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Abstract

This article brings to the attention of historians the recent discoveries by
palaeogeneticists of a pandemic of plague in Europe during the fourth and third
millennia BCE that contributed to the decline of the once-thriving Neolithic
farming population of Anatolian origin and opened the way to the migration of
nomadic herders equipped with bronze weapons who came from the steppes
of southern Russia. As the geneticists’ sequencing of ancient DNA has
revealed, the ancestry of central, northern and western Europeans changed
from predominantly Anatolian to largely (or, in some areas, predominantly)
the steppe nomads. Besides the change in ancestry, the genetic sequencing
of Bronze Age European populations also provides evidence that the arrival
of the Yamnaya changed their social structures and gender relations and
contributed to the spread of the Indo-European languages.
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Indo-European

Introduction

The purpose of this article is to bring to the attention of historians a pandemic of the
plague in Europe during the Neolithic and Bronze Ages that has recently come to
light, thanks to the work of palacogeneticists. Their sequencing of ancient DNA has
shown that this pandemic and the migrations of nomadic herders from the steppe
during the late Neolithic and early Bronze Ages had a major impact on the ancestry
of the European population and on their social structure and gender relations, and
possibly also on the languages they spoke.

Thisarticle is based on recent discoveries reported in scientific journals such as Nazure,
Science, Proceedings of the National Academy of Science and Scientific American, and
also in more specialised journals such as Genetics, Cell, Clinical Infectious Diseases
and Current Biology, as well as with two recent books by the eminent palacogeneticists
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David Reich of the Harvard Medical School and Johannes Krause of the Max Planck
Institute for Evolutionary Anthropology in Leipzig, Germany.

Neolithic Europe

Until about 7000 BCE, Europe was inhabited by hunter-gatherers whose ancestors
had migrated from Africa some forty to fifty thousand years ago. Although their
stone tools and cave art are well known, we know nothing of their language. Then,
between about 7000 and 5000 BCE, farmers coming from Anatolia began migrating
to Europe, bringing with them their seeds, their animals, their tools and their skills.
One stream moved up the valley of the Danube into what are now Romania, Hungary,
Austria and Germany, while another migrated along the Mediterranean coast to
Greece and Italy. The two streams merged, and by 5200 BCE their descendants had
moved into Spain, France and the rest of Europe. In the process, they increasingly
came into contact with hunter-gatherers. At first, there was little interbreeding.
Then, starting around 4000 BCE, there was more. As their numbers grew, they
assimilated or replaced the hunter-gatherers they encountered. As a result, more of
the DNA of Europeans living today comes from Anatolian farmers than from the
hunter-gatherers who preceded them.!

Thanks to their ability to grow crops and raise animals, the Neolithic farmers
produced more food than foragers could kill or gather on the same amount of
land, which allowed their numbers to grow. As the population geneticist Luigi Luca
Cavalli-Sforza of Stanford University explained in this book Genes, Peoples, and
Languages, given favourable circumstances, such as newly discovered land, human
populations grow rapidly.” In a study of the Neolithic population of Germany, Poland
and Denmark published in 2007, the archaeologists Stephen Shennan of University
College London and Kevan Edinborough of the University of Melbourne found
that the introduction of farming resulted in a rise in the population of what is today
Germany starting c. 5500 BCE, followed by that of Poland and, after c. 4000 BCE,
that of Denmark.?

1 Luigi Luca Cavalli-Sforza, Genes, Peoples, and Languages, translated by Mark Seielstad (New York: North Point
Press, 2000), 101-10. See also Montserrat Hervella et al., ‘Ancient DNA from south-east Europe reveals different
events during Early and Middle Neolithic influencing the European genetic heritage’, PLOS ONE (8 June 2015),
doi.org/10.1371/journal.pone.0128810; lain Mathieson et al., ‘Eight thousand years of natural selection in Europe’,
bioRxiv (2015): 016477; Laura Spinney, ‘How farmers conquered Europe’, Scientific American (July 2020): 60-7.

2 Cavalli-Sforza, Genes, Peoples, and Languages, 98.

3 Stephen Shennan and Kevan Edinborough, ‘Prehistoric population history: From the Late Glacial to the Late
Neolithic in Central and Northern Europe’, Journal of Archaeological Science 34, no. 8 (2007): 1341, doi.org/10.1016/
j.jas.2006.10.031.


http://doi.org/10.1371/journal.pone.0128810
http://doi.org/10.1016/j.jas.2006.10.031
http://doi.org/10.1016/j.jas.2006.10.031

The plague and the population of Europe in the Neolithic and Bronze Ages

The Neolithic decline

As Shennan and Edinborough note, however, there was a population crash
‘of enormous magnitude’ after c. 5000 BCE.* More specifically:

After 5000 cal BC the German data suggest a remarkable decline in
population ... lasting, with one or two fluctuations, until after 3500 cal BC.
Poland shows a very similar picture although the decline is not as striking.
In Denmark there is no such marked crash although there is a decline to just
over half the maximum 3500 cal BC value at c. 3000 BC

