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Although there is no textual evidence known from the Bronze Age, written sources describing migrations of
later (i.e. Early Medieval) periods effecting the Carpathian Basin were interpreted as instances of cultural
and population change which could be comparable with processes that took place during the Bronze Age in
the Carpathian Basin. In the past two decades, Eurasian archaeological research received a new impetus
to investigate the traces of migrations during prehistory, in collaboration with other disciplines such as
isotope geochemistry or archaeogenetics. The current project which commenced in 2015, funded by the
‘Momentum Programme’ of the Hungarian Academy of Sciences, was set out to investigate the societal
changes that had taken place within the boundaries of modern-day Hungary — contemporaneous with the
builders of the great pyramids of Egypt and the Greek heroes of the Mycenaean shaft graves — by analysing
the settlements, cemeteries and the artefacts recovered from these archaeological sites. The project, for the
first time in Hungarian Bronze Age research, employs a range of multidisciplinary methodologies in order
to examine the social changes of the period. The present paper is to provide an overview of a particular
aspect of this research: the outcomes of the bioarchaeological enquiries with special regards to the general
health, mobility and the lifestyle of studied populations.

Keywords: Early and Middle Bronze Age, human remains, bioarchaeology, food consumption, health,
mobility

The project entitled From bones, bronzes and sites to society: Multidisciplinary analysis of human mobil-
ity and social changes in Bronze Age Hungary (2500—1500 BC) conducted by the ‘Momentum Mobility’
Research Group examines the societal changes that had taken place during the first half of the Bronze Age
that spanned over almost two millenia (2600/2500—-800 BC) in the Carpathian Basin. The project’s main
aim is to better understand the lifestyle, mobility, inequalities, stratification and craft specialisation that
existed in Bronze Age societies, drawing on evidence from settlements, cemeteries, including human and
animal remains and a range of artefacts (e.g. weapons, tools, ornaments and ceramics). The project is also
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Fig. 1. Bronze Age microregional research projects in Hungary (marked black) and the sample regions of the Momentum
Mobility Research Group (marked red)

designed to map out contemporaneous exchange networks of the period such as the “trade routes’ of bronze,
gold and amber. Five, previously well-investigated sites and their surrounding microregions were selected
within the area of modern-day Hungary (Fig. /; Central Hungary: Benta Valley and Kakucs microregion,
Northeast Hungary: the region of Fiizesabony, Transdanubia: the regions of Veszprém and Nagycenk), in
order to provide a representative geographical sampling area comparable with Central European cultural
complexes during the Bronze Age. In this way, the project is able to contribute to the corpus of microre-
gional research by the detailed study of lesser investigated areas and partially published key sites (cf. EARLE
et al. 2014; KuLcsAr et al. 2014; SzatHMARI et al. 2019; Kiss & KuLcsar 2020).

From the perspective of bioarchaeology, besides the burials discovered nearby microregional centres,
the project has also sampled and analysed the contents of burials at a number of other sites. The exceptional
finding circumstances, contexts and preservation of these human remains were able to provide further val-
uable information on Bronze Age societies (Fig. 2).

Written sources originating from the Migration period (i.e. Early Medieval) describe processes of pop-
ulation change in the area of modern-day Hungary that were thought to be comparable with processes that
took place during the Bronze Age of the region. The appearance of new archaeological phenomena in the
3" millenium has generally been explained by cultural infuences coming from the east (Pit Grave Kurgans/
Yamnaya complex) or from the west (Bell Beaker culture), who brought with them the knowledge of bronze
manufacture (Bona 1992). The 1970s marked the beginning of a paradigm shift in the interpretation of cul-
tural change by archaeological research as a whole. As opposed to population change or migration, the new
approach considered the spread of a particular ceramic style, vessel type or burial tradition across larger
swathes of Europe as the outcome of economic, social, spiritual or political processes (for a summary, see:
Furnorr 2021). In the past two decades, archaeological research received a new impetus to identify the
traces of migrations during prehistory, in collaboration with other disciplines such as isotope geochemistry
and archaeogenetics (BANFFY 2013). This groundswell of research brought about numerous publications
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Fig. 2. Major sites for bioarchaeological sampling: 1. Balatonakali, 2. Balatonkeresztur 3. Bonyhdd, 4. Budapest—Békdasmegyer,
5. Budakalész, 6. Erd, 7. Fiizesabony, 8. Janoshida, 9. Kaposvar, 10. Kelebia, 11. Nagycenk, 12. Polgar, 13. Szigetszentmiklos

each putting forward an interpretation of Bronze Age mobility and family relations (MiTTnIK et al. 2019;
ScHrOEDER et al. 2019). However, several of these interpretations — specifically the ones relying on genet-
ics data — have received criticism, drawing attention to the pitfalls of certain methodologies. The dialogue
also highlighted that a multidisciplinary approach that integrates perspectives from the natural sciences,
humanities (history), and social sciences (cultural anthropology, ethnography and sociology) is neccessary
in order to model Bronze Age societies (EiseNMANN et al. 2018; Bruck 2021).

