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Summary 51 
 52 
The first phase of the ancient DNA revolution painted a broad-brush picture of European 53 
Holocene prehistory, whereby 6500-4000 BCE, farmers descending from western 54 
Anatolians mixed with local hunter-gatherers resulting in 70-100% ancestry turnover, 55 
then 3000-2500 BCE people associated with the Corded Ware complex spread steppe 56 
ancestry into north-central Europe. We document an exception to this pattern in the 57 
wider Rhine-Meuse area in communities in the wetlands, riverine areas, and coastal areas 58 
of the western and central Netherlands, Belgium and western Germany, where we 59 
assembled genome-wide data for 109 people 8500-1700 BCE. Here, a distinctive 60 
population with high hunter-gatherer ancestry (~50%) persisted up to three thousand 61 
years later than in continental European regions, reflecting limited incorporation of 62 
females of Early European Farmer ancestry into local communities. In the western 63 
Netherlands, the arrival of the Corded Ware complex was also exceptional: lowland 64 
individuals from settlements adopting Corded Ware pottery had hardly any steppe 65 
ancestry, despite a characteristic early Corded Ware Y-chromosome. The limited influx 66 
may reflect the unique ecology of the region’s river-dominated landscapes, which were 67 
not amenable to wholesale adoption of the early Neolithic type of farming introduced by 68 
Linearbandkeramik, making it possible for previously established groups to thrive, and 69 
creating a persistent but permeable boundary that allowed transfer of ideas and low-level 70 
gene flow. This changed with the formation-through-mixture of Bell Beaker using 71 
populations ~2500 BCE by fusion of local Rhine-Meuse people (9-17%) and Corded Ware 72 
associated migrants of both sexes. Their expansion from the Rhine-Meuse region then 73 
had a disruptive impact across a much wider part of northwest Europe, including Britain 74 
where its arrival was the main source of a 90-100% replacement of local Neolithic peoples. 75 
 76 
Whole genome ancient DNA (aDNA) analysis has illuminated long-standing debates about 77 
cultural and demographic transformations in Holocene Europe. Two major prehistoric events 78 
have been characterized: the spread of genetic ancestry originating from western Anatolian 79 
farmers into Europe associated with the introduction of farming in the Early Neolithic1–3, and 80 
the spread of ancestry characteristic of Yamnaya steppe pastoralists during the 3rd millennium 81 
BCE4–7, mediated by the dispersal of the Corded Ware (CW) and Bell Beaker (BB) complexes. 82 
However, the demographic processes on a regional level are still imperfectly understood, and, 83 
have been shown to follow variable patterns. For example, while the spread of Anatolian 84 
ancestry in central Europe was primarily propelled by the expansion of Linearbandkeramik 85 
(LBK) farmers2,4,8–10, in the Baltic region and Scandinavia, there was late adoption of the 86 
farming lifestyle and even, in some cases, a return to hunting, gathering, and fishing11. This 87 
shift was in part paralleled by a resurgence of local hunter-gatherer ancestry12–14. 88 
 89 
This paper focuses on the unique trajectory of communities from water-rich environments in 90 
the wider Rhine-Meuse area in western and central Netherlands, Belgium, and northern and 91 
northwestern Germany. Around 5500 BCE, the southern part of this region witnessed the 92 
arrival of LBK-associated farmers, who settled across the fertile loess soils in the south of the 93 
Netherlands and parts of Belgium, Germany and France. Within these communities, there is 94 
evidence of contact with hunter-gatherer groups, as documented by Limburg and La Hoguette 95 
pottery15, although the origin and significance16 of these contacts is debated17. Once 96 
established, these LBK communities developed into regional variants such as the Blicquy, 97 
Rössen, Villeneuve-Saint-Germain, Bischheim, and the later southern Michelsberg groups. 98 
 99 
North of the loess, large rivers such as the Scheldt, Meuse, and Rhine created a dynamic 100 
landscape that included fertile soils favoured by farmers, alongside coastlines, beach barriers, 101 
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river delta wetlands and forested river dunes that continued to support hunting, gathering and 102 
fishing practices after 4200 BCE17–21. This contrasts with other areas of Europe (with the 103 
exception of northern Scandinavia, the Baltic region and the eastern European taiga), where 104 
farming practices quickly became dominant22. In the Rhine-Meuse area, the wetland 105 
communities of the Swifterbant (5th millennium BCE) and Hazendonk cultures (4000-3500 106 
BCE) settled on elevated areas (river and coastal dunes, crevasse splays, and river levees) in a 107 
region dominated by water courses and peat bogs. They relied mostly on hunting, gathering, 108 
and fishing, but also practiced farming. Around 3500 BCE, the Vlaardingen culture succeeded 109 
the Swifterbant/Hazendonk tradition, while remaining settled in approximately the same 110 
region23. Simultaneously, farmers associated with the Funnelbeaker culture (or TRB for 111 
Trechterbekercultuur in Dutch) settled on the Friesian-Drenthian plateau in the northeast and 112 
its surrounding sandy uplands, in regions where no evidence of earlier habitation, neither 113 