The anthropologist Sean Downey of Ohio State University also noted that this
initial population boom was soon followed by demographic instability and
a dramatic collapse.®

What could have caused such a decline in population? Scholars have advanced several
hypotheses. One is a change in the climate. The archaeologist and anthropologist
David Anthony of Hartwick College noted that the climate got colder after
c. 4200 BCE, forcing the farmers of the lower Danube Valley to shift from wheat
to rye, a more frost-resistant crop, and even to abandon their villages.” Likewise, the
archaeologist Sue Colledge at University College London and her colleagues noted
a reduction in yields due to worsening climate conditions.®

Another explanation is an outbreak of violence, as evidenced by the number of
mass graves and abandoned villages, and the burning of houses during this period,
such as the sites of Kapellenberg and Schoneck-Kilianstidten in Germany.’
The violence hypothesis is intriguing, but it is hard to believe that it could have
kept the population at a low level for so many hundreds of years.

4 Ibid., 1343.

5  Ibid., 1341-3. Cal BC refers to calibrated radiocarbon dates.

6 Sean S. Downey et al., ‘European Neolithic societies showed early warning signals of population collapse’,
Proceedings of the National Academy of Sciences 113 (2016): 9751, doi.org/10.1073/pnas.1602504113.

7 David W. Anthony, The Horse, the Wheel, and Language: How Bronze-Age Riders from the Eurasian Steppe Shaped
the Modern World (Princeton, NJ: Princeton University Press, 2007), 227, doi.org/10.1515/9781400831104.

8  Sue Colledge et al., “Neolithic population crash in northwest Europe associated with agricultural crisis’,
Quaternary Research 92, no. 3 (November 2019): 686, doi.org/10.1017/qua.2019.42.

9  Christian Meyer et al., “The massacre mass grave of Schoneck-Kilianstidten reveals new insights into collective
violence in Early Neolithic Central Europe’, Proceedings of the National Academy of Sciences 112, no. 36 (8 September
2015): 11217-22, doi.org/10.1073/pnas.1504365112; Hannes Schroeder et al., ‘Unraveling ancestry, kinship, and
violence in a Late Neolithic mass grave’, Proceedings of the National Academy of Sciences 116, no. 22 (28 May 2019):
10705-10, doi.org/10.1073/pnas.1820210116.
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Yet another cause of the population decline was the general deterioration in health
that accompanied the transition from hunting and gathering to agriculture and
animal husbandry.'’ According to the political anthropologist James C. Scott of
Yale University, epidemiologically, this was perhaps the most lethal period in human
history."" In Neolithic settlements, people lived crowded together alongside their
domesticated animals and their waste, in circumstances far more unsanitary than
the lifestyles of migrating hunter-gatherers. The microbiologist Nicolds Rascovan
of the Institut Pasteur in Paris and his colleagues note:

The emergence of infectious diseases is a possible third contributing
factor to the decline. The close contact between humans and animals and
the accumulation of food, likely led to poorer sanitary conditions and an
increased risk of pathogen emergence and transmission in human settlements
in the Neolithic and afterward.'

These circumstances may have made Neolithic farmers more susceptible to
communicable diseases, such as the plague.

Sequencing ancient DNA

What we now know of the plague in the Late Neolithic and Early Bronze Ages and
its impact on the genetic composition of the inhabitants of Europe comes from the
recent revolution in palacogenetics.

Since the 1950s, geneticists have been identifying the functions of the genes within
the DNA of living beings. A person’s DNA contains not only the information
essential to his or her growth and life, but also a record of that person’s ancestry and
how long ago any two individuals had a common ancestor. By 2015, computerised
robots could sequence DNA at 100,000,000th of the cost of the first experiment.
Once it became possible to sequence the DNA of living individuals, the next step was
to do the same to long-dead people, based on traces of DNA found in their remains.
In 2010 Svante Piibo of the Max Planck Institute for Evolutionary Anthropology in
Leipzig and his team announced that they had successfully sequenced the genome
of 2 50,000-year-old Neanderthal.” In his book Who We Are and How We Got Here

10 Helen M. Leach, ‘Human domestication reconsidered’, Current Anthropology 44, no. 3 (2003): 349-68, doi.
0rg/10.1086/368119; Daniel Lieberman, 7he Story of the Human Body: Evolution, Health, and Disease (New York:
Vintage, 2014), 190-5.

11 James C. Scott, Against the Grain: A Deep History of the Earliest States (New Haven, CT: Yale University Press,
2017), 96-7, doi.org/10.2307/j.ctv1bvnfk9.

12 Nicolds Rascovan et al., ‘Emergence and spread of basal lineages of Yersinia pestis during the Neolithic decline’,
Cell 176, no. 1 (2019): 295, doi.org/10.1016/j.cell.2018.11.005.

13 Richard E. Green et al., ‘A Draft Sequence of the Neanderthal Genome’, Science 328, no. 5979 (7 May 2010):
710-22.
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(2018), Reich describes the methods scientists use and the obsessive precautions they
take to avoid contamination. These methods, now being practised in laboratories
around the world, have opened up entirely new vistas on the human past.*

The causes of the Neolithic decline became much clearer from 2015 on, thanks to
a series of articles published by teams of geneticists applying the latest techniques
of extracting and sequencing the DNA of people who died thousands of years ago.
What they found was the first appearance of the plague among humans and its
impact on the populations of Central Asia and Europe.

