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ABSTRACT – The paper provides a detailed overview of new radiocarbon dates, stable isotopes, and
anthropological information obtained on prehistoric human remains (mostly Neolithic) from the
Balkans and southwestern Carpathian Basin. It covers a large chronological sequence from the
Mesolithic to the Bronze Age (9746–2628 cal BC), which encompasses different archaeological cul-
tures. In total 76 radiocarbon dates deriving from 27 sites were obtained, coupled with new isoto-
pic (n=34) and anthropological (n=33) data. The results filled the gaps in some of the older interpre-
tations, but also produced new insights regarding chronology, health, and diet, leaving a strong base-
line for all future research into Neolithic lifestyles.

IZVLE∞EK – Prispevek vsebuje podroben pregled novih radiokarbonskih datumov, stabilnih izotopov
in antropolo∏kih  informacij, pridobljenih  iz prazgodovinskih ≠love∏kih ostankov (ve≠inoma  neolit-
skih) na Balkanu in v jugozahodni Karpatski kotlini. Zajema dolgo kronolo∏ko sekvenco od mezo-
litika do bronaste dobe (9746–2628 cal BC) v razli≠nih arheolo∏kih kulturah. Pridobljeno je bilo 76
radiokarbonskih  datumov  skupaj z novimi  izotopskimi (n=34) in antropolo∏kimi (n=33) podatki
iz 27 najdi∏≠. Rezultati so zapolnili vrzeli v nekaterih starej∏ih interpretacijah in prinesli  nove vpo-
glede v kronologijo, zdravje in prehrano, ki predstavljajo mo≠no izhodi∏≠e za vse prihodnje raziska-
ve neolitskih ∫ivljenjskih slogov.
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of human remains discovered up to now is radiocar-
bon dated and available for further research. The
sample consists of the Early and Late Neolithic hu-
man remains, primarily from the territory of the
central Balkans and part of the southwestern Car-
pathian Basin. Besides, stable isotope analyses of
δ13C and δ15N were done together with AMS dates
for most of the human remains, which contributed
to the better understanding of dietary behaviours of
these past communities.

This paper covers a large chronological sequence,
which encompasses different archaeological cultu-
res, depending on the region. Samples were chosen
for the purpose of different research questions with-
in the BIRTH project, but the common aim was to
date all available human remains that could be con-
nected to the Mesolithic sequence of the Lepenski
Vir culture (~9500–6300 cal BC; Bori≤ 2011), the
Early Neolithic Star≠evo culture (~6200–5300 cal
BC, Whittle et al. 2002) and the Late Neolithic Vin-
≠a culture (~5300–4600/4500 cal BC, Tasi≤ et al.
2015; 2016; Tripkovi≤ 2011) in the Balkans. Additio-
nally, within the BIRTH project some of the human

Introduction

During the last few decades there has been a grow-
ing body of data on prehistoric radiocarbon dates
in the Balkans. The 14C analyses were undertaken
as a part of various projects and studies, mainly to
establish chronology of the Mesolithic – Neolithic
transition, settlement, and demographic patterns,
and coupled with stable isotope measurements, to
infer dietary habits of Early Holocene communities
(Bonsall et al. 2015a; 2015b; Bori≤ 2009; 2011;
Bori≤, Dimitrijevi≤ 2009; Mathieson et al. 2018;
McPherron et al. 1988; Por≠i≤ et al. 2021; Stefano-
vi≤, Por≠i≤ 2015; Tasi≤ et al. 2015; Whittle et al.
2002). One of the latest projects that produced a sig-
nificant amount of new 14C data on human bones
from prehistoric sites is the BIRTH project11, which
focuses on human fertility, health, diet, and popula-
tion dynamics in the period between 10 000 and
5000 years BC. The main purpose of extensive dat-
ing of human osteoarchaeological assemblages with-
in the project was to clarify long-standing debates
about the chronology of some sites and burials from
the old excavations, and in some cases to confirm
the assumed chronological sequence. The latter was
of special importance for the assumed Late Neolithic
burials, considering their scarce presence in the
archaeological record on the territory of the central
Balkans and southwestern Carpathian Basin. To date,
the only known Late Neolithic cemeteries are those
at Boto∏ (Grbi≤ 1934) and Gomolava (Bori≤ 1996).
Another important result of the extensive dating
within the BIRTH project is that a complete sample

1 BIRTH: Births, mothers and babies: prehistoric fertility in the Balkans between 10 000–5000 BC, funded by the European Research
Council (ERC).

Fig. 1. Map of the sites used in this study: 1 Am-
zabegovo; 2 Govrlevo; 3 Tumba Mad∫ari; 4 Pista
Novo Selo – Mamut≠evo; 5 Rudnik Kosovski; 6 Gri-
vac; 7 Zmajevac; 8 Jari≠i∏te; 9 Vin≠a – Belo Brdo;
10 Vlasac; 11 Lepenski Vir; 12 Padina; 13 Star≠e-
vo – Grad; 14 Ba∏tine – Obre∫; 15 Highway E-70,
521km; 16 Sremski Karlovci – Sonje Marinkovi≤ 1;
17 Sajlovo; 18 Klisa; 19 Novi Sad – Gornja πuma;
20 Topole – Ba≠; 21 Vukovar Gimnazija; 22 Vin-
kovci Ervenica – Poljski jarak; 23 Gospo∂inci – No-
ve zemlje; 24 Zmajevo – Livnice; 25 Bezdan – Ba≠-
ki Mono∏tor; 26 Beli Manastir – Popova zemlja; 27
I∂o∏ (the base layer was formed out of mosaic
SRTM (Shuttle Radar Topography Mission 1 Arc-Se-
cond Global (Digital Object Identifier (DOI) num-
ber: /10.5066/F7PR7TFT), as available from Earth
Explorer site (https://earthexplorer.usgs.gov/) by
J. Pendi≤, adjusted by T. Blagojevi≤).



2 All the dates from the central Balkans, and almost half of them from the southwestern Carpathian Basin (17 out of 31 dates)
obtained on human samples from Early and early Late Neolithic contexts, were used as a part of the study that deals with the
population dynamics reconstruction during the Early Neolithic (Por≠i≤ et al. 2021, see Supplementary Material 4 (SM 4)). These
uncalibrated values were used only in the form of the raw data, as a control sample-additional to the main probabilistic sample,
designed for the purpose of the aforementioned study. Therefore, the majority of dates in the present study could be considered
as being published and discussed thoroughly for the first time in this paper, since they will be discussed in more detail in the
context of particular sites. Some of the dates obtained on human remains from the Danube Gorges sites (n=8) will be also pub-
lished in this paper for the first time. Some of the other dates (n=18) from the Danube Gorges sites are discussed in a study that
deals with the plant consumption revealed from human dental calculus analysis and TCA analysis (Jovanovi≤ et al. 2021 (n=17);
Penezi≤ et al. 2020 (n=13)). From the territory of the southern Balkans (modern-day North Macedonia), five new dates on hu-
man remains were obtained and published in this study (only calibrated values from the site of Govrlevo have already been pub-
lished in Fidanoski 2019). One Medieval date with stable isotope values from this region, from the site of Vrbjanska ∞uka, has
been given in SM 4, but was not further discussed since only one tooth which is dated has been preserved from this individual.
From the territory of the southwestern Carpathian basin (modern-day Croatia), 12 new dates were obtained during the BIRTH pro-
ject, out of which 10 will be published in this study for the first time, while 2 dates from the site of Vinkovci Ervenica-Poljski ja-
rak are discussed in the paper by Kristina Penezi≤ et al. (2020).
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remains from neighboring regions were AMS dated.
These include the remains from the Early Neolithic
Amzabegovo – Vr∏nik (~6500–5450 cal BC, Whittle
et al. 2005) and the Late Neolithic Sopot (~5400–
3790 cal BC, Obeli≤ et al. 2004) culture sites. Seve-
ral dates (n=4) come from later sequences – Eneoli-
thic, Bronze Age and the Middle Ages, but were ori-
ginally dated as deriving from the Mesolithic or Neo-
lithic contexts.

Regarding the regional attribution of the sites, four
regions have been defined: (1) the southern Balkans,
including the sites from modern-day North Macedo-
nia; (2) the central Balkans – including sites located
north of the Ibar River, and south of the Danube
and Sava Rivers; (3) the Danube Gorges – including
sites located on the left bank of the Danube; and
(4) the southwestern Carpathian Basin – a region
that covers the Pannonian Plain in Serbia and north-
eastern Croatia.

In this study we thus present: (i) new radiocarbon
dates obtained on human skeletal remains (n=76)
from 27 sites dated from the Mesolithic to the Bronze
Age (9746–2628 cal BC), with the addition of two
Middle Ages dates, from the territory of the south-
ern and central Balkans, and southwestern Carpa-
thian Basin (Fig. 1), and discuss them in the context
of individual sites22; (ii) anthropological (n=33) and
stable isotope (Ccoll, N, n=34) analyses of all newly
dated individuals, to infer their biological charac-
teristics and dietary strategies. These new data are
discussed together with previously published stud-
ies. In addition, we present a large set of supplemen-
tary data, including methodological details given in
Supplementary Material 1 (SM 1), the archaeological
contextualization in Supplementary Material 2 (SM
2), and a catalogue of analyzed individuals in Sup-
plementary Material 3 (SM 3). In Supplementary Ma-

terial 4 (SM 4) the probability distribution plots are
given.

It should be emphasized that the aim of this paper
is not to offer new interpretations of some of the
crucial Neolithic processes or phenomena on a local
or regional level. Rather, the aim is to summarize
and contextualize a new and large set of data re-
garding the chronology, health, and diet of the Neo-
lithic communities. In this way, the opportunity is
given to challenge or consolidate previous interpre-
tations for some of the specific sites. This represents
one part of the outcome of this kind of approach,
and it is addressed in this paper directly. The other
part is setting the comprehensive baseline for all fu-
ture research on various subjects with specific re-
search questions regarding the European Neolithic.

Results and discussion

Southern Balkans
Amzabegovo
The resulting date span places the only individual
available today from this site in the first half of the
Early Neolithic/Amzabegovo–Vr∏nik culture sequence
(6209–6018 cal BC within the 95% CI; SM 4; Tab.
1 in SM 5). The remains belonged to a neonate, aged
38–40 gestational weeks, who was probably buried
with a female interred in Burial 8 (see SM 3 for a de-
tailed description). The neonate had active cribra
orbitalia (CO), which could be a consequence of nu-
tritional deficiency of the mother. It is common that
pregnant and lactating women develop some nutri-
tional disbalance, usually vitamin B12 deficiency or
anaemia (Walker et al. 2009). Their babies are there-
fore born with low vitamin B12 reserves, that are
further depleted by the synergistic effects of low vi-
tamin B12 concentrations in the mother’s breast
milk, coupled with poor living conditions and nutri-

https://revije.ff.uni-lj.si/DocumentaPraehistorica/article/view/10113/9771
https://revije.ff.uni-lj.si/DocumentaPraehistorica/article/view/10113/9772
https://revije.ff.uni-lj.si/DocumentaPraehistorica/article/view/10113/9772
https://revije.ff.uni-lj.si/DocumentaPraehistorica/article/view/10113/9773
https://revije.ff.uni-lj.si/DocumentaPraehistorica/article/view/10113/9773
https://revije.ff.uni-lj.si/DocumentaPraehistorica/article/view/10113/9773
https://revije.ff.uni-lj.si/DocumentaPraehistorica/article/view/10113/9775
https://doi.org/10.4312/dp.48.18
https://doi.org/10.4312/dp.48.18
https://doi.org/10.4312/dp.48.18
https://doi.org/10.4312/dp.48.18
https://doi.org/10.4312/dp.48.18
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ent losses from gastrointestinal infections (Walker
et al. 2009). Since it is known that the isotopic ra-
tios of neonates reflect the mothers’ diet (e.g., Ful-
ler et al. 2006; Kinaston et al. 2009; de Becdeliè-
vre et al. 2015), in this case δ13C and δ15N of neo-
nate (Fig. 2; SM 4) show that the mother probably
favoured the consumption of terrestrial proteins
(from C3 plants, meat of herbivores) like most of
the Early Neolithic individuals from the region (Whit-
tle et al. 2002; Jovanovi≤ 2017; Jovanovi≤ et al.
2018). It is possible that at some point the mother
had restricted access to animal food, which result-
ed in developing CO in this infant, since in popula-
tions with restricted animal food access, the risks of
vitamin B12 deficiency-induced megaloblastic anae-
mia are greatly increased for infants (Baker et al.
1962; Sandberg et al. 1981; Walker et al. 2009). She
also had a δ13C value of –18.9 ‰, which is the high-
est value of carbon recorded for one individual from
the Balkans during the Early Neolithic (excluding
the Danube Gorges sites; Fig. 2; SM 4). At the clos-
est sites of Pista, Tumba – Mad∫ari and Govrlevo,
human δ13C values range from –19.4 to –19.6 ‰,
and thus different δ13C values from Amzabegovo
may perhaps be connected to the different place of
the origin of this woman. However, it is hard to con-
clude what led to this value, since the local animal
isotopic baseline is currently unknown.

