
New Haven & London

The World Before Us
How Science is Revealing a New Story of 

Our Human Origins

Tom H igH a m

VIKING
an imprint of  

 
The New Science Behind Our Human Origins



2. Out of Africa

The idea of an African origin of humanity dates back to Charles 
 Darwin, who predicted that in order to find the ancestors of humans 
we ought to explore in those places where our closest living rela-
tives, the great apes, now live. It was not until the 1920s, however, 
that palaeoanthropologists began to become aware of its fossil 
hominin record. In 1921 miners discovered an ancient skull at a 
place called Broken Hill (now called Kabwe) in Zambia. The skull 

Figure 1 African sites and locations.
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The World Before Us10

was given to the British Museum in London, where it was identified 
as a new and ancient species called Homo rhodesiensis. Shortly after, 
in 1924, Raymond Dart found the tiny preserved skull of a 2   million- 
 year-  old Australopithecus   africanus  –   the famous Taung   Child  –   in 
South Africa (although several scholars refused initially to see its 
significance). In the years since, the fossil record of our genus, Homo, 
and other hominin relatives, has been added to considerably. Doz-
ens of research teams, working in all parts of Africa, most notably 
in the eastern, southern and   north-  western regions, have discovered 
a wealth of new fossil evidence. We know now that our genus 
emerged some 2.5 million years ago in Africa, and that later mem-
bers of Homo, including Homo sapiens, evolved subsequently in the 
same continent.

The primacy of Africa in our story emerged amongst the research 
community gradually in the 1970s and 80s, as increasingly quantitative 

Figure 2 Mediterranean sites and locations.
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Out of Africa 13

Not surprisingly, identifying the precise point at which these traits 
become fixed in us, and early humans become ‘modern’ in appear-
ance, is an exceedingly difficult task because the fossil record is 
incomplete and patchy. When we look at people around the world 
today, we see diversity and variation. Diversity in body type, skin 
colour and skull shape, as well as culture and language, of course. It 
was the same in the past; there is a high degree of morphological vari-
ation amongst the human remains that fall into the period from about 
300,000 years ago.7

Jebel Irhoud, in Morocco, is one particularly early and important 
site for tracing human origins. In 1961, miners working to extract 
barite there found a beautifully preserved human skull. Later, in 
2004, renewed excavations revealed more remains from five different 
individuals. The Jebel Irhoud people had large, elongated, rather than 
globular, braincases, with short faces retracted underneath.8 New 
dates from near the human remains indicated an age of approxi-
mately 300,000 years,9 much older than had been anticipated. Jebel 
Irhoud looks as though it represents some of the earliest evidence for 
our species on its pathway to becoming anatomically like us. For this 

Figure 3 The first of our kind. The earliest known Homo sapiens fossils, from the 
Jebel Irhoud site. These images are composites derived from   micro-  CT scans of 
multiple original fossils. The   modern-  looking face falls into the range of variation 
one sees in living humans, but there are archaic features in the braincase (shaded in 
the right hand image) suggesting that the shape of the brain had not yet reached 
that seen in modern humans.

3



Out of Africa 15

(These had previously been discarded as waste.) This period is known 
as the Middle Stone Age, or MSA, and it begins everywhere in Africa 
at an almost identical time. Archaeologists can discern subtle region -
 al differences in the stone tools produced, as humans experimented 
and developed new technical approaches to toolmaking. Later, as we 
move forward in the archaeological record, we see more complexity, 
a widening of materials to encompass bone and wood, the arrival of 
smaller blades and bladelets, the use of hafting, the presence of en  -
graved markings found on eggshells and ochre, and ornaments made 
of pierced shells. Cognitive developments almost certainly underlie 
these changes in material culture.13

It has also proven difficult to identify the one group or   sub- 
 population within Africa that was subsequently ancestral to everyone 
outside it. It is probably unlikely that we ever will. Once again it 
seems more likely that there was gene flow, population movement 
and mixing between groups across wide areas of Africa through 
time. As we shall see again and again in this book, the picture is made 
even more complex by the high chance that this diversity in human 
groups was magnified by the presence of other types of humans in 
Africa too. We, Homo sapiens, were not alone on that continent.

This was brought into stark contrast in October 2013 in a cave in 
the Cradle of Humankind World Heritage site in Gauteng, South 

Figure 4 Plan of Rising Star Cave, with the location where the skeletal remains 
of Homo naledi were found.

