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2 

Abstract 32 

We present a high-resolution cross-disciplinary analysis of kinship structure and social institutions in 33 

two Late Copper Age Bell Beaker culture cemeteries of South Germany containing 24 and 18 burials, 34 

of which 34 provided genetic information. By combining archaeological, anthropological, genetic and 35 

isotopic evidence we are able to document the internal kinship and residency structure of the 36 

cemeteries and the socially organizing principles of these local communities. The buried individuals 37 

represent four to six generations of two family groups, one nuclear family at the Alburg cemetery, 38 

and one seemingly more extended at Irlbach. While likely monogamous, they practiced exogamy, as 39 

six out of eight non-locals are women. Maternal genetic diversity is high with 23 different 40 

mitochondrial haplotypes from 34 individuals, whereas all males belong to one single Y-chromosome 41 

haplogroup without any detectable contribution from Y-chromosomes typical of the farmers who 42 

had been the sole inhabitants of the region hundreds of years before. This provides evidence for the 43 

society being patrilocal, perhaps as a way of protecting property among the male line, while in-44 

marriage from many different places secured social and political networks and prevented inbreeding. 45 

We also find evidence that the communities practiced selection for which of their children (aged 0-14 46 

years) received a proper burial, as buried juveniles were in all but one case boys, suggesting the 47 

priority of young males in the cemeteries. This is plausibly linked to the exchange of foster children 48 

as part of an expansionist kinship system which is well attested from later Indo-European-speaking 49 

cultural groups.  50 

51 

Introduction 52 

Recent genetic research has made it clear that the third millennium BC was a period of large-scale 53 

migrations from the Caspian-Pontic steppe towards central and, later, western Europe, leading first 54 

to the formation of the Corded Ware and then the Bell Beaker complexes [1, 2, 3]. This is also 55 

evidenced in a shared burial ritual in Central Europe, characterized by individual burials and strict 56 
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differentiation between males and females in the orientation of the body [4]. The genetic admixture 57 

that resulted from these migrations still characterizes modern European populations, just as it is very 58 

likely that predecessors of one or several Indo-European languages spoken in Europe today were 59 

carried by these migrations [5, 6].  60 

 61 

However, it is still not well understood how it was possible for these populations to establish and 62 

maintain their cultural, social and linguistic coherence over time. For the Corded Ware complex it has 63 

been suggested that initial migrations were dominated by males, who married in women probably 64 

from residing Neolithic populations [6, 7, 8, 9], although at present it is debated whether the genetic 65 

evidence for male-dominated migrations contributing to these groups is compelling [10, 11]. There is 66 

also evidence that the individual groups most likely practiced patrilocality and exogamy at a 67 

community level [12, 7].  68 

 69 

We wanted to test if such a pattern of kinship, patrilocal residence and exogamous marriage 70 

persisted for the following Bell Beaker culture in Central Europe, which has been partly suggested by 71 

recent research on Bell Beaker and Early Bronze Age burial communities from the Lech valley around 72 

the city of Augsburg in Bavaria [13; 14]. We also wanted to test a proposition from Knipper et al. [13] 73 

that such marriage pattern would lead to increasing gene pool diversification. Here, we propose that 74 

such a degree varied with the complexity of social alliances. Finally, we wish to test if male lineages 75 

were maintained through time. In the concluding section, we discuss which social mechanisms and 76 

institutions would support such a long-term genetic and possibly linguistic stability.  77 

 78 

Our reference point to assess these hypotheses are findings coming from two cemeteries of the late 79 

Bell Beaker culture of South Germany [15], both located close to the Danube river, only 17 kilometers 80 

apart from each other, and roughly belonging to the same chronological horizon [Fig 1). Both 81 

cemeteries, Irlbach (IRL; county of Straubing-Bogen) and Alburg (ALB; -Lerchenhaid; city of Straubing) 82 
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were entirely excavated during rescue excavations in the 1980s and are documented as 24 and 18 83 

graves, respectively.  84 

Fig 1. Location and plans of the two late Bell Beaker culture cemeteries of Irlbach and Alburg 85 

(Straubing, Bavaria, Germany); the graves nos. 11, 15, 16 and 17 from the Alburg cemetery are 86 

shown as examples.  87 

 88 

Both cemeteries have received a detailed archaeological assessment, highlighting funerary customs, 89 

material culture and chronological sequences. They have both been fully analyzed bio-90 

anthropologically, subjected to multi-isotopic measurements of tooth enamel, and were part of the 91 

recent Europe-wide Beaker Phenomenon ancient DNA project [3] in which context their sex, 92 

mitochondrial and Y-chromosome haplogroups, ancestry, and genetic kinship were established. Here 93 

we take the genomic analyses one step further to investigate kinship between the individuals in 94 

detail.  95 

 96 

Materials and Methods  97 

 98 

Archaeological Background 99 

The cemeteries of Alburg (Lerchenhaid-Spedition Häring, City of Straubing, Lower Bavaria, Germany) 100 

and Irlbach (County of Straubing-Bogen, Lower Bavaria, Germany) were excavated in rescue 101 

excavations, the one in 1982 by the State Heritage Office in Landshut and the other in 1987-89 by the 102 

county archaeologist of Straubing-Bogen, Karl Böhm [15, vol. 2: 64-65; 72-73; 3, SI_2: 37-41]. Grave 103 

documentations are deposited in the County Archaeology Office in Bogen and in the Bavarian State 104 

Office for Heritage in Regensburg, respectively. All finds from both cemeteries are in the 105 

Gäubodenmuseum in Straubing. Human remains are stored in the premises of the State Collection 106 

for Anthropology and Palaeoanatomy in Munich. Both cemeteries, only being 17 kilometres apart 107 
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from each other, have a similar location in that graves are dug into the löss soil cover of the lower 108 

terrace of the right Danube riverbank. Contemporary settlement sites, potentially belonging to these 109 

cemeteries, are unknown. Cultural attribution is based on archaeological criteria, such as grave goods 110 

and burial customs.  111 

 112 

Bio-anthropological examinations of skeletons 113 

Anthropological sex was established according to Brothwell's [16] pelvic measurements, as well as 114 

the scales (from one to five) of cranial sexing from White and Folkens [17]. In addition, where the 115 

above two methods were not possible, sex has been ascertained through metrics as seen in 116 

Brothwell [16], Bass [18], and Chamberlain [19]. Age was established through epiphyseal fusion in 117 

Scheuer and Black [20], cranial suture closure (where possible) from Meindl and Lovejoy [21], dental 118 

development phases from White and Folkens [17], and dental attrition in Brothwell [16]. Non-metric 119 

traits were scored as present, absent, or not observable. Cranial and post-cranial non-metric traits 120 

were taken from Berry and Berry [22], Brothwell [16], Buikstra and Ubelaker [23], Mann, Hunt, and 121 

Lozanoff [24] and Hauser and De Stefano [25]. Metrics have been measured, or scored as absent, and 122 

stature estimations have been made, where possible, according to Trotter [26]. Preservation has 123 

been assessed on a scale of good, medium, or poor, and an approximation of percentage of remains 124 

present has been recorded. Surface erosion of the bones was assessed according to McKinley [27].  125 

 126 

Strontium and Oxygen Isotope Analyses 127 

87Sr/86Sr isotope analysis of the Irlbach cemetery enamel samples were taken from previous 128 

publications [28, 29]; see for an overview also [30]. A detailed list of the sampled teeth is provided on 129 

Fig 7 of [31]. Samples for Alburg cemetery’s 87Sr/86Sr and both cemeteries’ δ18O isotope analysis were 130 

taken as follows. The enamel surface of an intact tooth was first cleaned using a dental burr and 131 

hand drill. Two wedges of enamel and dentine (ca. 0.5mm wide, 1mm deep) representing the 132 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted December 11, 2019. ; https://doi.org/10.1101/863944doi: bioRxiv preprint 

https://doi.org/10.1101/863944


6 

 

complete growth axis of the enamel were removed using a flexible diamond impregnated dental disc. 133 