Most of the other human remains found at Amza-
begovo were anthropologically analysed during the
1970s by János Nemeskéri and Imre Lengyel (1976)
who concluded that the majority of them belonged
to children and juveniles, while among the adults
most of them were females. The height has been cal-
culated for only one female (152.4cm), which is re-
latively short compared to the average stature for
females in the Balkans’ Early Neolithic (Jovanovi≤
2017). Concerning the health status of the Amzabe-
govo population, they suffered from similar condi-
tions (e.g., periostitis, osteoarthritis (OA), spondylo-
sis, fractures, nonspecific stress indicators, etc.) like
their counterparts living across the Balkans and
southwestern Carpathian Basin (Veljanovska 1998;
Masson 2014; Jovanovi≤ 2017).

Govrlevo
The remains of three Neolithic individuals have
been found at this site, and two of them were dated.
Within the BIRTH project a fragment of human
mandible from the individual marked as bb 1–04
(65) was AMS dated to the middle part of the Early
Neolithic sequence (5990–5847 cal BC within the
95% CI; SM 4; Tab. 2 in SM 5). It corresponds well
with other Early Neolithic dates from the site, and
it is also the oldest one obtained so far (Fidanoski
2019). Since only the left half of the mandible is pre-

Fig. 2. δδ13C and δδ15N values of humans from prehistoric sites performed within this study (EM Early Me-
solithic; LM Late Mesolithic; TEN Transformational/Early Neolithic; EN Early Neolithic; LN Late Neolithic;
BA Bronze Age; MA Middle Ages).

https://revije.ff.uni-lj.si/DocumentaPraehistorica/article/view/10113/9775
https://doi.org/10.4312/dp.48.18
https://doi.org/10.4312/dp.48.18
https://doi.org/10.4312/dp.48.18
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served with several teeth within alveolar sockets,
the data on age and sex are limited. The ante-mor-
tem loss of one tooth and abrasion indicate that
these remains probably belonged to a young adult,
between 25 and 35 years old. Supragingival dental
calculus of degree 1 has been noted on one tooth
which could be related to various factors, such as
diet, oral hygiene, or genetics. Isotopic values of
δ13C and δ15N (Fig. 2; SM 4) indicate that this indi-
vidual had a terrestrial diet based on C3 plants and
meat of domesticates/wild game. These data are in
accordance with the archaeozoological analysis from
this site, which showed that animal husbandry (pre-
dominantly sheep, goat, cattle, and pig) played a
more important role than hunting (Ivkovska 2009).
Beside this, one more better-preserved mandible
was also found at this site. It belonged to a young
adult, and also contains traces of supragingival cal-
culus of degree 1. The appearance of these mandib-
les could be related to the secondary manipulation
of the deceased, or to some ritual deposition. A si-
milar record was noted at the nearby Early Neoli-
thic site of Tumba – Mad∫ari, where one mandible
was also discovered (Stojanova Kanzurova 2020).
The practice of post-mortem manipulation and frag-
mentation of the body was present in the Mesoli-
thic – Neolithic world in this region (e.g., Srejovi≤,
Letica 1978; Zalai Gaál 1994, 2009; Radovanovi≤
1996; Bori≤ 2015, 2016; Ωivaljevi≤ 2015), and most
instances involved head manipulation. The funerary
record from the Danube Gorges contains numerous
examples of disturbed primary inhumations with
missing body parts, and disarticulated elements
(mainly skulls and mandibles) incorporated into la-
ter burials, or structurally deposited on their own
(e.g., on stone slabs, on/below building floors, or
intermingled with animal bones). The deceased
were thereby continuously connected with the world
of the living (Bori≤ 2010). There are also examples
from the Late Neolithic, in the Lengyel and Tisza cul-
ture, which include the removal of skulls and/or
mandibles from the certain individuals, which were
sometimes replaced with wild boar mandibles or
more rarely dog remains (Zalai Gaál 1994; 2009).
Such mortuary rites were likely related to some be-
liefs connected to human-animal relationships, or
perhaps to social exchanges. Thus, the findings of
these two mandibles at Govrlevo could be perhaps
related to some of these practices.

At this site another burial, mostly destroyed by the
construction of a house, has also been discovered
(Fidanoski 2013). Radiocarbon analysis confirmed
its Early Neolithic provenience (5979–5735 cal BC

within the 95% CI) (Mathieson et al. 2018). An-
thropological analysis showed that the remains be-
longed to a male, aged 25–30 years old (Veljanov-
ska 2017). His height was 160cm (Veljanovska
2017), which is relatively short and below the ave-
rage stature for males in the Balkans Early Neolithic
(Jovanovi≤ 2017). The low presence of supragingi-
val calculus could be related to various factors (diet,
oral hygiene, or some other factor), while traces of
caries suggest he probably had a diet rich in carbo-
hydrates. The appearance of caries is common in the
Early Neolithic humans from the region (Jovanovi≤
2017), and could be the result of the increased con-
sumption of carbohydrates at the beginning of the
Neolithic. Although he had a healed porotic hyper-
ostosis (PH), an active CO indicates that he was suf-
fering from some nonspecific stress until he died,
probably caused by anaemia, nutritional deficiency,
or poor living conditions. During childhood, this in-
dividual also experienced some physiological stress
events (e.g., high fever, nutritional deficiency), evi-
denced by the presence of pit and linear enamel hy-
poplasia (LEH). According to the ADMIXTURE ana-
lysis (Mathieson et al. 2018), he had an ancestry
from the Near-Eastern Neolithic communities, prob-
ably from the region of the north-west Anatolia.

Tumba – Mad∫ari
Several remains of Neolithic individuals have been
found at this site (see SM 2), and only one infant has
been AMS dated so far. The resulting date span pla-
ces the infant’s burial in the second half of the Am-
zabegovo – Vr∏nik culture sequence (5976–5760 cal
BC within the 95% CI; SM 4; Tab. 3 in SM 5). The
infant was found in the flexed position laying on its
right side (Fig. 3). Anthropological analysis showed
this skeleton belonged to an infant aged 3 to 6
months old (Veljanovska 1998). The stable isotope
ratios of δ15N (Fig. 2; SM 4) are higher than expect-
ed for these communities living in the region, pro-
bably due to the breastfeeding effect. However, one
cannot exclude that higher levels of δ15N ratios are
sometimes caused by some physiological factor (di-
sease or nutritional stress prior to death; Fuller et
al. 2005; Neuberger et al. 2013; Robertson et al.
2014). Since isotopic ratios of neonates reflect the
diet of the mother, one can assume, according to the
isotopic ratios of δ13C and δ15N (Fig. 2; SM 4), that
the mother was probably taking a diet mostly fo-
cused on terrestrial proteins (C3 plants and meat of
domesticates and wild game). The interesting find-
ing from this site is a female mandible (Stojanova
Kanzurova 2020), which, as in the case of Govrle-
vo findings, could be also related to the secondary

https://revije.ff.uni-lj.si/DocumentaPraehistorica/article/view/10113/9772
https://revije.ff.uni-lj.si/DocumentaPraehistorica/article/view/10113/9775
https://doi.org/10.4312/dp.48.18
https://doi.org/10.4312/dp.48.18
https://doi.org/10.4312/dp.48.18
https://doi.org/10.4312/dp.48.18
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manipulation of the deceased, or to some ritual de-
position.

Pista – Novo Selo, Mamut≠evo
From two Neolithic burials found at this site (see
SM 2), one has been dated. The resulting date span
places Burial 1 in the second half of the Amzabego-
vo – Vr∏nik culture sequence (5613–5482 cal BC
within the 95% CI; SM 4; Tab. 4 in SM 5). This is in
accordance with the archaeological research and
previous interpretations, which dated both burials
from this site to the Amzabegovo – Vr∏nik II phase
(Veljanovska 2001).

Anthropological analyses of both skeletal remains
from this site shows they belonged to females, be-
tween 40 and 50 years old, with similar body height
(Burial 1: 161cm; Burial 2: 162cm; Veljanovska
2001), which is more than the average female sta-
ture in the Early Neolithic Balkans and southwestern
Carpathian Basin (Jovanovi≤ 2017). They had a
strong presence of caries, like many other Early Neo-
lithic humans from the region (Jovanovi≤ 2017).
This, coupled with periapical tooth abscesses and
several ante-mortem teeth lost (Veljanovska 2001),
can be either a consequence of their diet enriched in
carbohydrates, which led to the development of ca-
ries and consequently tooth loss, and/or because of
their older age. The isotopic ratios of δ13C and δ15N
(Fig. 2; SM 4) show that a female interred in Burial
1 had a terrestrial diet based on the consumption of
C3 plants, meat/dairy products (?) of domesticates
and wild game. A small amount of supragingival cal-
culus is present on the teeth of both females, prob-
ably as a consequence of several factors including
diet, oral hygiene and their older age. They both ex-
perienced some nonspecific physiological stress dur-

ing childhood as evidenced by traces of LEH (Velja-
novska 2001). Concerning other paleopathological
changes, the female interred in Burial 1 had curved
femurs and strong platimery (Veljanovska 2001),
which may be a consequence of biomechanical pres-
sure, the specific position that the individual had, or
some other factor. The other female had traces of
OA and spondylosis on several vertebrae (Veljanov-
ska 2001), which is in accordance with her older age.
Osteolytic lesions detected on the skull (Veljanovska
2001) could reflect wide range of diseases (e.g., from
arachnoid granulations or vascular lacunae to ag-
gressive malignant lesions such as lymphomas or
metastases; Ugga et al. 2018), and therefore their
cause remains unknown.

Central Balkans
Grivac
Although very fragmented remains from several in-
dividuals have been found at the site (see SM 2),
only two of them are available, of which the better
preserved one (Burial 1) has been AMS dated. The
results (6073–5997 cal BC within the 95% CI; SM
4; Tab. 5 in SM 5) confirmed the previous assump-
tion, based mostly on pottery typology, that the site
was occupied during the first half of the Star≠evo
culture sequence. The individual was buried inside
the pit in a flexed position. Since the skeleton is po-
orly preserved, the sex could have not be estimated,
while the tooth abrasion and degree of sagittal sutu-
res closure indicate the age of ~30 years (Jovano-
vi≤ 2017). Supragingival calculus was detected on
all preserved teeth in a small amount. Isotopic val-
ues of δ13C and δ15N indicate a mostly terrestrial
diet (C3 plants, domestic and wild herbivores and
omnivores) with small input of aquatic resources
(Jovanovi≤ et al. 2018). The second individual from
this site is a child, 5–10 years old, whose skeleton
is also poorly preserved. Detected healed CO with
small porosity indicates that the child experienced
some nonspecific physiological stress, caused by nu-
tritional deficiency, iron deficiency anaemia or some
other factor (Jovanovi≤ 2017). Based on these find-
ings, one can conclude that the diet and health of
these individuals was similar to those of their coun-
terparts living in the region (Jovanovi≤ 2017; Jova-
novi≤ et al. 2018).