The plague

The discoveries of palacogenetics are so recent that every new finding raises more
questions and new challenges. It is in the nature of a cutting-edge science that much
of what we learn from the work of scientists lies somewhere between first hypotheses
and established facts. Thus the timing of prehistoric events such as migrations or the
spread of diseases is a lot less certain than in later periods. It is from an accumulation
of findings that gradually our understanding of ancient events such as the plague
becomes clearer.

The plague is caused by the bacteria Yersinia pestis. According to the geneticist Simon
Rasmussen of the University of Copenhagen and his colleagues, these bacteria
evolved from their predecessors Yersinia pseudotuberculosis 5,783 years ago;" the
geneticists Mark Achtman of the University of Warwick and Daniel Zimbler, then
of Northwestern University, and their colleagues date the split at 6,500 or more
years ago.'® The plague originated as an enzootic disease among marmots, gerbils
and other sylvatic rodents in Central Asia and Tibet or in the Tien Shan mountains
of Kyrgyzstan."” The earliest evidence of Y. pestis infection found among humans in

14 David Reich, Who We Are and How We Got Here: Ancient DNA and the New Science of the Human Past (New

York: Vintage, 2019); on the methods of ancient DNA sequencing, see pp. xv—xvii, 31, 33. See also Johannes

Krause and Thomas Trappe, A Short History of Humanity: A New History of Europe, translated by Caroline Waight

(New York: Random House, 2021), 6-18, and Kyle Harper, Plagues Upon the Earth: Disease and the Course of
Human History (Princeton, NJ: Princeton University Press, 2021), 43-8, doi.org/10.1515/9780691224725. For a

more technical explanation, see C. Hofman and C. Warinner, Ancient DNA 101: An Introductory Guide to the

Era of High-Throughput Sequencing’, SAA Archaeological Record 19 (2019): 18-25.

15 Simon Rasmussen et al., ‘Early divergent strains of Yersinia pestis in Eurasia 5,000 years ago’, Ce/l 163 (2015):

571-82, doi.org/10.1016/j.cell.2015.10.009.

16 Mark Achtman et al., ‘Microevolution and history of the plague bacillus Yersinia pestis, Proceedings of the

National Academy of Sciences 101, no. 51 (2004): 17837-42, doi.org/10.1073/pnas.0408026101; Daniel L.

Zimbler et al., ‘Early emergence of Yersinia pestis as a severe respiratory pathogen’, Nature Communications 6 (2015):

7487, doi.org/10.1038/ncomms8487.

17 Yujun Cui et al., ‘Historical variations in mutation rate in an epidemic pathogen Yersinia pestis, Proceedings of
the National Academy of Sciences 110, no. 2 (2013): 577-82; Maria A. Spyrou et al., ‘Ancient pathogen genomics as

an emerging tool for infectious disease research’, Nature Reviews Genetics 20 (June 2019): 323-40, doi.org/10.1038/

s41576-019-0119-1; G. A. Eroshenko et al., ‘Yersinia pestis strains of ancient phylogenetic branch of O.ANT are

widely spread in the high mountains plague foci of Kyrgyzstan’, PLOS ONE 12 (2017): €187230, doi.org/10.1371/

journal.pone.0187230.
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Europe is that of a hunter-fisher-gatherer who lived in what is now Latvia between
3400 and 3100 BCE."® Unambiguous presence of Y. pestis was found in Sweden in
two individuals who died c. 2850 BCE, then others in Estonia dated to 2462 BCE
and in Poland in 2029 BCE."” The plague may have spread to other parts of
Europe sometime after 3000 BCE and returned several times to southern Russia
and Siberia.”

The plague these individuals died of was not the bubonic plague famous for
causing the Black Death of the Middle Ages, as well as Justinians Plague in the
sixth century CE and the most recent plague epidemic in the late nineteenth
and early twentieth centuries. The earlier strains of Y. pestis lacked a gene called
Yersinia murine toxin (or Ymt) that coded for a protective enzyme that enabled
the bacteria to block the digestive tract of fleas, causing the starving fleas to jump
to rats and to humans in a desperate search for food. This gene did not appear
until after 951 BCE.?' Instead, the plague that appeared in Eurasia in the late
Neolithic and early Bronze Ages was the pneumonic plague, a disease of the lungs
that is spread directly from human to human by coughing or sneezing, like the
flu or Covid-19. There is some debate regarding the transmission and virulence of
pneumonic plague. If untreated, this form of plague is invariably fatal.** According
to the epidemiologists Jacob Kool formerly of the US Centers for Disease Control
and Prevention and Robert Weinstein of Rush University, pneumonic plague ‘is not
as contagious as it is commonly believed to be. Persons with plague usually only
transmit the infection when the disease is in the end stage, when infected persons
cough copious amounts of bloody sputum, and only by means of close contact’.”
However, the incubation period is three to seven days, during which an infected
person may spread the disease before he or she falls ill.*

The spread of plague coincided with the Neolithic population decline noted earlier.””
Rascovan and his colleagues explain:

18  Julian Susat et al., ‘A 5,000-year-old hunter-gatherer already plagued by Yersinia pestis’, Cell Reporss 35 (29
June 2021); 109278, doi.org/10.1016/j.celrep.2021.109278; see also M. E. Allentoft et al., ‘Population genomics
in Bronze Age Eurasia’, Nazure 522 (11 June 2015): 167-72.

