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DIET AND DIVERSITY OF EARLY FARMERS

IN NEOLITHIC PERIOD (LBK): BUCCAL DENTAL
MICROWEAR AND STABLE ISOTOPIC ANALYSIS
AT VEDROVICE (CZECH REPUBLIC)

AND NITRA - HORNE KRSKANY (SLOVAKIA)

ABSTRACT: Recently, there have been two international bioarchaeological projects focusing on LBK: "Biological and
cultural identity of first farmers: Multiple bio-archaeological analysis of a central European cemetery (Vedrovice) project”
known also as "Vedrovice bioarchaeology project” and "The first farmers of central Europe: diversity in LBK lifeways".
We took a similar approach at a local level and analysed dental microwear pattern by comparing the results with already
published stable isotopic data (carbon & nitrogen) (Richards et al. 2008, Smrcka et al. 2005, 2008a and Whittle et al.
2013) to deepen our knowledge about the dietary habits of individuals living and eating in the early LBK.

Buccal dental microwear analysis as a short-term indicator of diet was carried out on a sample of 43 individuals from
the Vedrovice site (Czech Republic) and of 49 individuals from the Nitra - Horné Krskany site (Slovakia) with well-
preserved dental enamel to compare site-based diversity using dental microwear. Both sites belong among the earliest
cemeteries in the Central European region (or in a broader sense, the Middle Danube area) as they are dated to
Neolithic period, specifically the early phase of LBK, since the burials in Vedrovice and Nitra mostly spanned 53-52"
century cal BC (Pettitt, Hedges 2008, Griffiths 2013, Whittle et al. 2013). For each individual, replicas of the buccal
surface of molars or premolars that showed clear microwear patterns were analysed by secondary electrons of
a scanning electron microscope. Subsequently, results were compared with published datasets acquired from studies
of various modern hunter-gatherers, pastoral, and agricultural populations with different dietary habits (Lalueza et al.
1996). By comparing adult males and females (n = 33) within the Vedrovice sample including two cemeteries and
settlement, no sex related differences were observed in dental microwear pattern, which is contrary to a previously
published paper on a sample of 18 individuals buried at Vedrovice - Sirokd u lesa cemetery (Jarosovda 2008), where
a statistically significant sex related difference was observed, with a higher vegetal intake for females than males
inferred. Similarly, no sex related differences between adults were observed within the Nitra population (n = 31).
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However, an age-related variability was observed between adults and subadults within both studied samples with more
obvious differences in the Vedrovice sample, which may have resulted from different ratios of meat and vegetable intake.
Adults from Nitra had a distinct microwear pattern to adults from Vedrovice.

In another group of analysed individuals from Vedrovice and Nitra - Horné Krskany, slightly different results were
observed in the published stable isotopic data: carbon and nitrogen isotopic data, as a long-term indicator of diet,
proved no statistical difference between the diet of subadults and adults within both studied samples and no difference
between diet of adult males and females in Nitra site. On the contrary, statistically significant differences were observed
between adult males and females in Vedrovice in terms of nitrogen data indicating a higher protein based diet in
males. The subject of this article is a detailed analysis of the two populations using different groups of individuals and
methodologies; as wells as a comparison of selected individuals for which both types of analyses were conducted to
elucidate the dietary habits of the two biggest LBK populations in Czech Republic and Slovakia.

KEY WORDS: Microwear - Diet - SEM - Linearbandkeramik (LBK) - Vedrovice - Czech Republic - Nitra - Horné

Krskany - Slovakia - Isotopic analysis

INTRODUCTION

Stable isotope overview
There have been a number of papers describing the
partial results of interdisciplinary research and
synthesising existing knowledge; they have been
dedicated to the issues of human behaviour and
transition during the beginning of Neolithic in Central
Europe. Recently, two international bioarchaeological
projects focusing on LBK were published in the
Anthropologie journal: in 2008 (46, 2-3) and 2014
(52, 1) "Vedrovice bioarchaeology project” (Lukes et al.
2008, Zvelebil, Pettitt 2008, 2013) and "The first
farmers of central Europe: diversity in LBK lifeways" (see
Bickle er al. 2014 and Bickle, Whittle (Eds.) 2013).
"Biological and cultural identity of first farmers:
Multiple bio-archaeological analysis of a central
European cemetery (Vedrovice) project” (known also
as the "Vedrovice bioarchaeology project") summarised
the results of a collective research project relating to
the ancestry of the Vedrovice community: the health
condition; palaeodemography and nutrition of its
inhabitants; their social status and social
differentiation; and the transmission of cultural
traditions inter-generationally and through contact as
the major vehicle of culture change that brought about
the development of the LBK culture (Zvelebil, Pettitt
2008). These results were followed by couple of papers
summarizing the results (Zvelebil et al. 2010, 2012,
Zvelebil, Pettitt 2013). The death of Marek Zvelebil
ended the work on this topic.

A few years later, Alasdair Whittle and his team
carried out a large bioarchaeological study of early
Neolithic lifeways in central Europe, mainly based on
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the evidence of stable isotope analysis of hundreds of
samples of humans and animals bones from cemeteries
and settlements of the Linearbandkeramik (LBK) in
Hungary, western Slovakia, Czech Republic - Moravia,
Austria, southern Germany and France - Alsace. In
their book, “The first farmers of central Europe: diversity
in LBK lifeways"” based on “The Lifeways projec” they
approached questions of mobility, diet, health, burial
evidence and social scales. In their paper, Bickle ef al.
(2014) analysed carbon, nitrogen, and strontium
isotopes in a large sample of individuals from several
Moravian and western Slovakian early Neolithic sites.

Buccal dental microwear overview

By focusing on the region of Moravia and western
Slovakia, we would like to contribute to the knowledge
of food intake in LBK and how it affected social scales
in Vedrovice and Nitra - Horné Krskany. To analyse the
composition of the ingested food and consumption
behaviour in bioarchaeological populations, we used
microscopic analysis of tooth enamel. This method was
chosen because dietary trends can be reconstructed by
quantifying enamel microwear patterns. By assuming
a correlation between ingested diet and microwear
patterns on the enamel surface of teeth, we focus on
buccal dental microwear analysis proven as
independent of seasonal variations and reliable
indicator of overall dietary habits due to the longer-
term "turnover” effect in comparison to occlusal
microwear pattern (Pérez-Pérez 1990, 2004; Pérez-
Pérez et al. 1994; Lalueza et al. 1996; Estebaranz et al.
2012, Romero eral 2012, 2013, etc. and for
comparison see also a "Last Supper" effect in Grine
1986). Proven findings show that there is a tendency
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for less striations and a higher frequency of vertical
striations on the dental surfaces in carnivore
populations than in vegetarian ones (Lalueza et al.
1996). The high incidence of abrasive particles in plant
foods (phytoliths) result in higher scratch densities and
an increasingly horizontally-oriented, vestibular
microwear pattern in agricultural populations (Lalueza
etal. 1996). The embedding of phytoliths in enamel
surfaces and their classification has been demonstrated
in research by Lalueza Fox and his colleagues (1994)
in a modern human sample from La Olmeda, Spain.
There have also been studies in non-human subjects,
where phytoliths embedded in enamel surface have
been described (see eg. Ciochon ef al. 1990, Daegling,
Grine 1994, Henry et al. 2012, Madella et al. 2002).
Based on an earlier study focused on buccal dental
microwear (JaroSova 2008), we have decided to sample
as much dental microwear data as possible from the
rest of individuals at the Vedrovice site and perform
completely new sampling of the maximum number of
individuals from the Nitra - Horné Krskany site to
compare microwear data including inter- and intra-
population variability of these two LBK sites with
results of carbon and nitrogen isotopic analysis.

MATERIAL

Vedrovice site

The archaeological site is located near Moravsky
Krumlov, Znojmo district in south Moravia (Czech
Republic) on the edge of the Bohemian Massif (Figure
1), where Precambrian and Palaeozoic rocks
contribute to the loess soils (Richards et al. 2008). The
site was excavated from the mid-1970s for one decade
by Vladimir Ondru§ (Ondrus et al. 2002). The sites
consist of a Neolithic cemetery with a settlement
"Siroka u lesa" and a cemetery "Za Dvorem"
discovered in the area of the present-day Vedrovice
village, and dated to the early phase of LBK cemetery
(Podborsky 2002a).

The inhumations in the "Siroka u lesa" cemetery at
Vedrovice were deposited over the course of the 53
century BC and, perhaps, a little into the early 52"
century BC, a period spanning five or six generations.
Modelling of the phasing of the burials, based on
ceramic typology, suggests that a major transition
occurred around 5200 BC (Pettitt, Hedges 2008).
Analysis of the associated pottery suggested that the
main part of the cemetery belonged to phase Ib1-Ib2-
I1a (Cizmar 2002). Contemporaneity of the cemetery

and settlement area was established by earlier pottery
studies (Cizmar 2002, Ondrus et al. 2002, Lukes 2006;
for details see Lukes et al. 2008, 119), however the
Siroka u lesa settlement and Za Dvorem cemetery have
not been radiocarbon dated yet.