4



3. Neanderthals Emerge into the Light

On a late summer day in August 1856, in a valley near Düsseldorf  
in Germany, the story of human origins was changed for ever by a 
chance discovery. The valley, or ‘thal’, had been the focus of lime-
stone quarrying for many years and the team of miners working 
there had almost exhausted the local source. One final area remained 
to be blasted: a large cliff face with two small caves situated twenty 
metres above the river. The caves were very difficult to get to from 
below, which is why they had been left until last. The miners scram-
bled down the sheer cliff from the top of the valley and laid charges 
inside the caves, intending to blow them up to start the mining 

Figure 5 European and   Near   Eastern sites and locations.
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Neanderthals Emerge into the Light 33

more variation than we previously thought. In southern Spain, for 
example, we have evidence for marine resource use amongst Nean-
derthals, including the hunting and catching of seals, dolphins, fish 
and shellfish.7 At sites in Greece and Italy there is evidence of turtle 
and bird hunting, as well as   shell-  fishing.8 Microscopic evidence con-
tained in dental plaque from Neanderthal teeth has yielded evidence 
for starches and phytoliths from plants, along with traces of seeds, 
fruits, nuts and vegetables.9 Neanderthals appear to have eaten lentils, 
water lilies, pistachio, tubers, wild cereals, figs, mushrooms, pine 
nuts and mosses, and many more unexpected types of food.10 They 
were certainly not exclusively   meat   eaters. I think our previous inter-
pretations have been influenced by the overwhelming presence of 
animal bones in Neanderthal archaeological sites and the lack of 
other information about dietary sources, mostly because plant and 
vegetal material does not survive well in the archaeological record.

What else did Neanderthals consume? At the El Sidrón site in 
northern Spain archaeologists have found somewhat unsavoury 

Figure 6 A Neanderthal foot emerges from El Sidrón.
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4. The Road to Denisova Cave

The story of the Denisovans begins with a solitary man in a cave in 
the Altai region of Siberian Russia. The Altai is about where Russia, 
China, Mongolia and Kazakhstan meet. According to local oral trad-
ition, the man, a monk called Denis, had occupied the cave in the late 
eighteenth century. He had lived there for many years as an ascetic, 
giving his name to the cave we now call Denisova.1 But he was not 
the first occupant of the cave. He lived on top of the archaeological 

Figure 7 Sites and locations in the Altai.
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The World Before Us54

came to stay, the ‘hot’ water took thirty minutes to become even 
tepid and there was the constant feeling that the room had been 
bugged by Cold War spies. (That said, even the Golden Valley has 
improved recently.)

The museum contains some of the treasures that have been exca-
vated by the Novosibirsk teams over the last few decades: the contents 
of Mongol cemeteries and Bronze Age kurgans or burial mounds, 
fabulous tattooed Scythian ice mummies complete with preserved skin 
and hair, lying in long perspex tubes covered with black blankets to 
keep out the light, and ancient Palaeolithic hand axes and flint blades. 
Sleeping just down the corridor from some of the spectacularly pre-
served mummies always gives me a little chill down the spine if I wake 
in the middle of the night . . . too many horror movies in my teens.

From the mid 1980s, but particularly from the early 1990s, Anatoly 
and his   co-  director Michael Shunkov kept Denisova under regular 
excavation. Initially, they concentrated on the Main Chamber, a 

Figure 8 Plan of the different chambers and areas of excavation at Denisova Cave. 
The grey shaded areas are remaining sections of recent Holocene sediment.
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The Road to Denisova Cave 55

Figure 9 The Denisova 2 tooth, excavated in 1984 in the Main Chamber.

huge arched vault within the marbled limestone cave reaching 10m in 
height and 11m × 9m across. In   1982–  3 the upper layers of the site 
were excavated, covering the Holocene period – the last 10,000 years. 
Later, in 1984, and again in   1993–  5, 1997 and 2016, the lower deposits 
began to be explored.

In 1984, towards the base of the excavation in layer 22 of the Main 
Chamber, a human tooth was found. It was a very worn deciduous 
molar, well preserved and unlike the tooth of a modern person; in 
fact, several on the team thought it bore similarities to a Neanderthal 
tooth. They could not be sure, though, so it was just designated a 
tooth of an archaic human, which simply means human, but not like 
us. More than thirty years later this tooth would be analysed using  
 cutting-  edge methods for the analysis of ancient DNA and shown to 
be the tooth of a new species of human: a Denisovan. The tooth 
became known as ‘Denisova 2’.2 This is the oldest human remain yet 
found in the Altai region.3 We know that the tooth came from a girl, 
based on the genetic analysis, and she was ten to twelve years old at 
the time she lost her tooth.

The other two chambers in the cave were opened for excavation 
later. The South Chamber was excavated between 1999 and 2003, and 
again from 2017, while the East Chamber was worked on from 2004 
to the present day. Over the years, many other tantalizing and inter-
esting finds have been made in all areas of the cave. In 1998 an 
incredible fragment of worked   dark-  green chloritolite stone, inter-
preted as being part of a bracelet, was found in the Upper Palaeolithic 
layers, dating probably to between 35,000 and 45,000 years ago. Usu-
ally one would see these types of polished stone objects as being from 
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The World Before Us58