Jari≠i∏te 1
Four burials have been found at this site (see SM 2).
One of them (Burial 2) has been previously AMS
dated (Stefanovi≤, Por≠i≤ 2015), while the second
one (Burial 4) has been dated within the BIRTH pro-
ject. Anthropological analysis showed that five indi-

Fig. 3. Remains of a child skeleton (Burial 1/1985),
House 4, Tumba Mad∫ari, Skopje (photo archive,
Archaeological Museum of Macedonia, Skopje).

https://revije.ff.uni-lj.si/DocumentaPraehistorica/article/view/10113/9772
https://revije.ff.uni-lj.si/DocumentaPraehistorica/article/view/10113/9772
https://revije.ff.uni-lj.si/DocumentaPraehistorica/article/view/10113/9772
https://revije.ff.uni-lj.si/DocumentaPraehistorica/article/view/10113/9775
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viduals were found at this site (O.c.). While indivi-
dual from Burial 1 was not available for the analy-
sis, Burial 2 contained two individuals (Individual 1
– child ~7 years of age, and Individual 2 – female

~40 years old). In Burials 3 and 4 the remains of
children aged 6 and 3 years, respectively, were
found. Previous radiocarbon analysis of a double
burial (Burial 2) showed that these burials were not
contemporaneous, and that the most probable tem-
poral distance between the two deaths and burials
was ~100 years (O.c.). However, this difference
could have also been caused by a diet rich in aquat-
ic resources. Nevertheless, this discovery gave valu-
able insights into the Early Neolithic funerary prac-
tice. It showed that the same burial place was prob-
ably reused, and that the younger burial did not
destroy the previous one. It is thus possible that the
child was buried intentionally next to the woman
who died much earlier (O.c.). Within the BIRTH pro-
ject, a sample of cranium from Burial 4 was AMS
dated (5625–5520 cal BC within the 95% CI; SM 4;
Tab. 6 in SM 5). The results indicate that burial was
chronologically closer to the burial of a child from
the double burial, but most probably not contempo-
raneous. Individuals buried at Jari≠i∏te 1 show poor
health status, visible through presence of CO, LEH
and PH, indicating a hard childhood and nutritional
disbalance (O.c.). The youngest child who was AMS
dated had the severe presence of CO and very strong
meningeal reaction, which was possibly the cause of
death. The skeleton of a female shows traces of mild
periosteal reaction on the tibia, which is the result
of some nonspecific infection, usually not fatal, be-
cause it is localised to only one region of the bone.
This woman also had the presence of caries and
ante-mortem tooth loss, with the teeth perhaps lost
because of the presence of caries. The appearance
of caries is common in Early Neolithic humans from
the region (Jovanovi≤ 2017) and could be due to
nutritional changes at the advent of this period.
Anthropological analysis revealed the woman was
161.42cm tall, which is more than the average height
of Early Neolithic females (O.c.).

Vin≠a – Belo Brdo
At this site a collective burial was found (Vasi≤ 1932;
SM 2), from which seven individuals were AMS dated
within a previous study (Tasi≤ et al. 2015), while
within the BIRTH project one fragment from the hu-
man skull marked as ‘VI?’33 was dated (5556–5475
cal BC within the 95% CI; SM 4; Tab. 7 in SM 5). The
result confirmed the Star≠evo cultural sequence. Col-

lective burials are rare in Early Neolithic and Star≠e-
vo culture sites, where individual inhumations are
the norm (Chapman 1983; 2006; Tasi≤ et al. 1990).
Since its discovery, scholars have mostly debated
the architecture of this feature (Vasi≤ 1932; 1936;
Letica 1968; Peri≤, Nikoli≤ 2006), without question-
ing if it really represented a burial place. Nine out
of ten individuals were found inside the pit, and one
was found in the entrance hall. One of the possible
causes of death of those people has been considered
to be a fire on the roof part of the pit (Koro∏ec 1950;
Miki≤ 1988).

Recent AMS, anthropological and contextual study
of this feature gave a new bioarchaeological perspec-
tive (Jovanovi≤ 2017; Stefanovi≤ et al. 2016; Tasi≤
et al. 2015). Anthropological analysis showed that
the minimal number of individuals was not nine, but
12, all being adults (Jovanovi≤ 2017). New radiocar-
bon dates indicated a span from 5700 to 5500 cal
BC, showing that although some of the deceased
were buried at almost the same time, the burial of
these 12 individuals did not represent a single
event. The reconstruction showed that none of the
deceased was buried in a typical Star≠evo flexed po-
sition (Fig. 4), and that seven individuals were bu-
ried in extended positions, and only one on the side.
Some of the skeletons (II, III, IX) were placed with
the face and chest toward the ground, which is com-
monly associated with the expression of rejection
and taking away the dignity of the deceased (Arcini
2009). One of the alternative scenarios is that may-
be those individuals died during sleep, due to the
suffocation which resulted from fire. However, this
scenario is questionable since there are no traces of
burning, except on Skeleton I, which likely occurred
post-mortem. The re-analysis of the skeletal remains
showed that Star≠evo group burial could represent a
crime scene (Jovanovi≤ 2017). Traces of violence
were detected on skulls II (a small fracture on the
occipital bone), VI (trace of blunt force trauma on
the left parietal bone) and VIII (dislocated skull, the
chest placed toward the ground, left leg placed on
the back, which was not possible without dismem-
bering the leg, while right leg was contracted with
a broken femur).

Since most individuals found at this pit were poorly
preserved, the sex could rarely be estimated. The
young adult (‘VI?’) dated within this study had a si-
milar diet and health as the rest of individuals found
at this site (Jovanovi≤ 2017). The isotopic values

3 It belongs to young adult, 20–30 years old.
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δ13C, δ15N and δ34S (Fig. 2) show a mostly terres-
trial diet (C3 plants and meat of herbivores and om-
nivores) with small input of aquatic resources (Neh-
lich et al. 2010; Jovanovi≤ et al. 2018). Although
aquatic foodstuff represents a small part of the diet
of these individuals, the isotopic ratios show that
they had a diet much more abundant in aquatic pro-
tein than the inhabitants of contemporary settle-
ments (excluding the Danube Gorges). This could
be connected to the fact that site was located very
close to the Danube, like sites in the Danube Gorges,
where fish was a staple food during the whole Me-
solithic – Neolithic sequence, and thus enabled eas-
ier access to fish and other aquatic resources (Jova-
novi≤ et al. 2018). Concerning the health parame-
ters of those individuals, it is interesting to note the
relatively low presence of caries compared to con-
temporaneous individuals in the region (excluding
the Danube Gorges, Jovanovi≤ 2017). Since all indi-
viduals had similar diets, with larger contributions
of aquatic resources than other Star≠evo individu-
als, the presence of supragingival calculus may have
resulted from the protein diet. This kind of diet cou-
pled with the presence of calculus may have inhib-
ited bacterial activity (Powel 1985), and influenced
the lower incidence of caries, such as the case with-
in the Danube Gorges, especially during the Mesoli-
thic sequence (Jovanovi≤ 2017). The presence of pit
and LEH indicate almost half of them experienced
some physiological stress event between 2 and 10
years of age, some of them with multiple episodes,
showing their childhoods were not easy and that
they probably suffered some nutritional imbalance

or had poor living conditions.
This is also confirmed by the
presence of CO and PH, with
healed or both healed and ac-
tive lesions at the time of
death (Jovanovi≤ 2017). The
largest number of healed le-
sions suggest that those indivi-
duals successfully coped with
a nutritional imbalance or so-
me disease which could have
caused these lesions. It is also
possible that the cases of PH
with mixed reactions, at least
in individuals VI and VIII, could
be a consequence of the recent
violence detected on them. The
average height of these indivi-
duals was 161cm (Schwidetz-
ky 1971–1972; Miki≤ 1988),
which is the average stature

of Early Neolithic individuals in the region (Jovano-
vi≤ 2017).

Zmajevac
The remains of at least four poorly preserved indi-
viduals (two children and two adults) have been
discovered at Zmajevac (see SM 2). Only the re-
mains of one individual who is the best preserved
among them (marked as Individual 1) have been
dated. The dated skull fragment gave a quite early
Star≠evo date (6204–6011 cal BC, within the 95%
CI; SM 4; Tab. 8 in SM 5), which confirmed the rela-
tive chronology attribution made by the excavators.
The remains belonged to a child, aged 10–11 years
(see SM 3). Stable isotope values of δ13C and δ15N
(Fig. 2) indicate a mostly terrestrial diet based on
the consumption of C3 plants, meat of domesticates
and wild game, and/or possibly dairy products, as
most of the Early Neolithic children in this region
had (Whittle et al. 2002; Jovanovi≤ 2017). Traces of
supragingival calculus in low amounts were noted
on some teeth, which is probably related to diet, oral
hygiene, or genetics. While the observed second de-
gree of teeth abrasion is expected on deciduous
teeth, it is quite uncommon on the permanent teeth
at this age and may indicate that this child consumed
very abrasive food (e.g., ground cereals which con-
tained milling stone residue). During early child-
hood, it experienced some physiological stress event,
evidenced by the presence of LEH. The childhood of
this individual was not easy, as also witnessed by
the presence of an active lesion of CO, indicating
that the child was suffering from some nonspecific

Fig. 4. Ideal reconstruction of the individual positions of Early Neolithic
burials on Vin≠a Belo – Brdo site (reconstruction made by S. Ωivanovi≤).
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stress until death, caused by anaemia, nutritional de-
ficiency or poor living conditions. Possible traces of
infection present on the frontal bone, coupled with
CO, could have eventually led to the death of this
child. The child also had pronounced m. deltoideus
on the humerus, which could indicate that it was
performing some intense physical activity. The sec-
ond individual from this site is represented only by
one bone, belonging to a child between 5 and 10
years of age. The third individual is an adult, more
than 20 years old. Since only a few bones are pre-
served, a more precise age could not be established.
However, atrophy of m. gluteus maximus could in-
dicate older age of this individual. Curved linea as-
pera, depression on femur and strong platimery
(see SM 3) indicate that this individual probably had
constant biomechanical pressure, likely due to the
specific position of the legs while performing some
activity. The flattened diaphysis of right humerus and
pronounced m. teres major and m. latissimus dorsi
lend weight to the argument of the specific position
and activity of this individual. Since only a few bones
are preserved, detailed reconstruction of the activi-
ty patterns of this individual could not be done. The
fourth individual is represented only by one tibia,
which indicates adult age, more than 20 years.

Rudnik – Kosovski
Although four burials have been discovered at this
site, only one is preserved and dated (Burial 1). The
date places this individual in the first half of the
Star≠evo culture sequence (6325–6088 cal BC with-
in the 95% CI; SM 4; Tab. 9 in SM 5). Considering its
geographical position – the southernmost part of the
central Balkans, combined with a date that indicates
the very beginning of the Star≠evo culture, this find
could be considered as one more evidence for the
assumed south to north direction of the spread of
the Neolithic through this territory (Whittle et al.
2002). The remains belonged to a female, more than
50 years old, whose skull is the only preserved part
of the skeleton (Jovanovi≤ 2017). The woman lost
two teeth during her life, which probably happened
due to caries detected on several teeth (Jovanovi≤
2017). The strong presence of caries can be connect-
ed to her terrestrial diet (mostly based on C3 plants
and meat/dairy products of domesticates and wild
game), as indicated by stable isotope ratios of δ13C
and δ15N (Jovanovi≤ et al. 2018). Both supragingi-
val and subgingival calculus of degrees 1 and 2 were
detected on her teeth, which could be a consequence
of diet, age, and poor oral hygiene. Barely discer-
nible PH was detected on parietal and occipital bones,
with healed lesions (Jovanovi≤ 2017).