19 Rascovan, ‘Emergence and spread of basal lineages of Yersinia pestis’, 296; Rasmussen et al., ‘Early divergent
strains of Yersinia pestis’, 572.

20 Aida Andrades Valtuena et al., “The Stone Age plague and its persistence in Eurasia’, Current Biology 27
(4 December 2017): 3683-91, doi.org/10.1016/j.cub.2017.10.025; Shevan Wilkin et al., ‘Dairying enabled Early
Bronze Age Yamnaya steppe expansion’, Nazure 598 (28 October 2021): 629-33, doi.org/10.1038/s41586-021-
03798-4.

21  Susat et al., ‘A 5,000-year-old hunter-gatherer already plagued by Yersinia pestis’; Rasmussen et al., ‘Early
divergent strains of Yersinia pestis’.

22 R. D. Pechous et al., Pneumonic plague: The darker side of Yersinia pestis, Trends in Microbiology 24 (2016):
190-7, doi.org/10.1016/j.tim.2015.11.008.

23 Jacob L. Kool and Robert A. Weinstein, ‘Risk of person-to-person transmission of pneumonic plague’, Clinical
Infectious Diseases 40, no. 8 (15 April 2005): 1166, doi.org/10.1086/428617.

24 ‘Plague’, www.who.int/news-room/fact-sheets/detail/plague, accessed 5 August 2021; Zimbler et al., ‘Early
emergence of Yersinia pestis as a severe respiratory pathogen’.

25 Rasmussen et al., ‘Early divergent strains of Yersinia pestis’, 575.
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Our analyses revealed that during the decline of Neolithic populations
in Europe, between 5,000-5,000 BP [before the present, before 1950],
multiple lineages of Y. pestis branched out and expanded throughout Eurasia.
The analysis of the archaeological context and the human genomes revealed
that the emergence and spread was not due to massive migrations, but more
likely facilitated by the lifestyles, population growth, and the expanding
trade networks.?

Furthermore, they add: ‘Large-scale branching and geographic radiation of Y. pestis
occurred between 6,000 and 5,000 years ago during the period known as the
Neolithic decline, and shortly before the massive migrations from the Eurasian
Steppe into Europe.’”’

An important consequence of the plague that accompanied and contributed to the
dramatic decline in the Neolithic population was to open Europe west of the steppe
to an invasion by pastoral nomads from the east. It is this migration that brought
about the major changes in the ancestry, the social class structure and the gender
relations of Europeans that palacogeneticists have revealed. We know these migrants
as the Yamnaya.

The Yamnaya and their horses

While farmers from Anatolia were migrating into Europe, another important
transformation was taking place on the Pontic—Caspian steppe in southern Russia
north of the Black and Caspian seas. As Anthony recounts in his book 7he Horse,
the Wheel, and Language, the steppe was a grassland too dry to farm. Yet the region
attracted a people known as Yamnaya whose ancestors had come from Armenia and
Iran and from eastern Europe. After c. 5000 BCE, they settled in the river valleys,
where they grew millet and barley. In addition to their herds of sheep, they also
began herding cattle, an activity that had originated among the farmers and herders
of the Danube Valley.”®

The first people to domesticate horses were the Botai, hunter-gatherers who lived in
what is now northern Kazakhstan. Beginning in the mid-fourth millennium BCE,
they raised horses as a source not only of meat and leather, but also of milk, traces of
which scientists have found in ceramic jugs and in dental calculus (or tartar). Once
they had acquired lactase persistence—the ability to digest milk after weaning—this

26 Rascovan, ‘Emergence and spread of basal lineages of Yersinia pestis’, 296.

27 Ibid., 298.

28  Anthony, The Horse, the Wheel, and Language, chapters 3 and 8; Ewan Callaway, ‘DNA data explosion lights
up the Bronze Age’, Nature 522, no. 755 (10 June 2015): 140-1, doi.org/10.1038/522140a; Wolfgang Haak et al.,
‘Massive migration from the steppe was a source for Indo-European languages in Europe’, Nazure 522 (11 June
2015): 207-11, doi.org/10.1038/nature14317; Wilkin et al., ‘Dairying enabled Early Bronze Age Yamnaya steppe

expansion’; Andrades Valtuefia et al., “The Stone Age plague and its persistence in Europe’.
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gave herders an additional source of protein besides meat.”” Horses were important
to the survival of other herd animals in the winter, for they could use their hooves
to uncover grass below a snow cover for themselves and for cattle and sheep, which
would otherwise starve in a snowstorm.*