Any dentine adhering to the enamel sections was then removed using a dental burr, and the 134 

remaining enamel sample cleaned in an ultrasonic bath. For Sr isotope analysis, the whole enamel 135 

section was dissolved in 3ml 7N HNO3. Any detritus was removed by centrifuging, and the 136 

supernatant was dried and redissolved in 3N HNO3. An aliquot of this solution was removed, 137 

representing 3mg of solid enamel (containing approximately 100-300 ng of Sr), and made up to 0.5ml 138 

3N HNO3

 

to be loaded onto ion exchange columns. The strontium was separated using standard ion 139 

exchange chromatography using 70μl of Eichrom Sr spec resin (50-100 μm). Samples were loaded in 140 

to 0.5ml 3N HNO3

 

and washed with 4ml 3N HNO3. Strontium was eluted in 1.5ml MilliQ water. The 141 

elutant was dried down and loaded using a few μl 10% HNO3

 

onto rhenium filaments preconditioned 142 

with 1 μl TaCl5 solution and 1 μl 10% H3PO4. Isotope ratios were measured on a ThermoFinnegan 143 

Triton Thermal Ionization Mass Spectrometer in the Department of Earth Sciences of the University 144 

of Bristol, UK. The data is corrected for mass fractionation using a 86Sr/88Sr value of 0.1194 and an 145 

exponential fractionation law. 87Rb is subtracted using the measurement of 85Rb and a 85Rb/87Rb 146 

value of 2.59265 [32]. Data is corrected to NBS 987 using a value of 0.710248. The typical precision 147 

for 87Sr/88Sr achieved for a tooth sample using this method is ±0.00001. 148 

 149 

For oxygen isotope analysis of both cemeteries, the cleaned enamel sample was ground to a power 150 

in a hand mortar. The oxygen isotopes were taken from the structural carbonate fraction of tooth 151 

enamel (δ18Oc) and were measured relative to Pee Dee Belemnite (PDB) by Peter Ditchfield, Research 152 

Laboratory for Archaeology and the History of Art, University of Oxford, UK, on an Isoprime Dual-153 

Inlet mass- spectrometer connected to a Gilson auto-sampler using Oxford standard carbonate 154 

procedures. 155 

 156 
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Ancient DNA Analyses 157 

We extracted DNA from four newly reported individuals from Alburg and Irlbach and generated 158 

double-stranded DNA libraries following the same protocols as in [3]. We also generated additional 159 

DNA libraries from 14 individuals included in [3]. All the libraries were subjected to a partial uracil-160 

DNA-glycosylase (UDG-half) treatment to reduce the effects of post-mortem cytosine deamination 161 

[33]. Libraries were captured with probes overlapping 1,233,013 SNPs (‘1240k capture’) and the 162 

mitochondrial genome [34, 2], and sequenced on Illumina NextSeq500 instrument with 2x76 cycles 163 

and 2x7 cycles to allow the indices to be read. Sequencing reads were processed bioinformatically as 164 

in [3]. For the four newly reported samples mitochondrial haplotypes were called using Haplogrep2 165 

[35]. For the 14 individuals with additional libraries, new sequencing data were merged with data 166 

from [3], and Y- chromosome calls from [3] were updated accordingly (Table 1). 167 

  168 

We determined genetic sex based on the ratio of Y chromosome to sum of X and Y chromosome 169 

sequences [36] and relatedness coefficients using the method in [37] with nucleotide mismatch rate 170 

of 0.127. For Principal Component Analysis (PCA), a random allele was sampled for each ancient 171 

individual at each of the 591,642 SNP positions included in the analysis, removing the first and last 172 

two nucleotides of the sequences to avoid the effects of DNA damage. Principal components were 173 

computed on 989 present-day West Eurasians genotyped on the Human Origins Array, using the 174 

‘smartpca’ program in EIGENSOFT [38]. Individuals from Alburg and Irlbach, as well as other 175 

previously published ancient individuals [39, 1, 40, 41, 42, 43, 44, 3] from relevant populations, were 176 

projected onto the components computed on the present-day individuals with lsqproject:YES and 177 

shrinkmode:YES.  178 

 179 

 180 
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Results  183 

 184 

Archaeology and Bio-Anthropology  185 

The 24 graves make Irlbach the largest Bell Beaker culture cemetery in South Germany discovered to 186 

date. However most graves have been damaged by ploughing, and likely several more were 187 

completely destroyed prior to the excavations. The cemetery might originally have included ~30 188 

graves, arranged in three west to east groups, on an overall area of ~60 (W-E) x 30 (N-S) m. Of these 189 

groups, the western part yields six, the central part 14, and the eastern part three graves plus one 190 

more isolated grave (IRL_6). The Alburg graveyard, in contrast, is perfectly preserved and appears 191 

denser in its occupation with 18 graves covering an area of ~10 x 30 m. Almost all graves, with grave 192 

pits sized up to 1,4 x 0,8 m, are laying in long rows, oriented north-south. Only grave ALB_5 is off one 193 

of these rows, and it could not be established whether this really belongs to the cemetery.  194 

 195 

Out of the 41 graves that it has been possible to document, all are individual inhumation graves in 196 

often quite shallow burial pits, mainly orientated north-south, and often arranged in lines of graves 197 

or clustered together. Exceptions are grave ALB 18 which is a cremation; ALB 10 yielding two infant I 198 

(0-7 years) children (maybe neonate twins); and IRL 2 of a ‘young adult’ woman and an infant I child. 199 

Most burials are furnished with pottery, predominantly one or two cups and/or plate/bowl with six 200 

graves from Irlbach having single animal bones as remains of original food offerings in the latter. 201 

Only ALB 9 had a decorated beaker vessel, of the type that gives its name to the Bell Beaker complex. 202 

Beyond ceramics, male graves contained occasional flint arrowheads, deer teeth, and decorated 203 

tusk/bone pendants usually associated with hunting (four men in Irlbach and one, ALB 3, in Alburg). 204 

Female graves contained a series of small V-bored bone/antler buttons. While three burials in Irlbach 205 

contained only a few, the Alburg cemetery stands out due to six graves yielding many, amongst these 206 

29 pieces in grave 6 alone and 22 pieces in grave 15, here laid out "in a U-formed line from the 207 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted December 11, 2019. ; https://doi.org/10.1101/863944doi: bioRxiv preprint 

https://doi.org/10.1101/863944


10 

 

clavicle to the lower departure of the sternum and then upwards again to the other clavicle", most of 208 

them with the perforated side facing upward. Both sexes show few signs of social differentiation 209 

based on the presence of prestige objects; there is only one small copper dagger but no wristguards, 210 

or artefacts made of gold, silver or amber, which could otherwise be linked with status.  211 

 212 

The material culture forms the basis of a chronological sequencing of the burials in which 213 

characteristic groups of equipment and pottery lead to the definition of the relative phases A2b, B1 214 

and B2, each likely comprising a few generations [15, 45]. Both cemeteries show a similar sequence, 215 

spanning from phase A2b to B2, with most of the graves in phase B1. In archaeological terms, they 216 

may therefore be regarded as mostly contemporary, with the graves IRL 5 and IRL 10 being the 217 

earliest in Irlbach. The four graves of the eastern grave group (IRL 6, IRL 11, IRL 20 and IRL 21) are the 218 

latest interred, also representing the latest Bell Beaker stage in Bavaria.  219 

 220 

In Alburg, graves ALB 18, ALB 9, ALB 13, ALB 16 and ALB 2 are the earliest and arranged in an initial 221 

north-south orientated line of burials. Grave ALB 6 and ALB 17 are seemingly the latest. Both 222 

cemeteries were in use for a period of more than ~100 years. To secure the chronology, four 223 

radiocarbon datings were performed. Despite long 2σ-calibration spans in the second half of the 224 

third millennium due to wiggles in the calibration curve, these generally support a date of ~2300-225 