Danube Gorges sites

Unlike other regions in this study, that of the Da-
nube Gorges has been extensively explored within
the framework of different archaeological and bio-
archaeological studies (e.g., Srejovi≤ 1969; Jovano-
vi≤ 1969; Bonsall et al. 1997; Roksandi≤ 2000; Ste-
fanovi≤, Bori≤ 2008; Bori≤, Dimitrijevi≤ 2009; Ste-
fanovi≤ 2012; 2016; Bori≤, Price 2013; Bonsall et
al. 2015a; 2015b; Filipovi≤ et al. 2017; Ωivaljevi≤ et
al. 2017; Jovanovi≤ et al. 2018; 2021; de Becdeliè-
vre 2020; de Becdelièvre et al. 2020). Those studies
yielded inter alia a large amount of AMS dates, sta-
ble isotope and anthropological data on humans who
lived in that micro-region and discussed them com-
prehensively. Therefore, we will not discuss in detail
all the new dated individuals from these sites, but
rather just single out those who represent outliers.

From Padina, only two adult individuals from Bu-
rials 14 (1) and 18 have been AMS dated within the
BIRTH project, and the results (9136–8753 and
8801–8489 cal BC within the 95% CI, respectively;
SM 4; Tab. 10 in SM 5) confirmed their relative chro-
nological attribution, placing them to the Early Me-
solithic sequence. Stable isotope data obtained for
Individual 14 (1) (Fig. 2; SM 4) indicates it had a si-
milar diet as other individuals from Padina during
the Early Mesolithic, which was mainly based on the
mixture of wild game and aquatic resources, espe-
cially freshwater fish (Bori≤, Price 2013; Nehlich et
al. 2010; Jovanovi≤ et al. 2018).

From the site of Vlasac, 17 individuals were AMS
dated. Almost all individuals were dated to the Late
Mesolithic sequence (dates spanning from 7527–6257
cal BC within the 95% CI; n=14, SM 4; Tab. 11 in
SM 5), two to the Early Mesolithic phase (Burial 64a;
7936–7589 cal BC within the 95% CI; and Burial 52;
8167–7603 cal BC within the 95% CI; SM 4; Tab.
11 in SM 5), which is in accordance with their rela-
tive chronological assignment. Only one individual
from Burial 26 yielded a Medieval date (889–1012
cal AD at 95% CI; SM 4; Tab. 12 in SM 5) and thus
more detailed discussion is given in Supplementary
Material 6 (see SM 6).

The isotopic ratios of δ13C and δ15N (Fig. 2; SM 4)
obtained in this study are in accordance with the
data published in other dietary studies, which show-
ed that aquatic resources were important through-
out the Mesolithic, but that Late Mesolithic humans
started to include more anadromous and potamodro-
mous species of fish in their diets (e.g., Jovanovi≤ et
al. 2018).
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While in the previous two sites the AMS dates most-
ly confirmed presumed chronological sequence, at
the Lepenski Vir site the 14 new dates obtained
within the BIRTH project clarified some long-stand-
ing debates about chrono-cultural assignments for
some burials, but also gave one unexpected result.
The results showed that Burials 20 (9176–8762 cal
BC within the 95% CI; SM 4; Tab. 13 in SM 5) and
105 (7708–7519 cal BC within the 95% CI, SM 4;
Tab. 13 in SM 5) are dated to the Early Mesolithic
sequence, which is quite surprising for Burial 20,
since it was previously associated with the Early
Middle Neolithic phase. The individual buried in this
grave was a gracile female of non-local origin (Bo-
ri≤, Price 2013), although during the Mesolithic
most of the individuals were locals. She was buried
in a flexed position not typical for Mesolithic bur-
ial practice, since individuals were usually buried in
extended supine or seated positions (Bori≤ 2015;
Stefanovi≤ 2016). Therefore, she represents the first
individual buried in a typical Early Neolithic position
during the Mesolithic sequence in this region if a
measurement error in the date is to be excluded. Her
stable isotope ratios (δ13C –19.6, δ15N 14.6; Jovano-
vi≤ et al. 2018) are indicative for both Mesolithic and
Neolithic periods at this site, since a protein diet ba-
sed on aquatic resources was the staple food through-
out the sequence, although in the Transformational/
Early Neolithic44 and Early Middle Neolithic phases
in the Danube Gorges some individuals consumed
fewer aquatic resources and favoured more terres-
trial products (C3 plants and meat of herbivores),
which is not the case with this woman. For Burial
105, the precise chronological distribution did not
exist, and the AMS date placed the remains to the
Early Mesolithic phase.

Regarding other burials from this site dated within
the BIRTH project, for three of them (Burials 11, 91,
98) the dates are in accordance with their chrono-
logical assignment (Transformational/Early Neolithic
phase; SM 4), while for Burials 16, 27a, 27d, 57, and
93 it was not certain in some previous studies (e.g.,
Bori≤, Price 2013; Stefanovi≤ 2016) whether they
were associated with this phase. The obtained AMS
dates (see SM 4; Tab. 13 in SM 5) confirmed they
also belong to the Transformational/Early Neolithic
phase. The relative chronological distribution relat-
ed to the Early/Middle Neolithic phase of Burials 39,
66, 83a was also questioned in the published stud-

ies (Bori≤, Price 2013; Stefanovi≤ 2016), although
newly acquired dates (see SM 4) confirmed they be-
long to this phase, except for the Burial 39 (see SM
4), which is associated with the Transformational/
Early Neolithic phase.

Their isotopic values (Fig. 2; SM 4) are in accordance
with the dietary patterns, which as aforementioned
were related to the broadening of the dietary spec-
trum toward terrestrial food resources at the onset
of the Neolithic in the Danube Gorges for some in-
dividuals (e.g., Burials 39, 57, 83a, 93). This light
shift is connected with the arrival of migrants and
contacts between local hunter gatherers and the first
agro-pastoralists, who probably brought new food-
stuff and dietary habits to the Danube Gorges (Bo-
ri≤, Price 2013; de Becdelièvre et al. 2020). The ske-
leton from Burial 98 has low δ13C (–18.1) and the
highest value of δ15N (18.0) (Fig. 2; SM 4) among
this group of individuals because it belonged to a
neonate. As it is supposed that isotopic ratios of
children reflect the mother’s diet during pregnancy
(see the section on Amzabegovo), and the newborns
at Lepenski Vir in general exhibit δ13C in the range
of values recorded for the females, while δ15N val-
ues are higher (Grupe et al. 2003; Bori≤ et al. 2004).
Those higher ratios indicate that diet was not the
only factor which influenced δ15N values, and that
other factors such as physiological processes or pa-
thological conditions should also be considered
when interpreting this data (Fuller et al. 2005; Neu-
berger et al. 2013; Reitsema 2013; Robertson et al.
2014). This neonate was one of the 40 neonates bu-
ried mainly underneath the rear of trapezoidal buil-
dings at Lepenski Vir (Bori≤, Stefanovi≤ 2004; Stefa-
novi≤, Bori≤ 2008). The practice of burying young
children underneath the floors is common among
Neolithic communities across Anatolia and the Bal-
kans (Bachvarov 2008), and was also attested in the
nearby site of Vlasac during the Late Mesolithic. So-
fija Stefanovi≤ and Du∏an Bori≤ (2004; 2008) argue
that the neonates were interred into burial pits cut
through the floor and not sacrificially deposited be-
fore the floor was furnished, as was proposed in
some studies (Srejovi≤ 1969; Radovanovi≤ 2000).
They also highlight that the houses may have a pro-
tective role and that ritual reveals a pronounced
concern of the community for the death of babies
and changes in the perception of the newborns by
the members of this society.

4 Stratigraphically and chronologically, the Mesolithic and Neolithic sequence in the Danube Gorges is divided into the Early Meso-
lithic (~9500–7400 cal BC); the Late Mesolithic (~7400–6300 cal BC); the Transformational/Early Neolithic (~6200–5900 cal BC);
and the Early/Middle Neolithic (~5900–5500 cal BC) (see SM 2).
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Overall, the health status of all newly dated indivi-
duals is in accordance with general picture which
suggest relatively good health status of Mesolithic –
Neolithic inhabitants over time (Nemeskéri, Lengyel
1978; y’Edynak 1978; Bori≤ et al. 2014; Stefanovi≤
2012; 2016; Jovanovi≤ 2017), with the exception of
treponemal infections, which occur as a major pa-
thological condition in all periods (Stefanovi≤ 2012).
Anthropological studies in Europe showed that with
the onset of Neolithic many more individuals had
some kind of growth disruption as a consequence of
the new lifestyle and poor diet, while in the Mesoli-
thic only a small number of individuals had traces
of bad health (Papathanasiou 2011; Jaro∏ova, Do≠-
kalova 2008; Wittwer-Backofen, Tomo 2008; Jova-
novi≤ 2017). However, there is a slight decrease in
health in the Neolithic Danube Gorges (Bori≤ et al.
2014; Stefanovi≤ 2016; Jovanovi≤ 2017), which was
not as dramatic as that documented in other Early
Neolithic populations in Europe, including those in
the nearby regions. Although the number of non-
healed lesions is slightly higher in the Neolithic se-
quence, the distribution of nonspecific stress indica-
tors is similar in both periods, which indicates stabi-
lity in health over time (Jovanovi≤ 2017). Higher
rates of PH are noted for both periods, which could
be potentially connected to infectious disease (Stefa-
novi≤ 2016; Jovanovi≤ 2017). The general stability
in health may have been the consequence of a pro-
tein rich diet, especially one based on aquatic resour-
ces. At the onset of the Neolithic some humans start-
ed to have a more terrestrially oriented diet, which
caused few cases of caries, but the frequency was still
very low comparing with the rates of the communi-
ties who lived outside of this region during the Early
Neolithic (Jovanovi≤ 2017). Additionally, although
the rates of enamel hypoplasia are similar through-
out the sequence, there is however a higher num-
ber of stress episodes in the Neolithic, which can pos-
sibly be related to new dietary strategies (Jovanovi≤
2017).

Southwestern Carpathian Basin
Star≠evo – Grad
Several burials have been discovered at this site (see
SM 2) and two of them were previously dated (Whit-
tle et al. 2002). The remains of two individuals in-
terred in Burial 1, found during the most recent ex-
cavations in 2000s, were AMS dated within the BIRTH
project. Both belong to the second half of the Star-
≠evo culture sequence (5638–5545 cal BC, and 5661–
5559 cal BC within the 95% CI: SM 4; Tab. 14 in SM
5). The first skeleton belonged to a female, 55–60
years old (marked as Skeleton 1, Jovanovi≤ 2017),

buried in a flexed position. At the distance of 0.6m
northeast from the Skeleton 1, on the same level,
the remains of a child, aged 5–7 years (Jovanovi≤
2017) were detected and marked as Skeleton 2. The
mean difference between median and mean values
of the calibrated dates for these two individuals is
23 years, which could indicate that they were buried
together intentionally, but probably not as a part of
the single burial event. However, it could also indi-
cate that same burial place was reused, as in the case
of some other Star≠evo burials, such as Burial 2 at
Jari≠i∏te 1 (Stefanovi≤, Por≠i≤ 2015).