Graves at the Siroka u lesa cemetery identified as
rich were predominantly those of mature men
(Podborsky 2002b, 335), or of adult men (Kvétina
2004, 385). The richness and type of grave goods
differed between males, females and children (see
Podborsky 2002a, Kvétina 2004, see also John 2005).
Factor analysis enhanced by the application of GIS,
performed by Kvétina (2004) on the Vedrovice
material identified several dimensions that inform on
the composition of grave goods at Vedrovice. In
addition to age and gender, this involves at least two
levels of social variability. The more richly equipped
graves, associated with older individuals or those with
an orientation to the southwest, are thought to belong
to community leaders or "elders". The other social
dimension reflects the horizontal subdivision of the
community into smaller social units based on kinship
and age, which Kvétina called "social identity"
(Kvétina 2004, 389) - for details see (Zvelebil, Pettitt
2008, Table 2 at page 203). In further elucidation of
analyses found in Podborsky (2002b) and also in
Kvétina (2004), Zvelebil and Pettitt (2008, 203)
suggest also a tendency for the richness of grave goods
at Siroka u lesa cemetery to increase with age for
locally born males and females. With immigrants,
however, the pattern is different: it is noticeable that
only mature and old individuals of either sexes possess
grave goods at all.

This outstanding skeletal sample curated in
Moravian Museum in Brno (Czech Republic)
represents one of the largest archaeological/
anthropological Neolithic populations in the area of
Middle Danube basin. A large number of researchers
have published results of their work performed on
Vedrovice skeletal material: palaeodemography
(Crubézy et al. 1997), osteoarthritis and enthesopathies
(Crubézy et al. 2002), dental analysis (Frayer 2004,
Jarosova, Dockalova 2008), archaeological background
(Lukes ez al. 2008, Zvelebil, Pettitt 2008, 2013, Zvelebil
et al. 2010, 2012), radiocarbon analysis (Pettitt, Hedges
2008, Griffiths 2013), aDNA (Bramanti 2008), occlusal
microwear (Nystrom 2008), buccal microwear
(JaroSova 2008), isotopic analysis (Smrcka et al. 2005,
2008a, b, Richards ez al. 2008), trace element analysis
(Smrcka er al. 2006, 2008c¢), palacopathology (Smrcka,
Tvrdy 2009). All data on individual's sex and age-at-
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death was adapted from previous estimations made by
Marta Dockalova - Zdenék Cizmaf (Dockalova,
Cizmar 2007, 2008, Dockalova 2008), Malcolm Lillie
(Lillie 2008) and revised by Z. Tvrdy for the purpose of
this paper. In summary, Vedrovice sample comprises of
110 individuals (33 subadults, 26 males, 47 females, 4
undeterminable adults) (see Appendix 1). Additional
sampling for stable isotope and radiocarbon analysis
was carried out by L. Fibiger and P. Bickle in 2009 and
2010 following on from the work of Marek Zvelebil et al.
(Whittle ez al. 2013, Bickle et al. 2013 - chapter 4).

Nitra - Horné Krskany site

The city of Nitra is situated in western Slovakia on
the border of the Carpathian Mountains and the
Middle Danube plain (Figure I). The Nitra site is
situated on loess soils, which are found intermittently
along the edge of the Carpathians Mountains (Pavuk
1972, 5). A Neolithic burial ground dated to the Early
Phase of the Linear Pottery Culture (phase II of LBK)
was discovered on Priemyslova Street in the suburb of
Horné Krskany during the rescue research conducted
by Juraj Pavik in 1964-1965 (Pavuk 1972). Whittle
with colleagues (Whittle et al. 2013, 137) expected
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Nitra to fall within the local strontium ratio range for
loess soils, even though the site is situated on the
border between two major geologies with the
crystalline Tribe¢ Mountains and the Danubian plain.

Results of radiocarbon dating in the Oxford
laboratory are reported in detail in Griffiths (2013,
appendix Bl). The chronological modelling of
radiocarbon results determined the beginning of the
cemetery with a 95.4% probability to 5370-5220 cal
BC and the end to 5210-4980 cal BC (Whittle et al.
2013, 143).

Twenty-one of 74 graves in Nitra - Horné Krskany
had no goods at all (38%) which is average for LBK
cemeteries (Whittle eral 2013, 142). The most
abundantly furnished graves were those of older
women and especially those of older men, in the
originally estimated age ranges of 40-50 and 50-60
years (Pavuk 1972, 71), which could hint at principles
of seniority, or notions of succession (Whittle et al.
2013, 143).

Skeletal remains from the Nitra cemetery are
curated at the Moravian Museum in Brno (Czech
Republic). As bones and teeth were in moderate or
poor condition (see also Whittle ez al. 2013, 143) with
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FIGURE 1. Map of LBK sites Nitra - Horné¢ Krskany (Slovakia) and Vedrovice (Czech Republic - Moravia), (digitised by

P. Neruda).
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surface erosion during the post-excavation period,
these were preserved using a synthetic resin made by
polymerising vinyl acetate, as was common then,
resulting in a shiny surface on nearly all human skeletal
remains. J. Jelinek carried out basic demographic
analysis (see Pavuk 1972). Several researchers
subsequently published papers about palacodemography
(Crubézy et al. 1997), osteoarthritis and enthesopathies
(Crubézy et al. 2002) and dental analysis (Frayer 2004)
of Nitra LBK sample. Osteological, dental analysis,
examination of health condition, sampling for stable
isotope and radiocarbon analysis was carried out by
L. Fibiger and P. Bickle (Whittle ez al. 2013, Bickle
etal. 2013 - chapter 4). A. Ash (Ash etal 2016)
studied health, nutrition and weaning of the first
farmers based on manifestations of non-specific stress
such as cribra orbitalia, porotic hyperostosis. Finally,
a recent detailed study containing a catalogue of
osteological material with demographic and metric
data was published by Z. Tvrdy (2016) according to
which Nitra - Horné KrSkany comprises of 77
individuals (28 subadults, 19 males, 27 females,
3 indeterminable adults) (see Appendix I).

METHODS

Methods for buccal dental microwear

In previous analyses of buccal microwear, no intra-
individual variability has been found between posterior
tooth type for each individual. Therefore, inter-group
variability appears to be significantly higher than intra-
group variability in humans (Pérez-Pérez et al. 1994).
Statistically-significant intra-individual differences have
been observed only in a recent study made on an
Australopithecus afarensis sample (Estebaranz et al.
2009). Tooth selection for each individual in the LBK
sample depended on the preserved tooth type and the
state of its enamel surface observed at a macroscopic
and then microscopic level. If well preserved buccal
enamel was present on several teeth of a single
individual, then preference was given to the first and
second upper-left molars as in previous studies made
by 1. JaroSova (eg. JaroSova etal. 2006, 2016).
Otherwise, left and upper teeth were preferred
whenever possible, but in many cases one individual
was sampled several times until the best preserved
tooth enamel was found.

The osteological material at Vedrovice (n = 110)
and at Nitra - Horné KrSkany (n=77) was
unfortunately very damaged by various macroscopic

and microscopic taphonomic processes that affected
both surfaces of dental enamel and bones. In the
current analysis, 43 individuals (39.1%) from Vedrovice
and 49 individuals (63.6%) from Nitra - Horné KrSkany
were included in the dental microwear analysis (see
Appendix 1, Table I). [Note: for comparison - so far it
has been possible to examine human samples from
Czech Republic on microwear pattern ranging from 7%
(Dolni Véstonice, JaroSova 2007) to 40% (Prague-
Zli¢in, JaroSova etal 2016); the rate of the
well-preserved hominin teeth included in microwear
analysis is slightly lower: 14.8% (Martinez et al. 2016)
or 21.5% (Estebaranz et al. 2009) of the teeth studied].
The rest of the individuals have to be excluded from
dental microwear analysis due to poor preservation,
dental pathologies including, but not limited to dental
calculus, dental caries and intravital losses. (Note: if
there was a single caries in the dentition on right side,
the sampled tooth for proper microwear pattern was
taken from the left side. If there were only isolated
teeth with undetermined intravital / post-mortem
losses, any teeth affected by dental caries were excluded
from analysis). Another reason of the exclusion was
microscopic damage found on the enamel surface that
could be attributed to post-mortem taphonomic
processes, which affected the enamel surfaces and
made it impossible to perform dietary reconstruction
(Martinez, Pérez-Pérez 2004). The damage patterns
observed within the studied LBK samples at the
microscopic level using SEM (scanning electron
microscope) included eroded surfaces with an irregular
aspect, in some cases with a high density of parallel
striations, or patches of slightly-damaged enamel, or an
eroded enamel surface exhibiting incremental growth
lines, known as perikymata. All the observed types of
damage present at the microscopic level were known
examples and had already been described in detail
elsewhere (see Martinez, Pérez-Pérez 2004). Thus, the
final analysed teeth sample from Vedrovice cemetery
consisted of 9 (20.9%) subadults, 22 (51.2%) adult
females, 11 (25.6%) adult males and 1 adult (2.3%)
with well-preserved enamel surfaces. The final analysed
teeth sample from Nitra cemetery consisted of 15
(30.6%) subadults, 18 (36.7%) adult females, 13
(26.5%) adult males and 3 adults (6.1%) (Table I).
Especially for Nitra sample, we used alcohol (ethanol)
to remove polymerising vinyl acetate from the surface
of tooth selected for microwear analysis (see Figure 2a,
b). Subsequently, when analysing the surface of the
teeth on microscopic level, well-preserved tooth enamel
surface was found.
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TABLE 1. Demographics of 92 studied individuals for buccal dental microwear from the Neolithic Vedrovice, Czech
Republic (n = 43) and Nitra - Horné Krskany, Slovakia (n = 49).