burials nor settlements, has been found. The Swifterbant, Hazendonk and Vlaardingen cultures 114 
were all located near water streams, while TRB farmers settled mostly on forested sandy 115 
plateaus and their fringes, as did the Michelsberg communities to the south. 116 
 117 
A mixed subsistence strategy of hunting, gathering, and farming persisted in the 118 
western/central Netherlands until the 3rd millennium BCE, when a more intense farming-based 119 
economy emerged in association with the Late Vlaardingen complex and the introduction of 120 
the ard plough around 3000 BCE24. The spread of CW influence to the wider Rhine-Meuse 121 
area was more complex than in many areas of central and eastern Europe. In the uplands, where 122 
skeletal material tends to be poorly preserved and no ancient DNA data are available, the 123 
complete CW package emerged; marked by the construction of CW burial mounds, the general 124 
absence of settlements, and sparse pottery finds25,26. By contrast, in wetland areas along the 125 
coast, the Rhine-Meuse delta27, and other low-lying regions28, CW-associated pottery was 126 
incorporated into Vlaardingen settlement contexts, but the characteristic CW-style burials were 127 
not27,29,30. South of the Rhine-Meuse rivers, Seine-Oise-Marne (SOM) groups, mostly known 128 
through burials and megaliths31, had little to no CW-associated material32,33. 129 
 130 
The arrival of the BB complex around 2500 BCE marked another major cultural transition, as 131 
settlements spread across the wetlands and coastal areas, replacing Vlaardingen/CW 132 
settlements, though generally not using the same sites28. The BB economy was similar to the 133 
previous CW one and consisted of predominantly farming mixed with low-intensity hunting 134 
and gathering. In the sandy uplands, there was a continuation of the barrow ritual, but with 135 
distinct BB characteristics and material culture replacing the CW repertoire34,35. BB groups 136 
were also well attested south of the Rhine, as evident in BB burial mounds on the sandy soils 137 
of the southern Netherlands and Belgium32,36,37. BB settlement sites remain just as elusive in 138 
this area as CW settlements. However, the presence of ploughland dated to the Late Neolithic 139 
suggests that the lack of settlement evidence is not the result of nomadism but rather of 140 
settlements in lower lying places where there is little chance for detection by archaeologists28. 141 
 142 
Archaeogenetic data have the potential to deepen our understanding of the nature of these 143 
dynamic changes in the Rhine-Meuse region. We generated genome-wide data using in-144 
solution enrichment for more than a million single nucleotide polymorphisms (SNPs) from 41 145 
individuals dated between 8500-1700 BCE, sampling cultural contexts that fill gaps in the 146 
ancient DNA record of this region (Figure 1; Supplementary Table 1). Together with 68 147 
published individuals6,10,38–41, the time-transect includes 109 individuals. We also report twelve 148 
new direct radiocarbon dates on newly analyzed individuals (Supplementary Table 8). 149 
 150 
Late persistence of Western hunter-gatherer ancestry in the Rhine-Meuse area 151 
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 152 
Based on Principal Component Analysis (PCA) (Figure 2), Neolithic individuals from the 153 
Rhine-Meuse area fall along the central/western European Neolithic cline, but much closer to 154 
Mesolithic western hunter-gatherers (WHG) than most European Neolithic farmers. This 155 
suggests elevated WHG-related ancestry, which we confirmed through modelling using qpAdm 156 
(Supplementary Table 3). We find that the earliest Neolithic individuals (4400-3800 BCE), 157 
associated with the Swifterbant culture, are genetically highly heterogeneous, with a mother 158 
and her daughter (I12093-I12094; Nieuwegein) entirely descending from hunter-gatherer 159 
populations, three individuals (I12091-I17968 from Nieuwegein and I33739 from Zoelen de 160 
Beldert) with 60-70% of such ancestry (Figure 3; Supplementary Table 3) and four individuals 161 
(SWA001-SWA002-SWA004 from Swifterbant S2 and I33738 from Zoelen de Beldert) with 162 
35-45%. These results differ from the overall patterns of hunter-gatherer and farmer admixture 163 
elsewhere in central and western Europe, where the arrival of a farming economy was generally 164 
associated with <30% local WHG ancestry. However, the results perhaps make more sense in 165 
light of the equally limited economic transformation, which combined farming with continued 166 
core reliance on the rich wild resources from the Rhine-Meuse wetlands and river valleys. 167 
Genetic mixing of local groups with high WHG ancestry continued for the next ~1500 years, 168 
with stable proportions of ~40-50 % WHG and 50-60% early European farmer (EEF) ancestry. 169 
Rare exceptions include one Middle Neolithic individual from the island of Baltrum (BLR001) 170 
and one published individual from the Blätterhöhle cave (I1565), both with >75% hunter-171 
gatherer ancestry, and also some Wartberg-associated individuals with a range of WHG 172 
ancestry reaching as low as 25%. The fact that this relatively high WHG ancestry extended not 173 
just to the Rhine-Meuse wetlands, but also further along the Rhine and Meuse rivers and the 174 
northern coast, is consistent with archaeological evidence of continued cultural engagement of 175 