whether they were violent or more benign? We are fortunate to have 
several global records of climate change over the period. These come 
from variations in the ratios of oxygen isotopes measured in   deep-  sea 
sediments and in annual layers of ice at the poles. There are two main 
types or isotopes of oxygen, 16O and 18O, differentiated by two extra 
neutrons in the nucleus that make 18O the heavier of the two. When 
seawater evaporates it favours the lighter isotope, so more 16O finds 
its way into the atmosphere, leaving the seawater progressively 
enriched in 18O. We call these changes in the relative isotopic propor-
tions ‘fractionation’. Tiny shelly animals called foraminifera, or forams, 
faithfully record the ratios of these two oxygen isotopes during their 
lifetimes; the warmer their environment, the more their isotope ratio 
swings to 18O. When they die, they sink to the sea bed and become 
incorporated in the marine sediment ooze. Over thousands of years 
this sediment builds up in a layered record. Scientists can core down 
into these sediments, pull up a core, extract the forams and measure the 
changes in their isotopes in increasing depths. We can also date them, 
thereby creating a long marine   palaeo-  temperature record.

When evaporated rainwater cools as it moves into the higher lati-
tudes of the Earth it condenses. Just as water containing 16O is more 
likely to evaporate from the ocean so the 18O in water is more likely 
to condense to form rain or snow. This difference is strongest at lower 
temperatures thus the oxygen isotopic composition of snow and ice 

Figure 10 The record of climate change over the last 300,000 years based on oxy-
gen isotope variations in marine foraminifera. The higher the peak, the warmer 
the temperature.
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The World Before Us60

been laced and worn around the neck. Like the hyena, the ostrich was 
much more widely dispersed in the Pleistocene* or Ice Age. Research 
has shown that they probably disappeared from Eurasia as recently as  
 10–  12,000 years ago. Early humans spotted their eggs and used them 
to fashion jewellery. We have found ostrich eggshells in Siberia, Mon-
golia and Central Asia from as early as 40,000 years ago.

The Denisova team has also found the pierced teeth of fox and 
reindeer, bison and deer, again used for decoration. There is a   double- 
 drilled ring fragment made of ivory from a mammoth tusk, tubular 
bird bones with regular incised markings (for what purpose we 
simply do not know), marble rings and bone   needles  –   ideal for 
threading and perhaps creating fur clothes, leggings and boots. I was 
in the Main Chamber in 2016 when one of the excavation team found 
a complete bone needle, 7.5cm long. It’s incredible to hold a freshly 

*  The Pleistocene refers to the epoch covering the last 2.6 million years up until 
11,700 years ago.

Figure 11 The author holding a plastic bag containing the recently excavated 
remains of a perfectly preserved bone needle from Denisova Cave.
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The World Before Us68

While being a brilliant development, PCR does have some draw-
backs, particularly for ancient DNA. As well as amplifying the 
ancient DNA, it also amplifies the contaminating DNA; rather like 
the manure you add to the garden improves both your roses and your 
weeds at the same time. This was the major limitation for analysing 
the DNA segments extracted from ancient bone and teeth in those 
early years.

Subsequent developments in sequencing technology led to signifi-
cant changes and have been the game changer in the ancient DNA 
world. The US biotech company 454 Life Sciences was in the vanguard 
of this revolution. It is said that CEO Jonathan Rothberg came up with 

Figure 13 Schematic showing Sanger sequencing.
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The World Before Us72

with another, related species, for example. Powerful mathematical 
algorithms are required to help probe the   high-  coverage sequences of 
DNA that are increasingly extracted and compare them with other 
sequences to derive the significance of the differences.

Since 2013 the number of working human genomes from the 
archaeological record has multiplied exponentially thanks to the 
NGS revolution (see Figure 14). This science is making huge contri-
butions to archaeology because it is enabling sequencing to become 
more and more routine by the month.

I was a   co-  author on the first   so-  called ‘complete human genome’ 
paper in 2010,11 of the DNA sequence of an ancient Greenlander who 
was nicknamed ‘Inuk’. This work was led by Eske Willerslev in 
Copenhagen. Such was the impact of this paper that it was published 
in Nature, the prestigious science journal, and featured on the cover. 
Eight years later I was a   co-  author on another paper in Nature about 
the genomics of the Beaker people of Bronze Age Europe, which 

Figure 14 The rise in the number of whole ancient genomes published over the 
last decade,   2010–  20 (note that 2020 figures are only for the first 6 months of the 
year) (data courtesy of David Reich, pers. comm.).
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7. Where are the Fossil Remains?

How can we find out what Denisovans looked like if we only have 
tiny fragments of them? The Denisova 3 genome provides informa-
tion about the phenotype of the girl from Denisova, but to find out 
more about the basic skeletal and cranial morphology of these people 
we really need new fossil remains.

There are two possible places to look. First, we can excavate new 
archaeological sites. This takes time and effort, but is definitely a 
profitable route and one that many archaeologists are currently 
engaged in. Second, we can examine museum and university collec-
tions for human remains that have yet to be identified and linked 
with a particular human species. Is it possible that amongst the skel-
etal remains housed in different collections, known hitherto only as 

Figure 15 Far Eastern sites and locations.
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The World Before Us102

sequence of peptides on the mass spectrometer. What is needed to 
distinguish things further, and identify the sample properly, is DNA 
extraction and sequencing. For this we would need to rely on Svante 
and his   world-  leading research group.