By the late fourth and early third millennia BCE, raising horses had spread to
the Yamnaya herders on the Pontic—Caspian steppe.’’ Simultaneously with horse
domestication, they learned to smelt copper and arsenic together to make bronze—
the beginning of the Bronze Age. As the climate became drier after c. 3500 BCE, the
herders had to move their herds more often. By using ox-drawn carts and wagons to
transport food, water, supplies and portable shelters, the Yamnaya were able to leave
the river valleys and move onto the dry steppe. They abandoned their settlements
and crops and became full-time pastoral nomads, moving their herds to better
pastures according to the seasons and rainfall.**

Exactly when the Yamnaya learned to ride horses is still controversial. In his book
The Horse, the Wheel, and Language, published in 2007, Anthony argued that
herders learned to ride horses after 3500 BCE.** More recently, palacogeneticists
have moved the origin of horseback riding to c. 2200-2000 BCE.>* By then, the
Yamnaya had already begun to migrate into the Danube Valley and from there
into central and northern Europe.”> On horseback, nomadic herders could manage

29  Sarah A. Tishkoff et al., ‘Convergent adaptation of human lactase persistence in Africa and Europe’, Nature
Genetics 32, no. 1 (2007): 31-40, doi.org/10.1038/ng1946; Nabil Sabri Enattah et al., ‘Independent introduction
of two lactase-persistence alleles into human populations reflects different history of adaptation to milk culture’,
American Journal of Human Genetics 82, no. 1 (2008): 57-72, doi.org/10.1016/j.ajhg.2007.09.012; Yuval Itan et al.,
“The origins of lactase persistence in Europe’, PLOS Computational Biology (28 August 2009), doi.org/10.1371/
journal.pcbi.1000491.

30 Choongwon Jeong et al., “The genetic history of admixture across inner Eurasia’, Nature Ecology and Evolution
3 (2019): 966-76, doi.org/10.1038/s41559-019-0878-2; Charleen Gaunitz et al., ‘Ancient genomes revisit the
ancestry of domestic and Przewalski’s horses’, Science 360 (2018): 111-14, doi.org/10.1126/science.aa03297;
Tosin Thompson, ‘Ancient DNA points to origins of modern domestic horses: Genetic analysis shows ancestors
of modern horses lived in the Western Eurasian steppes 4,000 years ago’, Nature 598 (28 October 2021): 550,
doi.org/10.1038/d41586-021-02858-z; Pablo Librado et al., “The origins and spread of domestic horses from the
Western Eurasian steppes’, Nature 598 (28 October 2021): 634-40; Alan K. Outram et al., “The earliest horse
harnessing and milking’, Science 323, no. 5919 (6 March 2009): 1332-5, doi.org/10.1126/science.1168594;
Shevan Wilkin et al., ‘Dairying enabled Early Bronze Age Yamnaya steppe expansion’, 629-33.

31 Librado et al., “The origins and spread of domestic horses from the Western Eurasian steppes’; Outram et al.,
“The earliest horse harnessing and milking’; Wilkin et al., ‘Dairying enabled Early Bronze Age Yamnaya steppe
expansion’; Thompson, ‘Ancient DNA points to origins of modern domestic horses’; Anthony, 7he Horse, the Wheel,
and Language, 221, 300, 460.

32 Reich, Who We Are, 107; Anthony, The Horse, the Wheel, and Language, 66, 311-17.

33 Anthony, The Horse, the Wheel, and Language, 220-3, 380.

34  Peter de Barros Damgaard et al., “The first horse herders and the impact of Early Bronze Age steppe expansions
into Asia’, Science 360 (2018): 1422, doi.org/10.1126/science.aar7711; Librado et al., “The origins and spread of
domestic horses from the Western Eurasian steppes’; Outram et al., “The earliest horse harnessing and milking’;
Thompson, Ancient DNA points to origins of modern domestic horses’.

35 Fernando Racimo et al., “The spatiotemporal spread of human migrations during the European Holocene’,
Proceedings of the National Academy of Sciences 117 (2020): 8989-9000, doi.org/10.1073/pnas.1920051117;
Anthony, The Horse, the Wheel, and Language, 361.
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much larger herds, and also engage in raiding.*® Besides the climate change that
pushed them to migrate westward, the Yamnaya were attracted by the lands that
became vacant as the Neolithic population plummeted. Krause writes: ‘It seems
plausible, then, that the migrants from the steppes arrived in a largely depopulated
landscape.® Others have suggested that they may also have been driven to migrate
by outbreaks of plague on the steppe.’®

The horses that the Botai had domesticated and that nomadic herders on the
Pontic—Caspian steppe adopted were not the Equus caballus that we are familiar
with, but another sub-species, Equus przewalskii. The very few Przewalski’s horses
that survive today in small numbers in nature preserves in Mongolia are not really
wild horses but are instead feral—that is, descended from the domesticated horses of
the Botai.* Sometime around 2200-2000 BCE, the Przewalski horses were replaced
with Equus caballus. The question is why?