2150 cal BC, consistent with other middle to late Bell Beaker cemeteries in Bavaria, but are too few 226 

and imprecise to improve the estimates of the use-life of the cemeteries beyond the relative dating 227 

based on material culture and genetics.  228 

 229 

Southern German Bell Beaker culture people practiced a gender differentiated burial custom in 230 

which most females lay crouched on their right sides, with heads to the south, and most male 231 

individuals lay on their left with heads to the north (examples are shown in Fig 1). Both bio-232 

anthropological and genetic sexing (Fig 2) confirms a broad adherence to this custom. In each 233 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted December 11, 2019. ; https://doi.org/10.1101/863944doi: bioRxiv preprint 

https://doi.org/10.1101/863944


11 

 

cemetery we however find exceptions: Grave IRL 17 is that of a mature woman whose legs probably 234 

lay on the wrong side (the left instead of the right); moreover she might even have been positioned 235 

supine with flexed legs. ALB 14 turned out to be genetically female despite having a male body 236 

position.  237 

 238 

Fig 2. Genetic sexing results of the A) Irlbach and B) Alburg cemeteries.  239 

 240 

Sexes are well balanced in both cemeteries: Irlbach includes 11 females and nine males, while Alburg 241 

contains seven females and eight males. In Irlbach, 14 individuals reached adulthood (six men and 242 

seven women, with one of unknown sex) and in Alburg ten (three men and seven women). Irlbach 243 

has seven infant I (0-7 years) and II (7-14 years) burials (at least two girls and three boys), and two 244 

juveniles (one girl, IRL 21; the other of unknown sex). Alburg has five infant I and II burials, two boys 245 

and at least one girl, but likewise only two juveniles (both boys). Children of the infant age group are 246 

thus underrepresented in what one would expect for pre- industrial societies with high child 247 

mortality [46, 47]. This suggests that the communities practiced a social system that selected 248 

children to be allowed a proper burial in the communal cemeteries. Such a system may also have 249 

been in place for adolescents as the Fig for both cemeteries combined seems unbalanced, favoring 250 

boys for burial (seven versus four girls).  251 

 252 

The burials in both cemeteries have given no anthropological evidence for the causes of death. There 253 

are only few pathologies, minimal evidence for malnutrition, and only one case of interpersonal 254 

violence, represented by the man in IRL 14. He displays a remodeled right radius and ulna break just 255 

above their distal joint surfaces. Being well above average stature and one of the tallest men in the 256 

series, he is also the only individual in both cemeteries having a copper dagger, originally placed at 257 
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the right radius/ulna. Another copper object may have originally been given to grave IRL 22, however 258 

it was removed already in antiquity. Grave IRL 20 was also intentionally disturbed.  259 

 260 

The non-metric trait of a septal aperture, the incomplete fusion of the distal joint surface of the 261 

humerus, is displayed in the skeletons from IRL 3, IRL 14, IRL 21 and IRL 22, consisting of two men 262 

and two women, one of whom is a juvenile, 15-16 years old. This trait is represented with only 6% in 263 

today’s general population [48]. Compared to the altogether nine individuals with at least one fused 264 

distal joint surface of the humerus in the collection, it is disproportionally represented in the Irlbach 265 

skeletal series. It is probable that the number of these traits found in Irlbach is a result of hereditary 266 

inheritance and thus kinship.  267 

 268 

Ancient DNA  269 

We possess genetic data for 18 graves from Irlbach and 16 graves from Alburg (Table 1). This set can 270 

be divided into 1) Y-chromosome haplogroups; 2) Mitochondrial DNA (mtDNA) haplotypes; and 3) 271 

Hundreds of thousands of autosomal markers allowing high-resolution ancestry inferences and 272 

kinship analysis. Four individuals (three from Alburg and one from Irlbach) with only mtDNA 273 

information are newly reported in this study, and we generated additional DNA libraries on 14 274 

individuals (SI Table) reported in a recent study [3]. The new data are released on the Reich 275 

laboratory website as well as at the European Nucleotide Archive at accession number xxx.  276 

 277 

All the male burials with sufficient data belong to a single Y-chromosome lineage, R1b-M269, which 278 

is the major lineage associated with the arrival of Steppe ancestry in western Europe after 2500 BC. 279 

In the preceding and partly contemporary Corded Ware populations of central Europe, another Y-280 

haplogroup dominated, R1a, although R1b also occurs albeit in small numbers [1]. For individuals for 281 

whom we can determine the R1b-M269 subtype, we found that all had the derived allele for the R1b-282 
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S116/P312 polymorphism, which defines the dominant subtype in central and western Europe today 283 

[3]. This represents an extraordinary uniformity along the male line, practically linking all men in both 284 

cemeteries and in fact the vast majority of Central European Bell Beaker culture men who are also 285 

R1b-S116/P312 positive [3]. However, given that this lineage likely arose several centuries earlier, 286 

this uniformity does not necessarily imply a very close paternal relationship between the males of 287 

these two communities.  288 

 289 

Site Grave 

Osteo-

logical 

sex 

Genetic 

sex 
Age group Position 

Arch 

period 

87Sr/86Sr 

enamel 

87Sr/86Sr 

bone 
mtDNA haplo YDNA haplo 

Irlbach 1 F F Adult Right side B1 0.71028 0.71092 U5b2c  

Irlbach 2 F F Young adult Right side B1   X2c1  

Irlbach 3 M M Adult Left side B1 0.70963 0.70952 T2b+152 R1b1a1a 

Irlbach 4  F Inf I Right side B1 0.70971  H5a1  

Irlbach 5  F Inf II Right side A2 0.7095  U5a1a2b  

Irlbach 6 F F Mature adult Right side B2 0.71241 0.70913 H5a1  

Irlbach 7  undet Inf I  B1 0.70964  T2g2  

Irlbach 8  M Inf II Left side B1 0.71006  T2b+152 
R1b1a1a2 

(M269) 

Irlbach 9 F F Mature adult Right side B1 0.70955 0.70932 T2b+152  

Irlbach 10 M M Adult Left side A2 0.70938 0.70938 K1a4b 
R1b1a1a2a1a2b1 

(M269) 

Irlbach 11  M Inf II Left side B1 0.71096  
J1c+489+1598+3504 

+12477+16188+16189 
R1b1a1a2a1a2b1 

Irlbach 12   Young adult Left side? B2     

Irlbach 13   Mature adult Right side      

Irlbach 14 M M Adult Left side B1 0.7094 0.70914 T1a1 R1b1a1a2 

Irlbach 15   Juvenile  B1     

Irlbach 16 M M Adult Left side B2 0.71158 0.70933 K1b1b1 R1b1a1a2 

Irlbach 17 F F Mature adult 
Left side 

"Rückenhocker" 
B1   W5  
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Irlbach 18 M  Mature adult Left side B1     

Irlbach 19  M Inf I Left side    U5a2a+16294 R1b 

Irlbach 20 M M Adult Left side B2 0.70981 0.70922 J1c R1b1a1a2a1a2b1 

Irlbach 21 F undet Juvenile Right side B2 0.71013  HV6  

Irlbach 22 F F Adult Right side B1 0.70972 0.70929 T1a1  

Irlbach 23          

Irlbach 24    Right side      

Alburg 1  M juvenile Left side  0.70936  H1e1a R1b1a 

Alburg 2  M Adult Left side  0.70951  H1e1a R1b1a1a2a1a 

Alburg 3  M Adult Left side  0.70986  U4d1 R1b1a1a2a1a2b1 

Alburg 4  F Adult Right side B1 0.70986  H1+10410+16193+16286  

Alburg 5          

Alburg 6  F Adult Right side B2 0.70993  H1+10410+16193+16286  

Alburg 7  undet Inf II Left side B1 0.70981  H1+10410+16193+16286  

Alburg 8  undet Adult Right side B1 0.7107  H+16129  

Alburg 9  F Adult Right side A2 0.71067  T2f  

Alburg  10a  undet Inf I  B1   V  

Alburg  10b   Inf I  B1     

Alburg 11  M Juvenile Left side B1 0.70981  H+16129 R1b1a1a2 

Alburg 12  M Inf II Left side B1 0.70952  T2f R1b1a1a2a1a2b1 

Alburg 13  M Adult Left side A2   H1e1a R1b1a1a2a1a2 

Alburg 14  F juvenile/Adult Left side B1 0.70956  U5b3  

Alburg 15  F Adult Right side A2 0.71014  H10e  

Alburg 16  F Adult Right side A2 0.7174  I3a  

Alburg 17  undet Adult Right side B2 0.70925  H1+10410+16193+16286  

Alburg 18    Cremation      

 290 

Table 1. Overview table of Irlbach and Alburg grave number, osteological and genetic sex, age group 291 

at death, burial position, archaeological dating/period, 87Sr/86Sr enamel and bone values, δ18Oc