This visit to Denisova was the first occasion I’d spent much time 
with Svante. We had met very briefly back in the early 2000s in a pub 
in Oxford with a larger group of people, but at Denisova, in the 
smallish project meetings, you really rub shoulders with your col-
leagues and get to know them. I’d spent most of a decade travelling 
to take samples from sites and museums for various dating projects. 
Every time I sampled a Neanderthal bone for radiocarbon dating, I 
always asked whether the curators would be interested in sequencing 
for DNA. The answer would invariably come back ‘this sample is in 
Leipzig with Svante’. I got used to disappointment. It was because 
they were the specialists in Neanderthals, and later Denisovans, of 
course. And the best.

Svante began the field of ancient DNA almost   single-  handedly in 

Figure 16 Svante Pääbo (left) and the author at Denisova Cave in 2014.
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Figure 17 The method of using ZooMS to identify human bones.
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The Science of ‘When’ 117

the  removal of contaminants from archaeological bones prior to 
AMS dating.

To date bone, we first need to extract the collagen, the main 
protein in the bone matrix. Around 80 per cent of bone is hydroxy-
apatite, which is a   carbonate-  based mineral. Proteins make up the 
remaining 20 or so per cent of the bone mass, and 95 per cent of that 
is collagen. Collagen is a   triple-  helix shaped molecule, made up of 
three polypeptide chains each comprising 1,000 amino acids. 
To extract it for dating we first drill or crush the bone into a powder 
and then put around 500mg (the volume of about half a teaspoon 
of  sugar) into a test tube, adding weak hydrochloric acid. Slowly 
the  acid dissolves the hydroxyapatite, leaving the collagen. After 
several cleaning steps we then 
‘gelatinize’ the collagen by heat-
ing it in weakly acidic water for  
 twenty-  four hours. Slowly the 
collagen particles untwist from 
their   triple-  helix formation and 
become three single polypeptide 
chains. This separates the particles 
from   non-  collagenous and poten-
tially contaminating particles and 
allows us to eliminate them. We 
are left with gelatin, the main 
component of ‘ jelly’. Then comes 
the ultrafiltration.

An ultrafilter is like a sieve, but 
on a molecular scale. We know 
the weight of the polypeptide 
chains of amino acids: each one 
weighs around 95,000 Daltons.* 
The ultrafilter we use allows us to 
retain the larger chains, the ones 
that are over 30,000 Daltons in 

*  One Dalton is   one-  twelfth of the weight of a 12C atom.

Figure 18 The Uphill bone point.
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good luck I managed to secure the funding mentioned in the previ-
ous chapter, which enabled the project to commence.

I went to Novosibirsk in February 2012 to discuss with Michael 
Shunkov and Anatoly plans for the research project and how it was 
going to work. It was absolutely freezing. Temperatures average 
minus 20ºC in winter. We focused particularly on the importance of 
directly dating artefacts and humanly modified bones to be able to 
securely date human presence at the site.

It’s incredible to be able to touch and handle examples of the earliest 
jewellery and ornaments ever made in Eurasia. Perhaps 45,000 years 
ago, maybe more, the archaeological record reveals the remains of 
deliberately perforated animal teeth, of hyena, fox, reindeer and bear. 
These must have been worn around the neck, either singly or in num-
ber, we cannot be sure. Equally, we cannot be sure what purpose they 
had. Was it simply to look good? Did people enjoy decorating them-
selves, in the same way we do now, or was there something more? Did 
this material signify something? Membership of a group, perhaps, or 

Figure 19 A perforated reindeer tooth pendant from Denisova Cave.
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The World Before Us122

a shared belief system. I also wonder how it is that these items became 
part of the archaeological record and found their way into the sedi-
ment in the cave. Were they accidentally lost or dropped, or were 
they deliberately discarded because they were no longer wanted or 
needed?

Today, these are extraordinarily precious objects, and in order to 
determine their age we had to propose a very carefully   thought-  out 
plan to minimize damage. Over the years of sampling bone, I have 
developed a   so-  called ‘keyhole’ drilling technique that enables us 
to take samples from precious objects with great care. By making a 
small hole,   2–  3mm wide, in a tooth I am able to use my dental drill 
internally, widening inside but maintaining only the small external 
hole out of which comes a steady stream of white dentine or bone 
powder. Through this method we are able to date tiny samples with-
out significant external damage.

