evolutionary success. It is 
language that enables us to cooperate in large numbers - a survival tactic that our now-
extinct cousins may not have had to the same degree. It is also interesting to note that some 
of the other 25 altered genes are connected to the dexterity of our hands, further 
emphasising the genetic subtleties that distinguish modern humans from their distant 
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cousins.

So, before we continue to look more closely at the history of our own species let’s just 
pause a while to review the relationships we have with our distant ancestors, gleaned from 
the fossil record and the clues left behind in our genes...

We are now confident that we know what these ancestors looked like. We know where most
of them lived. And we know with considerable certainty when they lived. We even know 
how closely related to modern humans some of them are genetically. But whether or not 
each of the very few specimens we have discovered is actually a direct descendant or a 
distant cousin of our own species is much more difficult to tell, and is open to much 
scientific debate. Today I have presented you with one of the most likely of these possible 
scenarios, which I have summarised here...
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You should realise that the real family tree is much more complex, with the scarcity of fossil
finds and with the obvious cross-breeding of related hominids muddying the picture... 
especially as groups would migrate and encounter previous emigrants... or may have even 
returned to where their ancestors left millennia earlier, swapping their gradually modified 
genes as they wandered back and forth over the largest range that any animal has ever 
occupied. In fact, our family tree is actually much more like a tangled bramble bush than an 
orderly tree!

Before we get on to talking about our own species, I might just make passing mention of 
another hominid that you may all have heard about.
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This hominid was identified by several fossils recently found on the Indonesian island of 
Flores. They indicated a human small in both stature and in brain capacity, attracting the 
nickname “The Hobbit”. They appear to have made tools, to have co-existed with modern 
humans and to have survived in relative isolation long after the other varieties of hominid 
became extinct everywhere else - until an erupting volcano sadly appears to have wiped 
them all out some 12,000 years ago. Because of the destructive effects of the humid 
environment in which they were found, we haven’t yet been able to extract any DNA from 
their remains, so their exact relationship to other hominids is still under debate.

There is little doubt that hominids of all sorts lived on in isolated regions all over the 
world... and we have barely begun to unearth all their remains. It just goes to show the 
tangled, messy nature of our family tree.

All of which brings us to our own species, Homo sapiens. What do we now know about the 
more recent origins of our own species?
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Once again, fossils unearthed around the world tell us that the oldest Homo sapiens fossils 
have been found in East Africa. They are around 190,000 years old. It is most likely that our
species gradually evolved from someone who looked pretty much like Homo 
heidelbergensis, the same animal that evolved elsewhere into Neanderthals and the 
Denisovans and probably even the Hobbit. It is well worth emphasising that our ancestors 
shared life in Africa for tens of thousands of years with several other varieties of hominids. 
For much of that time we weren’t particularly more successful at surviving - in fact we 
know that there was more than one occasion when changes in the climate precipitously 
reduced our population down below a mere few hundred individuals.

It was just one such change in the climate around 70,000 years ago (around the same time 
that Homo erectus was becoming extinct) that made it possible for a small band of Homo 
sapiens to make its way across the narrow Red Sea into Arabia. In this small band were two 
women. The descendants of one of these women headed north and west while the 
descendants of the other woman headed east and south.

How do we know this incredible degree of detail with such certainty? We know because our
ancestral mothers contained distinct genetic markers on the DNA found in the mitochondria 
inside their cells. I'll leave the fascinating details of how this mitochondrial mapping works 
to another time. For now it is enough to say that such DNA sequencing has clarified the 
relationships between living populations of humans, and has even given a reliable timeline 
for when these populations last shared a common ancestor.
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We have learned, for example, that by analysing mitochondrial DNA, every non-African 
person alive today contains the genetic mark of one or the other of those two women who 
walked out of Africa around 70,000 years ago. What’s even more mind-boggling, every 
modern human, including everyone in Africa, shares a marker that originated in one woman 
who lived in East Africa around 150,000 years ago. And, based on fossil skulls found in the 
same area and dated from around the same period, this is a reconstruction of what this 
grandmother to us all might have looked like...
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How astounding is that? Naturally people couldn't resist the temptation to call her our 
“Mitochondrial Eve”.