 

292 

values, mtDNA haptotype and Y DNA haplogroup. For full details see SI table. 293 

 294 
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In stark contrast to the patterns of Y chromosome variation, the 18 individuals in the Irlbach graves 295 

have 14 different mitochondrial haplotypes and the 16 individuals in Alburg still share nine, showing 296 

an extreme diversity of maternal lines (Fig 3A-B). This suggests the possibility of widespread, 297 

probably institutionalised, exogamic marriage pattern incorporating for generations women from 298 

various backgrounds into burial communities and netting them together in extended kin-groups. 299 

Interestingly, none of the haplotypes is shared between our two cemeteries. This speaks for our two 300 

burial groups belonging to two different wider kin-groups despite their spatial proximity. Compared 301 

to the only other contemporary set recently made available [13], i.e. three Bell Beaker culture burial 302 

groups and two single graves around Augsburg, ca 200 kilometres away, with their 16 different 303 

haplotypes out of 19 positively tested burials, both Augsburg and Irlbach show a similar 304 

mitochrondrial diversity, while it is lower at Alburg (Fig 3C). 305 

 306 

Fig 3. Pie chart of mtDNA haplotype distribution of A) Irlbach and B) Alburg, in comparison C) with 307 

the Bell Beaker cemeteries around Augsburg.  308 

 309 

The genome-wide ancestry of 16 individuals from Irlbach and 13 from Alburg is illustrated in a 310 

principal component analysis (PCA) projecting the ancient samples onto the genetic variation in a set 311 

of west Eurasian present-day populations (grey dots), with previously published (pale yellow) ancient 312 

samples (Fig 4). The results show that individuals from both cemeteries ranged along the cline 313 

determined by Bronze Age Steppe and European Neolithic ancestries, with IRL 9, IRL 10 and IRL 16, 314 

and ALB 14 and ALB 16 having closer affinity to Steppe/Corded Ware populations, while IRL 4 and IRL 315 

14, and ALB 4, ALB 6, ALB 9, and ALB 12 are more leaning towards much earlier established (= pre-316 

Yamnaya) European Early and Middle Neolithic farmers. This picture is basically identical to the later 317 

situation around Augsburg [14]. 318 

 319 
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Fig 4. Principal Component Analysis using ~600000 autosomal genetic markers on 990 present-day 320 

West Eurasians (shown as grey circles). Ancient individuals are projected onto the first two principal 321 

components computed on the present-day individuals, to avoid the effects of ancient DNA damage.  322 

 323 

Using genome-wide data, we determined intra-group kinship (Fig 5), identifying 1st-degree-324 

relationships among individuals from the IRL 3–8–9, IRL 11–20 and IRL 14–22, as well as ALB 4–6, ALB 325 

9–12, ALB 2–13, and likely ALB 1–2 and ALB 1–13. In combination with sex/age information, grave 326 

location and position in the chronological sequence (older/younger), further conclusions can be 327 

drawn: IRL 3, IRL 8 and IRL 9 lay in the centre of the cemetery and are likely earlier than IRL 11, IRL 328 

14, IRL 20 and IRL 22. IRL 8 and IRL 9 are either siblings or mother (died aged 50+) and juvenile son 329 

(died aged 10-11). The adult man (died aged 30-40) in IRL 3 is also a 1st-degree relative of the 330 

individuals in IRL 8 and IRL9. As they share the same mitochondrial haplotype, individuals in these 331 

three graves, placed next to each other, are likely those of a mother and her two male children. Less 332 

likely seems the combination of two brothers and their sister. IRL 20 is the father of IRL 11, who is a 333 

juvenile boy with a different mtDNA haplotype. IRL 14, an adult man aged 40-45 years at death, is 334 

either a sibling or the son of the adult woman IRL 22, passed away at age 24-25. 335 

 336 

Fig 5. Genetic intra-group kinship results of the A) Irlbach and B) Alburg cemeteries.  337 

 338 

ALB 4 is likely the mother of the woman in ALB 6. The adult woman in ALB 9 is the mother of the 339 

male child ALB 12. ALB 2 and ALB 13, both adult men at death, are brothers as they share the same 340 

haplotype of H1e1a. This haplotype is also shared by ALB 1, a juvenile boy buried without pottery like 341 

ALB 2, and located slightly offset in between 2 and 13. He also shares a high kinship coefficient with 342 

both other brothers. A scenario that best fits these relationships, and is consistent with the temporal 343 

succession of burials, would see the individuals in ALB 1–2–13 being first generation brothers.  344 

 345 
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We also detected 2nd and 3rd-degree-relationships and more distant kinship. In Irlbach these are 346 

2nd-degree kin pairs in IRL 14–20 and IRL 20–22 and 3rd-degree kin pairs in IRL 11–14 and IRL 11–22. 347 

This link shows that all four graves are closely related, consistent with the phenotype of septal 348 

aperture of their humeri, with the most likely scenario being that the individual IRL 20 is not only the 349 

father of IRL 11 but also the nephew of both the adult woman in IRL 22 and the adult man in IRL 14. 350 

Despite sharing the same mitochondrial H5a1 haplotype with an exact match, IRL 4 and IRL 6 are not 351 

first or 2nd-degree relatives, but they could be 3rd-degree relatives. IRL 1–2–4–5 are likely 3rd-352 

degree relatives, with the exception of IRL 4–5 who are more likely 2nd-degree relatives. IRL 1, IRL 2, 353 

IRL 4, and IRL 5 are also 3rd- degree or more distant relatives of IRL 14–22–11–20. Finally, brothers 354 

IRL 3–8 are likely 3rd-degree or more distant relatives of IRL 1–2–4–5–14–22–11–20.  355 

 356 

In Alburg, ALB 4–12 are 2nd-degree relatives and ALB 8–11 sharing the same mtDNA H+16129 357 

haplotype are likely also 2nd-degree kin. The likely brothers in the ALB 1–2–13 are equally related to 358 

ALB 4 as 2nd/3rd-degree kin, with one possibility being niece and paternal uncles relationships. ALB 359 

1–2–13 are also 3rd-degree relatives of ALB 12. ALB 14–16 are likely 3rd-degree relatives. Finally, ALB 360 

7 and ALB 17 (both with only mtDNA data) share the same mtDNA haplotype 361 

(H1+10410+16193+16286) with ALB 4–6, suggesting a close maternal relationship.  362 

 363 

The adult woman in ALB 4 could then be the daughter of an unsampled brother of ALB 1–2–13. Given 364 

that grave ALB 4 is related with the male child in ALB 12 but not with his mother ALB 9, ALB 4 would 365 

be the paternal aunt/niece of ALB 12. While we cannot see her parents amongst the burials, this 366 

woman ALB 4 appears like the kinship ‘hinge’ for the first two and the last generation(s), her own 367 

daughter being in ALB 6 and her infant children or grandchildren perhaps in ALB 7 and ALB 17.  368 

 369 

These genetic connections make it likely that we have close-knit kin-groups in both cemeteries, with 370 

the 10 adult individuals in Alburg (Fig 6) forming a single nuclear family over several generations, 371 
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likely ~four to five. In Irlbach (Fig 7), the six individuals of the western burial group seem unrelated to 372 

each other and to the central group within the limits of our sampling and resolution. One can 373 

therefore estimate the existence of one, more extended family group as the eastern three burials of 374 

Irlbach, and the isolated IRL 6, are genetically linked to the main group. The duration of use of the 375 

cemetery as a burial place might also encompass ~five to six generations however this remains 376 

difficult to calculate due to the mentioned destruction due to ploughing.  377 

 378 

Fig 6. Kinship pattern indicated and genealogy reconstructed for the Alburg cemetery.  379 

 380 

Fig 7. Kinship pattern indicated and genealogy reconstructed for the Irlbach cemetery.  381 

 382 

Isotopes  383 

We also studied isotopic 87Sr/86Sr and δ18O data from tooth enamel of a total of 35 graves in the two 384 

cemeteries (19 from Irlbach: 15x 87Sr/86Sr and 18x δ18O; 16 from Alburg: 14x 87Sr/86Sr and 16x δ18O; 385 

(Fig 8). Previous studies characterized the local values of the biologically available 87Sr/86Sr for both 386 

cemeteries, located in the loess soil covered lower terraces of the right Danube bank, to be around 387 