Krause has proposed an intriguing hypothesis that may explain both the spread
of the plague and the replacement of one breed of horses with another.*” While a
hypothesis is not a proven fact, it is a first step, an invitation to further research.
As he points out, other animals besides rodents and humans, such as cattle, sheep and
horses, are susceptible to the plague. When Dr Alexandre Yersin, the microbiologist
who discovered the plague bacterium Yersinia pestis that is named after him, infected
several domesticated animals with the plague, only a horse of the Equus caballus
breed survived. Przewalski horses may have been more susceptible carriers of the
plague, to which modern horses are more resistant.

When the Yamnaya migrated into central and northern Europe, they—and possibly
their horses—carried Y. pestis with them; as Krause points out, ‘in those days, every
single man from the steppe was a rider. With only one exception, all of the Stone
Age plague pathogens have been discovered in men with steppe DNA’.#! This raises
the question: How did they not succumb to this disease? Reich asks:

36 Seealso Vera Warmuth etal., ‘Reconstructing the origin and spread of horse domestication in the Eurasian Steppe’,
Proceedings of the National Academy of Sciences 109, no. 21 (2012): 82026, doi.org/10.1073/pnas.1111122109.

37 Krause and Trappe, A Short History, 105.

38 Ewan Callaway, ‘Bronze Age skeletons were earliest plague victims: Deadly disease suspected to have driven
mass migrations across Europe and Asia’, Nature (22 October 2015), doi.org/10.1038/nature.2015.18633;
Rasmussen et al., ‘Early divergent strains of Yersinia pestis’, 571-3.

39 Wilkin et al., ‘Dairying enabled Early Bronze Age Yamnaya steppe expansion’; Gaunitz et al., ‘Ancient genomes
revisit the ancestry of domestic and Przewalski’s horses’; Librado et al., “The origins and spread of domestic horses
from the Western Eurasian steppes’; Thompson, ‘Ancient DNA points to origins of modern domestic horses’;
Krause and Trappe, A Short History, 111.

40  Krause and Trappe, A Short History, 171.

41 Ibid., 171-2.
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How was it that the low-population-density shepherds from the steppe were
able to displace the densely settled farmers of central and western Europe? ...
Is it possible that the steppe people had picked up the plague and built up an
immunity to it, and then transmitted it to the immunologically susceptible
central European farmers, causing their numbers to collapse and thereby
clearing the way for the Corded Ware culture expansion?*?

And according to the archacologist Kristian Kristiansen of the University of
Gothenburg, as related by science writer James Close in Scientific American in
2020: “The Yamnaya likely had some immunity to the bacterium if they had already
been exposed to it for hundreds of years. That resistance would have given them
an advantage over the plague-ravaged European farmers.”

And as Krause explains:

We know that plague bacteria existed in the south of what is now Russia
at least 5,000 years ago, a region that later saw a mass exodus to Central
Europe, where around the same time there was a sharp decline in the size of
the local population. Could it be that a recently introduced pathogen killed
these people, and that they were replaced by a group who was already adapted
to it? There is plenty of evidence to suggest this was the case.*

This scenario brings up the thorny question of differential susceptibility. We know
that certain populations are genetically susceptible to particular diseases; the classic
cases are the susceptibility of people of African ancestry to sickle cell anaemia
and of Ashkenazi Jews and French Canadians to Tay-Sachs disease. Differential
susceptibility, sometimes called the ‘virgin soil’ hypothesis, has been used to
explain the extraordinary mortality among Native Americans in the sixteenth and
seventeenth centuries from diseases (e.g. measles, chicken pox, smallpox) that did
not afflict Europeans coming from the Old World nearly as much.” At the time
of writing, the different susceptibilities to the pneumonic plague of Neolithic
farmers and of Yamnaya herders (and that of their two breeds of horses) are still
being investigated.“®

42 Reich, Who We Are, 112—-14.

43 James P. Close, ‘Ancient Plagues Shaped the World’, Scientific American (November 2020): 71-9.
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The genetic transformation of Europe

By helping spread the plague, the Yamnaya (and possibly also their horses)
transformed the genetic composition of the peoples of large parts of Europe and, as
a corollary, changed their social structures and their gender relations. By sequencing
the DNA of Europeans buried at the time of the Yamnaya migration and soon
thereafter, geneticists have found evidence of a significant change in their ancestry
compared to the ancestry of Neolithic farmers before the migration. According to
Wolfgang Haak, a geneticist at the Max Planck Institute for the Science of Human
History in Jena, Germany, and his colleagues, the study of the genomes of ancient
skeletons in Germany shows that three-quarters of their ancestry comes from
the Yamnaya. Other parts of Europe also show significant steppe ancestry: 39 —
50 per cent in central and northern Europe, 43 — 47 per cent eastern Europe and
90 per cent in the British Isles. Only in southern Europe was it much lower, ranging
from 18.5 to 32.6 per cent.” Haak explains: “The steppe ancestry persisted in all
sampled Europeans until at least ~3,000 years ago, and is ubiquitous in present-day
Europeans.™®

The dramatic replacement of ancestry in much of Europe changed the culture.
When archaeologists talk about the culture of prehistoric peoples, they mainly
refer to their tombs and the artefacts they made that have survived, such as stone
and metal objects; hence the expressions Neolithic and Bronze Ages. Also of great
value in understanding and dating cultures is the pottery they left behind. Central
and eastern European cultures of the Late Neolithic and Early Bronze Age periods
correspond to a type of pottery called Corded Ware. Burials show a significant
correlation between the Yamnaya and Corded Ware pottery.” As Reich writes:
“The association between steppe genetic ancestry and people assigned to the Corded
Ware archaeological culture through graves and artifacts is not simply a hypothesis.
It is now a proven fact.”