people across this region42. Three individuals from Tiel Medel who can be indirectly dated to 176 
~3700 BCE (Supplementary S2; Supplementary Table 7) form an exception to this pattern, 177 
with only ~20% WHG ancestry (Figure 3), possibly representing new arrivals from 178 
neighboring parts of northwest Europe with lower WHG-associated ancestry. 179 
 180 
Compared to other regions of central, southern, and western Europe where farming was 181 
practiced (Figure 4), the Rhine-Meuse area stands out for its long survival of high proportions 182 
of WHG-related ancestry on a population scale (as opposed to isolated cases43–45) until the BB 183 
transition, halfway through the 3rd millennium BCE. To identify other instances where WHG 184 
ancestry on a whole-population scale endured in such high proportions to the dawn of the 185 
Bronze Age, it is necessary to go to cultures where farming was never adopted: to parts of the 186 
Baltic coast where populations with high EEF ancestry never made significant impact12, and to 187 
Scandinavia where hunter-gatherers with full WHG ancestry persisted until the early 3rd 188 
millennium BCE alongside EEF-rich farmers13 (Figure 4). 189 
 190 
A genetically interconnected region with female-mediated gene flow 191 
 192 
We find that the EEF ancestry proportions in Rhine-Meuse area Neolithic people were 193 
significantly higher on chromosome X than the autosomes (normally distributed Z-score 194 
between 2 and 3) (Supplementary Table 4), indicating a higher ancestral contribution from 195 
women with EEF ancestry. Independent confirmation is provided by analysis of the two 196 
uniparentally inherited parts of the genome (Supplementary Table 6). All Neolithic men (n=42 197 
excluding close relatives) belong to Y-chromosome lineages common in Mesolithic hunter-198 
gatherers (haplogroups I2a, R1b-V88 and C1a). In contrast, the maternally transmitted 199 
mitochondrial lineages are predominantly of Neolithic farmer origin (50 out of 71, based on 200 
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their absence in sampled European Mesolithic individuals2,6,12,13,38,45–57. For example, the 201 
earliest individual with EEF ancestry, a Swifterbant female dated to ~4342-4171 cal BCE 202 
(I17968, Nieuwegein) at the start of the transition to farming in the region19,21, harbors only 203 
30% EEF ancestry in her autosomes but farmer-associated mitochondrial haplogroup H+152. 204 
A previous study57 reported similar sex-biased admixture in Neolithic farmers of Iberia and in 205 
Funnel Beaker farmers of northern Europe. A plausible scenario is that in all three regions, 206 
hunter-gatherer communities incorporated farmer women, who plausibly acted as vectors for 207 
exchange of ideas and technologies related to farming. This scenario of sex-biased admixture 208 
of Neolithic ancestry contrasts with one of complete displacement of local cultures by incoming 209 
farmers and migration of entire groups, a process that occurred in other parts of early Neolithic 210 
Europe.  211 
The Neolithic populations of the Rhine-Meuse region were highly genetically interconnected, 212 
as reflected in large segments (>12 cM) of the genome being identical by descent (IBD), which 213 
is only expected to be observed for individuals who share common ancestors in the last dozens 214 
of generations58 (Supplementary Table 7). We also find several cases of IBD segments >20 215 
cM, suggesting even closer relationships between sites such as Blätterhöhle, Niedertiefenbach, 216 
and Abri Sandron, as well as between sites in the Rhine-Meuse area and nearby areas of central 217 
Europe and Northern France (Figure 5). A striking case is a relationship (~50 cM in IBD) 218 
between an individual from Blätterhöhle, modern western Germany, and a father-daughter pair 219 
from Mont-Aimé44 in modern northern France, who are also clear ancestry outliers exhibiting 220 
more hunter-gatherer ancestry than other individuals from Mont-Aimé. 221 
 222 
Minimal steppe admixture associated with the appearance of Corded Ware pottery 223 
 224 
In many areas of Europe, the emergence of the CW complex is associated with large-scale 225 
demographic change due to the arrival of groups carrying steppe ancestry. The ancestry change 226 
in three sampled individuals from Vlaardingen/CW contexts in the Western Netherlands is far 227 
smaller. These individuals were buried within settlements that used CW complex material 228 
goods, but they were not part of the typical CW single grave burials, which are absent from the 229 
Vlaardingen culture region. One female (I12896 from the site Molenaarsgraaf) is consistent 230 
with having no steppe-related ancestry at all and instead sharing ancestry with local late 231 
Neolithic farmers of the region. However, the other two individuals, from Mienakker and 232 
Sijbekarspel Op de Veken, north of the Rhine River delta, can be modeled as a mixture of 233 
~11% ancestry associated with the main cluster of CW groups, and 89% derived from Rhine-234 
Meuse area Neolithic populations with high hunter-gatherer ancestry, similar to Late Neolithic 235 
Belgium (Supplementary Table 5). Despite a low steppe ancestry proportion in the autosomes, 236 
the male I12902 from Mienakker, who yields one of the earliest CW complex associated dates 237 
on bone in Europe outside of Bohemia and the Baltic region (2852-2574 cal BCE), carries Y 238 
haplogroup R1b-U106, also known in one early CW-associated individual from Bohemia7. 239 
