
carbonate deposits in caves — which have  
radiometrically constrained chronologies for 
this interval of time. 

This approach is not new. But the novelty 
of the current work lies in the fact that all 
records come from the Mediterranean region, 
and are thus naturally coupled through the 
local hydrological cycle and through oxygen- 
isotope fractionation within it, thereby pro-
viding a basis for clear correlations. Once the 
oxygen-isotope records from different Medi-
terranean sites are placed in a common tempo-
ral framework, the relative timing of associated 
climate parameters emerges. Temporal rela-
tionships can then be established between 
changes in sea surface temperatures, meltwater 
pulses and the deposition of ice-rafted debris 
onto the ocean floor.

The revised chronology of the proxy records 
examined by Marino and co-workers points 
to a pivotal difference in climate dynamics 
between the most recent and the penultimate 
glacial-to-interglacial transitions, which are 
also known as Terminations I and II, respec-
tively. Both are associated with times when 
summer insolation (incoming solar radiation) 
in the Northern Hemisphere and atmospheric 
carbon dioxide levels were increasing. One 
would therefore expect the ensuing ice-sheet 
melt-back behaviour to have been similar as 
well. But it was not.

It is known that, during Termination I, 
there was a period of maximum cooling in 
the North Atlantic called Heinrich Stadial 1, 
which coincided with peak iceberg discharge 
(Fig. 1a). This was followed by the major phase 
of deglaciation, known as meltwater pulse 1A. 
Deglaciation was subsequently interrupted by 
a return to almost full glacial conditions — the 
Younger Dryas — before the final ice retreat 
during meltwater pulse 1B.

By contrast, Marino and colleagues’  
chronology shows that the main phase of 
deglaciation (meltwater pulse 2B) during 
Termination II occurred during the period 
of maximum North Atlantic cooling and  
iceberg discharge (Heinrich Stadial 11). In 
short, Heinrich Stadial 1 preceded the major 
phase of ice-sheet retreat, whereas Heinrich 
Stadial 11 coincided with it (Fig. 1b). This 
means that not all terminations are equal,  
making it much more difficult to find an 
underlying forcing mechanism.

North Atlantic cooling and enhanced ice-
berg discharge during Heinrich Stadial 11 
might seem to be at odds with background 
climate warming and deglaciation. But as the 
authors point out, the new chronology also 
reveals that Heinrich Stadial 11 coincided 
with warming in the Southern Hemisphere, 
as recorded by ice cores5. Warming in one 
hemisphere coinciding with cooling in the 
other is a well-characterized phenomenon 
called the bipolar see-saw6. The term refers to 
ocean-surface heat transport from the South-
ern to the Northern Hemisphere as part of a 

large-scale circulation process (the meridi-
onal overturning circulation) in the Atlantic 
Ocean. During Heinrich Stadial 11, relatively 
slow ocean circulation allowed heat to build 
up in the Southern Hemisphere. The authors 
suggest that this warming stimulated melting 
of the Antarctic ice sheet, contributing to the 
enhanced sea-level rise associated with the 
penultimate deglaciation.

Marino and co-workers’ study exemplifies 
how the nature of the temporal ties between 
climate records can affect the reconstruction 
and understanding of climate events. The 
researchers provide a specific solution to the 
timing of events during Termination II. How-
ever, the generality of their approach is limited 
by the assumptions that need to be made about 
climatological links between radiometrically 
dated speleothem and marine proxy records 
from dissimilar oceanographic regions.