Gender relations and social structure

Not only was the ancestry of European peoples transformed by the influx of people
from the Pontic—Caspian steppe, so were their social structures and relations between
the genders. In her many works on the history of Europe during the Neolithic
and Bronze Ages, the Lithuanian-American anthropologist Marija Gimbutas
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of UCLA argued that before the arrival of the Yamnaya, European society was
matriarchal. Though Anthony later confirmed her description of Yamnaya society
in his book 7he Horse, the Wheel, and Language, this interpretation has been widely
criticised.”® By sequencing the mitochondrial DNA, a tiny portion of the genome
that is transmitted only from mothers to daughters, and the Y chromosome,
which is transmitted only from fathers to sons, Amy Goldberg, an evolutionary
anthropologist at Duke University, found that the Neolithic farmers who migrated
from Anatolia did so as families, with men and women in roughly equal numbers.

In contrast, the remains of men, horses, grave vessels and weapons that archaeologists
have found in Yamnaya kurgans, or earthen burial mounds, provide ample evidence
of a male-centred society dominated by a warrior elite. Among the migrating steppe
peoples, with their ‘overrepresentation of male burials, male deities, and kinship
terms’, there were approximately five to 14 males for every female.*?

In their genomic history of the Iberian Peninsula during the last 8,000 years, Inigo
Olalde, a member of Reich’s genetics laboratory at Harvard University, and his
colleagues found that by c. 2000 BCE while about 40 per cent of the genomes of
the Iberian peoples came from their steppe ancestry, nearly 100 per cent of their
Y chromosomes came from steppe ancestry.” According to Krause:

Eighty to 90 per cent of the Bronze Age Y chromosomes were new to Europe
but had been present on the steppes. Both these factors suggest that men from
the steppes came to central Europe and had numerous children with local
women. Up to 80 per cent of the Yamnaya migrants were male.*

From the data revealed by sequencing ancient DNA, Reich draws a far-ranging
conclusion: “The preponderance of male ancestry coming from the steppe implies
that male descendants of the Yamnaya with political and social power were
more successful at competing for local mates than men from the local groups.’
And furthermore:

in this period, it began to be possible for single males to accumulate so much
power that they could not only gain access to large number of females, but
they could also pass on their social prestige to subsequent generations and
ensure that their male descendants were similarly successful.”
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In other words, the Yamnaya imposed not only their genes upon the Neolithic
farming peoples they encountered, they also imposed their stratified social structure
and their male-dominated gender relations.

The origin of the Indo-European languages

Unlike ancestry, which leaves traces in the DNA of people both living and dead,
and class structures, which are evident in tombs, monuments and artefacts, language
before writing is evanescent and very difficult to reconstruct, and hence subject to
disagreements among historical linguists. While palacogenetics cannot put an end
to these disagreements, it can contribute new evidence and insights.

Historical linguistics traditionally began with a lecture by the British magistrate
Sir William Jones to the Asiatic Society of Bengal in 1786:

The Sanscrit [sic] language, whatever be its antiquity, is of a wonderful
structure; more perfect than the Greek, more copious than the Latin, and
more exquisitely refined than either, yet bearing to both of them a stronger
affinity, both in the roots of verbs and the forms of grammar, than could
possibly have been produced by accident; so strong indeed, that no philologer
could examine them all three, without believing them to have sprung from
some common source, which, perhaps, no longer exists.*®

Although Jones did not use the term, the languages he referred to are now called
Indo-European. His ‘common source’, now known as Proto-Indo-European or
PIE, attracted so much attention, both scholarly and fantastical, that in 1866
the Linguistic Society of Paris banned all debate on the subject. Yet the attention
never abated.

Before the genetic revolution, two competing hypotheses dominated the question.
In Archaeology and Language: The Puzzle of Indo-European Origins, published in
1988, the British archaeologist Sir Colin Renfrew argued that PIE was brought
to Europe by Neolithic farmers from Anatolia.”” In response, Gimbutas attributed
the introduction of PIE to Europe to the Yamnaya. Her theory was taken up by
Anthony in his book 7he Horse, the Wheel, and Language>® As he and the linguist
Donald Ringe wrote in 2015:

56 Sir William Jones, Discourses delivered before the Asiatic Society: And miscellaneous papers, on the religion, poetry,
literature, etc., of the nations of India. (London: C. S. Arnold, 1824), 28.

57  Cambridge University Press, 1988. See also his “The Origins of Indo-European Languages’ in Scientific American
(October 1989), 106-14, doi.org/10.1038/scientificamerican1089-106.