Migration theories remained important in Hungarian research until recently (CsANy1 2003; SzaBo 2017).
Alongside these theories the changes in climate and vegetation (and their effects), or economic factors were
identified as the possible causes for the tranformation of material culture or the shift in settlement structure
(for a summary, see: P. FiscHL et al. 2013). Our research programme employs a range of 21% century multi-
disciplinary methodologies relying on — besides the traditional approaches of archaeology — the advances
of genetics, pathology, absolute dating, and isotope-geochemistry in order to better understand the changes
that took place in Bronze Age societies in the region of Hungary.

MOBILITY

One of the bioarchaeological methods the project employs examines the ratio of strontium and oxygen iso-
topes in human bones and teeth to pinpoint the geographical location where the given individual was born
or grew up. During the course of childhood, strontium and oxygen stable isotopes (*’St/*Sr and 6'*0) con-
sumed with food and water are integrated into the tooth enamel and bones. By looking at the ratio of stron-
tium and oxygen isotopes present in the bones/teeth of an adult, and by comparing it with the ratio occurring
in the region encapsulating the human remains (i.e. background signature), it is possible to infer whether the
individual was born and/or grew up locally or migrated from elsewhere. Unfortunately, these comparisons
are hindered in regions where the bedrock share similar geological properties (i.e. producing readings akin
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Fig. 3. Balatonkeresztur—Réti-diilo, a pit burial containing eight individuals (feature B-938)
(photo by Szilvia Fabian, 3D reconstruction by David Ringeisen)

to the background signature), but the method can be reliably used in most cases to identify the traces of a
mobile lifestyle. In this way, mobility should be understood as a broader term than migration: it can include
not only one-way physical migrations but also the tradition of exogamous marriages for instance. Based
on the data so far, mobility could be represented by individuals, primarily by women, who perhaps arrived
from different geographical regions for the purpose of marriage or by men who died far away from their
birthplace as a result of warfare or by individuals who came to utilise the long distance trading networks
of the period (GERLING & CruGUupeaN 2013; Frer et al. 2015; Prick et al. 2019; Cavazzuti & AReNa 2020).

Flexed burials, where individuals were placed on their sides with their legs pulled up in a sleeping or
foetal position, accompanied by weapons and ornaments, are well known from the Hungarian Bronze Age.
However, the tradition of cremation also began to spread during this period; a practice that resulted in the sig-
nificant damage of skeletal material and DNA, making physical anthropological and archaeogenetic testing
problematic. Throughout the duration of the project our deliberate aim was to include non-normative burials
(i.e. inhumations) in the analysis of cremation burial grounds. Since non-normative inhumations were often
without grave goods, it was difficult to date and interpret these depositions. ‘Irregular’, exceptional burials
also occurred at settlements, usually also without grave goods (Fig. 3). Besides inhumations, AMS radiocar-
bon dating was used for the first time on Bronze Age cremations from Hungary, contributing to the already
existing absolute chronological sequence (Haipu et al. 2016; Dani et al. 2019; Kiss et al. 2019).

Fig. 4. Remains of an adult woman and a premature infant/foetus from Bonyhadd-Biogaz iizem (Biogas factory) grave 80,
b: The fragment of the os temporale of the adult woman and the premature infant/foetus (Sz4po & Haipu 2011, after Fig. 4.)
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Strontium isotope tests carried out on molars
from inhumations and settlement burials, in collab-
oration with the universities of Quinnipiac and Yale,
confirmed that in several cemeteries from Hungary
during the Early and Middle Bronze Age there was
no evidence for the presence of immigrants, while
among other communities sampled from this region
the ratio of non-locals was as high as 40% in some
cases (GIBLIN et al. 2019). Examinations conducted
in recent years have shown that in the case of crema-
tion burials, where teeth often completely desinte-
grated during the mortuary process, the sampling of
the petrous bone (os temporale; Fig. 4) can provide
further evidence (Cavazzuti & AReNA 2020). The

first strontium isotope investigations on cremation
Fig. 5. Cremated bones of an adult female and her twin