Rapid deglaciations such as Terminations I 
and II are part of an asymmetric climate pat-
tern that begins with slow ice-sheet build-up 
followed by rapid ice-sheet melt-back. This 
sequence repeats on timescales of about 
100,000 years and first appears in the geologi-
cal record of climate change about 900,000 
years ago7. There are no obvious direct external 
forcing mechanisms for this pattern, unlike the 

shorter climate cycles that occur on timescales 
of 41,000 to 19,000 years. The evolution of the 
100,000-year climate cycle is therefore one of 
the big unsolved mysteries in palaeoceano-
graphic research8. A robust temporal reference 
frame for the sequence of events defining each 
deglaciation, such as that assembled by Marino 
et al. for the penultimate one, should help to 
build a consensus about the modus operandi 
behind this climate pattern. ■
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H U M A N  E V O L U T I O N 

Ancient DNA steps into 
the language debate
Two studies of ancient human DNA reveal expansions of Bronze Age populations 
that shed light on the long-running debate about the origins and spread of  
Indo-European languages. See Article p.167 & Letter p.207

J O H N  N O V E M B R E

The archaeological adage that pots are not 
people expresses the challenge of using 
cultural artefacts to trace the movement 

of populations. To surmount this ob stacle, 
archaeologists and population geneticists are 
joining forces to extract DNA from human 
remains that are found with archaeological  
evidence of ancient cultures. In this issue, Haak 
et al.1 (page 207) and Allentoft et al.2 (page 167) 
report two of the largest studies of ancient 
DNA to date. Combined, the studies analyse 
170 samples, and each group brings evidence to 
bear on a long-standing controversy about the 
origins of the Indo-European language family.

Indo-European languages have been spoken 
across Europe and in central and southern 
Asia since the beginning of recorded history. 
This is a broad language family, including 
Italic, Germanic, Slavic, Hindi and Tocharian  

languages, among others. When and where the 
precursor of these languages began to spread 
has long been a subject of debate3. There are 
two main theories: the Anatolian and the 
steppe hypotheses.

The Anatolian hypothesis posits that 
Proto-Indo-European spread with farming 
out of Anatolia (a region that lies within mod-
ern-day Turkey) during the Neolithic period, 
approximately 7000 bc. Some archaeological 
and genetic data support this hypothesis, as 
does a phylogenetic analysis of linguistic data4. 
By contrast, the steppe hypothesis3,5 supposes 
that Proto-Indo-European spread from the 
Pontic–Caspian steppe (a region of modern-
day Russia, Ukraine and Kazakhstan that lies 
north of the Black Sea and stretches eastwards 
to the Caspian Sea; Fig. 1a). Recent versions of 
the hypothesis argue that the language spread 
during the late Copper Age and early Bronze 
Age, between 3700 bc and 2000 bc, carried 
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Figure 1 | The spread of Indo-European languages.  a, Indo-European 
languages have been spoken across a broad area of Eurasia throughout recorded 
history (countries in which these languages are spoken today are marked in 
green). Two geographical origins for these languages have been proposed: 
Anatolia and the Pontic–Caspian steppe. b, Haak et al.1 and Allentoft et al.2 
analysed ancient DNA taken from samples from across Europe and central 
Asia. Their data point to human migration from a steppe culture, the Yamnaya. 

They conclude that the Corded Ware culture of central Europe had ancestry 
from the Yamnaya. Allentoft et al. also show that the Afanasievo culture to the 
east is related to the Yamnaya, and that the Sintashta and Andronovo cultures 
had ancestry from the Corded Ware. Arrows indicate migrations — those 
from the Corded Ware reflect the evidence that people of this archaeological 
culture (or their relatives) were responsible for the spreading of Indo-European 
languages. All coloured boundaries are approximate.

by pastoralist horse-riders empowered by the 
innovation of wheeled wagons — probably 
the people associated with a culture known to 
archaeologists as the Yamnaya3. 

Previous studies of both modern and ancient 
DNA6,7 have suggested an influx of people into 
Europe from modern Eurasia after the spread 
of Neolithic farming. However, the details have 
been hazy, and any role for steppe populations 
has been unclear. To resolve this uncertainty, 
Haak et al. and Allentoft et al. obtained ancient 
human DNA samples from a broad swathe of 
archaeological cultures from Europe and cen-
tral Asia dating from around 6000 bc to 900 bc. 
Although each study used different strategies 
(Allentoft et al. sequenced whole genomes, 
whereas Haak et al. targeted select regions), 
the groups successfully obtained around  
101 and 69 samples, respectively — a remark-
able achievement. The sequencing data are 
poor by the standards applied to modern DNA, 
but they are sufficient to discern broad brush-
strokes of human migration.