58  Gimbutas, Kurgan Culture, passim; Anthony, The Horse, the Wheel, and Language, passim.

25


http://doi.org/10.1038/scientificamerican1089-106

26

International Review of Environmental History - Volume 8, Issue 2, 2022

Archeological evidence and linguistic evidence converge in support of an
origin of Indo-European languages on the Pontic—Caspian steppes around
4000 years BCE. The evidence is so strong that arguments in support of other
hypotheses should be reexamined.”

Recently, linguists have applied statistical techniques and massive computing
power to the comparative analysis of hundreds of words in all known Indo-
European languages, and have come up with startling results. In 2003, the biologist
and historical linguist Russell D. Gray and the linguist Quentin Atkinson at the
University of Auckland wrote:

We analyze linguistic data using computational methods derived from
evolutionary biology ... In striking agreement with the Anatolian hypothesis,
our analysis of a matrix of 87 languages with 2,449 lexical items produced
an estimated range for the initial Indo-European divergence between 7,000
and 9,800 BR®

In an article published in the journal Science in 2012, the linguist Remco Bouckaert,
also at the University of Auckland, and his colleagues argued: “We used Bayesian
phylogenetic approaches, together with basic vocabulary data from 103 ancient
and contemporary Indo-European languages ... We found decisive support for an
Anatolian origin over a steppe origin.”!

Most recently, in an article published in the journal Language, the historical linguist
Will Chang and his colleagues at the University of California, Berkeley, came to the
opposite conclusion:

Here we present a phylogenetic analysis in which ancestry constraints permit
more accurate inference of rates of change, based on observed changes
between ancient and medieval languages and their modern descendants, and
we show that the result strongly supports the steppe hypothesis.®*

The revolution in sequencing ancient DNA that began in 2015 has contributed
to, but not resolved, the issue. Morten Allentoft, an evolutionary geneticist at the
Natural History Museum of Denmark in Copenhagen, and his colleagues wrote:
“We show that the Bronze Age was a highly dynamic period involving large-scale
population migrations and replacements ... Our findings are consistent with the
hypothesized spread of Indo-European languages during the Early Bronze Age.’®
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Haak and his colleagues entitled their article in Nazure in 2015 ‘Massive migration
from the steppe was a source for Indo-European languages in Europe’ and their
analyses ‘provide support for a steppe origin of at least some of the Indo-European
languages of Europe’.® And Reich, having analysed the genetic discoveries,
concluded:

The ubiquity of Indo-European languages in Europe over the last few
thousand years, and the fact that the Yamnaya-related migration was more
recent than the farming one, makes it likely that at least some Indo-European
languages in Europe and perhaps all of them, were spread by the Yamnaya.®

That the statisticians and geneticists who joined the debate have not settled the
issue is clear from the qualifiers—" strongly support’, ‘at least some’, ‘perhaps all of
them'—that surround their conclusions. The reason for these cautious statements is
clear: unlike ancestry, diseases and gender relations that leave traces in the DNA of
ancient peoples, the languages spoken before the invention of writing are unrelated
to their DNA; after all, any person, regardless of ancestry, can speak any language.
An example thereof is the case of the Basques, who live in northern Spain and
south-western France and speak a language that bears no resemblance to any other
language. As Olalde and his colleagues write:

Unlike in Central or Northern Europe, where Steppe ancestry likely marked
the introduction of Indo-European languages, our results indicate that, in
Iberia, increases in Steppe ancestry were not always accompanied by switches
to Indo-European languages. This is consistent with the genetic profile of
present-day Basques who speak the only non-Indo-European language in
western Europe but overlap genetically with Iron Age populations showing
substantial levels of Steppe ancestry.*®

Conclusion

The revolution in sequencing ancient DNA, while still in its infancy, has introduced
an entirely new perspective on ancient history, revealing aspects of the past that were
barely glimpsed or completely unknown before.

Besides the traces they have left in the DNA of Europeans today, the migration of
peoples from the Pontic—Caspian steppe has left its imprint on the peoples, societies
and cultures of Europe since the Bronze Age. The importance of horses in warfare
and the association of horses with a warrior elite, which figure so prominently in
European history since the Middle Ages, is a reflection of the greater impact of
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steppe culture on northern and western Europe than on the southern European
cultures of the Greeks and Roman. Gender relations that were if not matriarchal
then somewhat more egalitarian before the steppe migrations, became sharply male-
dominated thereafter. The differences in size—the Yamnaya being, on average,
a head taller than the Neolithic farmers®’—is reflected in the gradient of heights
among Europeans in later centuries. Likewise, the greater use of dairy products in
northern and western Europe than in Mediterranean cuisines may have originated
in the steppe migration. These differences, which must have originally been
dramatic, have, after several millennia, become gradients affected by many other
factors. Yet they persist, contributing to the remarkable heterogeneity of European
peoples and cultures.

It is thanks to the work of palacogeneticists that we are beginning to discover their
roots. Even if the story is incomplete, it is important to tell it now in order to alert
historians to the discoveries that scientists are making that will, in the future, give us
an ever more fine-grained knowledge of the past.
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