Furthermore, in yet another astonishing conclusion based on analysing the genetic markers 
found on the Y chromosome, we now know that all male humans alive today can trace their 
ancestry back to a single male who lived in Africa some 70,000 years ago.

So, where did our ancestors go once they left Africa around 70,000 years ago?
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Well, we have already mentioned how one group populated the Middle East, gradually 
expanding towards Europe, reaching Europe’s western shores around 40,000 years ago. On 
this journey they encountered the remaining bands of Neanderthals, with disastrous 
consequences for the Neanderthals who died out shortly after.

The other group that separated after crossing the Red Sea headed East, populating India and 
South East Asia, eventually crossing into Australia around the same time that Homo sapiens
was populating Europe. Other groups of these eastward migrating people headed into China 
and up into Siberia, sometimes, as we have already seen, encountering remnants of the 
Denisovans on the way, probably also contributing to their demise as well. Eventually, at 
the height of the last Ice Age, around 15,000 years ago, our ancestors were able to cross the 
Bering Strait and penetrate the American continents... even reaching as far south as Tierra 
del Fuego not too long after.

As our skill, our technology and our computing power increase so does the degree of detail 
of our ancestral story. Now that we can easily map the entire genomes of individuals, and 
link certain genetic sequences to various visible or measurable traits, we can learn much 
more about our genetic origins.
 
For example, my wife recently had an eye exam. The Optometrist asked her about her 
Scandinavian heritage. Being adopted, she didn’t know she had a Scandinavian heritage, but
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her Optometrist had seen a distinctive spot on her retina that indicated a specific genetic 
mutation that genome mapping tells us only exists in people descended from the Vikings.

Another example... if you have blue eyes you can be sure that you - and every other blue-
eyed person in the world - share a great great great great grandmother who lived around 
10,000 years ago in Western Europe and who was the very first blue-eyed person. Similarly 
we can trace the ancestry and migration patterns of people with red hair or we can track 
down the origin of adult milk tolerance or the resistance to particular diseases.

We can even use the present distribution of certain genetic markers to confirm the birth of 
agriculture in Turkey some 10,000 years ago. We can even pin down the time when the first 
wave of farmers crossed the Bosporus into Europe some 7,000 years ago. By analysing the 
genomes of wild and cultivated foods, we can even know what seeds they brought with 
them!
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Before I finish I'd like to comment on the concept of Race. Now, our DNA makes a very 
clear statement about this thing we call race, and it’s not at all what most people expect!

Multiple studies of the human genome indicate that there is no such thing as race within 
modern humans. While different genes for physical traits such as skin and hair colour can be
identified between individuals, no consistent patterns of genes across the human genome 
exist to distinguish separate distinct races or ethnic groups.

So, to make this conclusion perfectly clear, there is absolutely no genetic basis for dividing 
humans into ethnic groups or races. 
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Yes, there really is only one “Race”… the Human Race. People who have lived in the same 
geographic region for many generations may have some genes in common, but there is no 
gene to be found in all members of just one population, and there is no gene that isn’t found 
in members of any other population.

Indeed, it has been proven that there is more genetic variation within the members of each 
of the so-called races of humanity than between them. If you find this difficult to believe, 
just remind yourself that only 3,000 generations ago we ALL shared the exact same African 
parents! We are all, in a very real and demonstrable sense, cousins to everyone else on the 
planet.

So, there you have it... the fascinating story of how we came to be here. We should all feel 
very privileged to belong to the first generation of humans to ever know this much about our
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ancestry. It has only been within the last decade or so that we have been able to accumulate 
enough fossil evidence and decipher the riddle of DNA markers to elaborate in detail the 
tortuous path that led to us populating the planet so rapidly and so successfully.

My only hope is that we use this knowledge to emphasise and celebrate the immense 
similarities we have with each other, rather than to justify our prejudices by the few 
differences between us.

And, since we are the first people to have some element of direct control over our own 
genetics, I can only hope we influence our future evolution in ways that are in harmony 
with, and empathetic to, the rest of the natural world, rather than seeing ourselves as 
somehow above or separate from the very Natural forces that shaped us.

I guess only time will tell…
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