0.709-0.710 [19, 20, 21]. This makes the ALB 8, ALB 9 and ALB 16 and IRL 6, IRL 11 and IRL 16 87Sr/86Sr 388 

outliers, i.e. non-locals [49]. Compared to the Bell Beaker culture burials around Augsburg, the ratio 389 

of 87Sr/86Sr values comparing non-locals to locals are nearly identical (here: 1:4.83; Augsburg: 1:4.5; 390 

13). Of these, only the origin of ALB 16 can be geographically pinpointed due to the highly radiogenic 391 

geological background of the value 0.71740, one of the highest ever measured from Southern 392 

German samples. Its closest match is to be found just across the Danube river on the palaeozoic 393 

rocks of the Bayerischer Wald, the mountainous range between Bavaria and the Czech Republic. 394 

However, other more distant locations are also possible. While all Irlbach 87Sr/86Sr outliers have 395 

different values, thus likely coming from diverse geographical backgrounds, the isotopic ratios of the 396 
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individuals in ALB 8 and ALB 9 are very similar, making it possible that both women, however 397 

separated by likely one or two generations, were coming from the same region and potentially 398 

community.  399 

 400 

Fig 8. Scatter plot of 87Sr/86Sr and δ18Oc isotope ratios of the individuals of the Irlbach and Alburg 401 

cemeteries. Outlier graves are numbers and sex and age at death are indicated. The yellow 402 

background represents the local range of the 87Sr/86Sr ratio, the green background that of δ18Oc

 

. 403 

Typical 87Sr/86Sr errors are 0.00001. Note that the δ18Op

  

outlier of ALB 2 is not shown in this graph as 404 

we could not get a 87Sr/86Sr ratio for this young adult woman.  405 

 406 

δ18Oc oxygen isotope data were measured in tooth enamel in structural carbonate, ‰ relative to 407 

Vienna Pee Dee Belemnite (VPDB). Local southeast Bavarian δ18Oc values fall into the range of -4.6 to 408 

-6.4 (= 15.0 to 17.5 when re-calculated to δ18Op

 

: 13). In our dataset, two groups can be discerned, 409 

one having -4.6 to -5.4 and the other -5.75 to -6.4 values. In each group, burials from both 410 

cemeteries, both sexes, and all phases of the chronological sequence are represented. δ18Oc outliers 411 

are found in the IRL 2, the young adult woman of this double woman-child inhumation, and IRL 4, an 412 

infant girl aged 4-5 at death, with similar δ18Oc 

 

values of -4.297 and - 4.242 respectively.  413 

 414 

Combined, eight individuals can be regarded as isotopic outliers. These represent six females (IRL 2; 415 

IRL 4; IRL 6; ALB 8; ALB 9; ALB 16) and two males (IRL 11; IRL 16). Six are adults, among which is the 416 

only man of IRL 16 from the western group. Two are children, the mentioned girl of IRL 4 and a 417 

juvenile boy, died aged 11-12, of IRL 11. None of these burials is a combined 87Sr/86Sr and δ18O 418 

outlier. Again, the Figs comparing non-locals to locals in Irlbach and Alburg match very well 419 

conclusions drawn from the Bell Beaker burials of the Augsburg region [13, 14] and other burial 420 

grounds in South Germany [31], consistent with two patrilocal and exogamic communities. 421 

 422 
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A more complex picture of the non-locals emerges when combining the information from 423 

archaeology, anthropology and genetics. In Alburg, two of the three isotopic outlier women belong 424 

to the first phase of the cemetery use and are buried next to the first generation brothers. However 425 

it is difficult to establish their exact relationship and how they may have been coupled due to the 426 

caveat of apparently missing family members, notably adult men (overall only three adult men 427 

versus seven women). Importantly, ALB 9, the burial with the only decorated beaker vessel in both 428 

cemeteries, appears in the PCA to be the sample with the least Steppe/Corded Ware ancestry of 429 

both cemeteries, leaning to the direction of pre-Yamnaya Neolithic populations. The burial in nearby 430 

ALB 12 is her son, passed away at age 7-14. However his father is not among the adult males we have 431 

kinship information for, although the boy is a 3rd- degree relative, much more likely a first cousin 432 

than a great grandchild, to the three brothers.  433 

 434 

ALB 16, as said likely coming from across the Danube from the Bayerischer Wald region, yields the 435 

rare mitochondrial haplotype I3a and is, in contrast, among the samples with highest Steppe/Corded 436 

Ware-related ancestry from both cemeteries. In ALB 14, she has a 3rd-degree relative too, the 437 

woman placed in the grave on the body side normally reserved for men who died in juvenile/early 438 

adult age. However, ALB 14 is not at all related to the one of the three brothers buried next to ALB 439 

16, i.e. ALB 2. They are therefore unlikely a couple unless one sees ALB 14 as another first cousin of 440 

ALB 16 and like her coming from the outside and the same family group but integrated into the 441 

Alburg community perhaps a generation later. For this conclusion could speak the fact that she 442 

shares an equally high Steppe/Corded Ware-related ancestry.  443 

 444 

ALB 8, finally, is an adult woman who has entered the group perhaps in the second or third 445 

generation. She is 2nd-degree relative to and shares the same mitochondrial haplotype H+16129 446 

with the juvenile boy in nearby ALB 11 and might therefore well have been his grandmother or 447 

maternal aunt. Again, we do not see the boy’s father in our records.  448 
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 449 

In Irlbach, one δ18O outlier is IRL 2, the young adult woman in the only double woman-child 450 

inhumation. She arrives during the middle occupation phase of the cemetery and brings in the exotic 451 

mitochrondrial haplotype X2c1. In contrast, all three 87Sr/86Sr outliers belong to the last phase of the 452 

cemetery. This could point to the arrival event of new people at this time. Here, IRL 6 is the grave of a 453 

mature (died aged 45) woman. While given an isolated place in the cemetery, she shares the same 454 

mitochondrial haplotype H5a1 and could be 3rd-degree relative with the girl IRL 4, who is one of two 455 

δ18O outliers.  456 

 457 

IRL 16, an adult man, is the only outlier in the west group. He belongs to the graves with highest 458 

Steppe/Corded Ware ancestry in the PCA, and lies immediately next to the mature woman IRL 17 459 

who, in turn, has the rare mitochondrial haplotype W5 and is the only burial of this cemetery having 460 

a deviation from the strict burial customs. They could well have been an immigrant couple but 461 

seemingly unrelated to other members of the western and central burial group. Other potential man-462 

woman couples in this cemetery, buried next to each other however seemingly genetically unrelated, 463 

could be IRL 3 (♂) and 2 (♀) and IRL 14 (♂) and 13 (♀).  464 

 465 

IRL 11, the juvenile son having died aged 11-12 of the neighbouring adult man IRL 20, and grand-466 

nephew of IRL 14 and IRL 22, is also an isotopic outlier. The two form a small isolated group in the 467 

east with a third burial, IRL 21, a 15 years old girl with the mitochondrial haplotype HV6, attested 468 

only in her, and being the only girl of a marriageable age in both cemeteries. While we unfortunately 469 

have no kinship data for her, she possesses the non-metric trait of a septal aperture of her humerus, 470 

potentially linking her epi-genetically to the IRL 14 and IRL 22 and thus perhaps making her a relative 471 

too. All three are roughly contemporary, and may well reflect another immigrant group, with the girl 472 

perhaps to be married into the local community. However it is only the boy who has a non-local 473 

isotopic signal, different from that of his father. One possible scenario consistent with this is that his 474 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted December 11, 2019. ; https://doi.org/10.1101/863944doi: bioRxiv preprint 

https://doi.org/10.1101/863944


22 

 

father, originally born and raised here, lived away for a while in an isotopically different 475 

environment, where his son was born and spend his youth until they returned together. Taking the 476 

multiple local relationship of his father and the possibility that he never left his group, another 477 

scenario could see the boy as a foster child, given away to a relative at an early age and returning as 478 

a juvenile shortly before passing away.  479 

 480 

Synthesis: expansionist kinship institutions  481 

 482 

Principles of social organization  483 

By combining the various sciences, and applying them to the 42 graves of our two late Bell Beaker 484 

culture cemeteries, we propose a model characterized by six social principles:  485 