Sex | age 0-6yrs 7-14yrs 15-19yrs 20-35yrs 35-50yrs 50+yrs Total Adults Subadults
Vedrovice F 10 10 2 22 22

Vedrovice M 1 7 2 1 11 11

Vedrovice ? 7 2 1 10 | 9
Vedrovice total 7 2 1 18 12 3 43 34 9
Nitra HK F 1 9 1 18 18

Nitra HK M 2 9 13 13

Nitra HK ? 6 3 18 3 15
Nitra HK total 6 9 6 9 18 49 34 15
LBK total 13 11 7 27 30 4 92 68 24

Negative impressions of the tooth's buccal surface
were obtained using polyvinylsiloxane Affinis Regular
Body (Coltene®); afterwards, the bicomponent
polyurethane resin Feroca Feropur PR55 + ER55 was
used to make positive moulds (Galbany et al. 2004).
Finally, the tooth replicas were sputter-coated with
a 400 A gold layer using SCD Balzers Unions 040 and
then proceeded to SEM imaging.

SEM images were obtained with a Scanning
Electron Microscope Tescan Vega TS 5136XM at
Masaryk University, Brno. Micrographs were taken at
226x magnification on the medial third of the buccal
surface of the tooth crown (Pérez-Pérez et al. 1994).
All images were obtained under SEM standardised
conditions with low electron acceleration (10-15 KV),
working distance (WD) ranging between 15-25 mm,
and secondary electron mode. (Note: the 226x
magnification was calculated because of the wide-
angled scanning window of the Tescan Vega. These
micrographs are compatible with 100x magnification
of the SEM Cambridge Stereoscan 120 at the SCT,
University of Barcelona as images from both SEM
have the same length: 1 pixel = 1.1547 um). All SEM
pictures were digitalised using SEM Vega TC Software
Image Processing, obtaining 1024x1024 pixel images
that were subsequently enhanced with Adobe
Photoshop v.8.0, and a 0.56 mm? enamel patch was
cropped (648x648 pixels) in all images for surface
area standardisation (Pérez-Pérez ef al. 1994, Lalueza
et al. 1996, Galbany er al. 2004, JaroSova et al. 2006;
Figure 2).

SigmaScan Pro 5.0, image analysis software, was
used to quantify microwear patterns for the length (X),
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standard deviation of the length (SD), and number (N)
of all observed striations present in a 0.56 mm? square
surface area were computed and 4 categories of
orientation from 0° to 180° - in 45-degree intervals -
were determined with respect to the given tooth's
orientation: V = vertical; MD = mesio-occlusal to
distocervical; DM = disto-occlusal to mesio-cervical;
and H =horizontal. Mean values for each individual's
tooth were characterised by a sum of 15 variables
(Pérez-Pérez 1990, Lalueza, Pérez-Pérez 1993, Lalueza
etal 1993, 1996, Pérez-Pérez et al. 1994, 1999, 2003).
All micrographs from both LBK samples were
analysed by one single researcher, Ivana JaroSova, to
eliminate inter-observer error (see Galbany et al. 2005,
Estebaranz et al. 2009). All statistics were calculated
and graphs obtained using the STATISTICA 10.0
StatSoft Inc. package, IBM SPSS Statistics 19.0, and
PAST v2.17c. The significance of all statistical data was
evaluated at the p <0.05 level.

As comparative population for buccal dental
microwear we used modern hunter-gatherers,
pastoralists, and agriculturists, all of whom have arisen
from different ecological conditions and may have
gained their food from all parts of the world (Lalueza
etal 1996). According to ecological criteria that, as
indicated, correspond with the geographical latitude
from which these people come, these populations can
be divided into four broad groups: (1) agriculturalist /
vegetarian (Hindus, n = 20: 7 females, 13 males); (2)
mixed-diet, hunter-gatherer populations from tropical
forests (Andamanese and Veddahs, n = 27: 14 females,
9 males, 4 ambiguous); (3) carnivorous, hunter-
gatherer and pastoralist populations, including
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FIGURE 2. SEM images of selected individuals from Vedrovice, Czech Republic and Nitra - Horné Krskany, Slovakia.
Each square enhanced with Adobe Photoshop CS and surface analysed covers 0.56 mm? of buccal enamel surface. Occlusal
surface faces the top of micrograph. (a) child (8 years), no. 13b/64, Nitra, tooth m2LL, surface of the tooth covered with
polymerising vinyl acetate; (b) child (8 years), no. 13b/64, Nitra, tooth m2LL, cleaned surface of the tooth after removing
polymerising vinyl acetate with alcohol (ethanol); (c) Young male (20-25 yrs), no. 73/79, Vedrovice - Siroka u lesa, graveyard,
tooth Pm4LL; (d) Adult female (25-35 yrs), no. 75/79, Vedrovice - Siroka u lesa, graveyard, tooth M2LR with slightly
visible perikymata on buccal enamel surface.
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TABLE 2. Statistical overview of two different laboratories e 2Y g 2T g 22 ggx
used by 3 different authors (Richards ef al. 2008, Smrcka Sz z|lgglegZ gl g s BEE
et al. 2005, 2008a, and Whittle et al. 2013) for processing "
human samples from Vedrovice and Nitra - Horné Krskany £ 12 2|2 4g8228 212 223
. X X R K § © Q Sl T o T Q| © TDla o©
for 8C and 3"N isotope analysis (distribution of age 5 |2 2223252 2z 3l
categories for purpose of stable isotope data: newborn = “ ' ' o ' '
neonate up to 5 months, infant = 6 months until less than @ g 8IEE 5 oY 227 FE ¥
three years, child = over three years until 14 years). 2 DU - DAY D S It ] et
Abbreviations: SD, Std. Deviation; SEK, Std. Error of e e ala als <] o | o |
Kurtosis; SES, Std. Error of Skewness; Var., Variance. é § § § § § § 5 % 5 § § § § §
o O —_ == = o o — — — — o o
o |8 2IBZ2EEE 2 5/ 582
. . . . . ? | 9% 2|8 uvnn | A TS olar
Fueguians (mainly hunting and fishing), Inuits S S |s ~Hs S| S e S| sS Sle S
(exclusively hunting strategies), Vancouver Islanders e clools ale ale ol = 2l o
(mainly fishing and hunting), and Lapps é s 222 E S 2l 2
(predominantly reindeer herding) (n = 62: 24 females, IO AE et AU AN IR TR M
30 males, 8 ambiguous); and (4) mixed diet, hunter-
gatherer populations from arid and mesothermal e olgolgalgals ol 2 ol o
environments, including Bushmen, Australian S |5 2|5 2l s 2l g 2 d 2z 2
Aborigines, and Tasmanians (n = 44: 14 females, 18 ' ' ' ' ' ' '
males, 12 ambiguous) (Lalueza, Pérez-Pérez 1993,
Lalueza et al. 1996). Except for three juvenile Bushmen £ |2 cslgslaclgele w5 olgs
skulls, only adult individuals were studied, in order to g R A P e R B I = =
control age variability of the striation pattern (Lalueza
et al. 1996).
Methods for carbon and nitrogen isotope analysis = |7 S S =TT ol g =
Carbon and nitrogen isotope analysis determine
diets in the last 10-15 years of life depending on which o . - -
bone is sampled (see Hedges e al. 2007). We used data 25| = = |las|l | 83| 83| =
from all individuals buried at Vedrovice and Nitra - 3 E % g/ f’ f é g é g ;‘,“/
Horné Krikany (see Appendix 1), which have been S 2 - R R R =0 BT
published so far together with methods used to process
human samples (Richards et al. 2008, Smrcka et al.
2005, 2008a, Whittle ez al. 2013) and compared these 28| § £ § 818 £ 8 § g £|8 §
results with results of buccal dental microwear. B2 1% L LWLl in L% L% %
Richards ef al. 2008 undertook carbon and nitrogen
analysis to reconstruct human diets in 57 individuals Y 2
buried at Vedrovice, but for our purposes we can use § :z
only 56 (14 subadults and 42 adults) as individual = - & @
86/78 was impossible to link with any Vedrovice burial. i~ £ 5 =
Smrcka et al. 2005 analysed 10 individuals (7 subadults SE |=3|m 4z g|E g 5
and 3 adults) and Smréka ef al. 2008a analysed 17 zZ |2 5|2 212 28 £ £ 3
individuals (5 subadults and 12 adults) with carbon 2912 32 a2 /s E|S Bz 2
and nitrogen analysis. Whittle er al. 2013 processed 33 2L EglE e zlz 2 253
individuals (8 subadults and 25 adults) from Vedrovice 32z tlx S|l= 2 S|E E|a 4
and 60 individuals (17 subadults, 43 adults) from Nitra TSER S BIE B2, Ble, BlR e
- Horné Krskany to reconstruct diet using 3"°C and o |S 29| 2| 2T 2|52 2|52 5|3 £
3N isotopes. The isotopic data produced from animal 2 885z Ble Bls B 9 S 2 < S 2ls 2
remains are available in cited papers of all authors, but ¢ |£22|2 2|8 2|E 2825|852 5|E 2
are not included for purpose of our paper. Table 2 N i R R EE E e s
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etal. 2005, S8 = data after Smrcka et al. 2008a). Interpolation line added to show trends in measured data. For data source,

see Appendix 1.