These results suggest that the male ancestor who brought this Y haplogroup to the Rhine-Meuse 240 
region was part of the early CW expansion. 241 
 242 
While limited to three people, the IBD analysis for the Vlaardingen/CW individuals revealed 243 
two additional notable signals. First, the two individuals with ~11% CW ancestry, excavated 244 
at nearby sites, have an IBD match that represents approximately a 3rd cousin relation, hinting 245 
at a small community size. Second, the geographical range of their IBD links extends much 246 
further east than previous groups (Extended Data Figure 1). Among their closest connections 247 
(one segment of 19cM) is a Yamnaya-associated individual from Samara in far eastern 248 
Europe59 (ID: I6733) and CW-associated individuals from present-day Poland60 (ID: pcw362) 249 
and Czechia7 (ID: STD002). We also detect connections to other Rhine-Meuse area Late 250 
Neolithic individuals, providing direct evidence of a major local ancestry component in 251 
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Vlaardingen/CW individuals. These patterns reflect their dual sources of ancestry: a minor 252 
component (potentially completely along the male line) from central/eastern CW groups (and 253 
through them to Yamnaya steppe pastoralists) and a major component from the local Neolithic 254 
population. 255 
 256 
Bell Beaker complex: population influx and local admixture in the Rhine-Meuse delta 257 
 258 
The advent of the BB complex in the Rhine-Meuse delta after 2500 BCE is associated with a 259 
demographic change of a much larger scale than events in the previous millennia. All 13 260 
available BB-associated individuals appear genetically close to CW-associated groups, but not 261 
to the preceding local Rhine-Meuse area Vlaardingen/CW individuals in the PCA. They can 262 
be modeled with ~83% ancestry from the main cluster of CW-associated individuals 263 
(Supplementary Table 5), and their remaining ancestry from a Wartberg Neolithic-related 264 
group, representing the Neolithic population from the Rhine-Meuse area with the lowest level 265 
of hunter-gatherer ancestry, or as a mixture between Middle and Late Neolithic groups from 266 
outside the Rhine-Meuse area (e.g. Poland Globular Amphora, Czechia TRB, Germany 267 
Baalberge, Iberia Neolithic-Chalcolithic) and Late Neolithic populations from Belgium. All 268 
these scenarios point to a ~83-91% (but not 100%) ancestry change associated with the arrival 269 
of the BB complex in the Rhine-Meuse region (Supplementary Table 5). A contribution of 270 
local Rhine-Meuse delta farmers, with their distinctive signature of high hunter-gatherer 271 
ancestry, is essential to model the formation of Rhine-Meuse delta BB-associated individuals. 272 
Even at 9-17%, we can be confident this local admixture occurred: models lacking this unique 273 
Rhine-Meuse delta farmer genetic contribution are rejected with high significance. This 274 
suggests that the observed mixture between CW culture associated groups and European 275 
farmers that formed the genetic profile of Rhine-Meuse delta BB must have occurred in the 276 
region itself. Radiocarbon dates further suggest that the Rhine-Meuse area was one of the 277 
earliest places where the BB cultural phenomenon arose61. While the earliest appearance of BB 278 
cultural material has been located in Iberia62, our results show that early formation of BB-279 
associated groups, influenced not just culturally but also genetically by CW users, also occurred 280 
in the Rhine-Meuse area. 281 
 282 
The advent of the BB complex in the Rhine-Meuse region contrasts to the previous ancestry 283 
changes in our time transect, as it was more transformative in a demographic sense, with large 284 
ancestry turnover involving both sexes. Among BB men, all yielded R1b-L151 haplogroups, 285 
which were absent in earlier Neolithic European populations but present in early CW-286 
associated individuals from Czechia in central Europe. All nine available BB-associated men 287 
from Oostwoud and Ottoland-Kromme Elleboog belonged to the derived R1b-L151-P312 288 
lineage, the major lineage among BB groups across Europe. Two P312 individuals could be 289 
further subtyped to DF19, a minor P312 subtype today mostly present in central/northern 290 
European populations (https://www.yfull.com/tree/R-DF19/). At Molenaarsgraaf, the only 291 
man with enough resolution to determine a L151 subtype belonged to R1b-L151-U106 292 
(I13025), matching the Vlaardingen/CW associated male from Mienakker, referred to above, 293 
and suggesting a similar CW-related source for the patrilineal ancestry in both 294 
Vlaardingen/CW and BB men in the Rhine-Meuse area. This would be consistent with the 295 
hypothesis that even if there was limited local continuity within the lowlands, the same male 296 
lineages that were associated with the arrival of CW pottery to the region (in the 297 
Vlaardingen/CW context) were at least partially associated with subsequent BB emergence. 298 
This suggests the possibility that the BB associated population in the Rhine Meuse delta 299 
emerged from sustained influx of ‘classic’ CW-related groups to the region (such as those 300 
documented in the uplands to the east, where skeletal preservation is absent but classic CW 301 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 25, 2025. ; https://doi.org/10.1101/2025.03.24.644985doi: bioRxiv preprint 