 486 

1) The basic kinship units are nuclear families. Alburg started out with two brothers and their likely 487 

wives (a possible third brother died as teenager), which over time merged, at least genetically, into 488 

one lineage. In Irlbach we also have a family lineage as the western group is heterogeneous and 489 

unrelated to the rest. We can follow them over four to six generations, despite missing some of their 490 

members in our records, particularly adult males in the case of Alburg. Based on age distribution, 491 

these families comprised parents, some of their children of various ages, and occasionally a member 492 

of the grandparent generation. In this sense, our nuclear families are identical to those described in 493 

the Eulau (Germany) massacre, belonging culturally to the Corded Ware and being ~400 years older 494 

[12]. They are also identical to those highlighted for the subsequent Early Bronze Age around 495 

Augsburg, mostly being 200+ years later [14]. 496 

 497 

2) These nuclear family groups are based on patriarchal, patrilinear and patrilocal residency lines (Fig 498 

9A-B). This is exemplified by the brothers (ALB 1, ALB 12 and ALB 13) who are likely to be founders of 499 
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the Alburg cemetery. It is also evident from the observed Y-chromosome homogeneity and the 500 

isotopic gender bias, as in Eulau and around Augsburg. It is further supported by the selective 501 

favouring of male child and juvenile burials (5 boys versus 3 girls; 2 juvenile boys versus 1 juvenile 502 

girl) although these Figs might be incomplete due to not having sex determinations for all 16 non-503 

adults in the two cemeteries. It is however also observed in other South German Bell Beaker and 504 

Early Bronze Age cemeteries [45, 14]. The case of the adult woman in ALB 4 also demonstrates the 505 

important role local women of kin can have in such nuclear family groups. She is 2nd/3rd-degree 506 

relative of the three brothers, probably a grandchild/niece or great grandchild, in turn the mother of 507 

ALB 6 and in close maternal relationship with the later ALB 7 and ALB 17, thus standing in-between 508 

the generations. However due to her parent generation missing, we cannot estimate if they, or she, 509 

had spent some time away from her group.  510 

 511 

Fig 9. Social institutions as a model: 9A: Exogamy and male foundation of new settlements within 512 

existing patterns. 9B: Exogamy and male foundation of new settlements in period of geographical 513 

expansion. 9C: Kinship diagram of the reconstructable Proto-Indo-European terms for relatives of the 514 

marital partners. The wealth of words for relatives on the husband’s side versus the absence of those 515 

on the wife’s side is consistent with a system of patrilocal exogamy.  516 

 517 

3) The marriage system is based on female exogamy and likely monogamous. This is supported by 518 

the isotopic evidence and the equal number of male and female burials in both cemeteries, of adult 519 

men and women in Irlbach, and of missing half-siblings in our genetic records. It is also supported by 520 

the variety of mitochondrial haplotypes (Fig 3), being brought in over generations by women from 521 

various regional backgrounds. The genetic backgrounds of Irlbach and Alburg can also be quite 522 

diverse in terms of genetic lineages as shown by some exotic haplotypes and varying degrees of 523 

ancestry. Women thus came from both predominantly ‘Early/Middle Neolithic’ genetic backgrounds 524 
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and predominantly ‘Steppe/Corded Ware’ genetic backgrounds. At this time they were all part of Bell 525 

Beaker culture communities. Some individuals, or groups, might even originate from down the 526 

Danube river in what is now Hungary where a higher ‘Neolithic’ genetic imprint is maintained [31, 1]. 527 

This Danube river link, more than any Únětice territory speculation, may also play a role in the 528 

increasing ‘Anatolian farmer-related ancestry’ from Bell Beaker to Early to Middle Bronze Age 529 

periods observed around Augsburg [14]. 530 

 531 

4) The inheritance system is likely based on male primogeniture. Not only are children Figs far too 532 

low in what one would expect in a prehistoric society, children are also differentially represented in 533 

burials according to age and sex/gender; the slight female deficit for infant I/II children could speak 534 

for selection and so does the juvenile gender bias for favouring boys, even if young girls could have 535 

been given away as wives. The only teenage girl in both cemeteries is likely of non-local origin, she 536 

exhibits a unique mitochondrial haplotype, and could thus be an example of a married-in girl who 537 

passed away however young at the age of 15. The possible foster boy buried next to her in IRL 11 538 

also fits well into such a system of giving promising sons into the hands of close relatives. The 539 

practice is also observed around Augsburg in three male adults showing distinct isotopic changes in 540 

M1 and M3 teeth, resulting from seemingly having spend some time in a geological different 541 

environment before returning to their birthplace [14]. In combination with our evidence of 542 

patriarchy, patrilinearity, patrilocality, and exogamy, this likely speaks for an inheritance system 543 

along the male line and the importance of primogeniture. The latter is supported by child burials 544 

with prestigious weaponry sets, providing them with the inherited (as opposed to achieved) status of 545 

a Bell Beaker culture hunter/warrior [45].  546 

 547 

5) Nuclear families likely formed independent households. However the question arises whether the 548 

buried family members and/or household leaders were sufficient to sustain stable households for 549 

~100 years, as in our cases, without having other individuals, non-family members or distant 550 
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relatives, to support their households but being devoid of rights of a burial. Thus, the unequal 551 

distribution of prestige goods and hunter/warrior status in other nearby cemeteries [45: 347-352] 552 

speaks for hierarchies, ergo social inequalities, within families/households, rendering unfree and low 553 

status family members ritually invisible, in contrast to the subsequent Early Bronze Age cemeteries 554 

around Augsburg [14] and the Únětice Culture [50].  555 

 556 

6) Families/households formed alliances through kinship and the observed exogamic practices and 557 

foster children further forged such alliances, likely linking families into clans. Alliances were thus 558 

regional rather than closely local, and they could have formed larger political and ethnic entities to 559 

be mobilized in periods of unrest, or during periods of expansion (Fig 9B). This pattern is not confined 560 

to South Germany as demonstrated by another, roughly contemporary kinship group, from the 561 

Salisbury Plain  near Stonehenge in England. Here, father (I2457; 2480-2031 calBCE, 3890±30 BP, 562 

SUERC-36210; 2200-2031 calBCE, 3717±28 BP, SUERC-69975) and biological daughter (I2600; 2140-563 

1940 calBCE, 3646±27 BP, SUERC-43374) are buried in the two different cemeteries of Amesbury 564 

Down (grave 13382; ‘adult male’) and Porton Down (grave 5108, ‘subadult female’ with a neonate), 565 

respectively, being 6.5 km apart. Two further 3rd/4th-degree male relatives of the couple are, 566 

further on, buried next to the father’s grave in Amesbury Down (I2566; grave 13385; 2210-2030 567 

calBCE, 3734±25 BP, NZA-32490; ‘adult male’ with a long-necked beaker) and in Wilsford Down 568 

(I6777; parish of Wilsford-cum-Lake, barrow G54; a radiocarbon date is not available however 569 

seemingly richly equipped burial of a ‘17-25-year-old male’ belonging to an early Beaker phase), the 570 

latter being 3.3 kilometres away and likely a direct ancestor, while Amesbury Down, grave 13385 571 

could be a cousin of the father/daughter couple [3]. However, no such links seem to exist between 572 

our two burial communities, as they neither share kinship, nor mitochondrial haplotypes. This picture 573 

seemingly continues into the Early Bronze Age, as shown around Augsburg [14]. There is also no 574 

exact mitochondrial match with other burials from Bavaria so far. The closest haplotypes are E09613 575 
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(haplotype H1+10410+16193) from grave 3 (feature no. 168) of the Hugo-Eckener-Straße cemetery in 576 

Augsburg, a non-local adult female, with ALB 4, ALB 6, ALB 7 and ALB 17 who share the 577 

H1+10410+16193+16286 haplotype. These haplotypes are separated by only one mutation. However 578 

their split can already have happened several generations before [13, Dateset S1, Tab. 2].  579 

 580 

 581 

Discussion  582 

We shall now situate our results within an interpretative framework of comparative anthropology 583 

and the linguistic reconstruction of Indo-European kinship systems and institutions [51, 52].  584 