Katerina and I took samples from several trips to Denisova Cave 
and Novosibirsk back to Oxford for radiocarbon dating. The first set 
of samples was designed to test the hypothesis that Layers 11.1 to 11.4 
in the East Chamber, the resting place of Denisova 3, were exten-
sively mixed in age. At the site, we pored over the   cross-  section of 
archaeological sediments. You could see what looked strongly like 
unmixed sediment, but then in some areas there were patches that 
appeared to be more mottled and indicative of disturbance. We were 
aware that over millennia carnivores such as hyenas had been living 
at the site, producing dens for their cubs in the sediment, and that this 
could influence the archaeology. Fortunately, with Michael Shunkov 

Figure 20 Keyhole sampling of a Denisovan tooth ornament.
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essence, Bayes’s theorem can be summarized by the function: initial 
belief × new data α improved belief.5*

Bayesian approaches to radiocarbon dating and chronology were 
developed in the 1990s and they are attractive because they allow us 
to include not just the dating results in the analysis, but these other 
important sources of relevant ‘prior’ information.6 Priors in this 
case usually include the layering of archaeological sediments. We 
know independently that these are laid down in order from young-
est at the top to oldest at the bottom, unless there are exceptional 

*  α means ‘is proportional to’, so in   Bayesian-  speak this would   be: ‘the Prior mul-
tiplied by the Likelihood is proportional to the Posterior’.

Figure 21 The basis of the Bayesian model we built. The excavated layers in each 
of the main chambers are shown. The silhouettes show the human remains of 
Denisovans and Neanderthals, as well as unidentified Homo. The lines show the 
age differences between the fossil bones as calculated using mitochondrial DNA 
analysis. The difference between Denisova 3 and 4, for example, was between 
3,700 and 6,900 years. We used this to order the archaeological sequence relatively, 
from top to bottom. Radiocarbon and optical ages from the different layers were 
also used in the model.
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had it all worked out. With a quiet, ‘That should work . . .’ he pressed 
the ‘Run’ button and away the model went. Brilliant!

The model was now much more robust and precise. We finally had 
the code for a model that would give us numerical age estimates 
for the Denisova Cave hominins. More than a century after its devel-
opment, a method devised to calculate the capacity of the world’s 
telephone networks had helped us to date the Denisovans.

The paper was published in Nature in January 2019 with much press 
interest and a big celebration for our group at one of the local Oxford 
pubs.7 In the same issue Bert and Zenobia published the results of their 
complementary work on the optical dating of Denisova Cave.

Our paper showed several interesting things. First, we had dated 
the ornaments directly and their ages were older than any others we 
had ever dated in   Eurasia –   between 43,000 and 49,000 years. This 
was a very important finding because it might mean, if these were 
made by modern humans, as we expected, that our human ancestors 
were in the Altai before most other places in the west of Eurasia. Our 
dated ornaments were demonstrably earlier than anything similar 
that had ever been dated in western Europe, for example. Second, we 
had date estimates for all of the human remains. We dated the earliest 

Figure 22 Final ages determined from Denisova Cave for all of the fossil remains. 
N = Neanderthals, D = Denisovans, Hy is, of course, Denny the hybrid, and the 
attribution for Denisova 14 is uncertain.
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10. On the Trail of the Modern 
Human Diaspora

Tracking the movement of groups of people across time and space in 
archaeology is difficult. In the Palaeolithic in particular, as we have 
seen, the presence of human remains is scarce. To track the earliest 
modern humans as they dispersed across the vast reaches of Eurasia, 
we have to rely on the careful analysis of stone tools from large num-
bers of excavated archaeological sites and attempt, where we can, to 
link human groups to those sites. This is often challenging because 
for millennia modern humans, Neanderthals and probably also 
Denisovans made very similar types of tool. Diagnosing a particular 
maker on the basis of lithic analysis is therefore very difficult. During 
the period over which the replacement of our archaic cousins by 
modern humans occurred, however, the   so-  called Middle to Upper 
Palaeolithic transition, a range of new tool types appears, and for 
the  first time we are more confidently able to link specific groups 
or  assemblages of artefacts with particular groups of humans. In 

Figure 23 Distribution of Initial Upper Palaeolithic (IUP) sites across Eurasia and 
North Africa.   T-  P is Tenaghi Philippon.1
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On the Trail of the Modern Human Diaspora 131

reconstruct the   so-  called chaîne opératoire, or operational sequence, 
and work out the precise methodology of how stone tools were man-
ufactured,   step-  by-  step. It also allows us to see whether pieces of flint 
that fit back together are found in different archaeological levels, and 
therefore to determine whether they have moved between layers 
after being deposited in the site. This can tell us a great deal about 
whether the material in a site is mixed or has largely stayed in its ori-
ginal burial position. The Boker Tachtit refits confirmed that there 
was almost no movement of material between the layers, which 
means that we can interpret the evidence with confidence and track 
changes through archaeological time.

The people who were living at Boker Tachtit gradually changed 
the methods they used to make   stone-  tool points, probably destined 
to be used on spears and the like. They 
were mainly using the Levallois method 
initially, but this changed through time 
and by the end of the occupation they 
were using a new bidirectional flaking 
method to make exquisite spear points.2 
By the final archaeological layer, Layer 4, 
the Levallois method had essentially dis-
appeared and the stone tools were of the 
Upper Palaeolithic type.3 Levels 1 to 3, 
on the other hand, were Emiran: an Initial 
Upper Palaeolithic industry named after 
another site where similar tools were first 
found. These levels were clearly part of 
the transition away from the Mousterian  
 Levallois-  based stone toolmaking trad-
ition that had held sway in the region for 
thousands of years.

