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ABSTRACT

The presented study was based on isotopic analysis of §"°C and 6"°N
in human bone collagen samples from graves of the Corded Ware cul-
ture in Swiete, south-east Poland. Isotopic values demonstrate a rela-
tively narrow variation, ranging from -20.4%o to -19.8%o and 10.6%0
to 12.0%o for §"°C and §"N values, respectively. The diet was likely
C3 plant-based with a substantial animal protein component, includ-
ing predominantly terrestrial and possibly riverine resources.
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INTRODUCTION

Archaeological science utilises the analysis of stable light isotopes of human
and faunal material to provide insights into past populations [Pate 1997; Ambrose,
Krigbaum 2003; Makarewicz, Sealy 2015]. Isotopic signals, expressed in parts per
mille [Yoo], support palaeodietary reconstruction. Carbon (§"°C) potentially allows
differentiation between terrestrial and marine resources [Carvalho, Petchey 2013],
as well as plant groups consumed (C3 and C4 plants) [Lee-Thorp 2008]. The §"*C
values of C3 plants are typically between -34%o and -22%o according to O’Leary
[1988] or -35%0 to 20%o0 according to Katzenberg [2000], while the C4 plants usu-
ally display values from -14%o to -9%o [Katzenberg 2000]. Nitrogen ($'°N) mainly
provides evidence for trophic level in the food chain, and may inform on environ-
mental stress [e.g. Bocherens, Drucker 2003].

Human and animal tissues display values higher than the consumed diet due to
the diet-tissue offset [e.g. Finucane 2007]. In herbivores, §!*C exceeds the values of
the consumed plant by approximately 5%o, while in carnivores the values will typi-
cally increase by 1%o at each trophic level [van der Merwe, Vogel 1978; van Klink-
en et al. 2002]. The heavier isotope N is accumulated, causing an increase in the
8N values by 3-4%o with each trophic level [DeNiro, Epstein 1981; DeNiro 1985;
Lee-Thorpe et al. 1989]. Human collagen values of §"*C and §"N are enriched by
about 5%o and 3% respectively, compared to the consumed diet. Since the isotopic
signal of the local flora is often influenced by multiple environmental factors, it is
essential that a local baseline be established to facilitate a robust interpretation of
the isotopic data for past populations [Ambrose 1993].

This study presents the carbon and nitrogen isotopic analysis and long-term
diet interpretation for the Corded Ware culture (CWC) in the Lower San Valley in
the south-east Poland [Dobrakowska, Wtodarczak 2018; Janczewski et al. 2018;
Olszewski, Wlodarczak 2018]. They are then compared to contemporary individu-
als from the neighbouring region of the Rzeszéw Foothills (Fig. 1).

1. MATERIAL AND METHODS

Human bone was sampled from 12 individuals excavated at three sites located
in Swiete (sites 11, 15 and 20) and subjected to the analysis of §"*C and §'"°N. The
bone collagen extracted at the Poznar Radiocarbon Laboratory was subjected to
S13C and 8N analysis at the Tsotope Dating and Environment Research Labora-
tory, Institute of Geological Sciences of the Polish Academy of Sciences, Warsaw
[Goslar et al. 2017]. The material was analysed using single samples, combusted
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Fig. 1. Location of Final Eneolithic and Early Bronze Age sites analysed in the paper: 1 — Swicte,
site 11, 2 — Swiete, site 15, 3 — Swiete, site 20, 4 — Dobkowice, site 37 and 39, 5 — Chtopice, site 11,
6 — Szczytna, site 5, 7 — Szczytna, site 6, 8 — Mirocin, site 24, 9 — Mirocin, site 27

using a Thermo Flash EA 1112HT elemental analyser connected to a Thermo Del-
ta V Advantage isotope ratio mass spectrometer in a Continuous Flow system. The
international standards were USGS 40, USGS 41 and IAEA 600, with the analyti-
cal error for §"*C and 8§"N calculated at 0.33%o and 0.43%o respectively.

The local baseline was established using cattle (Bos taurus) and pig (Sus do-
mesticus) sample values from the Early Bronze Age Mierzanowice culture, sites
number 37 and 39 in Dobkowice near Jarostaw in the same region of south-east Po-
land [Werens et al. 2018]. The human results were then compared with published
data from the Final Eneolithic and the Early Bronze Age sites in the Rzeszéw Foot-
hills in Poland [Szczepanek et al. 2018] and the Early Bronze Age Yampil Barrow
Complex (YBC) sites in Ukraine [Goslar et al. 2017].
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2. RESULTS AND DISCUSSION

All human and animal bone collagen samples had C:N values within the ac-
cepted ranges of 2.9-3.6 [DeNiro 1985] and 3.1-3.5 [van Klinken 1999], indicating
good collagen preservation. Further quality control measures included %C and
%N, which were within tolerance [Ambrose 1990]. The full results are presented
in Table 1 and Figure 2.