https://doi.org/10.1101/2025.03.24.644985
http://creativecommons.org/licenses/by-nc-nd/4.0/


 7 

burial features are present), which mixed with the local Vlaardingen or other Rhine-Meuse 302 
Neolithic populations that had high hunter-gatherer ancestry. 303 
 304 
Further evidence for a major influx from outside regions during the BB period comes from 305 
inspection of IBD networks, which, after this point, expand thousands of kilometers further to 306 
the east and northeast (Figure 5). These show strong links to CW and BB-associated individuals 307 
from Bohemia, as well as evidence of distant Early Bronze Age relatives from England and 308 
Scotland, corroborating findings of a shared origin between these groups located on opposite 309 
shores of the North Sea6. The BB horizon is the first period in our time transect when people 310 
of the Rhine-Meuse region became intensively integrated within a much wider European IBD 311 
network, in contrast to previous more regional patterns, yet another indication for the high level 312 
of mobility that has become evident from isotope studies63,64. 313 
 314 
After this period of profound demographic change, Early Bronze Age individuals from the 315 
Rhine-Meuse area had similar ancestry to BB predecessors (Figure 2), with ~6% additional 316 
Neolithic-related ancestry (Supplementary Table 5), potentially reflecting small-scale 317 
admixture with neighboring populations. Local continuity from the BB period to the Middle 318 
Bronze Age is also reflected in the abundant familial links connecting Early Bronze Age 319 
individuals with both earlier BB individuals and later Middle Bronze Age ones (Supplementary 320 
Table 7), with pairs sharing up to 100 cM IBD as expected for ~6th-degree relations. 321 
 322 
Expansion from the Rhine-Meuse area led to disruptive demographic change in Britain 323 
 324 
The study highlights the Rhine-Meuse delta region as a candidate for a secondary expansion 325 
of BB users that had a greater demographic impact than the postulated initial Iberian expansion. 326 
To test this hypothesis, we used our statistical modelling framework to re-examine the genetic 327 
evidence of the arrival of BB users in Britain. Previous work showed a minimum ~90% 328 
ancestry change, but had not been able to distinguish models in which the EEF admixture came 329 
from Britain itself or elsewhere6. We analyzed 30 BB-associated individuals from Great Britain 330 
from the main homogeneous cluster and obtained the same result as for Rhine-Meuse delta 331 
BBs (Supplementary Table 5; Table 1). Both require ~9-20% ancestry from Rhine-Meuse delta 332 
Neolithic populations with high levels of hunter-gatherer ancestry, plus ancestry from the main 333 
CW genetic cluster. This is consistent with no contribution at all from British Neolithic farmers. 334 
However, in an outlier subset of four BB associated individuals from Britain (including the 335 
high-status “Amesbury Archer”) with lower proportions of steppe ancestry than the main 336 
cluster, models featuring CW Complex associated groups and Rhine-Meuse farmers provide a 337 
poor fit. We cannot rule out the possibility that some of the ancestry of these outliers could 338 
derive from local British Neolithic populations, but it could also plausibly come from separate 339 
migratory streams into Britain, such as the one suggested for the Amesbury Archer whose 340 
isotopic genetic signatures indicate an origin in the Alps65. By the Early Bronze Age, when 341 
ancestry proportions in Britain stabilized, we estimate 91% Rhine-Meuse BB ancestry and at 342 
most 9% local British Neolithic ancestry but possibly as little as 0%, providing new information 343 
about the magnitude of the demographic transition associated with the BB transition in Britain. 344 
 345 
Discussion 346 
 347 
A striking finding in our study is that the long-term persistence of high hunter-gatherer ancestry 348 
was not limited to the core wetlands of the Netherlands, but was also a feature of inland regions 349 
of the Rhine (Blatterhöhle cave and Wartberg culture) and Meuse (Belgian Neolithic sites). In 350 
the context of archaeological evidence, this suggests the co-existence of two distinct but 351 
interdigitated Neolithic spheres in this region, persisting well into the 3rd millennium BCE. One 352 
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was the communities centered around water, not only those in the wetland core but also 353 
connected to it through waterways, suggesting the presence of semi-agrarian groups far 354 
inland17,66. Water links were central for these communities, and connections to people living 355 
along the waterways were often more important than connections to physically closer 356 
neighbors. Surrounding the waterways, early farming communities preferred the fertile loess 357 
soils and kept to culturally specific traditions of settlement, housing, material culture, and 358 
burial. This supports the “frontier mobility” model proposed by Zvelebil67, albeit in a more 359 
geographically restricted context. These communities exchanged ideas, women introduced 360 
EEF genetic ancestry and probably also new technological knowledge in the more hunting-361 
gathering practicing communities, but their distinct cultures persisted for millennia. 362 
 363 
The genetic distinctiveness of the waterway-based people through the Neolithic began with the 364 
Swifterbant and Hazendonk communities, continued into the Vlaardingen and Seine-Oise-365 
Marne groups, and persisted through the time when the CW complex began to influence the 366 
region. CW pottery is present in the Rhine-Meuse delta, but other aspects of this culture are 367 
lacking, in particular the characteristic burial rituals27,34,35. This was accompanied by limited 368 
population influx and high retention of the ancestry of the previously established groups. 369 
 370 
The advent of the BB complex marked a break from the previously established pattern, with 371 
evidence of whole-group migration involving people of both sexes along with some degree of 372 
admixture with local Rhine-Meuse delta populations (9-17%). In our transect east of the Rhine-373 
Meuse delta, there is a ~300 year gap between the three analyzed Vlaardingen/CW-associated 374 
individuals and the 13 BB-associated individuals. Thus, the time course and exact location in 375 
the region where people with a CW-associated genetic profile and a Rhine-Meuse Neolithic 376 
genetic profile came together remains unclear. However, the homogeneity of ancestry within 377 
the three BB-associated sites we sampled show that the mixture had largely taken place by that 378 