There is evidence that these changes 
could all have happened quite quickly. 
There is a joke in Israel that you can see 
the transition to the Upper Palaeolithic 
happening on a single stone tool. The few 

Figure 24 An Emiran point 
(redrawn after   Belfer-  Cohen 
and   Goring-  Morris 2017; see  
note 2).
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On the Trail of the Modern Human Diaspora 133

Tachtit levels.4 What makes the site of great importance, however, is 
what the Jesuit priests found there.

In 1938 the diggers came upon the bones of two humans. The bet-
ter preserved of them was the skeleton of a child, about eight years 
old. It was buried with a protective covering of   water-  worn boul-
ders. They christened the find ‘Egbert’. Fragments of a second person 
were found close by. Excited by the discovery, but chilled by the 
imminent approach of the Second World War, the Jesuits decided to 
halt the excavation. They covered the burial in four inches of con-
crete to protect it until they could later return. Instead of taking the 
shortest route back to the United States, Father Ewing decided to 
make his return eastwards, ostensibly to avoid the deteriorating 
situation in Europe. He travelled via Baghdad, Basra and Bombay, 
eventually making it to the Philippines, where, absorbed and dis-
tracted by anthropological study of the tribes on Mindanao Island, he 
stayed from 1939 to 1940. Sadly, this was to prove a grave mistake, for 
while there he was captured by the Japanese army and imprisoned for 
three long years (‘internity  ’ as he called it).5 The precious excavation 

Figure 25 The stratigraphic section (left) shows the succession of archaeological 
layers in the site of Ksar Akil. The location of Egbert is shown (pictured right 
 during excavation and after reconstruction). Ethelruda is shown left, arrowed in 
its position in the IUP.
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to the extreme challenge of cold conditions and could not cope with 
it. One can almost imagine the desperate way that the people living 
at Mandrin tried to cling on. They built structures to protect them-
selves and their children from the increasingly cold and difficult 
conditions. But it was not enough. Their relatively brief presence in 
France ended and Neanderthal domination of Europe resumed 
shortly afterwards. Neanderthals succeeded in Ice Age Europe 48,000 
years ago, while modern humans went locally extinct. Thousands of 
years were to pass before Neanderthals would encounter modern 
humans again in this part of the world.

Meanwhile, far to the east we still had unfinished business. Our 
dating work at Denisova had focused on determining the age of 
the human remains, but we had also generated important data 
on the age of the many ornaments in the site. As you will recall 
from the previous chapter, these had been dated to between 43,000 
and 49,000 years ago, but we still did not have an answer to the 
more complex and difficult question of who had made them. The 
majority of specialists would link these objects with modern 
humans, because in Europe they are almost exclusively linked with 

Figure 26 Comparison of the date of the Néronian modern human occupation at 
Mandrin with the H5 climate event about 48,000 years ago. It would be more than 
4,000 years until modern humans were next seen in Europe. GIS stands for 
‘Greenland interstadial’;   GIS-  14–  13 is the longest phase of warmer conditions we 
see during this long period of time.   H5 –  the Heinrich event arrowed, brings this 
to a shuddering halt.
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us. However, it is possible that Neanderthals were also producing 
pierced tooth pendants not dissimilar to the Denisova examples, as 
we saw in Chapter 3.

Could the Denisovans have been responsible for producing similar 
ornaments far to the east? Our Russian colleagues certainly thought 
so. They based their conclusion on a careful analysis of the stone tools 
in Denisova Cave, from the bottom to the top layers.11 According to 
them, there seems to be a slow and steady development of the tools 
in the Denisova sequence from the Middle Palaeolithic to the Initial 
Upper Palaeolithic, demonstrating continuity rather than an arrival of 
this technology from somewhere else.

In November 2017 I was in Novosibirsk with Sam Brown to take 
more samples for our ZooMS work. After a late evening of drinks 
with our translator (which comprised rather too many cocktails in 
the colours of the Russian flag that were ignited prior to drinking), a 

Figure 27 Meeting with (from left to right) Maxim Kozlikin, Michael Shunkov 
and Anatoly Derevianko in Novosibirsk. Not feeling particularly great at this 
point . . .
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As we worked in Oxford, in Leipzig Svante Pääbo’s team was 
extracting DNA from the same specimen. They found that amongst 
the expected modern human DNA sequence, there was something 
else that was very surprising. They identified quite large chunks of 
Neanderthal DNA dotted throughout the genome. The DNA frag-
ments were longer than those we see in the genomes of modern 
people, indicating that the Ust’-  Ishim Man had lived closer to an 
ancestral introgression event with Neanderthals. As we get closer to 
the date of introgression, the stronger the   non-Homo sapiens genetic 
signal is, and the easier it is to accurately date the admixture. Imagine 