burials from Bronze Ag_e angary were carried out foetuses of 7-8 months from Szigetszentmiklos—Urgehegy
(among others) on 29 individuals from the second grave 241 (Cavazzuri et al. 2021, Fig. 4)

largest cremation cemetery of the Middle Bronze

Age Vatya culture: Szigetszentmiklos—Urgehegy (525 burials in total), in cooperation with the University
of Bologna and the ICER Laboratory of ATOMKI Debrecen (Edtvos Lorand Research Network), also
supported by the Distinguished Guest Scientists Fellowship programme of the Hungarian Academy of
Sciences. The results provided a rare glimpse into the life story of a 25-35 year-old, presumably non-local
woman who died while 7-8 months pregnant with twins, cremated and buried (Fig. 5). Above data indi-
cate that similarly to the Bronze Age communities in Central or Western Europe (MiTTnIK et al. 2019) the
rate of mobility could have been significant among groups who lived during the first thousand years of the
Bronze Age in Hungary. The ratio of women was higher among the immigrants, but non-local men and
children also occur in the dataset. Based on this, it is possible to assume that men from local communities
often chose wives from groups living further afield; but the presence of entire non-local families should be
considered as well (GiBLIN et al. 2019; Cavazzuri et al. 2021).

Whole genome sequencing carried out on the Early Bronze Age Bell Beaker burials from Hungary by
the Laboratory of Archaeogenetics of the Institute of Archaeology, Research Centre for the Humanities,
E6tvos Lorand Research Network (from 2021 the Institute of Archaeogenomics) in collaboration with the
Department of Genetics of the Harvard Medical School provided further important information regarding
mobility. The groups of the Bell Beaker culture in Hungary, that also spread across the regions of Western
and Central Europe during the Early Bronze Age, has long been associated with some definitive physical
anthropological traits (such as taurid skulls; K. Zorrmann 2000; KoHLEr 2011). Stable isotope analyses
conducted on Bell Beaker human remains point towards an immigrant community as well (Kurcsar 2011,
with further references). The genomics investigations from a number of different European regions carried
out on a dataset of archaic DNA sequences of nearly 400 individuals who lived during the Early Bronze
Age period were co-authored and the results published by members of our project. This evidence helped
to define the roles non-local communities from the Eastern steppe played in the genetic histories of Cen-
tral and Western Europe. The DNA analyses have shown that individuals buried in cemeteries dating to
2500-2200 BC from the surrounding regions of Budapest, in some cases were descendants of Neolithic
communities. However, several individuals from these burials can (sometimes in 75% of their genomic
characteristics) be linked to communities originating from the Eastern steppe region (OLALDE et al. 2018).
Genetic and isotopic examinations confirm the heterogenity that has been demonstrated by previous stud-
ies carried out on the archaeological material excavated at large Bell Beaker burial sites. According to
these, non-locals associated with characteristic Western European vessel types and dress ornaments, and
local individuals (occasionally exhibiting Balkan influences) lived peacefully together. This and the period
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Fig. 6. mtDNA and Y chromosome haplogroups or the ratio of maternal and paternal lineages in the genetic dataset
of Balatonkeresztur—Réti-diilo from the Bronze Age (GERBER, SzZECSENYI-NAGY & Kiss 2021, 5. abra)

directly following the Early Bronze Age is when the foundations of Europe’s genetic makeup are being
laid down; the three main genetic components were already present: 1) local mesolithic hunter-gather-
ers, 2) neolithic agriculturalist immigrants and 3) newcomer pastoral groups from the Eastern steppe. The
mixing of these three key genetic components resulted in regional differences in the genetic character of
communities such as in the case of the Fiizesabony culture in Northeast Hungary, and the groups settled
in Transdanubia towards the end of the Early Bronze Age and during the Middle Bronze Age (SzECsENYI-
Nacy et al. 2021). The examinations carried out on human remains from the vicinity of Balatonkereszttr
associated with the Kisapostag/Earliest Transdanubian Encrusted Pottery culture show a clear genetic link
between the subsequent populations (Transdanubian Encrusted Pottery culture), as it has been previously
observed given the similarities in their ceramic material (Fig. 6) (SzaB6 & Haipu 2011; Kiss 2012; GERBER
et al. 2020; GERBER, SZECSENYI-NAGY & Kiss 2021).