Beside these two individuals, in another trench, with-
in the excavation layer, a diaphysis of a left femur
with traces of injury probably caused by sharp edge
tool (Jovanovi≤ 2017) has been discovered in a pit
associated with the Star≠evo culture. Possible traces
of injury or palliative treatment were also noticed
on a female’s occipital bone from Burial 1 (O.c.),
and presence of a higher degree of PH with mixed
healed and active lesions could be the consequence
of the same trauma. OA was detected in all preserved
vertebrae (O.c.), which is in accordance with the wo-
man’s old age. The woman experienced several epi-
sodes of physiological stress (e.g., nutritional imba-
lance, high fever, etc.) during her childhood, as evi-
denced by traces of LEH (O.c.). She lost two teeth
during her life, which is expected due to her old age,
while the appearance of both mostly moderately
pronounced supragingival and subgingival calculus,
especially the large amount on the side of the jaw
where she lost teeth ante-mortem, could be connect-
ed to some tooth pathology and poor oral hygiene,
rather than diet (O.c.). Her isotopic values of δ13C
and δ15N (Fig. 2) indicate she had a mostly terres-
trial diet (based on the consumption of C3 plants
and meat/dairy products of domesticates and wild
game), as did a child (Fig. 2) buried in the same pit.
This is in accordance with archaeozoological (predo-
minance of domesticates, but also a significant con-
tribution of wild animals; Clason 1980), previous
stable isotope analyses (Whittle et al. 2002) and or-
ganic residue analysis of pottery with traces of dairy
products (Stojanovski et al. 2020) from this site.

Topole – Ba≠
Three prehistoric burials found at this site have been
AMS dated within the BIRTH project (Stefanovi≤ et
al. 2020). The new dates solved the almost 20-year
mystery of whether Burials 1 and 2 represent one
single event or not. Alasdair Whittle and colleagues
(2002) had some doubts regarding the dating of
those two burials, as well as Jovanovi≤ and collea-
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gues (2017) who concluded that Burials 1 and 2
were almost certainly buried at the same time, and
that because of terrestrial dietary patterns they
should rather present a single Early Neolithic burial,
rather than Mesolithic and Neolithic as the first AMS
dating by Whittle and colleagues (2002) showed.
The new BIRTH dates confirmed that Individuals 1
and 2 were buried at the same time, since calibrat-
ed dates almost completely overlap (for Individual
1, the 95% CI span is 6065–5985 cal BC, while for
the Individual 2, the 95% CI span is 6066–5986 cal
BC; SM 4; Tab. 15 in SM 5), and both belong to the
Early Neolithic Star≠evo culture. New BIRTH stable
isotope values (see SM 4) also showed that this
young female (Burial 1) and middle-aged male (Bu-
rial 2) had similar, mostly terrestrial diets, like their
counterparts from the region (Whittle et al. 2002;
Nehlich et al. 2010; Jovanovi≤ et al. 2018). While al-
most the same isotopic ratios were obtained for the
male (similar skeletal elements, i.e. hand bones,
were analysed both times), the new and old δ15N
ratios slightly differ in female. Namely, the old δ15N
value is 8.6‰ (Whittle et al. 2002 sampled rib),
while the new δ15N value is higher, 9.6‰ (in our
study the frontal bone was sampled). These varia-
tions could be a consequence of sampling different
skeletal elements55 or due to different laboratory pro-
cedures, since the samples were dated in different
laboratories.

Both individuals had relatively good health status.
The female experienced some stressful event during
childhood, as evidenced by traces of LEH, and small
traces of supragingival calculus. She was 163.84cm
tall (Jovanovi≤ et al. 2017), which is more than the
average female height during the Early Neolithic
(O.c.). The male also had a small amount of supra-
gingival calculus. He was 171.32cm tall (Jovanovi≤ et
al. 2017), taller than most other males from the Early
Neolithic (Jovanovi≤ 2017; this study). His weight
was 64.06kg, which is slightly higher than that of his
counterparts, while the body mass index, as a gene-
ral indicator of health, showed that he had a normal
body mass index (Jovanovi≤ et al. 2017).

The third individual buried several metres away
from the first two was also mostly placed beneath
the floor of the same structure. It was a young fe-
male, dated to the later, Early Bronze Age period

(2873–2628 cal BC within the 95% CI; SM 4; Tab.
16 in SM 5), although it was previously assumed
that it could be older than Burials 1 and 2 (Jovano-
vi≤ et al. 2017), which indicates the disturbance of
the Star≠evo culture layers in the later periods. This
result reveals the possibility that this area was con-
tinuously used for living and burial practices. Stable
isotope analysis (Fig. 2; SM 4) showed she had a diet
predominantly based on terrestrial resources (C3

plants, meat/dairy products of domesticates and wild
game). Anthropological analysis revealed that she
was 168.83cm tall, while her weight was 66.66kg,
with a normal body mass index (O.c.). The ellipsoid
lesion with horizontal lines noted on the frontal
bone could be the result of an infection or blunt
force trauma (O.c.).

Klisa
At this site five Neolithic burials have been found
(see SM 2), but only three individuals which are pre-
served today and interred in Burials 6, 8 and 10a
were AMS dated. The dates have quite close spans,
with the Burial 6 being slightly older (5984–5845
cal BC within the 95% CI; Tab. 17 in SM 5) than the
Burial 10a (5978–5780 cal BC within the 95% CI;
Tab. 17 in SM 5), while the Burial 8 appears to be
the oldest (6002–5886 cal BC within the 95% CI;
Tab. 17 in SM 5) (see SM 4). Anthropological analy-
sis showed that the remains of these three individ-
uals belong to a 4 to 5-year old child (Burial 6), a
female aged 15–18 (Burial 8) and a male (Burial
10a), who was aged more than 40 at death (Jovano-
vi≤ 2017). Isotopic values of δ13C, δ15N and δ34S for
the female and male indicate they favoured the con-
sumption of terrestrial proteins (C3 plants, domestic
animals and hunted game), with small input of aqua-
tic resources (Jovanovi≤ et al. 2018). One vertebrae
of catfish was found during the anthropological ana-
lysis, which is rare in the archaeological record from
the Star≠evo sites outside of the Danube Gorges (Ωi-
valjevi≤, Stefanovi≤ 2016; Ωivaljevi≤ 2017). The child
was possibly breastfed until ~2 years of age, while
the increased δ15N value just prior to the child’s
death, was possibly a consequence of disease or nu-
tritional stress (Jovanovi≤ 2017). Both child and fe-
male had LEH, which indicates they experienced
some nonspecific stressful event during childhood.
Supragingival calculus is moderately pronounced on
several of the female’s teeth (O.c.), which could be

5 The frontal bone with more cortical tissue renews slower than the rib, and thus the stable isotope ratios should mainly reflect a
dietary signal formed over a more extended period than in the case of a rapidly renewed tissue (such as rib). Hence, it is possi-
ble that this female consumed fewer protein resources at the end of her life (lower δ15N value; rib sample, Whittle et al. 2002)
than earlier (higher δ15N value; this study, SM 4). For a more detailed discussion see Ivana Ωivaljevi≤ et al. 2021.
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due to genetic factors or poor oral hygiene. The
male had barely discernible PH, which was healed at
the time of death (O.c.). Noted OA on some verte-
brae (O.c.) could be the consequence of physical ac-
tivity and degenerative changes, which is possible
considering the age of this male. He was one of the
few males from this time period living outside of the
Danube Gorges region for whom the stature could
be calculated (170.58cm) (O.c.).

Sremski Karlovci – Sonje Marinkovi≤ 1
The only known Neolithic burial (Burial 1) from this
site has been AMS dated and yielded an early Star-
≠evo date (6210–6027 cal BC within the 95% CI; SM
4; Tab. 18 in SM 5). Anthropological analysis showed
that this burial belongs to a female individual, aged
35–50 years old (Jovanovi≤ 2017). She had mode-
rately pronounced forms of both types of dental
calculus as a consequence of diet (supragingival) and
tooth pathology (subgingival). Her isotopic values of
δ13C and δ15N indicate she had a diet mostly based
on terrestrial proteins (such as C3 plants, domestic
animals and hunted game), but also with some in-
put from aquatic proteins (Jovanovi≤ et al. 2018).
She had the 2nd and 3rd degree of PH which was ac-
tive at the time of death (O.c.). OA changes were
noted on the sternum, foramen magnum, scapula,
and cervical vertebrae (Jovanovi≤ 2017), which in
this case may have developed as a consequence of
injury, since in the inferior part of the sternum, there
is a curvature toward anterior-posterior side. Her sta-
ture was 150.37cm, like many females who lived in
the region during the Early Neolithic (O.c.).

Ba∏tine – Obre∫
The skeletal remains of the only known burial from
this site (Burial 1) were AMS dated and the obtained
date span places this individual in the second half
of the Star≠evo culture sequence (5624–5517 cal BC
within the 95% CI; SM 4; Tab. 19 in SM 5). It be-
longs to a child, aged 4–6 years (Jovanovi≤ 2017).
It had barely discernible CO, healed at the time of
death, which suggests that this child successfully
coped with some nonspecific stress (O.c.). Although
this event did not cause the death of the child, it
seems that an injury on the left tibia made with
some sharp tool, followed by periosteal reaction
(O.c.), could have been fatal. The isotopic bone val-
ues of δ13C and δ15N reflect a generally terrestrial
dietary pattern which include C3 plants, domestic
animals and hunted game (O.c.). However, δ34S sug-
gests little input of aquatic food resources, while the
abundance of mollusc remains (such are Helix, Unio,
Vivipara, Limnaea and Planorbis genera) (Bruk-

ner 1960a; 1960b) support the sulphur isotopic re-
sults. A shallow depression detected behind and
along the length of the coronal suture could have
arisen if this child was wearing something on the
head, connected to everyday habits or cultural tradi-
tions (Jovanovi≤ 2017).

Bezdan – Ba≠ki Mono∏tor
Three Neolithic burials were found at this site (see
SM 2), and only the remains found in Burial 3 (Fig.
5.a) have been AMS dated. The result (4996–4844
cal BC within the 95% CI; SM 4; Tab. 20 in SM 5)
indicates this individual lived at the beginning of the
Late Neolithic. The remains belong to a middle-aged
male (see SM 3), whose δ13C and δ15N ratios (Fig.
2; SM 4) are consistent with typical Early and Late
Neolithic dietary patterns in the region (Whittle et
al. 2002; Gamarra et al. 2018; Nehlich et al. 2010;
Lightfoot et al. 2011; Jovanovi≤ et al. 2018), where
the bulk of protein was mostly derived from terres-
trial foods based on C3 plants, domestic animals and
hunted game. The man experienced several physio-
logical stress episodes during childhood, as evi-
denced by traces of pit and LEH, and some of them
have happened around the age of 10, indicating he
probably grew up in poor living conditions where
he suffered from some nutritional deficiency, which
is also noted in other two individuals from this site.
According to the stature (167.51cm) and body mass
(56.66kg), the body mass index was 16.86, indicat-
ing he was underweight, which lends weight to the
argument for poor living conditions and nutritional
deficiency. Noted traces of low to moderate supra-
gingival calculus and periodontitis may be caused
also by poor nutrition, or poor oral hygiene/genetics.
The presence of grooves with more severe teeth ab-
rasion on the right-side molars indicate he probably
processed some type of object in the mouth on the
right side of the jaw, which is also supported by
greater robustness of the right bones of the upper
body. Overall, although muscle attachments are ge-
nerally not pronounced, they are more marked on
the upper limbs. The strong active bilateral perios-
teal reaction on tibias (Fig. 5.b,c), fibulas and calca-
nei could be due to bacterial infection. Based on the
atrophy of the femur muscles and on the curvature
of the tibias it is possible that this man was not mo-
bile. Curvature of the tibias and the platimery of
the femurs could be the result of his specific position
due to the low leg mobility. His bones are very gra-
cile which can also be a consequence of pathological
condition. Bodies of four cervical vertebrae are re-
cessed, as a consequence of some pressure on the
cervical part of the spine, which could also be due
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to particular position of the body. On the same ver-
tebrae traces of OA are noted. A benign tumour – os-
teoma has been detected on the frontal bone. Those
kinds of tumours are slow growing and usually cause
no symptoms, with men being affected only slight-
ly more than women (Wei, Stevens 2014).