time (~2300-1900 BCE) and that the cumulative effect was transformative. 379 
 380 
The evidence for a large-scale demographic change in the Rhine-Meuse region by the time of 381 
the spread of Beaker users is important in light of the evidence from Britain, where Beaker 382 
users spread at around the same time. Since the British Neolithic populations encountered by 383 
Beaker users practiced cremation and thus did not yield samples amenable for aDNA analysis, 384 
it has been unclear whether there was a sharp population break or whether there was a period 385 
of extended co-existence 68. In the Rhine-Meuse region, in contrast, the practice of cremation 386 
by previously established groups was infrequent and the turnover was very substantial. This 387 
raises the plausibility of a similar process in Britain, where our analyses show an even more 388 
profound demographic change, with the great majority of local BB burials being consistent 389 
with no local British Neolithic ancestry and the contribution of the local British Neolithic 390 
population by the Early Bronze Age estimated at £9%. While we do not know what triggered 391 
this large-scale mobility, the genetic legacy of local populations both in the Rhine-Meuse area 392 
and Britain collapsed relatively rapidly. This could have been facilitated by local populations 393 
already in decline due to agricultural crisis or epidemic events69,70, but also by inter-group 394 
violence71. 395 
 396 
Despite the evidence of a cultural break, in both the Rhine-Meuse area and Britain, important 397 
“indigenous” cultural traditions and knowledge remained intact. In Britain, the BB immigrants 398 
continued to use particular traditional sources of (Langdale) flint72, continued to build and alter 399 
Stonehenge and other monuments, to build round houses, and practiced forms of agriculture 400 
that were similar to the earlier Grooved Ware complex73. In the Rhine-Meuse area, BB groups 401 
used the same settlement areas, and continued to settle in river valleys, on crevasse splays, and 402 
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along river dunes in a way that was oriented explicitly towards a hunting-farming mixed 403 
economy, highlighting continuity as well as change in this unique part of Europe.  404 
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Methods 405 
 406 
Sampling, extraction, library preparation, capture, sequencing: Our initial selection for 407 
aDNA analysis included 118 ancient individuals for aDNA analysis, including one previously 408 
reported individual for whom we generated additional libraries. We performed laboratory work 409 
in dedicated clean rooms. We removed the outer layer of teeth and long bones, and collected 410 
powder from beneath the cleaned surface. This process minimized the risk of exogenous DNA 411 
contamination, with low-speed drilling used to prevent heat-induced DNA damage74. In the 412 
case of temporal bones, we removed cochleae through sandblasting75, and then milled them. 413 
We incubated the resulting powder in lysis buffer, and cleaned and concentrated the DNA from 414 
one-fifth of the lysate. We did this either manually or using an automated protocol with silica 415 
magnetic beads76 and Dabney Binding Buffer77,78 for manual extraction. The samples from 416 
Trou Al’Wesse, Abri Sandron, and Grotte du Mont Falise were prepared and extracted 417 
following the method outlined in Dulias et al.79. 418 
 419 
We built 219 libraries (Supplementary Table 2) using two different protocols. Double-stranded 420 
barcoded libraries were prepared with truncated adapters from the extract and subjected to 421 
partial (“half”) uracil–DNA–glycosylase (UDG) treatment before blunt-end repair to 422 
significantly reduce the characteristic damage pattern of aDNA80,81. Single-stranded libraries 423 
were prepared using automated scripts following Gansauge et al. 82. A fraction was subjected 424 
to USER treatment. 425 
 426 
DNA libraries were enriched for human DNA using probes that target 1,233,013 SNPs (‘1240k 427 
capture’83) or 1,352,535 SNPs (‘Twist’ BioSciences84), and the mitochondrial genome. We 428 
performed two rounds of capture for the ‘1240k’ reagent and one for the ‘Twist’ BioSciences 429 
reagent. Captured libraries were sequenced on an Illumina HiSeq X10 instrument with 2x101 430 
cycles and 2x7 cycles to read out the two indices85 or on an Illumina NextSeq 500 instrument 431 
with 2x76 cycles and 2x7 cycles to read out the two indices. 432 
 433 
Bioinformatics: Demultiplexing, adapter removal, mapping, PCR duplicate removal: 434 
Reads for each sample were extracted from the raw sequencing data based on sample-specific 435 
indices introduced during wet-lab processing, permitting up to one mismatch. Adapters were 436 
removed, and paired-end sequences were merged into single-ended sequences with a required 437 
15-base-pair overlap (allowing one mismatch with high quality bases or three mismatches with 438 
low quality bases). This process was applied by selecting the highest-quality base in the 439 
overlapping region. Reads that could not be merged were discarded before aligning to the 440 
human reference genome (hg19) and the RSRS version of the mitochondrial genome using the 441 
‘samse’ command in bwa (version 0.6.1)86. We removed duplicates based on the alignment 442 
coordinates and orientation of the aligned reads. Aligned sequences from different libraries of 443 
the same sample were merged accordingly into a single bam file. The computational pipelines 444 
are available on GitHub (https://github.com/dReichLab/ADNA-Tools, 445 
https://github.com/dReichLab/adna-workflow). 446 
 447 
Evaluation of authenticity: We established aDNA authenticity using several criteria. 448 
Libraries with a deamination rate below 3% at the terminal nucleotide were excluded from 449 
further analysis. We computed the ratio of Y-chromosome to X- and Y-chromosome reads. 450 
Libraries with ratios above 0.03 and below 0.32 were excluded from further analysis. We 451 
estimated mismatch rates to the consensus mitochondrial sequence using contamMix-452 
1.0.105187, and X-chromosome contamination estimates using ANGSD88 in males with 453 
sufficient coverage. Libraries with evidence of contamination were excluded from further 454 
analysis. Finally, individuals without a minimum of 20,000 targeted 1240k SNPs with at least 455 
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one overlapping sequence were discarded from population genetic analysis. After applying 456 
these filters, 86 libraries from 42 individuals remained, and we merged data from the libraries 457 