provides brief statistical overview of 2 different
laboratories (note: team of Richards and Whittle used
the same laboratory in Oxford) used by 3 different
authors (Richards, Smrcka and Whittle) according to
the papers they published and number of individuals
analysed. As it is possible to see, the highest values of

dBC variance represent laboratory used by Smrcka
et al. 2008a and the highest values of 8N variance
represent laboratory used by Smrcka e al. 2005 within
Vedrovice sample (Figure 3). When we excluded
newborns and infant with strong breastfeeding signal
(7/72, 8/74, 17/75, 81b/79 and 93b/80) from the
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variance analysis, we still see the highest variance for
both 8"C (0.339) and "N (0.388) in laboratory used
by Smrc¢ka, while Oxford laboratory variance is at least
twice lower in tested stable isotope data (for 3"C
0.094-0.128 and for 8N 0.187-0.236).To describe in
detail two different datasets, we have tested all 16
individuals from Vedrovice, where sampling and
laboratory processing was performed by Smrcka and
his colleagues (Smrcka eral 2005, 2008a) and
subsequently by Whittle and his team (Whittle ez al.

2013) on the same individual and the same type of
bone. Results were not homogeneous: both
laboratories have captured the same trends in data
distribution, which is very valuable, but unfortunately
with difference of up to two units (%.). Moreover,
paired ttest confirmed statistically significant
differences between results of Whittle and Smrcka in
the sample of 16 individuals (Figure 4). Smrcka and his
colleagues obtained data in all individuals with greater
variance in comparison to Whittle, respectively

TABLE 4. List of variables with statistically significant differences using non-parametric tests of the three examined groups
within and between Vedrovice (VED) and Nitra - Horné Krskany (Nitra HK) samples: Ad = adult individual over 15 years;
SubAd = subadult individuals 0-14 years; M = adult males 15+ years; F = adult females 15+ years. The most interesting

variables of microwear analysis marked bold. For explanation of group no. 1, no. 2 and selected group no. 3 see Table 3.

Kolmogorov-Smirnov Test: significant

Mann-Whitney U Test: significant

at p<.05 at p<.05
VED Ad (n=34) vs VED SubAd (n=9) SDH, NT XH, SDH, NMD, SDMD
NITRA HK Ad (n=34) vs NITRA HK SubAd (n=15) XV, XMD no statistical significant difference

VED Ad (n=34) vs NITRA HK Ad (n=34)

NV, XMD, SDMD, NDM, XT,SDNT

NV, XMD, SDMD, NDM, XT,SDNT
XH, SDH, NV, SDMD, NT, XT,

é VED SubAd (n=9) vs NITRA HK SubAd (n=15) NV, NT, XT SDNT
g VED F (n=22) vs VED M (n=11) no statistical significant difference no statistical significant difference
© NITRA HK F (n=18) vs NITRA HK M (n=13) no statistical significant difference no statistical significant difference
NITRA HK F (n=18) vs VED F (n=22) SDMD SDMD
NITRA HK M (n=13) vs VED M (n=11) XMD,SDNT NV, XMD, NDM, XT,SDNT
VED Ad (n=67) vs VED SubAd (n=22) no statistical significant difference no statistical significant difference
NITRA HK Ad (n=43) vs NITRA HK SubAd (n=17) no statistical significant difference no statistical significant difference
. VED Ad (n=67) vs NITRA HK Ad (n=43) 3%, 5'5N 8¢, 5"°N
E VED SubAd (n=22) vs NITRA HK SubAd (n=17) 8¢, 8N 5C, 8N
§ VED F (n=42) vs VED M (n=22) 5N 3N
© NITRA HK F (n=27) vs NITRA HK M (n=14) no statistical significant difference no statistical significant difference
NITRA HK F (n=27) vs VED F (n=42) 3¢, 3N 8"C, 8N
NITRA HK M (n=14) vs VED M (n=22) 3"C, 5N 8¢, 8"°N
VED Ad (n=30) vs VED SubAd (n=4) SN NMD, SDMD, §"° N
NITRA HK Ad (n=28) vs NITRA HK SubAd (n=12) XV, SDV, XMD, XT NV, XMD, SDMD, NT, XT
E VED Ad (n=30) vs NITRA HK Ad (n=28) XMD, SDMD, XT, SDNT, §"°C, §"°N 1;1};\1 XMD, SDMD, XT.SDNT. 8°C,
g VED SubAd (n=4) vs NITRA HK SubAd (n=12) NV, 8N NV, NMD, SDMD, §"C, §"°N
%D VED F (n=19) vs VED M (n=10) no statistical significant difference no statistical significant difference
i:f NITRA HK F (n=18) vs NITRA HK M (n=9) 5N XV, 8N

NITRA HK F (n=18) vs VED F (n=19)
NITRA HK M (n=9) vs VED M (n=10)

NMD, SDMD, XT, §"°C, "N
XMD,SDNT

SDMD, §°C, "°N
XV, XMD, XT,SDNT, 5"*C
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standard deviation within Vedrovice sample (7able 2),
regardless of whether it was a sample of a subadults or
an adult individual. As we are not familiar with detailed
procedure of obtaining stable isotope data and issues
of its overestimation or undervaluation, we chose for
the purpose of our article data from Oxford laboratory
with less variance (i.e. Richards ez al. 2008 and Whittle
et al. 2013). As soon as we know how to harmonise the
shift between datasets made by Smrcka et al. (2005,
2008a) and Whittle et al. 2013 originating from two
different laboratories and data processing, we plan to
revaluate the outcomes of this paper.

Methods and data used for comparison of dental
microwear with stable isotope of human samples from
Nitra - Horné KrS§kany were taken from Whittle ez al.
2013. As the same laboratory as the Vedrovice samples
was used by Whittle eral (2013), the difference
between Vedrovice and Nitra datasets are linked with
different stable isotope results obtained than in
methodology bias. 3N variance in Nitra sample is
quite high, and most probably originates in
breastfeeding signal of six infants/children, who died
before the age of 3 years.

RESULTS

In order to reconstruct the past diets of humans
buried at Vedrovice and Nitra - Horné Kr§kany we have
divided the datasets into three groups to test them for
intra- and inter-population variability: first, we tested
all individuals from both LBK sites for buccal dental
microwear only, second all analysed data for carbon
and nitrogen analysis taken from Richards e al. 2008
and Whittle ez al. 2013 were tested separately from the
first group. Third, we tested selected groups of
individuals from both sites, whose individuals were
tested for both buccal dental microwear pattern and
stable isotope data. Mean values of selected variables
with standard deviations for all three tested groups are
provided in Table 3 and a summary of the statistically
significant variables resulting from non-parametric
tests within three tested groups are listed in 7able 4.
Non-parametric tests were used as our microwear and
stable isotope data are independent variables and their
distribution has not met the assumption of normality
in all cases as we have included in analysis all
individuals to introduce full biological diversity within
our studied samples. As variances and normality of our
data differs, non-parametrics tests were used: the two
sample Kolmogorov-Smirnov (analogue to the two-
sample ttest with wunequal variances) and
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Mann-Whitney U-Test (analogue to the two-sample
t-test with equal variances). This choice has its limits
and advantages. The K-S examines a single maximum
difference between two distributions, but provides no
insight as to what caused the difference. The
hypotheses for K-S are not rooted in a mean or median
(measures of central tendency). M-W U-test is based
on ranks and has good efficiency, especially for
symmetric distributions. The sample drawn from the
population is random. Its null hypothesis asserts that
the medians of the two samples are identical.