Beside Burial 3, two other undated Burials, 1 and 2,
which according to the relative chronology belong
to the Late Neolithic, have also been anthropologi-
cally analysed (see SM 3). Inside Burial 1 (Fig. 6.a)
a middle-aged female was buried in a flexed posi-
tion. This woman experienced several stress epi-
sodes during her childhood, as evidenced by traces
of LEH, which occurred between the ages 1.3–3.9
years. Ante-mortem tooth loss is probably due to the
presence of caries detected on several teeth (e.g.,
left mandibular molars; Fig. 6.c), which indicates
she perhaps had a diet strongly based on terrestrial
resources, especially on carbohydrate rich food. Su-
pragingival calculus was present on multiple teeth in
small amounts. She had barely discernible CO and
PH with active and healed lesions, indicating she
probably lived in poor living conditions where var-
ious factors could have led to developing these con-
ditions, such as nutritional deficiency, etc. Traces of
non-masticatory activities noted on her teeth and
unusual dental mandibular arches (Fig. 6.b,c; see SM
3) suggest she used her teeth as a ‘third hand’, which
is also confirmed by her muscle attachments which
are more pronounced on the upper limbs, especially
on the right side. It is possible that this female per-
formed some sort of physical activity since early
childhood (see SM 3) that was frequently and conti-
nuously repeated, but her muscle attachments do

not indicate any kind of hard physi-
cal labour. On the distal ends of both
humerus the epigenetic feature per-
foratio fossa olecrani is noted. Be-
sides the genetic origin (Hauser, de
Stefano 1989) this feature can also
be a consequence of continuous use
of upper limbs in some physical acti-
vity (Mays 2008). OA was detected
on both hip joint and forearm bones,
which in the case of upper limbs can
be due to her physical activity. The
metopic suture which usually fuses
until the age of 8 (Scheuer, Black
2004) is still present in this middle-
aged female. Persistence of metopic
suture (metopism) in adulthood rep-
resents a non-metric anatomical trait
(Hauser, de Stefano 1989), which

could have genetic origin (Torgersen 1951; del Sol
et al. 1989), although some other factors cannot be
excluded (e.g., mechanical causes, hormonal dys-
function, etc.). It has little clinical significance, and
in some cases can cause problems with frontal sinu-
ses. She was 158.58cm tall (close to average females’
height during the Early and Late Neolithic; Masson
2014; Jovanovi≤ 2017; this study) and weighed
60.52kg, with a normal body mass index.

Inside the Burial 2, two individuals have been found.
Individual 1 represents an old adult, buried in a
flexed position (Fig. 7.a), while Individual 2 repre-
sents a child, whose remains were poorly preserved
(see SM 3). The adult has very similar health as the
female from Burial 1, indicating that both probably
lived in poor conditions. They also experienced se-
veral stress episodes during childhood, as evidenced
by traces of LEH, which occurred between the age
2.4–3.9 years, and could be connected (as in the
case of woman from Burial 1) to the consumption of
solid food (which can be contaminated), or some
other nonspecific physiological stress event. In sup-
port of this there is healed CO, which also points
to some stress event probably occurred during child-
hood. A large amount of ante-mortem teeth loss is
related to the higher presence of caries (Fig. 7.b,c;
see SM 3), implying this individual perhaps had a
diet strongly based on terrestrial resources, espe-
cially on carbohydrate rich food, like the female from
Burial 1. The presence of a large amount of supra-
gingival calculus on one carious tooth was probably
due to poor oral hygiene. At the moment of death
this old adult had PH with mixed lesions, supporting
the hypothesis that humans buried at this site pro-

Fig. 5. Bezdan – Ba≠ki Mono∏tor, Burial 3. a in situ; b periosteal
reaction on the left tibia; c periosteal reaction on the right tibia
(a courtesy of the Town Museum of Sombor; b, c photos J. Pendi≤).
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bably lived in poor condi-
tions. Additional porosity de-
tected on other skull bones
confirms this individual like-
ly suffered from nutritional
deficiency. A circular dent on
the parietal bone was most
likely caused by blunt force
trauma (Fig. 7.d), while tra-
ces of bandaging on the lat-
eral borders of the scapulae
could be caused by the same
event/injury. Overall, the mus-
cle attachments of the upper
limbs are more pronounced
than on the lower limbs, espe-
cially on metacarpal and pha-
langes which could be the re-
sult of some intense physical
activity that this adult did
with the arms (see SM 3). Al-
though morphological characteristics of the skull
bones suggest female sex, the estimation of sex was
difficult since there are huge differences in the left
and right great sciatic notches and composite arch-
es (Fig. 7.e), where one suggests male and another
female sex, respectively (see SM 3). These differen-
ces are not due to trauma, since there are no traces
of injuries, and rather can be caused by a pathology
that did not leave traces on the bones, congenital
anomaly, or a specific position in which this adult
spent a significant amount of time. Furthermore, vi-
sible epiphyseal line on the left femur head, plati-
mery and OA of both femurs head (especially on the
left one and on the left acetabulum), could also be
a consequence of the presumed specific position of
the left leg that the individual adopted during walk-
ing, and/or another activity that it did since child-
hood. However, one cannot exclude that long-term
nutritional imbalance during childhood and perhaps
the presence of rickets led to slow growth and deve-
lopment, which caused degenerative changes on ver-
tebral bodies, auricular surfaces, and along epiphy-
seal lines of both femurs. Other OA changes on two
thoracic vertebrae and on the sacral promontory pro-
bably developed due to old age.

I∂o∏ – Gradi∏te
Only one out of two Neolithic individuals from this
site has been dated. The AMS dating places Burial 1
at the very beginning of the Late Neolithic (5213–
5027 cal BC within the 95% CI; SM 4; Tab. 21 in SM
5). The remains belonged to a male, aged 30–35
years old. The isotopic ratios of δ13C and δ15N (Fig.

2; SM 4) show he had a terrestrial diet based on C3

plants, domestic animals and hunted game, with pos-
sible small input from aquatic resources, like some
other Early and Late Neolithic individuals from the
region (Whittle et al. 2002; Lightfoot et al. 2011;
Nehlich et al. 2010; Gamarra et al. 2018; Jovano-
vi≤ et al. 2018). He had a mild OA and lithic lesions
on both glenoid cavities, pronounced muscle attach-
ments on scapulae, clavicles, radius, which coupled
with OA changes on all vertebrae and one Schmorl’s
node, indicate that he intensively used the upper
limbs during some physical activity (see SM 3). The
appearance of squatting facets indicates this male
probably squatted while performing activities with
the upper limbs. All bones have dark-brown colour
and traces of burning. Since traces of burned wattle
and daub have been discovered in Trench 5 (Mari≤,
Pendi≤ 2017), it could be hypothesised that there
was maybe a fire at the house roof, which affected
buried skeletal remains or, which is less likely, led
to suffocation in the fire as a potential cause of death
for this male.

The undated human skeletal remains found inside
a Late Neolithic pit (see SM 2), in Trench 6 (unit
6007), revealed the remains of two individuals – a
female and poorly preserved young adult. The fe-
male, aged 45–50 years old, had severe teeth abra-
sion and periodontitis. On some teeth specific abra-
sions and grooves were noted indicating that she
used her teeth in non-masticatory activities. It is in-
teresting to note that among the inhumated bones,
five fragments of cremated human bones were found.

Fig. 6. Bezdan – Ba≠ki Mono∏tor, Burial 1. a in situ; b traces of non-ma-
sticatory activities on maxillary; c mandibular teeth; on mandibular
teeth 36 and 37 the presence of caries is also noted (a courtesy of the
Town Museum of Sombor; b, c photos J. Pendi≤).
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They had traces of white and black colors, which ac-
cording to Simon Mays (1998) is indicator that the
temperature of burning was over 600°C. The pres-
ence of transversal cracks suggests that the bones
were placed in the fire with the soft tissues still pre-
sent. It is unclear if these cremated human bones re-
flect some ritual or mortuary rite, since cremations
are rare in the Neolithic (Bori≤ 2015), or this is a
consequence of a fire which caused the body to burn
completely.

Zmajevo – Livnice
Two Neolithic burials were found at this site (see
SM 2). Burial 1, with dislocated remains, belongs to
a probable male, aged 30–40 years (see SM 3),
whose skeletal remains were poorly preserved and
have not been dated. Only the better preserved Bu-
rial 2 (Fig. 8.a,b) was dated and yielded a date
which spans between 5299–5099 cal BC (within the
95% CI; SM 4; Tab. 22 in SM 5). The date confirms
the assumed chronological sequence and places
this individual into the Vin≠a culture. The remains
belonged to a male, aged more than 50 years old.
The isotopic ratios of δ13C and δ15N (Fig 2; SM 4)
show he had a diet based on terrestrial proteins de-
rived from C3 plants, domestic animals and hunted
game. OA detected on the upper and lower limbs is
in accordance with his old age, and the presence of
sharp osteophytes on vertebrae certainly caused pain

to this individual (Fig. 8.c). Active periosteal reac-
tion on the left tibia (Fig. 8.d) (see SM 3), coupled
with the presence of initial stages of osteomyelitis
on both fibulas, indicate that this was most likely the
result of some systemic infection, considering its bi-
lateral presence. Furthermore, lesions and porosity
on the inner vault of the skull lend weight to the ar-
gument that the infection spread from postcranial
skeleton to the whole body. More pronounced mus-
cle attachments on the upper limbs implied he per-
formed some intense physical activity in a specific
position leading to the curvature of the forearm
bones. Complete loss of teeth (Fig. 8.e) coupled with
pronounced muscle attachments on the mandibula
could possibly indicate that this male used his teeth
in non-masticatory activities. He had a hard life, as
evidenced by the presence of healed fractures on a
few ribs, and probably after the injury he wore a
bind around both scapulae and ribs (see SM 3). Atro-
phy of the muscle attachments is more present on
the lower than upper limbs and can be connected to
the presence of sacroiliac fusion, which certainly led
to reduced use of the lower limbs and less mobility
of this male. Fusion of the sacrum and iliac bones
could have been caused by his old age, trauma due
to his injury, or arthritic changes. Furthermore, the
observed differences between the left (moderately
male characteristics) and right (moderately female
characteristics; SM 3) great sciatic notch are probably

a consequence of sacroiliac fusion,
congenital malformation, or other pa-
thological conditions. The specific po-
sition in which this male was buried
(lying on his back, hands were placed
on the pelvis, with the legs bent at the
knees, on the right side; Fig. 8.a),
could be due to his illness and reduc-
ed mobility of the lower limbs.

Gospo∂inci – Nove zemlje
The resulting date span places the
only individual found at this site (see
SM 2) in the first half of the Star≠evo
culture sequence (6066–5991 cal BC
within the 95% CI; SM 4; Tab. 23 in
SM 5). This individual is poorly pre-
served and anthropological informa-
tion is limited (see SM 3). The sex
could not be estimated due to the
fragmentation, although a few frag-
ments of cranial bones suggest they
could belong to a female. The teeth
abrasion indicates that the individual
was ~30 years old. Traces of supra-

Fig. 7. Bezdan – Ba≠ki Mono∏tor, Burial 2. a in situ; b, c presence
of caries on teeth 25 (distal side) and 47 (distal side); d circular
dent (10.49 x 8.35mm) on the lower part of the parietal bone,
near the juncture of the sagittal and lambdoid suture, most likely
caused by a blunt force trauma; e differences in the left and right
great sciatic notches and composite arches (a courtesy of the Town
Museum of Sombor; b, c, d, e photos J. Pendi≤).
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gingival and subgingival calcu-
lus in medium amounts were
noted, which is probably re-
lated both to the diet and teeth
pathology and/or oral hygiene.
Stable isotope values of δ13C
and δ15N (Fig. 2; SM 4) indi-
cate a mostly terrestrial diet ba-
sed on proteins deriving from
C3 plants, domestic animals
and hunted game.