to increase sequencing coverage. 458 
 459 
Analysis datasets: In addition to the 41 individuals with newly generated data and the 460 
previously reported individual from Oostwoud41 with additional data, we also included data 461 
from 67 previously published individuals6,10,38–41 from the Rhine-Meuse region, dated from the 462 
Mesolithic to the Early Bronze Age, for a total of 109 individuals from the Rhine-Meuse region 463 
and adjacent areas between 8500-1700 BCE (Figure 1; Supplementary Table 1). The time-464 
transect dataset includes new Mesolithic individuals from Belgium, the Netherlands and 465 
northwest Germany, as well as published data from now submerged areas of Doggerland38; 466 
nine Early-Middle Neolithic individuals from semi-agrarian Swifterbant contexts (4500-4000 467 
BCE) (Netherlands) - the first data from this unique culture; the first three Middle Neolithic 468 
individuals from Hazendonk archaeological contexts (Netherlands); three likely Middle 469 
Neolithic individuals from Tiel (Netherlands) and one Middle Neolithic individual from 470 
Baltrum island (northwest Germany); four published Middle Neolithic individuals from 471 
Blätterhöhle cave (3500-3000 BCE)10 (northwest Germany); 40 published Middle Neolithic 472 
individuals from a Wartberg context (3500-2800 BCE)39 (Niedertiefenbach, northwest 473 
Germany); 18 Late Neolithic individuals buried in caves from the Ardennes region (3300-2500 474 
BCE) (Belgium); three Late Neolithic individuals from Vlaardingen/CW contexts including 475 
the first data from this culture from the Rhine-Meuse area (3000-2500 BCE) (Netherlands); 13 476 
Late Neolithic individuals from a BB context (2500-2000 BCE) (Netherlands); and five 477 
individuals from Early Bronze Age contexts (2000-1700 BCE) (Netherlands). 478 
 479 
To aid the analysis of the Rhine-Meuse area individuals, the analysis dataset was further 480 
complemented by previously published data from ancient individuals from other regions. For 481 
genome-wide analyses, we assembled two datasets. The HO dataset included the ancient 482 
individuals, and 1,036 present-day West Eurasian individuals genotyped on the Affymetrix 483 
Human Origins Array2,89,90. We kept 591,642 SNPs shared between the 1240k capture and the 484 
Human Origins Array. The HOIll dataset included only the ancient individuals and 1,233,013 485 
SNPs in common between 1240k and Twist reagents. In both datasets, we randomly sampled 486 
one allele at each SNP position for each individual, discarding the first and the last two 487 
nucleotides of each sequence. 488 
 489 
Haplogroup assignment of uniparentally inherited markers: We created consensus 490 
mitochondrial haplotypes with samtools and bcftools. We restricted to sequences with a 491 
mapping quality of more than 30 and a base quality of more than 30. We then called 492 
haplogroups with Haplogrep3 (Supplementary Table 1). We called Y-chromosome 493 
haplogroups (Supplementary Table 1) following the methodology in Lazaridis et al.91, based 494 
on the YFull v.8.09 phylogeny (https://www.yfull.com/). Haplogroups found in Neolithic 495 
individuals were classified as either “hunter-gatherer-related” if they were already present 496 
among Mesolithic hunter-gatherers (mitochondrial haplogroups U5, U4’9, U2, U* and K1e; 497 
Y-chromosome haplogroups I2a, C1a, and R1b-V88), or “Neolithic related” if they were most 498 
likely brought by incoming Early European farmer populations (all mitochondrial and Y-499 
chromosome haplogroups except those mentioned above ) (Supplementary Table 6). With this 500 
approach, we understand that we might be underestimating the number of lineages contributed 501 
by Neolithic farmers, both in the mtDNA and Y-chromosome, as some lineages considered as 502 
Mesolithic hunter-gatherer-related, based on their presence during the Mesolithic period, might 503 
have been incorporated by farmer populations during their path from Anatolia to the Rhine-504 
Meuse area.  505 
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Molecular sex determination: Genetic sex was determined by calculating the ratio of reads 506 
mapped to Y-chromosome SNP positions to the total reads mapped to sex-chromosome SNP 507 
positions. Individuals with a ratio <0.03 were classified as female, while those with a ratio 508 
>0.32 were classified as male. 509 
 510 
Biological relatedness: To estimate close biological relatedness up to the 3rd degree, mismatch 511 
rates were computed between all possible pairs of Rhine-Meuse area individuals, randomly 512 
sampling one read for each individual at each of the 1.15 million autosomal SNPs. Mismatch 513 
rates were converted to relatedness coefficients following Fowler et al.92, using three different 514 
baseline mismatch rate values to account for the different ancestral backgrounds found in the 515 
dataset. If both individuals in the pair had fully Mesolithic hunter-gatherer ancestry, we use a 516 
baseline mismatch rate of 0.225. If at least one individual has EEF ancestry and both lack 517 
steppe-associated ancestry, we use a baseline mismatch rate of 0.252. If at least one individual 518 
has steppe-associated ancestry, we use a baseline mismatch rate of 0.258. Close kinship 519 
relationships are annotated in Supplementary Table 1. 520 
 521 
Runs of homozygosity: We called runs of homozygosity using hapROH93 for individuals with 522 
more than 300,000 available SNPs. 523 
 524 
Principal component analysis: We ran Principal Component Analysis on the HO dataset 525 
using the smartpca software from the EIGENSOFT package94. We computed PCs on 1036 526 
present-day West Eurasians genotyped on the Affymetrix Human Origins Array. Ancient 527 
individuals were projected onto those PCs using lsqproject:YES and shrinkmode:YES. 528 
 529 
Data Access 530 
Genotype data for individuals included in this study can be obtained from the Harvard 531 
Dataverse repository through the following link (https://xxx). The DNA sequences reported in 532 
this paper are deposited in the European Nucleotide Archive under accession number xxx. 533 
Other newly reported data, such as radiocarbon dates and archaeological context information, 534 
are included in the manuscript and supplementary files.  535 
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Table 1. Modelling the ancestry of Rhine-Meuse BB-associated individuals and the main 587 
group of British BB-associated individuals using qpAdm models involving a CW group from 588 
present-day Germany and different Neolithic populations from within and outside the Rhine-589 
Meuse area. See Supplementary Table 5 for further details. 590 
 591 