FOOD CONSUMPTION

Stable carbon and nitrogen isotope analyses carried " m m w o m w wm e w @ =
out on human and animal bones can help to iden- el Rl es0chee
tify crucial details regarding the lifestyle and diet
of Bronze Age populations and their livestock. Data
from the Neolithic period suggest that with the spread
of agriculture, European communities consumed
more cereal varieties and less meat, resulting in over-

. . 1250 cal BC| 1150 cal BC 1050 cal BC
all poorer health which slowly began to improve dur- |
ing the Bronze Age (MarciNIAK et al. 2021). Nitrogen | % . %o e X
isotope examinations conducted on human remains | | °_ *° °© 4% o e o

from the western regions of Central Europe have |,
shown that individuals who belonged to the high- |

est ranks of society (such as the chief buried in the o modzﬁedda:(ca. B;‘," oo R me e ®
tumulus burial of Leubingen in Germany) and men in T

general consumed more meat (KnippER et al. 2015).
The latest carbon isotope investigations have demon-
strated that besides C, plants such as barley and other
wheat species, millet (quickly following its first European appearance in the Black Sea region) also became
part of a staple diet in the Carpathian Basin in the 16™ century BC (Fig. 7; GAMARRA et al. 2018; FiLirovic¢ et
al. 2020). Published evidence for the consumption of millet can be completed by the cemetery of Janoshida
associated with the Tumulus culture, examined by our team (GIBLIN et al. 2019). In some regions it was even

Fig. 7. The distribution of millet consumption in Bronze Age
Europe (FiLirovic et al. 2020, Fig. 4)
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possible to show that millet had been grown primarily as fodder for pigs, thus the ratio of carbon isotope 6'°C,
which is linked directly to C, plants such as millet, increased in human remains as a result of the consumption
of pork meat (Cavazzuti & ALBERTA 2020). The genetic testing of human remains dating to the Early and Mid-
dle Bronze Age indicated high levels of lactose intolerance, suggesting that the consumption of cow’s milk
only became prevalent much later than expected, long after the spread of agriculture (ALLENTOFT et al. 2015).
According to recent data, children were generally breastfed until the age of 2 or 3, sometimes up to the age
of 4, and following weaning, periods of nutritional stress were not uncommon during infancy and childhood.
Analyses of small, spouted vessels found in several Late Bronze Age burials, have proven these objects to be
feeding vessels filled with milk products derived from ruminants (DunNE et al. 2019).

LIFESTYLE AND DISEASES

Palaeopatholocial analyses carried out on human remains can identify certain traits linked to lifestyle
(strenuous, repetitive physical work for instance), disease or injury. Beside the high rate of infant mortal-
ity (generally measured around 20-30%, although in the cemetery of Janoshida this rate was even higher:
65%), the leading cause of death in women was likely due to the complications of pregnancy, childbirth and
post-partum fever (Haipu 2008; K. ZorrmanNN 2015; REBAY-SALISBURY et al. 2018; MELs et al. 2020). The
examination of teeth show signs of enamel Aypo-
plasia (disrupted formation of the enamel) which
indicate periods of considerable malnourishment or
a duration of illness with high fever, while poros-
ities detected on the cranial vault (cribra orbita-
lia) imply chronic anemia (iron deficiency); a trait
that occurred regularly on human remains from
the Bronze Age (Fig. 8). In some cases individuals
with a dislocated hip or some form of paralysis also
lived well into adulthood, which illustrate that these
disabilities were tolerated by Bronze Age socie-
ties (KOHLER 2007; KOHLER 2011; SZEVERENYI et al.

2020; MARCINIAK et al. 2021). Fig. 8 Enamel hypoplasia on the tooth of a child aged 8-10
S '[;‘ . hvsical k evidenced on th adi from Erd—Hosszufoldek feature no. 207/661 (SzEVERENYI et al.
cnuous phnysical work evidenced o € CO - 2020, Fig. 16)

tion of the spine, arthritis, and herniated discs/verte-
brae appear widely on Bronze Age human remains
excavated in the Carpathian Basin. Traits linked to
hard physical activity were detected on bones that
belonged to members of the elite, as well as on skel-
etons accompanied by few or no grave goods. The
most commonly occurring conditions were degen-
erative joint diseases, spinal or vertebral diseases,
periostitis (inflammation of the bone membrane) or
enthesitis (inflammation of the attachment of the ten-
don or ligament) of the knee or heel resulting in the
formation of bone spurs (KoHLER 2007; Haipu 2008;
Porcic & Steranovi¢ 2009; SzeverENyI et al. 2020).