Sajlovo
Only the Neolithic individuals
from Sajlovo (see SM 2) have
been dated, and the results
show that Burial 22 belonged
to the second half of the Early
Neolithic sequence (5707–
5566 cal BC within the 95%
CI; SM 4; Tab. 24 in SM 5),
while the AMS date (5293–
5059 cal BC within the 95%
CI; SM 4; Tab. 24 in SM 5) pla-
ces Burial 19 into the very be-
ginning of the Late Neolithic,
although based on pottery fin-
dings it was assumed that it also belonged to the
Early Neolithic. The previously assumed absence of
the Late Neolithic stratum at Sajlovo could be recon-
sidered, based on the new evidence.

Anthropological analysis revealed that Burial 22
belongs to a child, aged 6–7 years old. The skeleton
is poorly preserved and thus anthropological data
are limited (see SM 3). The isotopic ratios of δ13C
and δ15N (Fig. 2; SM 4) show it had mainly a terres-
trial diet based on C3 plants, domestic animals and
hunted game. Besides the vicinity of the Danube Ri-
ver (c. 4km) and the fact that one vertebra of carp
was found during anthropological analysis, its isoto-
pic data indicate that aquatic resources were rarely
used. The child experienced nonspecific physiologi-
cal stress several times during childhood, as evi-
denced by traces of pit and LEH. One of those stress
events occurred around the age of 2, which perhaps
could be connected to weaning, since this age is in-
side the time frame when children cease breastfe-
eding and completely transfer to solid food (e.g., Jo-
vanovi≤ et al. 2017), or perhaps was the result of
some other stress factor.

Burial 19 (Fig. 9.a) belonged to a female aged 45–
50 years (see SM 3). This Late Neolithic woman had

similar physical characteristics, diet, and health sta-
tus as Early Neolithic individuals. She was 149.13cm
tall, which is shorter than the average recorded for
the Early Neolithic females (Jovanovi≤ 2017). The
stable isotopic ratios of δ13C and δ15N (Fig. 2; SM 4)
show she had mainly a terrestrial diet which includ-
ed C3 plants, meat (dairy products?) of domestic ani-
mals and hunted game. The presence of caries sup-
ports this conclusion, and furthermore indicates the
use of food enriched in carbohydrates. The presence
of a small to medium amount of supragingival calcu-
lus (Fig. 9.b) could be a consequence of poorer oral
hygiene, diet and her older age. Her childhood was
not easy, as has also been noted for most of the
Early Neolithic humans from the region (O.c.). The
presence of LEH suggests she also experienced non-
specific physiological stress around the age of 2, like
the child from Burial 22. Barely discernible PH,
which was healed at the time of death, could also be
an indicator of some stress event. This woman may
have had limited range of motions due to pain
caused by OA, spondylarthrosis, and Schmorl’s node
on the cervical vertebrae, whose presence is conse-
quence of degenerative changes as a result of her
older age. Furthermore, atrophy of muscle attach-
ments on both upper and lower limbs lends weight
to this argument.

Fig. 8. Zmajevo – Livnice, Burial 2. a, b in situ; c presence of sharp os-
teophytes on vertebrae; d active periosteal reaction on the left tibia; e
mandible showing complete loss of teeth (a, b courtesy of the Provincial
Institute for Protection of Cultural Monuments, Vojvodina; c, d, e photos
J. Pendi≤).
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Highway E-70, 521km
The resulting date span places the only individual
available from this site (see SM 2) in the second
half of the Star≠evo culture sequence (5616–5486
cal BC within the 95% CI; SM 4; Tab. 25 in SM 5).
Anthropological analysis showed that it was a fe-
male, between 30–40 years old (see SM 3). The pre-
sence of caries could be the result of her mostly ter-
restrial diet (C3 plants, domestic and wild game) with
a possible small input of aquatic resources, as evi-
denced by stable isotope values of δ13C and δ15N
(Fig. 2; SM 4). The pronounced muscle attachments
of the upper limbs, egg-shaped humeral head and
curvature of both humeral diaphysis (Fig. 10.a) in-
dicate she performed intense physical activity with
her upper limbs. The pronounced muscle attach-
ments of her upper limbs in combination with spe-
cific abrasion of her front teeth (Fig. 10.b) may indi-
cate that she used her teeth in non-masticatory acti-
vities. OA was noted on two lumbar ver-
tebrae, while on one of them there is a
shallow depression-Schmorl’s node (Fig.
10.c), which could be a consequence of
physical work. On the medial side of the
right tibia a mild inactive periosteal re-
action is noted, which is the result of
some nonspecific infection, probably not
fatal, because it is localised to only one
region of the bone. Both tibias are slight-
ly medially curved, especially the right
one, which could be connected to the ap-
pearance of periosteal reaction. How-
ever, since it was inactive at the time of
death it shows that this woman succes-
sfully coped with this issue. Analysis re-
vealed she had a lower height (147.43cm)
and less weight (46.76kg) than most of
the other Early Neolithic females (Jova-
novi≤ 2017), with normal body mass in-
dex.

Novi Sad – Gornja ∏uma
Three possible Neolithic burials (1, 2, 4)
from this site (see SM 2) were dated, and
the AMS dates span within the very be-
ginning of the Late Neolithic Vin≠a cul-
ture, with the possibility that individu-
als from Burials 1 and 4 lived and were
buried roughly at the same time (Burial
1: 5296–5066; Burial 2: 5224–5050 and
Burial 4: 5291–5058 cal BC within the
95% CI; SM 4; Tab. 26 in SM 5). The iso-
topic ratios of δ13C and δ15N (Fig. 2; SM
4) of all individuals have roughly simi-

Fig. 9. Sajlovo, Burial 19. a in situ; b presence of supragingi-
val calculus on tooth 48, buccal side (a from Veselinov 2013; b
photo J. Pendi≤).

lar values, indicative of a terrestrial dietary pattern
with the inclusion of C3 plants, domesticates and
wild game. Burial 1 belongs to a male, aged 20–25
years old (see SM 3). Cribra humeri, cribra femori
(Fig. 11.a), PH as well as porosity on some of the
bones suggest he had some nutritional imbalance,
and traces of LEH indicate he probably had some nu-
tritional deficiency since early childhood. Traces of
supragingival calculus of degree 1 and periodontitis
were also noted in this male, which in this case may
also be caused by poor nutrition (e.g., especially de-
ficiency in vitamin C), or other factors. The presence
of periostitis on the right radius and tibias may in-
dicate this young male had some systemic infection.
Burial 2 belongs to a middle-aged adult (see SM 3),
who suffered from severe OA on ulnas (Fig.11.b),
which could be caused by the possible injury since
traces of bandaging were noted on the left radius,
whose diaphysis is also slightly enlarged in that area.
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Active periosteal reaction noted on the inner side
of one rib body usually indicates the presence of
some lower respiratory tract disease (Davies Barret
et al. 2019), while the presence of the same reac-
tion on the right femur could be due to trauma, me-
tabolic disease, or some other factor (Ortner 2003;
Waldron 2009). The presence of epiphyseal lines
on the right femur and humerus in this middle-aged
adult indicate this may have occurred as a conse-
quence of disturbances in growth and development,
malnutrition (Johnston, Zimmer 1989), environ-
mental and sociocultural factors (Johnston, Zimmer
1989; Belcastro et al. 2019), or perhaps due to some
kind of hard physical labour (Stefanovi≤ 2006) that
this individual did in childhood. Burial 4 belongs to
a child, aged 5–7 years old (see SM 3). The child had
a strong presence of nonspecific stress indicators
(CO, cribra femoris and PH; Fig. 11.c,d), and a mix-
ture of active and healed lesions suggest it tried to
cope with this condition, but unfortunately without
success, since it died. It also had other health issues,
probably caused by long-term nutritional imbalance.
Its pelvis was not developed enough in relation to
the rest of the postcranial skeleton, especially in
relation to the femurs, which could be the conse-
quence of an irregular osteogenesis process. Further-
more, iliac fossa is almost missing on the iliac bones,
suggesting some developmental disorder. Lower limb
bones indicate the child had the initial stage of ri-
ckets (see SM 3), caused by long-term sitting or lying
because of the underdeveloped pelvis. Limited mo-
vement and assumed excessive lying in the house
could have led to vitamin D deficiency, and conse-
quently the development of the rickets. In support
of this there is a small dent on the metatarsal bone,
which can be the consequence of some specific po-
sition which this individual habitually maintained.
Muscle attachments on the upper limbs are too pro-
nounced for a child of this age, which could indicate
the child did some intense physical activity or leaned
on its hands due to the limited mobility of the lower
limbs. Mostly active periosteal reactions were noted
on both upper and lower limb bones. Although pe-
riosteal formation can result from a variety of etio-
logical factors (e.g., traumas, metabolic, rheumatic,
cancer and circulatory disorders and infectious dis-
eases, all summarised in Marques et al. 2018), it is
possible that the main cause, in this case, was either
rickets or mechanical strains caused by movements.

Beli Manastir – Popova zemlja
Nine burials were AMS dated from this site (see SM
2), and according to the obtained results all burials
belong to the Neolithic, whereas most of them are

dated to the Late Neolithic Sopot culture (4706–4489
cal BC within the 95% CI), corresponding well to the
previously dated burials (Mathieson et al. 2018).
Three possible clusters of burials, closely related in
terms of temporal provenience, can be observed.
The first cluster consists of Burials 6 and 3 (4706–
4555 cal BC and 4704–4552 cal BC within the 95%
CI; SM 4; Tab. 27 in SM 5). Within the second clus-
ter are Burials 2, 4 and 37 (4691–4541 cal BC,
4691–4536 cal BC, 4692–4538 cal BC within the
95% CI; SM 4; Tab. 27 in SM 5). The third cluster
consists of Burials 5, 1 and 11 (4687–4526 cal BC,
4681–4495 cal BC, 4681–4489 cal BC within the
95% CI; SM 4; Tab. 27 in SM 5). Only Burial 16
(5882–5741 cal BC within the 95% CI; SM 4; Tab. 27
in SM 5), was dated to the Early Neolithic Star≠evo
culture, which is also in accordance with another
Star≠evo culture date from this site (O.c.). All dated
individuals belong to children aged 2–15 years old,
except one, Burial 3 (Fig. 12.a), where an old female
was interred. They were all buried in a typical Neo-
lithic flexed position (e.g., Fig. 12.b; see also SM 3).

Anthropological analyses showed that the most of
individuals buried at this site had poor health sta-
tus, visible through presence of CO, PH, and periosti-
tis (see SM 3). Although in all cases lesions were
healed, they are however indicative of hard child-
hood and nutritional imbalance of these individu-
als. The bilateral presence of periostitis on the tib-
ias of the children interred in Burials 4 and 5 could

Fig. 10. Highway E-70 521km, Burial 1. a the pro-
nounced muscle attachments and the curvature of
the left humeral diaphysis; b specific abrasion of
the front teeth; c shallow depression-Schmorl’s
node (photo J. Pendi≤).
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possibly indicate to some systemic infection. Besides
children, healed periostitis is present in old woman
(Burial 3), on femurs, left fibula, and the right tibia,
coupled with osteomyelitis on the left tibia. Since
these nonspecific infection indicators are bilaterally
present, it is also likely that she had some systemic
infection. This woman had a hard life, which is evi-
dent by the presence of degenerative OA on both
hips and osteophytosis on multiple vertebrae, which
probably caused pain and limited mobility of the
spine. Analysis revealed she was 151.75cm tall, which
is the average height of Late Neolithic females in the
region (Masson 2014; this study). The woman also
had caries and ante-mortem tooth loss, which she
perhaps lost because of the presence of caries. The
appearance of caries seems to be common in Late
Neolithic humans from the region (Masson 2014;
this study), and could be due to a mainly terrestrial
diet, enriched in carbohydrates. The stable isotopic
ratios (Fig. 2; SM 4) of these individuals range from
–19.8 ‰ to –19.2‰ (Δ=0.8‰; n=7) for carbon and
7.7‰ to 11.8‰ (Δ=4.1‰; n=7) for nitrogen, and
are consistent with typical Early and Late Neolithic
dietary patterns in the region (Whittle et al. 2002;
Nehlich et al. 2010; Lightfoot et al. 2011; Gamarra
et al. 2018; Jovanovi≤ et al. 2018), showing that
they consumed terrestrial resources (C3 plants, do-
mesticates and wild game) with no isotopic evidence
for the use of aquatic food. The only exception from
this site is a child interred in Burial 6 whose δ15N
value (11.8 ‰) is higher than others who have be-
low 9.5 ‰, but this is probably due to the young age
of this child and can be related to the effects of breast-

feeding or some other physiological factor. Possible
traces of trauma are detected in a child interred in
Burial 2, visible through the presence of some ante-
mortem tooth loss.