  
Rhine-

Meuse BB British BB 

P-value for models with Iberian 
farmers 0.0073 0.0104 

P-value for models with French 
farmers 0.0000068 0.0000011 

P-value for models with German 
farmers 0.00022 0.00026 

P-value for models with 
Globular Amphora farmers 0.0028 0.0028 

P-value for models with MLN 
Belgium (Rhine-Meuse) 0.02060 0.00056 

P-value for models with MN 
Wartberg (Rhine-Meuse) 0.62 0.69 

Proportion of ancestry from LN 
Wartberg  17.4% 19.6% 
Minimum proportion of ancestry 
from MLN Belgium allowing 3-
way qpAdm models with CW 
and other farmer sources outside 
the Rhine Meuse area 9.4% 8.8% 
 592 
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Figure 1. a) Map showing archaeological sites with genome-wide data in the Rhine-Meuse 596 
area and adjacent regions. b) Chronological placement of the individuals from the Rhine-597 
Meuse region included in this study. In the bottom panel the local chronology of archaeological 598 
cultures. Black lines indicate the degree of changes between the time periods, with dashed lines 599 
representing a gradual and lesser change compared to a solid line indicating a more abrupt 600 
change in material culture. The colour gradient indicates the general reliance on hunting and 601 
gathering (yellow) to farming (blue). 602 
  603 
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 604 

605 
Figure 2. Principal Component Analysis with the ancient individuals projected onto the 606 
principal components computed on present-day individuals from West Eurasia. 607 
  608 
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 609 
Figure 3. Hunter-gatherer ancestry proportions across time in the Rhine-Meuse area, estimated 610 
using qpAdm (Supplementary Table 3). 611 

612 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 25, 2025. ; https://doi.org/10.1101/2025.03.24.644985doi: bioRxiv preprint 

https://doi.org/10.1101/2025.03.24.644985
http://creativecommons.org/licenses/by-nc-nd/4.0/


 19 

 613 
Figure 4. Hunter-gatherer ancestry proportions across Europe between 4500-2500 BCE, 614 
estimated using qpAdm. a) Spatial kriging of hunter-gather ancestry. The colors represent the 615 
predicted ancestry proportion at each point in the grid. b) Hunter-gatherer ancestry levels in 616 
individuals from different European regions. 617 
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 618 
Figure 5. On the left, IBD connections of Rhine-Meuse Early, Middle and Middle-Late 619 
Neolithic individuals (top) and Rhine-Meuse BB-associated individuals (bottom). Sites are 620 
represented by circles with size proportional to the number of individuals amenable to IBD 621 
calling. Grey circles indicate archaeological sites between 5500-2500 BCE (top) and 3000-622 
1500 BCE (bottom) with no IBD connections to Rhine-Meuse individuals. On the right, decay 623 
of IBD connections with geographic distance for Rhine-Meuse Early, Middle and Middle-Late 624 
Neolithic individuals (top) and Rhine-Meuse BB-associated individuals (bottom). 625 
  626 
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 627 
Extended Data Figure 1. IBD connections of Rhine-Meuse CW/Vlaardingen individuals. 628 
Circles represent archaeological sites, with size proportional to the number of individuals 629 
amenable to IBD calling. Grey circles indicate archaeological sites between 3000-2000 BCE 630 
with no IBD connections to CW/Vlaardingen individuals. 631 
 632 
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