Both studies found a genetic affinity between 
samples from a central European culture 
known as Corded Ware, which existed from 
around 2500 bc, and samples from the earlier  
Yamnaya steppe culture. This similarity 
between distant populations is best explained 
by a substantial westward expansion of the 
Yamnaya or their close relatives into central 
Europe (Fig. 1b). Such an expansion is consist-
ent with the steppe hypothesis, which argues 
that Corded Ware cultures were a conduit for 
the dispersal of Indo-European languages into 
Europe. The results also help to explain a mys-
terious ancestry found in both Europe and the 
Americas8, and in ancient DNA from a boy who 
lived 24,000 years ago in eastern Siberia9. Both 
groups of researchers suggest that this ances-
try entered Europe through the expansion of 
Yamnaya-related peoples, who are descended 
from the north Eurasian populations that con-
tributed to the peopling of the Americas. 

The data also suggest that steppe popula-
tions expanded eastwards. Allentoft et al. 

found that the Afanasievo culture from central 
Asia shows genetic affinity with the Yamnaya.  
They also found evidence to support theories  
of a back-migration from Corded Ware-
related populations3 that contributed to the 
origins of the Sintashta culture in the Urals 
and their descendants, the Andronovo. This 
is particularly interesting because the steppe 
hypothesis supposes that an eastward migra-
tion of steppe-descendant populations helped 
to give rise to Tocharian, a branch of Indo-
European once spoken in western China. 

Together, these studies argue that Bronze 
Age population movements were important in 
shaping the genetics of Eurasia. Ancient DNA 
cannot prove how language spread, of course, 
and more data will help to refine our under-
standing, but expansions of Yamnaya-related 
peoples add weight to the steppe hypothesis. 
If genes were moving en masse, it is likely that 
words were too. 

It remains to be seen whether ancient DNA 
samples will also support the hypothesis that 
the Indo-Iranian branch of Indo-European can 
be traced to a southward migration from the 
steppe. Research on modern DNA10 has pos-
ited the existence of an ancient north Indian 
population — can this be linked directly to 
the steppe populations? The size of the ances-
tral steppe populations and the rate at which 
they expanded also remain to be determined. 
Finally, the migratory models put forward by 
the two groups differ in terms of how Near 
Eastern populations such as Armenians relate 
to the steppe. Haak and colleagues’ model 
implies that Near Eastern populations con-
tribute ancestry to the Yamnaya, but aspects of 
Allentoft and co-workers’ data do not support 
such admixture. Future studies should resolve 
these questions. 

Nonetheless, these two studies represent a 
milestone in a 200-year-old debate. Tragically, 
this debate figured heavily in the racist politics 
and science of the nineteenth and early twenti-
eth centuries in Europe3. The current research 
takes place in a more open and humane 

framework, and this should be encouraged and 
protected. It will be exciting to see what the 
careful use of ancient DNA will reveal about 
the history of other language families and their 
speakers. 

The studies also foreshadow how studies of 
ancient DNA will empower studies of adap-
tive evolution. For instance, Allentoft et al. 
observed that the spread of a mutation that 
allows humans to drink milk into adulthood 
began only in the Bronze Age, later than previ-
ously supposed — a finding replicated by Haak 
and colleagues in another paper11.

One final point is that the genomes of  
living people vary more or less continuously 
with geography in most regions of the globe12. 
But these two studies suggest that the relatively 
continuous patterns seen in modern DNA can 
be teased apart and understood in terms of a 
complex history of expansions and mixtures 
of ancient populations. Clearly, intersecting 
ancient DNA with archaeological and linguis-
tic research promises to yield great progress in 
the study of prehistory. ■
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