Figure 28 How admixture and recombination works. Large tracts of admixed 
DNA are evident closer to the introgression event when two previously separate 
populations interbreed. The larger the block sizes, the closer to the interbreeding 
event (denoted by the dashed arrow) you are.
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if a Neanderthal and a modern human had interbred, they would 
produce a child with an average 50 per cent split of Neanderthal and 
modern human DNA. If that child had interbred with another mod-
ern human, the DNA from the Neanderthal would be reduced again 
by about half. Gradually, with successive generations in which only 
modern humans are left to breed with, that ancestral Neanderthal 
DNA would be cut into smaller and smaller chunks. As we saw in 
Chapter 5, this is called ‘recombination’ and is how we can sometimes 
calculate how far back introgression occurred on a generational 
timescale.12

We calculated that the flow of Neanderthal DNA into humans 
occurred between 232 and 430 generations prior to the time the Ust’- 
 Ishim Man lived. That would mean that sometime around 55,000 
years ago the ancestors of Ust’-  Ishim had met and interbred with 

Figure 29 Radiocarbon dates of the Ust’-  Ishim Man compared with dates for 
bone points and ornaments from Denisova Cave.

29



On the Trail of the Modern Human Diaspora 145

Neanderthals.13 This gives us an earliest age for the introgression of 
DNA from Neanderthals to us.*

Our date on Ust’-  Ishim put modern humans on the ground in Siber -
 ia by   45–  50,000 years ago, right in the middle of the dates obtained for 
the ornaments from Denisova. When we compared the ornament ages 
with the dates for Ust’-  Ishim there was a significant overlap. To me this 
suggested it was just as likely that Homo sapiens had made these objects 
as that Denisovans had. Ultimately, however, we could not prove it 
either way. We needed more evidence before we could be sure.

As fate would have it, we did have something that could shed fur-
ther light on the problem. In July 2016 we had struck it lucky in our 
ZooMS work at Denisova Cave. We had found not just one but two 
new hominin bone fragments, from the East Chamber. Denisova 15 
came from Layer 12 and Denisova 14 was found in Layer 9.3. Layer 9.3 
is an Early Upper Palaeolithic archaeological layer that we had been 
focusing on precisely to address the question of who made that indus-
try. Both bones were tiny, just over 20mm in length, but there was 
enough weight of bone for dating, isotopes and, of course, DNA.

*  In the wake of the discovery of Ust’-  Ishim, Anatoly Derevianko sent out teams 
to scour the banks of the Irtysh river, to see whether any more skeletal remains or 
archaeological evidence could be found. They combed over 300km of riverbank, 
but found nothing.

Figure 30 The two tiny bones found with ZooMS: Denisova 14 on the left and 
Denisova 15 on the right. Two angles for each bone are shown. These two tiny 
fragments were the first human bones we had found since Denny, after screening 
a total of more than 3,500 bone fragments.

30



12. The Hobbits

In 2004 a new hominin was discovered. Technically it was found ‘in 
the dirt’, but not in the vestigial DNA remaining in sediment. Actual 
physical remains of this one were found in a cave on the island of Flo-
res in Indonesia. Like the Denisovans later, this created huge interest 
around the world and provided the first hints for palaeoanthropolo-
gists that there was much more complexity in the human family than 
we had ever appreciated.

Henry Gee is an editor at the leading scientific journal Nature, and 

Figure 31 Sites and locations featured in this chapter. The sea levels from 30,000 
to 80,000 years ago fluctuated between 50m and 120m below current levels. In this 
illustration the −120m contour is shown to give an idea of the maximum size of the 
additional landmass of Sunda and Sahul. Wallace’s Line is that modified by T. H. 
Huxley.
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13. The Journey to the East of Wallace’s Line

The genome of the Denisova 3 girl provided the revelation that 
living people in New Guinea and Bougainville in the Solomon 
Islands had obtained some of their ancestry from Denisovans.1 
Quite how it was that people living so far from Denisova Cave had 
Denisovan DNA in their genomes has remained something of a 
mystery. Some researchers have suggested that the reason might be 
that Denisovans were living east of Wallace’s Line.2 In this chapter, 
I want to investigate this conundrum, follow the trail of the 

Figure 32 Sites and locations mentioned in this chapter. Note the low   sea-  level 
contour at −120m.
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14. Homo erectus and the Ghost Population

There are other mysterious hominins that have lurked in the back-
ground of our story thus far. We saw in the previous chapter that a 
proportion of the archaic DNA of living people in Island Southeast 
Asia and Melanesia derives from an unknown source, a hominin that 
has yet to be genetically sequenced. Another mystery archaic hominin 
contributes between 2.7 and 5.8 per cent of the genome of Denisova 3, 
a hominin that diverged from the others 0.  9–  1.4  million years ago.1 
Geneticists call these tracts of DNA the remains of ‘ghost populations’, 
because we do not yet know whom they belong to in the fossil record.