 585 

Recent research comparing patrilocal and matrilocal marriage system in traditional societies in 586 

Indonesia demonstrated that these two institutions had different consequences for both language 587 

dominance and genetic dominance. The results were summarized as follows: “When multiple 588 

languages are present in a region and post-marital residence rules encourage sustained directional 589 

movement between speech communities, then languages should be channelled along uniparental 590 

lines. ... Over time, these kinship systems shaped their gene and language phylogenies” [53]. 591 

Consequently, women marrying into patrilocal communities were forced to adopt their husband’s 592 

language. Such a situation could well resemble third millennium BC Europe. If Indo-European 593 

speakers were the ones to introduce a system of patrilocal exogamy, women from one or multiple 594 

originally non-Indo- European-speaking communities would have moved into Indo-European 595 

speaking communities, and adopt their language [6]. Over time this would lead to an increased 596 

genetic and cultural dominance and the consolidation of one or more Indo-European dialects.  597 

 598 

Our data allows us to identify the institution of exogamy linked to patrilocal/virilocal residence for 599 

women. These results are supported by the identification of a father and daughter buried in British 600 
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Bell Beakers context in Amesbury Down and Porton Down, being 6.5 km apart. This kinship model 601 

was widespread among historical Indo-European-speaking societies and has previously been 602 

hypothesized for the Proto- Indo-European language (PIE) community by methods of linguistic 603 

reconstruction [52: 212, 54, 55, 56, 57, 58]. Linguistic indicators of exogamy consist mainly of 604 

reconstructed Proto-Indo-European vocabulary such as a word for ‘brideprice’ (*h1uedmōn), and the 605 

synonymy of the verbs ‘to wed’ and ‘to lead’ (*uodheieti), suggesting that the bride was led away 606 

from her ancestral to her new husband’s household [55: 199). Patrilocality and the consequential 607 

remoteness of the wife’s relatives is further implied by the fact that the Proto-Indo-European 608 

reconstructed kinship terms show a strong bias towards names for the relatives of the husband as 609 

opposed to a marked absence for those of the wife (Fig 9C). Our study thus provides the first 610 

identification of potential continuity between the linguistically reconstructed kinship structures of 611 

Proto-Indo-European speakers in the late third millennium BC and that of their linguistic descendants 612 

as they are found in the earliest historical sources. In our data, we are further able to identify one 613 

dominant genetic male lineage, while there are multiple female lines, suggesting a strong patriarchal 614 

and patrilineal dominance through time. This resembles the patrilineal household that has been 615 

reconstructed for Proto-Indo-European, consisting of the master of the house (*dems potis), his wife 616 

(*potnih2), sons (*suHnus), unmarried daughters (*dhugh2tēr), daughters-in-law (*snusos) and 617 

grandchildren (*nepotes) [52: table 12.1, 54, 55, 58, 59]. This model bears resemblance to the so-618 

called Omaha kinship system. The Omaha kinship system can be characterized in the following way: 619 

“Agnatic ties, especially between male siblings are emphasised, and the household made up of 620 

agnatically related males, their wives and offspring, is usually highly solidary and the most important 621 

political and economic unit. ... Strong controls are exercised over the actions of group members, 622 

usually under the autocratic rule of the household head, and particularly over wives and their 623 

offspring. Residence at marriage is strictly virilocal, bride wealth payments are usually high and there 624 
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may be severe sanctions against divorce and adultery” [56]. Accordingly, our two cemeteries 625 

represent household leaders and their close kin.  626 

 627 

In the Omaha kinship system those male lineages/households that were successful in marrying out 628 

their daughters to alliance partners ‘would not only receive more bride wealth than others, but also 629 

have the potential for receiving foster sons who would move to their mother’s brother and become 630 

young warriors’ [60: 238]. Fosterage of young boys in their mother’s family was common in early 631 

Indo-European-speaking societies, such as Germanic and Celtic groups, typically at a maternal uncle 632 

[57, 58, 61, 62: 123]. We identified one possible case in Irlbach, the juvenile boy IRL 11 displaying a 633 

non-local 87Sr/86Sr signature, whose genetic father lay next to him in the cemetery and had a 634 

different and local signature. Thus, this boy could had been raised in a different locality, perhaps with 635 

his maternal uncle, who in Omaha terminology is equated with the grandfather (PIE *h2euh2os), and 636 

then returned just before entering adolescent age. Similar evidence is perhaps documented for 637 

Eulau, grave 98 where the supposed mother of the two children in this triple burial is definitely not 638 

the biological mother [10: 18228], and for seemingly three burials around Augsburg [14, 63: 255]. It 639 

corresponds to the observation that the word for ‘brother’ in early Indo-European was used in a 640 

wider sense, to indicate a group of young males related by kinship or common social affiliation, e.g. 641 

members of the same ‘brotherhood’ [52: 214], an institution also documented archaeologically [64].  642 

 643 

An important aspect of the Omaha kinship system is its flexibility and potential for expansion. 644 

Although highly opportunistic, it had one rule that one was not allowed to marry twice into the same 645 

family. If such a rule was in place, this would in turn produce more variable alliances with other 646 

families, and thus expand potential political support, whether for exchange/trade or when mobilizing 647 

for hunt/warfare. In accordance with this, we can identify multiple female mitochondrial haplotypes 648 

at both cemeteries, identifying female genetic inheritance. Thus, while there is only one dominant Y-649 

chromosome haplogroup (R1b-M269-P312), there are multiple female lineages, and not a single 650 
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mitochondrial haplotype is identical in both cemeteries despite them being only 17 kilometres apart 651 

and mostly contemporaneous. This evidence supports the notion that marriage was indeed an 652 

instrument in creating widespread alliances, which was useful in a settlement structure of singular 653 

homesteads spread out in the landscape. It also supports the proposition by Knipper et al. [13] that 654 

genetic diversity increases over time in such a system.  655 

 656 

While the linguistic reconstruction of the original Proto-Indo-European language system roughly 657 

corresponds with an Omaha system, the traditions of the Bell Beaker communities were no doubt 658 

characterized by innovations. For instance, the typically Omaha feature called generational skewing, 659 

i.e. the use of identical kinship terms for male cross-relatives on the mother’s side, cannot be 660 

reconstructed for the Indo- European proto-language [contra 65]. The evidence for this feature 661 

emerged independently in several Indo-European languages spoken in Europe, and is absent in Asia 662 

[66]. It therefore likely evolved secondarily in post-Yamnaya contexts. When mobile steppe 663 

pastoralists adopted a more sedentary lifestyle, allowing for intensified contact with other nuclear 664 

families and especially relatives of the mother, new kinship terms were added to the languages along 665 

with new kinship roles. It is this innovated patrilineal and patrilocal kinship model that could have 666 

facilitated the spread of Indo- European dialects according to the model proposed by Lansing et al. 667 

[53].  668 

 669 

Our cemeteries are slightly later than those Bell Beaker grave groups around Augsburg, with some 670 

good overlap existing, and the diversity of mitochondrial haplotypes in Irlbach is similar to those in 671 

Augsburg, while is lower in Alburg. Rather it seems that higher or lower number of mitochondrial 672 

haplotypes reflect either group hetero/homogeneity or successful or less successful marriage 673 

strategies. Regarding the latter, it seems that competition was at work between the settlements in 674 

Irlbach and Alburg as they do not share any mitochondrial female lines. This raises the question how 675 

far-reaching such marriage alliances were during the Bell Beaker culture and its time. We have in 676 
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Alburg one case of a woman coming from across the Danube river, and the other 87Sr/86Sr outliers 677 

perhaps from the same place. Around Augsburg, Knipper et al. 2017 assumes a catchment along the 678 

Lech river, with the nearby Ries region, c. 60km away, being the nearest occurrence of more 679 

radiogenic 87Sr/86Sr values. We now know that during the Nordic Bronze Age, a 1000 years later, 680 

young women could move 4-500 kilometres or more, as in the case of the ‘Skrydstrup woman’ [67], if 681 

the interpretation of the bio-available strontium for that site is correct [68].  682 