Group no. 1: All individuals tested for buccal microwear
patterns

The examined individuals for buccal dental
microwear from Vedrovice (n = 43) and Nitra - Horné
Krskany (n = 49) (see Appendix I) reflect the ingested
food within approximately a period of a few months
before their death (depends on abrasivity of diets) (see
the "turnover effect” stability of buccal microwear
patterns in Romero et al. 2012), Thus, this analysis can
be considered as a shortterm diet indicator in

Buccal microwear length (XT)
280

260

240

220 PS
carnivorous
200
Q/egeta ian
180 m
ITRA_M
’—‘_’ rodical I’FQA Ad
160 ' TRAF
EDIE ‘\IITRA_child
140 ED[|Ad
ED[M
120 WED_chnd
100

80
20 30 40 50 60 70 8 90 100 110 120

Buccal microwear density (NT)

FIGURE 5. Bivariate plot comparing buccal microwear
density (NT) and length (XT, in um) related to the dietary
abrasiveness between subadult (3-14 years) and adult
populations (over 15 years) analysed (group no. 1). Error bars
denote + standard deviation. For data source, see Table 3.
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comparison to results obtained by analysis of stable
carbon and nitrogen isotopes (please note that term
"a short-term" diet indicator in context of buccal dental
microwear is relative as it covers in fact period of
several months in comparison to the occlussal dental
microwear, which is rather seasonal). It is also
important to take into account when describing this
analysis that identified food preferences obtained
through buccal dental microwear can change
throughout the life of the individual, e.g. through
a change in social status reflected in food composition.

When considering the Vedrovice sample, we have
tested all individuals from settlement and both
cemeteries (Siroka u lesa (n=36) and Za Dvorem
(n=7) as a whole as these individuals are considered
to live contemporaneously and we consider the
difference in demographic composition between these
groups rather in burial rite than in two separate
populations.

—— @ VEDR M
---M VEDR F
0.7 —[] NITRA M
-—--- NITRA F
< carnivorous
0.6 Q arid
= tropical
0 vegetarian
0.5
0.4
=
£
=
Z
0.3
0.2
0.1
0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6
a NH/NT

Mean values of basic dental microwear data with
standard deviation values of the studied population
from Vedrovice and Nitra are shown in 7able 3. Mean
values of the density of microstriations (NT) in the
adult modern human hunter-gatherer groups ranged
between 32.0 and 74.8 (Lalueza et al. 1996), whereas
our LBK sample reached higher values (NT for adult
Vedrovice population was 81.14 and for adult Nitra
population 89.53, Table 3). This result may be
indicative of more abrasive diet in the LBK sample in
comparison to recent populations with known diet.
A more abrasive diet was suggested for individuals
buried at Nitra site than within the Vedrovice sample,
but without a statistically significant difference. By
comparing the average striation lengths (XT), the adult
Vedrovice population approaches XT = 144.95 um,
whereas the adult Nitra population has values of
XT = 167.69 um. The Nitra sample falls into the ratio
for a mixed-diet of arid and tropical populations, where

0.7
—_— VEDR child
—— 3K NITRA child
06 carnivorous
arid
tropical
05 vegetarian
NITRA Ad
VEDR Ad
0.4
-
=
>
z
0.3
0.2
0.1
0.0
b 0.0 0.1 0.2 0.3 0.4 0.5 0.6
NH/NT

FIGURE 6. Scatterplot of NH/NT index with respect to NV/NT index for all adult (a) and subadult (b) individuals from
the Vedrovice and Nitra population: M (adult males over 15 years old), F (adult females over 15 years old) (group no. 1),
populations with recently studied samples with known dietary pattern: vegetarian agriculturalist (Hindu); populations from
tropical areas (Andamanese, Veddahs); populations from arid areas (Bushmen, Tasmanians, Australian aborigines);
carnivorous populations: (Fueguians, Inuits, Vancouver islanders, Lapps); for data source see Lalueza ef al. 1996. Convex
hull showing the areas occupied by studied groups, using different colours, representing the smallest convex polygon that
contains all points. The populations with known diets are presented as mean values only, whereas the population from
Vedrovice and Nitra shows raw data. Bivariate plot between males and females (a) and those adult (15+ years) and subadult
(3-14 years) populations (b) analysed. Error bars denote + standard deviation. For data source, see Table 3.
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average values of XT approach 164.6 and 168.7 um
respectively, whereas the adult Vedrovice sample is
slightly below expected values, but still within SD range
(see Lalueza etal 1996, Figure 5). In sum, by
comparing both the NT and XT values of both LBK
samples, we see a tendency towards a lower striation
density (NT) and shorter scratches (XT) in adults at
Vedrovice compared to the adults in Nitra sample,
which can also be observed in the subadults of both
LBK sites.

By wusing the non-parametric two sample
Kolmogorov-Smirnov test, statistically significant
differences at p <0.05 were found between adults from
Nitra and Vedrovice, which means that the
composition of their diet differed mainly in number of
vertical striations (NV was higher in Nitra sample) and
average length of all striations (XT was shorter in
Vedrovice sample) apart from other variables (XMD,
SDMD, NDM, SDNT) which explain rather variability
of dental microwear pattern that can be associated with
food processing by chewing. Subadults (3-14 years)
from both LBK samples differ significantly in number
of vertical striations (Nitra sample has twice higher
NV), average length of all striations (XT) and food
abrasiveness (N'T was nearly twice lower at Vedrovice).
This means a predominance of soft diet for nine
Vedrovice children over 3 years of age and certain
highly abrasive foods in the diet of the fifteen children
at Nitra. When comparing the average number of
vertical striation (NV) values, respectively index
NH/NT and NV/NT (Figure 6b) subadults in Nitra
most probably have a higher meat intake in their diet
than subadults at Vedrovice. This conclusion applies
to children over three years of age because since this
age, deciduous molars are already fully used for
chewing and processing food and therefore also
suitable for the analysis of buccal dental microwear.

In previously-analysed populations, a different
buccal microwear pattern was observed between
groups of adults and infants (Pérez-Pérez et al. 1994,
Pinilla Pérez er al. 2011, JaroSova 2007, JaroSova et al.
2016). When comparing intra-population variability of
adults and infants / subadults (3-14 years) within both
LBK samples, we see a statistically significant
difference in diet abrasiveness (NT) in the Vedrovice
sample (softer food composition in subadults), but the
diet of adults and subadults in Nitra seems to be rather
of the same composition without any difference of
abrasiveness, differing only in length of vertical
striation (XV), which is difficult to clearly interpret in
terms of ingested food. By comparing NV/NT
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a NH/NT in subadults of both LBK populations, we
see a tendency to higher number of vertical striations
and lower numbers of horizontal striation in the Nitra
subadult sample in comparison to Vedrovice. This
indicates a meaty diet for Nitra infants and mixed diet
at Vedrovice (Figure 6b).

When focusing on gender social scales, there were
no statistically significant differences found in the diets
of adult males and females within the Vedrovice and
Nitra samples confirmed by both Kolmogorov-Smirnov
test and Mann-Whitney U test at significance of
p <0.05. When comparing females and males between
both groups, the composition of the diet of adult
women at Vedrovice and Nitra seem to be almost
identical. However, the uniformity of the male diet at
Vedrovice and Nitra cannot be fully confirmed as both
non-parametrics tests differ in their significance: no
difference was detected by Kolmogorov-Smirnov test,
but Mann-Whitney U test found statistically significant
differences in the number of vertical striations (NV)
and average length of all striations (XT) (Figure 5 and
6a). To infer the ratio of meat intake in both adult
populations, we used the NH/NT and NV/NT indices
and compared them to populations with known diets
(Figure 6a).

Mean values of NH/NT and NV/NT indices in both
adult males and females within the Vedrovice sample
suggest an identical mixed diet. By observing the
standard deviations of the NH/NT and NV/NT indices
values, we see similar high values in both males and
females, i.e. diversity in food type. For three of all the
examined eleven men it is possible to infer a meaty diet
(46/77, 73/79 and 76/79, i.e. young adult males in age
20-35 years); for two males we see microstriations
which could be linked to a vegetarian diet (23/75 and
H2/85, i.e. adolescent and young adult male); and for
six of the eleven adult males from Vedrovice we see
a buccal microwear pattern similar to arid and tropical
populations with mixed diet (10/74, 57/78, 66/78,
69/78, 95/80 and 99/81, i.e. men of all age categories
between 20 to 50+ years). The standard deviation
values for the twenty-three women at Vedrovice are
almost the same as for the male sample: part of the
female population showed the wear traces
predominantly from the meaty component of the diet
(eg. 70/79, 72/79 and 93a/80, i.e. females of the age
range between 20 to 50 years), while the majority -
seventeen women - had a mixed diet (22/75, 38/76,
45/77, 62/78, 64/78, 67/78, 80/79, 81a/79, 91/80,
97/80, 100/81, 101/81, 102/81, 104/81, H1/85, H10/89
and H11/97, i.e. all age categories: seven of age 20-35
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years, eight of age 35-50 years and two in age over 50
years), or even vegetarian (42/77 and 75/79, i.e. women
in their thirtieth decade) (Figure 6a).