Epidemic illnesses effecting the bones, such as
infectious respiratory diseases (and the inflamma-

) : Fig. 9. Hypervascularisation (a—b) and healed pleurisy
tions these can induce on the bones) can be observed (c) indicating a serious infection (a respiratory infection,

in several cases in our dataset (Fig. 9; SZEVERENYI possibly tuberculosis) detected on the vertebra and rib of a

et al. 2020). Within the framework of international 20-24 year old female, Erd—Hosszufoldek feature 207/662
(SzEVERENYI et al. 2020, Fig. 17).
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Fig. 10. Perimortem trauma on a skull of a child aged 4-5,
Erd—Hosszifoldek feature 806 (Szevereni et al. 2020, Fig. 18)

Fig. 11. Partially healed trauma on a skull of an adult male
from Fiizesabony—Pusztaszikszo grave 8
(SzevERENYI & Kiss 2020, Fig. 4.7)

2014; Szeverenyi et al. 2020). Signs of serious inju-
ries were also detected on the skeletons known from
different geographical regions: at the site of Fiiz-
esabony—Pusztasziksz6 associated with the Middle
Bronze Age Fiizesabony culture — on the skull of
an adult male a partially healed head trauma was
observed (Fig. 11; Haipu 2008; Szeverinyl & Kiss
2020). With the integration of stable isotope and
aDNA data it is possible to conclude that in some
cases local and non-local individuals deposited in
settlement pits of the period were family mem-
bers, while in other instances the deceased were not
related (GiBLIN et al. 2019; GERrBER et al. 2019). By
these complex analyses we are able to glimpse into
the ritual traditions that were practiced for a long
time across many different regions.

collaborations it is now possible to investigate such
epidemics (e.g. leprosy, plague) using molecular
biological tests on Bronze Age examples as well
(Rasmussen et al. 2015). Just to mention one spec-
imen from Hungary: evidence for hepatitis B virus
was detected on the remains of an adult male dating
to the Early Bronze Age Nagyrév culture (2120—
1910 BC) excavated at Szazhalombatta—Foldvar tell
site (MUHLEMANN et al. 2018, Table 1).
Bioarchaeological methods can provide further
crucial evidence, especially in the case of non-nor-
mative settlement burials, where the archaeological
observations and finds offer limited opportunities
for interpretation. During the rescue excavation car-
ried out prior to the construction of motorway M6
at Erd—Hosszufoldek, the remains of 36 individuals
were discovered from altogether 24 pits dating to
the Late Nagyrév and Early Vatya period spanning
over 500 years (between 2000 and 1450 BC) accord-
ing to the absolute '*C dates. The remains of men,
women and children showed signs of nutritional
stress and some of the aforementioned diseases
(Figs 8-9), along with traces of violent trauma, such
as a perimortem head injury (Fig. /10, EARLE et al.

Fig. 12. The skull and facial reconstruction of a Bronze Age
adult man from Tiszafiired—Majoroshalom grave D240 (after
Kustir et al. 2020)
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With the latest bioinformatic examinations it is possible to reconstruct details of phenotypes (the physi-
cal characteristics of individuals) such as eye and hair colour, or skin tone. The investigation of phenotypes
has begun on the dataset from Balatonkeresztur dating to the 3 and 2™ millenia BC, where along normative
inhumations the skeletal remains of eight individuals came to light from a pit (Fig. 3; FABIAN 2007; KOHLER
2007; Kiss 2019; GerBer et al. 2020). Based on this evidence, the first facial reconstruction of a Bronze
Age man from Hungary (Fig. 12; KusTAr et al. 2020) will soon be followed by further reconstructions
completed by genetic data.

The above described range of bioarchaeological research methodologies provide an opportunity for
gaining new insight into how Bronze Age societies might have worked. Investigations of child burials
have shown that children were considered as self-standing individuals of the community by the age of 3,
while the transition into adulthood took place sometime between the age of 7 and 14 (MELis et al. 2020).
The physical anthropological examinations of women buried with their foetuses or their infants, and the
genetic and stable isotope tests carried out on these remains suggest that girls were married around the age
of 13—15, and started a family often far away from their birthplace (REBAY-SALISBURY et al. 2018; MiTTNIK
et al. 2019; Cavazzuri et al. 2021). Evidence for strenuous and repetitive physical work is present on the
skeletal remains of both sexes. The appearence of individuals in the dataset with congenital diseases, seri-
ous injuries or illnesses effecting their muscoskeletal system who died well into their adulthood imply that
Bronze Age societies most likely had been tolerant and supportive of such disabilities. Besides, we have to
bear in mind that this is the beginning of the outlined analyses, and the future of Bronze Age archaeology
still holds huge prospects thanks to bioarchaeological research.
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