Who could these hominins be? I think one strong potential can-
didate is Homo erectus, one of the most intriguing and   long-  lasting 
members of our human family. In this chapter I want to explore this 
further and see where the evidence leads us.

There is a long history of hominin discoveries and archaeological 
research in East Asia. In the 1800s the influential German zoologist 
Ernst Haeckel was convinced that the origin of humans lay in this 
region. Unlike Darwin, Haeckel favoured the east owing to the pres-
ence of similar primates, such as the orangutan and the gibbon. In a 

Figure 33 Sites and locations mentioned in this chapter.
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would mean that they probably also overlapped with some of the Den-
isovan populations that may have been in Island Southeast Asia. Once 
more it is not hard to imagine what a very strange and curious experi-
ence this would have been for both groups, encountering a different 
species of people, separated evolutionarily from one’s own for hun-
dreds of thousands of years before being reunited on a distant island. I 
imagine these African exits of successive groups belonging to our genus 
as being rather akin to waves crashing on a beach. The farthest easterly 
margins of that first wave crested in this wonderfully complex location 
in Island Southeast Asia; later, could it be that a second wave of the 
human family washed up in the same location and there they met?

In 1996 it looked as though evidence had been obtained that 
supported such a late survival. Two wonderfully named American 
geochronologists, Carl C. Swisher III and Garniss H. Curtis, were 
working on dating the key site of Ngandong on the Solo, just 10km 
from Trinil, the site where Dubois had made his discovery of Pithec
anthropus more than a century before. The site was excavated in the 

Figure 34 Sangiran 17.
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Figure 35 a) Sites with Neanderthal (Mousterian and Châtelperronian) evidence 
that were dated. b) The Bayesian model of the dated sites. c) The final age estimate 
for Neanderthal disappearance.
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At the same time as we have been resolving the ages of the last 
Neanderthals, the dates for the earliest Homo sapiens in Europe have 
also been changing. We have had hints for a while that the earliest 
European Homo sapiens were not the Aurignacians, whom we date 
after 42,000 years ago. We have evidence of early humans in Italy and 
Greece dating as far back as 45,000 years old, if not a little more (the 
oldest levels are still undated).15 This was based on a new analysis of 
two teeth from the southern Italian site of Grotta del Cavallo, which 
were previously thought to be Neanderthal. The tooth   re-  analysis 
showed that they were, in fact, modern human and this suggested a  
 pre-  Aurignacian presence of humans in southern Europe associated 
with a transitional   stone-  tool industry called the Uluzzian. These 
early dates have been confirmed at a site in Bulgaria called Bacho Kiro, 
where we find Initial Upper Palaeolithic tools and human bones that 
date to the same period as Cavallo.16 Earlier in this book we encoun-
tered new evidence from the Grotte Mandrin in southern France, 
which appears to show an even earlier presence of modern humans, by 
50,000 years ago, with tools of an Initial Upper Palaeolithic type that 
are completely different from those made by European Neanderthals. 
If we compare the estimates for the latest Neanderthals and the earliest 
Homo sapiens now   side-  by-  side we can reveal a significant overlap in 
time: up to 10,000 years. This is a much longer span than I ever thought 
possible. As I said previously, I expected a shorter period of overlap 
than this. How can we explain it?

Figure 36 A section of the genome from Oase Man (top line). Black lines indicate 
the positions of   Neanderthal-  like alleles on the genome. Below Oase is Ust’-  Ishim 
and below that three modern human genomes, a Han Chinese person, a French 
person and a Dinka person (from South Sudan), are shown for comparison. The 
grey shading at the top indicates the area of strong Neanderthal ancestry in Oase, 
indicating a very recent Neanderthal ancestor. This section of the genome is 
Chromosome 12, one of 22 chromosomes that were studied (modified after Fu et 
al. 2015; see note 14).
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to me that Neanderthals did not disappear because of a volcanic erup-
tion. Modern humans, on the other hand, might have been affected. 
The genomic evidence we have from   pre-  40,  000-  year-  old modern 
humans such as that found at Oase and Ust’-  Ishim shows that they 
left no descendants in modern populations. It is only after 40,000 
years ago that we see humans with whom we have some genetic 
ancestry. This suggests there might have been a population turnover 
around this time. More data are needed before we can blame the 
Campanian Ignimbrite, but it is possible that, despite its brevity, it 
was a significant influence on human populations.

Some researchers think disease could have wiped out the Nean derthals, 
or severely affected them. Transmissible spongiform encephalopa thies 
have been explored as potentially significant.23 These are a range 
of nasty prion related diseases, of which   Creutzfeldt-  Jakob Disease 
(CJD) is probably the best known. (Prions are abnormally folded pro-
teins.) The CJD variant was linked with the bovine version of the 
disease, bovine spongiform encephalopathy or BSE, popularly known 
as mad cow disease, which comes to humans via consumption of  

Figure 37 The Serino site. White arrow indicates an Aurignacian (early human) 
fireplace. Above is volcanic ash from the Campi Flegrei eruption.
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