As concerns the grave goods at Vedrovice, we provide
here only a general excursion into this very complex
topic. Our aim is just to observe trends between the diet
and attributes of social status in terms of grave goods
(data described in detail in Ondru§ et al 2002 and
Podborsky 2002a and listed also in Whittle ez al. 2013),
assuming grave goods also reflect the social status of
the deceased during his/her life. Among men with
a predominance of meaty food we have three young
adult males with varied grave goods from a single
chipped stone (73/79) to fully furnished graves with
polished and chipped stones accompanied by worked
antler (76/79) or Spondylus and ceramics (46/77). Two
males with an inferred vegetarian diet represent
a contrasting couple, with an adolescent with ceramics
(23/75) and chipped stone and young adult male with
polished stone, 12 beads of Spondylus (H2/85). The six
males with an inferred mixed diet, represent a group
poles apart in terms of grave goods. Their
accompanying objects are very heterogeneous - with
ceramics (99/81), in combination with chipped stone
(66/78), or with chipped and polished stones (57/78),
or fully furnished grave with polished and grinding
stone, 18 Spondylus beads, worked bone and unworked
pebble (69/78). For Vedrovice women with
a predominance of meaty food according dental
microwear, the most common grave goods were
Spondylus (20 beads in grave 70/79, 1 bead in grave
93a/80 or at least two other shells in grave no. 72/79)
and ceramics, accompanied with ochre in grave 72/79.
The two vegetarians among adult females in Vedrovice
are identical, with only Spondylus in their graves (42/77
and 75/79). The majority of women with mixed diet
were varied in their grave goods: the majority of them
have simple unfurnished graves (22/75, 38/76, 64/78,
67/78, H1/85); sherds or ceramics (97/80, 45/77),
polished stone (H10/89), grinding stone (101/81),
chipped stone (80/79), or event flint (104/81) that was
randomly given as grave goods, but quite often it was
Spondylus (102/81) alone or with ceramics (100/81).
A couple of adult women have fully furnished graves
with ceramics, Spondylus, chipped stone and other
minor grave miscellania (62/78, 81a/79, 91/80). We
focus our observations on middle-aged / adult group with
fully furnished graves in Vedrovice. Podborsky (2002b),
Kvétina (2004) and Zvelebil, Pettitt (2008) are
consistent in their considerations which individual can
be considered as with abundant grave gifts at

Vedrovice - Siroka u lesa: 39/76 (child), 15/75, 19/75,
46/77, 69/78 (men), 36/76, 70/79 (women) (note:
Podborsky (2002b) and Kvétina (2004) considered
skeletons 36/76 and 70/79 as males, but the sex of both
of these individuals was re-determined and these
skeletons are no longer male, but a number recent
studies identified them as female: see Zvelebil, Pettitt
2008, Lillie 2008, JaroSova 2008, Whittle et al. 2013. If
this re-assessment from male to female skeletons (36/76
and 70/79 ) is correct, with which both authors of this
article agree, we have also fully furnished graves of
middle-aged females at Vedrovice Siroka u lesa and not
only the privileged position of men as considered before
(see Podborsky 2002b and Kvétina 2004). Moreover,
Podborsky (2002b) and Zvelebil, Pettitt (2008) add into
exceptionally rich grave equipment another five graves
54/78,57/78, 79/79 (men), and two women: 83/80 and
91/80. In sum, there are twelve main graves with
exceptionally rich grave equipment and another two
burials with remarkable grave goods (adult at 12/74 and
female 86/80 - see Podborsky 2002b) identified at
Siroka u lesa. Within them Podborsky (2002b, 301)
identified seven clusters of individuals, which were
structured in similar pattern and Zvelebil recognised
one more cluster (Zvelebil, Pettitt 2008). In Vedrovice
Za Dvorem cemetery three fully furnished individuals
were identified: H2/85 (male), H8/88 (child) and
H9/88 (unique rich burial of female) (Podborsky
2002b). We created group of individuals with
abundantly equipped graves containing all selected
individuals to test their diet. We were unfortunately not
able to collect microwear data for the majority of
important individuals according to the grave goods (eg.
12/74, 15/75, 19/75, 36/76, 39/76, 54/78, 79/79, 83/80,
86/80, H8/88 and H9/88). According to food type, we
have at our disposal only six individuals: 46/77, 57/78,
69/78, 70/79, 91/80, H2/85. The food of these four
adult males and two adult females differs, as discussed
above. With exception of H2/85 (Za Dvorem cemetery,
which has the least equipped grave among all the richly
equipped), all individuals from Siroka u lesa cemetery
with abundant grave goods have mixed (3) or meaty diet
(2). When we test the roughness of diet composition by
comparing total number of all striations (NT) in men
and women with fully furnished graves in comparison
to average NT values of all adult individuals
(NT=80.71) within the Vedrovice sample, a softer diet
was demonstrated only for two men (69/78 and H2/85)
of the total number of six. In general, in young adult
males (20-35 years) we see a meaty diet and mixed food
in the same frequency, there is only one possible case
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of a mixed diet with a significant portion of vegetal
components in his diet (H2/85). Among this age group
we see individuals who can be considered as rich/fully
furnished in terms of Neolithic grave goods (see above).
Middle aged males (35-50 years) predominantly had
a mixed diet (but we have only 2 males in this group).
Only one male over 50 years old had a mixed diet.
Women's diet was diverse no matter what somebody
gave them after death as grave goods; the most common
among other grave goods was Spondylus, which was
found more often in female graves without any clear
dominance according to the type of food or age
category: in all age categories we see a predominance
of a mixed diet. In the Vedrovice sample, meaty diets
can be considered as something unusual in
a dominance of mixed diet concept of this site. In
contrast, meat in the diet cannot be linked to the fully
furnished graves, as we have only couple of individuals
among the males and females in this sample. At the
Vedrovice site we cannot thus link a meaty diet with
fully furnished graves, and hence high social status.

Even if no statistically significant difference was
observed also between adult males and females within
Nitra sample, mean values of NH/NT and NV/NT
indices suggest meaty foods were eaten by males and
a rather mixed diet for females. When observing the
standard deviation of the NH/NT and NV/NT indices
values, we see quite small values in the males, which
suggests food uniformity in the male sample from
Nitra. The prevalence of the meaty diet was identified
in all examined eleven males, with exception of two
males around 30 years of age (no. 62/65 and 72/65)
with unfurnished graves. The values of the standard
deviations in women are almost double that of the male
sample, from which we can see diversity in the diets of
women, with part of the female population with the
high meaty component (eg. 1/64, 4/64a, 9/64, 20/65,
24/65, 33/65, 37/65, 39/65 and 44/65, i.e. females of
the age range between 20 to 50 years), while another
part had the mixed diet (6/64, 22/65, 35/65, 48/65, i.e.
all age categories), or even vegetarian (53/65, 61/65,
64/65, 70/65, i.e. mainly women around the age of 40
years) (Figure 6a).

As concerns the grave goods at Nitra (see Pavuk
1972, Whittle etal. 2013) buried with men who
consumed a predominance of meaty food, we have two
adolescent males (3/64 and 69/65), whereas the rest of
nine males died in middle age (35-50 years). Among
middle aged males, two (45/65 and 63/65) have
unfurnished graves, whereas the majority of males have
a number of precious or uncommon types of grave
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goods including Spondylus, polished stone and
ceramics (no. 2/64, 8/64, 34/65, and 58/65) or at least
polished stone tools (26/65) or ochre (7/64) or mix of
human and animal teeth (19/65). The two adolescents
(3/64 and 69/65) have only ceramics in their graves. In
women in the age category 20-50 years with
predominance of meaty food according dental
microwear, the most common grave goods were
ceramics (1/64, 9/64 (?), 24/65, 44/65), only in the
grave of woman (35-50 years) no. 39/65 was Spondylus
and sherds found, but in many cases was the grave was
simply unfurnished (20/65, 33/65, 37/56, i.e. women
who died at age 20-35 years). No data on grave goods
are available for 4/64a. Women in all age categories
with mixed diet have very similar grave goods as those
with meat diet: sherds (22/65(?)), ceramics (32/65)
with added Spondylus (6/64, 35/65 - old and middle-
aged women) or unfurnished (48/65). All four women
with an inferred vegetarian diet have ceramics in their
graves (53/65, 61/65, 64/65 and 70/65 - moreover two
of them - middle-aged women - were additionally
equipped with ochre (64/65) or Spondylus (70/65). We
tested a group of individuals with rich equipped graves
according to their diet. In the Nitra sample, we have at
our disposal only four middle aged males 2/64, 8/64,
34/65, 58/65 who all present richly equipped graves at
the Nitra cemetery. The diet of these men was unified
- in all cases, the meaty component prevailed according
to the dental microwear analysis. When we test the diet
in terms of the roughness of its composition by
comparing total number of all striations (NT) in males
with fully furnished graves in comparison to average NT
values of all adult individuals (NT = 89.53) within Nitra
sample, a softer diet was demonstrated only by two men
(8/64 and 58/65) out of a total of four.

