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Molecular archaeology

The genomic history of Ice Age Europeans

Ludovic Orlando

An extensive genomic time-series has been retrieved for 116 humans across Ice Age Europe. The data reveal how climate change drove range contraction and expansion of hunter-gatherer populations developing diverse cultures.

See p. xxx.

For most of the past hundred thousand years, the glacial conditions of the last Ice Age prevailed across Europe. About halfway through this period, the first anatomically modern humans arrived on a continent that had previously been inhabited only by Neanderthals 1,2 . Further groups of hunter-gatherers developed breathtaking art and diverse lithic industries and funerary practices across Europe, and then, around nine thousand years ago (kya), farmers from Anatolia started to settle 3 . Whether pre-farming cultures reflect isolated biological entities or regional differences amongst highly interconnected groups is highly debated. Also unknown is what happened as the climate changed, including during the Last Glacial Maximum (LGM), when large parts of the continent became uninhabitable 4 . On page xxx, Posth et al. 5 provide unprecedented resolution into the genomic makeup of Ice Age European hunter-gatherers, clarifying the biological contours of several cultures, and their relationships. They portray a highly dynamic history, punctuated by range contractions during the LGM, but also expansions that led to local admixture or population replacements as the climate warmed.

By reporting new genomic data for 116 ancient humans and reanalysing data from a further 240 known individuals across 34 countries -including the first western European Gravettian and Solutrean individuals -the authors add substantially to the known genetic atlas of ancient Europe between 35 and 5.2 kya (Fig. 1). To achieve this, they relied on established, cost-effective methodologies that can deliver human sequence data across 1.2 million genomic locations at which single DNA letters are known to show variability between individuals (single nucleotide polymorphisms, or SNPs) 6 -even for specimens that show minimal DNA preservation or are dominated by soil microbes. The authors also restricted their analyses to sequences with evidence of post-mortem DNA damage, to avoid contamination by modern individuals, which was especially pronounced in some specimens. After the LGM, and no later than 17 kya, non-local human groups entered from the Balkans into present-day Italy. They showed Near Eastern genetic affinities that define the 'Villabruna' cluster, and spread further south in small populations that reached Sicily at approximately 14 kya. The implication is that the post-LGM Epigravettian industry did not, as previously thought, develop in situ from earlier local Gravettian groups in Italy -suggesting that the peninsula may not have offered a glacial refugium to humans. The 'Villabruna' influence, however, extended outside Italy, as it was found at El Mirón in Spain around 19 kya. This reveals a southern fringe of Europe acting then as a corridor from the Balkans to Iberia.

Posth et al. also show that, after the LGM, populations expanded further outside their glacial refugia, forming a new genetic blend on the back of the 'Villabruna' and 'Fournol' ancestries. In present-day France, Belgium, Germany and Poland, they formed the 'Goyet-Q2' cluster, which is associated with the Magdalenian lithic industry. The new data also show that it was as late as 14 kya, or thereabouts, that one of the three main genetic ancestries found today in Europe (the WHG, for Western Hunter-Gatherers) was fully formed, as the 'Villabruna' and 'Goyet-Q2' mixed. This group -which Posth et al. now relabel 'Oberkassel' -appears to be genetically homogenous from present-day UK to Poland, indicating an expansion that was possibly related to the abrupt warming of the Bølling-Allerød period (14.8 to 12.9 kya). 

  Posth and colleagues' work shows that the Gravettian lithic industry was developed by two main groups that populated Europe during the ten thousand years or so before the LGM. The first group -nicknamed 'Vestonice' in reference to the earliest associated site -stretched across present-day Italy, Czechia and Austria. It descended from earlier groups found further east, including western Russia. The second group, 'Fournol', inhabited western Europe (present-day France and Spain), where it descended from earlier local hunter-gatherers, such as those from the Goyet cave in Belgium (around 35 kya). By 27 kya, mixed ancestries were found at Goyet, indicating an east-to-west range expansion of the 'Vestonice' group right before the LGM. During the LGM (26 to 19 kya), human populations contracted within glacial refugia located at the southern fringe of Europe. In southern France and Iberia, this phenomenon was accompanied by the development of Solutrean flint tools, which Posth et al. reveal to have been produced by people deriving from local 'Fournol' groups. This model of population continuity between western Gravettian and Solutrean tool makers is further supported by the genetic profile of a 23-ky old individual from Andalusia, southern Spain, that another study now reveals 8 .

  Further east, another population (in which individuals of lighter skins and darker eye colours were more frequent at the time) eventually developed the Sidelkino culture of western Russia. Posth et al. detected 'Sidelkino'-related genetic ancestry in Spain, and it increased in the Baltics around the time of the thermal maximum, approximately 8 kya -a period when the 'Oberkassel' genetic influence also extended as far east as the Don-Volga region in Russia. Whether such population movements were the sole product of the then-warmer climate, or a response to farmer groups expanding outwards from Anatolia, remains unknown. Although the spread of Anatolian farmers into Europe kept changing the genetic makeup of local populations, Posth et al. find that individuals derived mainly from 'Oberkassel' ancestry persisted in Germany until the end of the Neolithic at roughly 5.2 kya, in line with a previous study of northern France 9 . This may reflect local communities limiting admixture with incoming farmers but adopting their lifestyle.
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 1 Fig. 1 | Map showing the locations of the ancient human individuals analysed. Posth et al. 5 have analysed the genomes of 356 ancient human individuals, including 102 newly reported,

Posth and colleagues have unfolded important population turnovers that have shaped the European genetic landscape in the face of climate change. Their findings caution against simple narratives equating lithic industries and ethnicity. More genetic analyses are, however, needed to gain finer-grained resolution into the formation and expansion timing of several groups (such as the 'Villabruna'), and their possible links to lithic industries presently overlooked (such as the 'Badegoulian'). In the future, sequencing of DNA molecules preserved in cave sediments may help to overcome the limitations of the skeletal genome assemblages available 10 , and even reveal the social structure of underlying human communities 11 , including those first entering Europe.

The European continent has a long tradition of archaeology, where excavation methods were developed from the early nineteenth century. It is therefore not surprising that this continent is also the best characterized archaeogenetically, with extensive genomic time-series now extending from the present day back to the Upper Palaeolithic. The resulting resources and increased understanding of the human past should be commended, but are also an invitation to redouble efforts outside Europe, to avoid developing a Eurocentric vision of human prehistory. For now, the fluidity of ancestries composing the deep genetic history of Europe provides an important lesson: no modern population can claim single origins from the human groups first established on the continent.
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