Vukovar – Gimnazija
Five burials were found at this site (see SM 2), and
only one, Burial 3 has been AMS dated. The result
(3361–3104 cal BC within the 95% CI; SM 4; Tab.
28 in SM 5) shows it belonged to the Eneolithic, pro-
bably Baden culture, although it was previously pre-
sumed that it belonged to the Early Neolithic. In the
light of this new date and since all other burials are
found at the same level, although archaeological
data are modest one can assume that they also be-
long to the Eneolithic as well. The dated skeleton be-
longs to a child ~10 years old, whose stable isotope
values show a terrestrial diet, as seen in other indi-
viduals buried at this site (Lightfoot et al. 2011). A
diet based on terrestrial C3 plant resources, domes-
ticates and wild game seems to be common from the
Early Neolithic to the Eneolithic in the Carpathian
basin (Giblin 2011; Lightfoot et al. 2011; Gamarra
et al. 2018; Jovanovi≤ et al. 2018), apart from indi-
viduals found at the mass burial site of Poto≠ani
whose diet was more enriched in terrestrial prote-
ins, such as meat and dairy products, than elsewhere
(McClure et al. 2020). The child experienced some
nonspecific physiological stress, evident in the pre-
sence of LEH and CO, common stress indicators in
Early and Late Neolithic communities in this region
(Masson 2014; Jovanovi≤ 2017). Although at the mo-
ment of death the CO lesions were healed, it seems

that some other unknown factors led
to the child’s death.

Vinkovci Ervenica – Poljski jarak
The only dated burials from this site
are Burials 2 and 3 (see SM 2), which
confirmed their assumed Early Neo-
lithic culture attribution (5777–5664
and 5731–5646 cal BC within the
95% CI, respectively; SM 4; Tab. 29
in SM 5). Two old females (>50 years
old) were found inside them. Accord-
ing to the AMS dates it could be
argued that these individuals lived
roughly at the same time, maybe re-
presenting two generations. They
both had a very similar terrestrial
diet (Fig. 2; SM 4) based mostly on
C3 plants, domesticates and wild
game meat, which probably caused
higher incidence of caries followed

Fig. 11. Novi Sad – Gornja ∏uma; Burial 1. a Cribra femori on the
left femur; b Burial 2: Osteoarthritis on the right ulna; c Burial 4;
Cribra orbitalia on the left orbital roof; d Porotic hyperostosis on
the skull bones (photo J. Pendi≤).
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by abscesses and a large amount
of ante-mortem tooth loss. A si-
milar dietary (Whittle et al. 2002;
Nehlich et al. 2010; Lightfoot et
al. 2011; Gamarra et al. 2018;
Jovanovi≤ et al. 2018) and oral
health (Masson 2014; Jovano-
vi≤ 2017) pattern is seen in other
Early Neolithic individuals from
the region. Both women had
two types of calculus (see SM 3),
whose appearance was connect-
ed to pathological conditions de-
tected on the teeth and poor oral
hygiene rather than diet, espe-
cially in woman from Burial 2.
They both had some of the non-
specific stress indicators which implied a hard child-
hood and nutritional imbalance. The woman interred
in Burial 2 had OA on both hips and several verte-
brae, coupled with the presence of Schmorl’s nodes
and bony ankylosis on both pelvic bones and sac-
rum, as well as in two lumbar vertebrae. These mo-
difications are probably the result of degenerative
changes (or perhaps injury/disease) and were cer-
tainly painful and caused restricted mobility of this
female. The female from Burial 3 also had OA on the
same bones as the woman from Burial 2, as well as
on shoulder joints, where one can notice that the
right one is more affected than the left, which can
be related to the fact that right humerus is shorter
than the left one. Regarding stature, the woman from
Burial 2 was shorter (149.69cm) than the woman
from Burial 3 (157.51cm). However, she was appro-
ximately around the average stature for an Early
Neolithic female in the region (Jovanovi≤ 2017).

Conclusion

This paper presents a comprehensive set of different
types of data (the results of anthropological and sta-
ble isotope analysis, and the results of radiocarbon
dating), obtained on the prehistoric human remains
from a vast geographic area. The sample consists of
all the available human remains from the Neolithic
sites at the territory of southern and central Bal-
kans, and southwestern Carpathian Basin, analysed
or re-analysed within the project BIRTH. The results
filled in the gaps in some of the older interpreta-
tions, but also produced new insights for particular
sites regarding different issues – chronology, health
and diet, and the interpretation of contexts within
the sites. These results are mainly presented in the
contexts of the individual sites and discussed as such

within the appropriate temporal and spatial attribu-
tion, and to a lesser extent on a regional basis.

New radiocarbon dates obtained on human remains
also contributed to the reconstruction of Early Neo-
lithic population dynamics. They were used within a
larger sample of dates, and as a separate, control
sample, for implementing the summed calibrated
radiocarbon probability distributions (SCPD) me-
thod, which enabled testing the main hypotheses of
the Neolithic Demographic Transition (NDT) theory
regarding changes in the population dynamics dur-
ing the Early Neolithic within the territory of the
central Balkans and parts of the southwestern Car-
pathian Basin (Por≠i≤ et al. 2021). The results indi-
cate a fast and constant population growth at the be-
ginning of the Early Neolithic, followed by several
episodes of a decrease in population size, and then
population recovery and new growth (the so-called
boom and bust pattern), combined with high growth
rates. These results are mostly consistent with the
results for other European regions, and also with the
predictions of the NDT, even though some local dif-
ferences and specificities have been observed (O.c.).

The distribution of Early Neolithic sites with burials
in the south and central Balkans and southwestern
Carpathian Basin, albeit insufficiently researched in
some areas, reveals some common elements in mor-
tuary practices and the social need for burials. The
deceased are found within the settlements and usu-
ally buried into pits, underneath the house floor or
into sporadic burials scattered across settlements, or
within the excavation layer. They are mostly found
in typical Neolithic flexed positions. There are also
examples of re-using of pits for burial purpose (e.g.,
at Jari≠i∏te and Star≠evo – Grad) and the potential

Fig. 12. Beli Manastir – Popova zemlja. a Burial 3; b Burial 4, in situ.
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re-burying/relocating of the deceased and second-
ary manipulation of mandibles at Govrlevo and Tum-
ba – Mad∫ari, which can be due to some ritual depo-
sition. Analysis of mortuary practice also show exi-
stence of collective burial at Vin≠a – Belo Brdo site,
and those kinds of burials are rarely seen in the
Early Neolithic and Star≠evo culture sites. This site
is also unique, since almost all individuals found
here bear traces of violence, which are rarely wit-
nessed in other sites in this period. Anthropological
analyses of Neolithic burials showed that the re-
mains of children and females were more represent-
ed than male ones, while the burials of neonates are
usually missing (apart from in the Danube Gorges),
which may be due to taphonomic factors (e.g., type
of soil, recovery issues, etc.). The rest of the age
groups are more-or-less evenly distributed between
infants to old adults.

Regarding the Late Neolithic, the important findings
represent the discovery of more than 15 burials AMS
dated to the Late Neolithic. Since they are rarely dis-
covered, every find of the human remains from this
period are important, as they can lead to a better
understanding of the biological characteristics, mor-
tuary practices and possible social ranking of mem-
bers of the Vin≠a and Sopot culture communities. A
few existing studies focused on some social aspects
and demographic issues (e.g., Zoffman 1987; Stefa-
novi≤ 2006), but rarely on the diet and health of
these people (Masson 2014). The discovery of Late
Neolithic burials sheds new light on their physical-
anthropological characteristics and lifestyle, show-
ing continuity between the Early and Late Neolithic
in terms of diet and health.

The stable isotope results showed that most of the
Early and Late Neolithic humans, apart from those
in the Danube Gorges, consumed a terrestrial diet
based on C3 plants and animal resources, with no
isotopic evidence for the usage of aquatic resources.
The only exception are a few sites located in close
vicinity to the rivers, such as Vin≠a – Belo Brdo,
Sremski Karlovci, Obre∫ – Ba∏tine, and Klisa, sug-
gesting their inhabitants had a higher intake of aqua-
tic proteins. The proximity of the Danube River was
certainly of crucial importance for their aquatic in-
take, as is the case with the Danube Gorges commu-
nities. The Danube Gorges sites had excellent river-
ine positions where many whirlpools aided in spe-
cialised fishing, thus aquatic resources were a staple
food throughout the Mesolithic – Neolithic sequence,
albeit some individuals shifted their diet toward
more terrestrial foodstuff during the Neolithic.

There is also continuity in the health status be-
tween Early and Late Neolithic communities, where
both show poor health, like most of the contempo-
rary Neolithic communities across Europe.

The study shows these individuals had hard, stress-
ful childhood and unbalanced nutrition (especially
those buried at Zmajevac, Vin≠a – Belo Brdo, Star≠e-
vo – Grad, Bezdan – Ba≠ki Mono∏tor, Sajlovo, Novi
Sad – Gornja ∏uma, Vinkovci Ervenica – Poljski ja-
rak). Furthermore, some of them bear traces of in-
tense physical work, such as those found at Zmaje-
vac, Bezdan – Ba≠ki Mono∏tor, Zmajevo – Livnice,
Highway E-70, 521km. They also show signs of rest-
ricted mobility (e.g., Bezdan – Ba≠ki Mono∏tor, Zma-
jevo – Livnice, Novi Sad – Gornja πuma, Beli Mana-
stir – Popova zemlja, Vinkovci Ervenica – Poljski ja-
rak) and repeated infections (Zmajevac, Bezdan –
Ba≠ki Mono∏tor, Zmajevo – Livnice, Highway E-70,
521km, Novi Sad – Gornja ∏uma, Beli Manastir – Po-
pova zemlja.

In contrast, the Neolithic humans in the Danube
Gorges show no significant decline in health com-
pared to the Mesolithic inhabitants of the same re-
gion. The only major health problem through the
time were infections. This stability in health over the
Mesolithic – Neolithic period may result as a con-
sequence of a food abundant in proteins, especially
one based on aquatic resources. In the Neolithic,
some humans started to include more terrestrial re-
sources in the diet, which caused few cases of caries,
while changes in dietary strategies seems to be re-
lated to higher number of stress episodes visible
through analysis of enamel hypoplasia. In general,
analysis of health status showed that communities
in the Danube Gorges seem to have been of better
health than the Neolithic groups living in other re-
gions. This marked difference is a result of multiple
factors, most prominently the differences in dietary
pathways, environmental conditions, cultural habits
and, at least for the Danube Gorges, adherence to
the Mesolithic traditions. This study has given a de-
tailed and strong baseline for all future research re-
garding particular questions of interest within diffe-
rent research frameworks concerning the Early and
Late Neolithic lifestyles.
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