To conclude, we consider a meaty diet as something
common at Nitra, linked to both to the furnished and
unfurnished graves. A middle-aged (35-50 years) male
at Nitra had a significant portion of meat in their diet
and also fully furnished graves, but there were also cases
of adolescents with meaty diet and common grave goods.
There were also two young adult males with unfurnished
graves and a mixed diet who were shifted from the main
pattern at this site. Women's diet was diverse and
independent to grave goods - ceramics or unfurnished
graves were most common, while Spondylus was very
rare. Pavuk (1972) indicates that only 10 burials in Nitra
were equipped with Spondylus (i.e. 13.5%), whereas at
Vedrovice - Siroka u lesa cemetery it was 25 graves
(29.4%) (Podborsky 2002b, 310). Moreover, the grave
goods of females in Nitra are more impoverished than in
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males. In general, more precious objects were given to
middle-aged or old men and also women, but the
luxuriance and number of the objects were lower in Nitra
in comparison to Vedrovice grave goods. The populations
buried at Vedrovice and Nitra do not seem to be
comparable in terms of grave goods and diet. From this
we suggest that there were different eating habits and
hence social scales based around status at the two
cemeteries. A softer diet indicating a higher social status
has not been proved for either the Vedrovice or the Nitra
sample, which is in contrast to Prague-ZIic¢in population
dated to the Migration period (5" century AD) (see
JaroSova et al. 2016).

Group no. 2: All individuals tested for stable isotopes

The individuals tested for carbon and nitrogen
isotopes from Vedrovice (n =89) and Nitra - Horné
Krskany (n=60) (see Appendix I) reflect the food
eaten within the period of at least the last several years
of an individual's life (e.g. human femoral bone
collagen isotopically reflects an individual's diet over
a much longer period of time than 10 years: see
collagen turnover rates for adults and subadults in
Hedges et al. 2007; see also Tykot 2004, 2006), which
can be considered as a long-term diet indicator in
comparison to period of food composition results
obtained by buccal dental analysis.

The carbon and nitrogen data from the LBK site of
Vedrovice indicate that all adults and subadults (n = 57)
had a very similar diet, largely C3 based, with most of
the dietary protein coming from animal (meat or milk)
sources, likely domesticated animals (cattle of sheep)
(Richards etal 2008, 192). The weaning of a few
infants occurred before the age of three in this
population (Richards et al. 2008, 192). As high values
of 8N are not present at Vedrovice, it is very unlikely
that freshwater fish was a significant component of the
diet of the Vedrovice humans (Richards et al. 2008,
172). No input from millet in diet was confirmed
(Richards ez al. 2008, 176).

We used non-parametric tests in order to summarise
statistically significant differences within the dataset of
combined data from Richards er al. 2008 and Whittle
et al. 2013. Mean values of the 8"°C and 8"N ratios
with the number of individuals included in analysis are
summarised 7able 3 and Figures 7, 8. No statistically
significant differences between adults and subadults
was found within the tested sample of individuals from
Vedrovice and Nitra - Horné KrSkany. Males have
a significantly higher average of 3N than females in
across the whole site of Vedrovice (Whittle et al. 2013,
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119), but no statistically significant difference between
males and females was found in the Nitra - Horné
Krskany sample - as the difference between male and
female in 3N values was lower at Nitra than at
Vedrovice (Figure 7). When comparing adults from
Vedrovice and Nitra, statistically significant differences
in both 8C and 8N were found. The same result was
obtained when comparing subadults at both sites
(Table 4). This could indicate that there was a different
diet at both LBK sites, which can also be influenced by
different food sources in their area. As noted Whittle
etal. 2013 (p. 151), high overall 8N values in adult
human and animal samples at Nitra are high for the
region, so this probably reflects an environmental (how
forested the landscape was) rather than a dietary
difference. As expected, the highest degree of variation
for both isotopes was the groups of subadults, including
breastfeeding neonates, infants and weaned children at
both LBK sites as seen in standard deviation of 8N
(over 1.0) and 3"C (over 0.50). Detailed analysis of
a nursing signal in infant group (under the age of three)
is described in Whittle ef al. 2013. As the infants are
still influenced by a nursing/breastfeeding signal, they
were excluded from analysis comparing protein-rich
diet with abundantly equipped graves.

The mean value of 3N in adult males (n = 22) was
9.97 and in adult females (n = 42) 9.50 in the Vedrovice
sample. In the standard deviation of 8N values we see
the same diversity in food type in both females and
males. To identify individuals with a protein-rich diet,
we chose the sum of the 3N average of the adult
population and its standard deviation (this assumption
does not follow any recommendation published, but
should just serve to distinguish the individuals with the
highest 8°N values within one population): 4 adult
men in age 20-50 years (57/78, 59/78, 71/79, 73/79)
and 3 adult females (31/76, 48/77, 93a/80) were
identified as individuals with values higher than 10.11
for 315N values (note: all men and women identified
as with protein-rich diet were sampled by Richards
et al. 2008 only; no individual with protein-rich diet
sampled by Whittle ef a/. 2013; additionally there were
two women 9/74 and 81a/79 sampled by Smrcka et al.
2005, 2008 with values of 8N fulfilled criteria for
protein-rich diet). If we use the 8N average for the
adult Vedrovice population (9.64), the number of
individuals with a higher value than is the average will
increase to 32 out of 67, or even to 38 when including
data from Smrcka etal 2005 and 2008a. In the
Vedrovice sample we have ten adult individuals of all
age categories with fully furnished graves (as described
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above - see Podborsky 2002b, Kvétina 2004 and
Zvelebil, Pettitt 2008) with high protein intake in their
diet: two males 57/78 and H2/85 fulfilled criteria for
protein-rich diet and fully furnished graves (and
additionally possibly also two males 19/75, 69/78 when
considering data from Smrcka et al. 2008); and another
six adults with fully furnished graves had higher 8N
values than is average for this population (15/75, 54/78,
79/79 (men), 86/80, 91/80, H9/88 (women) at both
Vedrovice cemeteries. The rest of the five individuals
with abundant grave goods (12/74, 36/76, 46/77,
70/79, 83/80) have lower values of 8N than is the
average for the Vedrovice adult population according
to Whittle ez a/. 2013. In summary, in the Vedrovice
sample, we cannot confirm that all males and females
examined for stable isotopes with fully furnished graves
had a high protein intake in their diet as there were also
individuals with abundant grave goods and lower §°N
values than is average value for adult population, and
thus having a low-protein intake in their diet.

The mean 3N value in adult males (n = 14) was
10.36 and in adult females (n = 27) 10.26 in the Nitra
sample. In the standard deviation of the 8N values,
we see a slightly higher diversity in animal protein
intake in females, whereas males present a uniformity
of diet at Nitra. To identify individuals with a protein-
rich diet, we chose the sum of the 3N average value
of the adult population and its standard deviation. Two
men aged 35-50 years (8/64 and 77/65) and one young
woman 20-30 years old (57/65) had 8°Nvalues higher
than 10.88. If we consider the 3"°N average value for
the adult population at Nitra (10.27) as break point,
the number of individuals with a higher value than is
the average will increase to 22 out of 43 adults. In the
Nitra sample, we have one male 8/64, who fulfilled
criteria for protein-rich diet and fully furnished grave
(as described above - see Pavik 1972) and another two
males with abundantly furnished graves, who had
higher 8N values than is average for this population
(no. 35/65 and 58/65). In sum, all three males
examined for stable isotopes with fully furnished graves
have higher 8N values confirming higher protein
intake linked to higher social status. Unfortunately, the
findings from such a small sample cannot be
generalised to the LBK population as a whole and we
put this forward only for consideration.

Group no. 3: Selected individuals tested for both buccal
microwear pattern and stable isotopes

The selected group of individuals (composed of
individuals with available microwear and stable
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isotope data) from Vedrovice (n =34) and Nitra -
Horné Krskany (n = 40) were tested for their dental
microwear pattern and stable isotopes (combined data
from Richards et al. 2008 and Whittle et al. 2013) in
order to show possible differences of their dietary
habits according to distinct methods covering a short-
term and long-term period. We excluded all neonates
and infants under the age of three years as this age
groups are affected by a nursing signal and their
deciduous teeth are not in full occlusion to reflect
buccal microwear pattern. The mean values of all data
with the number of individuals included in the analysis
is summarised in 7able 3. Pearson paired correlation
showed statistically significant differences (at p = 0.01)
between d"C and striation density (NT; r =-0.305)
and between 8N and number of vertical striations
(NV; r=0.302), confirming higher number of vertical
striations in individuals with protein-rich diet. No
other statistically significant differences were found
between group of stable isotope variables and
microwear data. Further, we used non-parametric tests
in order to summarise statistically significant
differences. In the Vedrovice sample, there are
statistically higher 3N values in adults than in
subadults and buccal microwear data are uniform; this
result can be distorted by the very small number of
examined children. In contrast, in the Nitra sample
the stable isotope data are uniform and statistically
significant differences between adults and subadults
were only present in the microwear data - subadults
have a higher number of vertical striations (NV),
a more abrasive diet (NT) with shorter scratches (XT)
than adults (7able 4). At Nitra, males have
significantly higher 3N values than females. No
statistically significant differences in microwear and
stable isotope data between males and females were
found in the selected Vedrovice sample. This can be
interpreted as suggesting an unchanging long-term
higher protein intake in Nitra males compared to the
lower protein ratio of Nitra females. Males and
females at Vedrovice have a uniform diet from both
the short- and long-term points of view with stable
protein/mean intakes. When comparing all adults
from Vedrovice and Nitra, statistically significant
differences were found: higher 8N with lower 83C
(Figure 9) together with higher number of vertical
striation (NV) and longer striations (XT) was found
in the Nitra sample (Figure 11, 12a). A similar result
was obtained when comparing subadults at both sites:
higher 8N with lower 8C together with significant
higher number of vertical striation (NV) in children
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from Nitra (eg. two three-year-old children 31/65 and
67/65, both with a probable strong nursing signal, have
not only a very high 3"*N, but also a high number of
vertical striations compared to horizontal ones - both
of these results suggest high protein/meat intake: see
Figures 10 and 12b). In summary, we can say that both
of these methods are in accordance and confirm
higher protein/meat intake in the Nitra subadult and
adult sample in comparison to the Vedrovice
population. This confirms that diet composition was
different at both LBK sites.