 683 

Gender balance is nearly one to one between males and females. Having also failed to detect half-684 

siblings, our evidence thus suggests monogamy as a dominant principle. When it comes to age 685 

differentiation there are some imbalances: There are clearly more juvenile (teenage) men (5:1), 686 

which suggests higher mortality or perhaps selection of certain males for burial. Here we should 687 

consider the effects of primogeniture, which implied strong continuity in the transmission of 688 

property as well as genes in the male line. However, it also produces males who would have to look 689 

elsewhere for their future. These are therefore a strong mobilizing group for colonizing new 690 

settlements and thus expand the group, but until they are initiated as grown up they are often 691 

organized in a special institution of youth war bands to train them for their future [6, 41]. This may 692 

also have been a period of risks and early death, whereas young girls were probably married out 693 

already when they entered puberty, which might go some way to explain the discrepancy in the 694 

cemetery. This reminds again of the later cases around Augsburg [14] and of the ‘Skydstrup woman’, 695 

who had moved from Central Europe to Denmark at the age of 14, most probably as part of a 696 

marriage alliance [67].  697 

 698 

Our two cemeteries not only started but also terminated at approximately the same time, which 699 

corresponds to periods of wider termination of cemeteries in the region and the foundation of 700 

cemeteries in new locations [15, 45, 31]. There seems thus to have existed a certain dynamic in the 701 

settlement system, with cycles of changing locations after ~100 years. At Alburg, the first to be 702 
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buried were two brothers, with perhaps a third brother to have been buried next to them. However 703 

only the two lived long enough to became fathers and grandfathers of later offspring to be also 704 

buried in the cemetery. Three brothers as founding fathers play a special role in much later Indo-705 

European folklore and mythology [69], and may reflect the role of sons without primogeniture 706 

inheritance in founding new families/households. It corresponds to the role of triplism in mythology 707 

and symbolism [70: 208]. While we have documented that the cemeteries contained four to six 708 

family generations, members of new and of related kin appear to have joined the existing group at 709 

Irlbach towards the end of the cycle, perhaps indicating the start of the relocation of the settlement 710 

and a new period of expansion.  711 

 712 

These observations underline the inherent expansionist dynamics of the social system we have 713 

described with continuity from Corded Ware to Bell Beaker culture. This type of social organization 714 

stands, however, in some opposition to genetic and 87Sr/86Sr results from the Globular Amphora 715 

culture mass burial of Koszyce (Poland), being ~600 years earlier [71]. Similar to our example, 716 

mitochondrial variation (six haplotypes) is larger than Y-chromosome variation, as only one Y 717 

chromosome haplotype has been identified. This suggests exogamic marriage relations, virilocal 718 

residence and patrilineal descent, like in Alburg and Irlbach, and probably widely practised in 719 

Neolithic [72] and Early Bronze Age [13] Europe. However, there are also differences. At Koszyce it 720 

seems that four nuclear families, or parts of them, form a single large extended family and therefore 721 

the kinship principles might be of a different nature. The mitochondrial haplotypes are far less varied 722 

than in the Bell Beaker culture (six different ones out of 15 individuals) and several brothers were 723 

sharing the same father but different mothers, who in turn might have nevertheless been related to 724 

each other [71]. This speaks either of a non-monogamous system, or of serial monogamy. Also, the 725 

low mitochondrial variation can suggest a fundamentally different marriage system, or is just an 726 

indication of an overall more genetically homogenous society. Thus, there are indications that 727 
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Corded Ware and Bell Beaker social organization was of a different nature than that of preceding 728 

Neolithic societies, but there is still much to be learned from future research.  729 

 730 

Conclusions  731 

The extraction and combination of many types of evidence –archaeological, anthropological, 732 

strontium/oxygen isotopes and ancient DNA– has allowed an unprecedented high-resolution 733 

interpretative narrative of the lives of two families who lived little more than 4000 years ago. The 734 

results correspond to what is known about the earliest attested Indo-European societies and the 735 

linguistic reconstruction of the Indo-European proto-language. The evidence sustained the 736 

reconstruction of a kinship structure that was based on a dominant male line that married in women 737 

from other groups and married out their own daughters in this way building up a network of 738 

alliances, which could become part of a competitive mobilization in periods of unrest, and perhaps 739 

also to secure access to resources like metal. Such a system corresponds to the well-documented 740 

Omaha kinship structure of exogamy linked to virilocal residence and patrilineal descent, and 741 

primogeniture. It favored an expansive settlement policy, and it also provides for the first time a 742 

realistic model for the spread of a prehistoric language family along male lineages, as well as their 743 

genetic dominance through time. As a result most modern Europeans of the northern and western 744 

half of the Continent are genetically related to Corded Ware and Bell Beaker people of the third 745 

millennium BC, and probably speak evolved forms of their languages as well. It should, however, be 746 

noted that although archaeological and linguistic evidence provide a rather homologous or shared 747 

picture, such a social organization is not exclusively Indo-European but may also be found in later 748 

pastoral / agro-pastoral societies, based on similarities in economic organization [73], also reflected 749 

in the Omaha kinship system. Thus, we propose that our archaeological case study provides a 750 

historically particular match between archaeogenetic and linguistic-anthropological reconstructions 751 

of the kinship systems that may attain stronger generalizing power by future studies [4]. However, 752 
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since our results concur with those from the Lech valley near Augsburg in Bavaria, it seems likely that 753 

we are dealing with an institutionalized practice covering a wider segment of Bell Beaker society, 754 

however rooted in Corded Ware society. Our model of an expansionist social organization may thus 755 

serve as a test case for further comparative studies.  756 

 757 
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Strontiumisotopenverhältnissen. Unpublished diploma thesis. TU Freiburg; 2004.  829 

29. Price TD, Knipper C, Grupe G, Smrcka V, Strontium isotopes and prehistoric human migration. Eur 830 

J Arch 2004; 7: 9–40.  831 
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Figure captions  930 

 931 

Fig 1. Location and plans of the two late Bell Beaker culture cemeteries of Irlbach and Alburg 932 

(Straubing, Bavaria, Germany); the graves nos. 11, 15, 16 and 17 from the Alburg cemetery are 933 

shown as examples.  934 

 935 

Fig 2. Genetic sexing results of the A) Irlbach and B) Alburg cemeteries.  936 

 937 

Fig 3. Pie chart of mtDNA haplotype distribution of A) Irlbach and B) Alburg, in comparison C) with 938 

the Bell Beaker cemeteries around Augsburg.  939 

 940 

Fig 4. Principal Component Analysis using ~600000 autosomal genetic markers on 990 present-day 941 

West Eurasians (shown as grey circles). Ancient individuals are projected onto the first two principal 942 

components computed on the present-day individuals, to avoid the effects of ancient DNA damage.  943 

 944 

Fig 5. Genetic intra-group kinship results of the A) Irlbach and B) Alburg cemeteries.  945 

 946 

Fig 6. Kinship pattern indicated and genealogy reconstructed for the Alburg cemetery.  947 

 948 

Fig 7. Kinship pattern indicated and genealogy reconstructed for the Irlbach cemetery.  949 

 950 

Fig 8. Scatter plot of 87Sr/86Sr and δ18Oc isotope ratios of the individuals of the Irlbach and Alburg 951 

cemeteries. Outlier graves are numbers and sex and age at death are indicated. The yellow 952 

background represents the local range of the 87Sr/86Sr ratio, the green background that of δ18Oc

 

. 953 
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42 

Typical 87Sr/86Sr errors are 0.00001. Note that the δ18Op outlier of ALB 2 is not shown in this graph as 954 

we could not get a 87Sr/86Sr ratio for this young adult woman.  955 

956 

Fig 9. Social institutions as a model: 9A: Exogamy and male foundation of new settlements within 957 

existing patterns. 9B: Exogamy and male foundation of new settlements in period of geographical 958 

expansion. 9C: Kinship diagram of the reconstructable Proto-Indo-European terms for relatives of the 959 

marital partners. The wealth of words for relatives on the husband’s side versus the absence of those 960 

on the wife’s side is consistent with a system of patrilocal exogamy.  961 

962 

Table 1. Overview table of Irlbach and Alburg grave number, osteological and genetic sex, age group 963 

at death, burial position, archaeological dating/period, grave goods, 87Sr/86Sr enamel and bone 964 

values, δ18Oc values, mtDNA haptotype and Y DNA haplogroup.  965 

966 

Supporting information table. Sample details. 967 

968 
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