DISCUSSION

The previous analysis of 18 individuals (13 adult
females and five adult males) from the Vedrovice site
(JaroSova 2008) yielded a distinct microwear pattern
linked with inter-group sex and age-related variability.
In spite of uncertain food preparation technology
associated with early agriculturalist techniques, it was
possible to conclude that diet in the Vedrovice sample
was mostly based on vegetal/cereal intake in its
character and consisted mainly of some grain-based
components, whereas meat was eaten only
sporadically. By comparing sex related differences,
a higher vegetal intake by females in comparison to the
male population was concluded. A few years later, by
analysing full Vedrovice sample, we see that sample size
affect the results obtained. By comparing the complete
Vedrovice sample with the Nitra sample in this paper,
our perceptions of the composition of LBK diet
inferred through buccal dental microwear have now
changed.

Both LBK populations, like other prehistoric
populations provide only limited information on early
agricultural techniques, the food composition (how
plants and meat were mixed for typical meals),
processing techniques (e.g. evidences of ancient stone
grinders / mills), quantity and subsistence of consumed
food (for detail study of this topic please refer to Bickle
2016). For both studied LBK populations we have
evidence of human body height, health status,
enthesopathies, anthropometric data and assessment
of muscle topography and even a small animal bones
assemblage at the Vedrovice site, but it is difficult to
understand the entire complex relationship between
the different datasets provided by skeletal material and
many questions remain still unanswered.

The observed high amounts of abrasive particles
(NT) in the diet in all examined groups of adults and
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subadults in the Nitra population might have
originated from certain highly abrasive foods or from
the type of food preparation technology. The extensive
microwear pattern in the Nitra sample might be
explained by the coarsely-processed foods, which
include relatively large amounts of exogenous impacts
of grits in the buccal microwear pattern (for detailed
information, see Salazar-Garcia ef al. 2016, Romero,
De Juan 2007). In contrast, the population of
Vedrovice - and the children in particular - had a very
soft diet compared to the population of Nitra. If we
combine the results of dental microwear and stable
isotopes in the children of both LBK populations, it
seems that the high proportion of proteins proved in
diet through high nitrogen values in the Nitra
population is not only caused by the breastfeeding
signal of infants, but could be also result of a meaty
diet in children over 3 years old, which was suggested
by dental microwear as well. Children at Vedrovice
have lower 8N values and also a reduced ratio of
vertical striations combined with a higher number of
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horizontal striations in the dental microwear. Both
results are consistent and indicate a lower ratio of
protein in the diet of the Vedrovice children (i.e. both
lower breastfeeding signal and a lower proportion of
meat). Results of the adult population were consistent
with results obtained for subadult populations at both
LBK sites, even if intra-group variability was detected
on short- and long-term basis, mainly between adult
males and females. According to our analyses, we
cannot fully confirm sex-related differences at the
Vedrovice and Nitra sites, as only few data points were
confirmed as statistically significant. Buccal microwear
pattern did not prove statistically significant difference
at any of studied sites, between males and females even
if higher meat intake was suggested for males at both
sites. Differences in the higher 8N ratio were also
confirmed at both sites for males, but statistical
significance seems to vary more based on the number
of individuals included in analysis than on a clear
contrast between males and females at both early LBK
sites. These sex-related differences can be explained by
the higher status of men in early LBK society, but
another explanation could be the labour role of males
and females in LBK society, with men eating meat
while hunting and females were eating mixed food
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while preparing cooked meals. As we were unable to
confirm men's higher social status clearly through fully
furnished graves linked with high meat intake for any
of our studied early LBK populations (at Nitra there
was only small group of fully furnished graves and at
Vedrovice both males and females had abundantly
furnished graves), we cannot thus accept male
dominance as the only interpretation for higher
meat/protein intake. When a selected group of
individuals (composed of individuals with available
microwear and stable isotope data) are included in the
analysis, we have achieved clear agreement between the
data from the stable isotope and buccal microwear as
we confirmed different diet composition at both LBK
sites with higher protein/meat intake in the Nitra
sample than in the Vedrovice population, whose diet
was rather mixed.

In our case, we have seen that statistical significance
depends not only on sample size (number of
individuals included in analysis), but also on
individuals' selection (changing dietary habits during
an individual's life), which shape differences between
examined groups of stable isotope and microwear data
and provide us with different perceptions and
understandings of the variability within and between
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FIGURE 12. Scatterplot of NH/NT index with respect to NV/NT index for selected adult (a) and subadult (b) individuals
from the Vedrovice and Nitra population: for detail description see Figure 6. Bivariate plot comparing NH/NT index with
respect to NV/NT index between males and females (a) and those adult (15+ years) and subadult (3-14 years) populations
(b) analysed (group no. 3). Error bars denote + standard deviation. For data source, see Table 3.
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the LBK populations. When interpreting such data, we
should be cautious about accepting the results
obtained. Although we have been able to at least
partially elucidate the eating habits of individuals from
the early stage of LBK in Moravia and western
Slovakia, there is still a large number of questions that
remain unanswered: why two populations of the same
LBK period have different eating habits? Was it due to
a different climate that had impact on cereal crop
production in Nitra? Or do we see here simply diversity
in personal food choice or cultural practices at both
early LBK sites? Or were the data affected by bias
introduced in various methods and interpretation? We
will keep these discussions open to other researchers,
who can build on our findings.

CONCLUSIONS

As confirmed by previous studies based on stable
isotopic analysis, all individuals from examined LBK
sites were pure C3 feeders, dependent mainly on C3-
based terrestrial fauna. C4 plants (eg. millet) and
marine sources were excluded. Freshwater fish, if any,
was not a significant component of the diet at the
Vedrovice and Nitra sites. To summarise the results
obtained from buccal microwear data analysis by
comparing both tested LBK sites, we identified more
abrasive diet for individuals buried at Nitra site than
those in the Vedrovice sample, even if a statistically
significant difference was found only in subadults (3-
14 years). There was also a tendency towards a lower
striation density (NT) and shorter scratches (XT) in
adults (15+ years) at Vedrovice compared to the adults
in the Nitra sample, which was also observed in
subadults. When the tested composition of diet was
compared between adults at Vedrovice and Nitra, the
difference was mainly found in the number of vertical
striations (NV) and average length of all striations
(XT), which points to a different proportion of meat
in the diet. Subadults also followed this pattern through
their statistically significant data. When testing intra-
population variability of adults and children (3-14
years) within both LBK samples, a statistically
significant difference in diet abrasiveness (NT) in the
Vedrovice sample was observed, but the diet of adults
and subadults at Nitra seems to be rather of the same
composition. No statistically significant differences
were found in the diet of adult males and females in
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the Vedrovice and Nitra samples. In spite of this, we
found a significant degree of food uniformity was
linked with high meat intake in the male sample from
Nitra, while the population of Vedrovice can be
characterised by a diversity in diet for both adult males
and females. Regarding the population of women of
Nitra, their group suggest dominance of meat in their
food, but the mixed composition of their diet is not
rare. In addition to that, a big variability in grave goods,
age and eaten food was found at both sites, but in
general, the majority of middle-aged or even old men
and women at Vedrovice site with abundantly
furnished graves enjoyed during their lives both access
to meat and a mixed diet. No dominance with
increasing meat intake as they grew older was detected.
In the Nitra sample, we detect a small group of males
with fully furnished graves and a high protein diet;
graves of females in spite of their high meat intake were
furnished only with common grave goods or
unfurnished. A softer diet relating to higher social
status was not shown in any LBK sites. When we
compared results obtained through buccal microwear
pattern and stable isotope analysis, these were in
accordance: we confirmed different diet composition
at both LBK sites with higher protein/meat intake in
the Nitra sample in comparison to the Vedrovice
population, whose diet was rather of mixed
composition with lower protein/meat intake.
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