The majority of the human samples from Swiete displayed §"C values with-
in a narrow range of -20.4%o to -19.8%o, the average being -20.0%o0 (SD=0.1).
The §'°N values, ranging from 10.6%o to 12.0%o, displayed larger dispersion, with
an average of 11.4%o (SD=0.5). It is notable that the §'SN values of all of the
identified males were among the highest measured values from Swiete, and form
a distinctive cluster. The size of the dataset was not sufficient to investigate dietary
differences between sexes, given the presence of only 2 identified females and 6
males, while the sex of the remaining 4 individuals (33.3% of the sample) was im-
possible to assess. Having noted the limitations posed by a small sample size, the
dataset was analysed for differences between the males and all other individuals,
with females and unidentified individuals combined. The Kolmogorov-Smirnov
test revealed that data was distributed normally and an independent sample t-test
was performed with a 95% confidence interval. A comparison of the mean isotopic
values of males (§*C=-20.1%o, SD=0.1; §"*’N=11.7%o, SD=0.2) and all other in-
dividuals sampled from the sites in Swie;te (6C=-19.9%0, SD=0.1; §">"N=11.2%o,
SD=0.5) revealed a difference in §*C between the groups (p=0.003), but no sta-
tistically significant difference in §°N values (p=0.088). The interpretation of the
results based on a relatively small sample requires caution, yet the group of males
from Swicte appears to have had a distinctly different isotopic signal, at least in
regard to the §'*C values. That said, the group of ‘all other individuals’ included
women, as well as 2 juveniles and 4 people of unidentified sex, which renders the
robust assessment of dietary differences between males and females impossible.

The baseline was established using faunal data (Bos taurus, Sus domesticus)
from sites in Dobkowice within the same Subcarpathian region, where the animals
demonstrate levels of §"*C and §"°N lower than the average human results by 1.4%o
and 4.2%c respectively. Assuming the animals within the region had similar iso-
topic composition, the results indicate that the sampled individuals from Swiete
had a C3 plant-based diet with a substantial contribution from animal protein,
which could include both meat and dairy.

The above-mentioned group of men whose 8"C values differed significantly
from the remaining individuals, subsisted on a diet that was depleted in §"*C and
enriched in §"°N. One food group that may have contributed to this shift is fresh-
water resources [Katzenberg 1989]. The modern distance between the sites and the
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Table 1
The results of radiocarbon dating and stable isotope analysis of human collagen
No. | Site Feature | Sample Date BP | Age Sex | 8C | 8"N | %C | %N | C:N
No. No. [%o] | [%o]

1 ?;’Vi@te 876 P0z-90875 | 3890 £35 | 40-50 | M -202 | 11.9 | 40.8 | 14.6 |3.25

2 lsfvie;te 1134 P0z-90877 | 4020 £30 | 25-30 | M -20.2 | 11.5 | 50.1 | 183 [3.20

3 IS;;vie;te 1149A P0z-90884 | 3925 +35 | 50-60 | M -20.0 | 11.6 [ 39.8 | 142 [3.27

4 IS;;viqte 1290D Poz-90876 | 3875+35 | 20-30 | M -20.0 | 12.0 |43.3 | 15.7 |[3.23

5 Swiete | 173 P0z-90779 | 3935+30 |30-40 | F -19.9 [ 10.6 |47.8 |17.3 |3.22
15

6 Swigte | 407A P0z-90882 | 3955 +35 | 20-50 | ? 19.8 | 11.2 |51.5 | 189 |3.17
15

7 Swigte | 408A P0z-90780 | 3890 +35 | 30-40 | F -199 | 11.2 [ 49.6 | 184 |3.16
15

8 Swigte | 409 Poz-90781 | 3990 +30 | 20-50 | ? -19.8 | 10.7 | 46.5 | 16.8 |3.23
15

9 Swiete | 427 P0z-90874 | 3890 =35 | 6-7 ? <204 | 11.1 | 40.8 | 14.7 |3.23
15

10 | Swiete | 431 P0z-90782 | 4020 =35 | 20-50 | ? -199 | 11.7 [ 43.1 | 155 [3.24
15

11 | Swiete | 40A Poz-90777 | 3950 + 35 | 6-7 M -20.0 | 11.9 [ 49.1 | 182 [3.15
20

12 2§(\;viqte 43/1 Poz-90778 | 3950 £ 35 | 40-45 | M -20.1 | 11.5 | 46.0 | 16.8 |3.20

River San is ¢. 700 m and it is possible that riverine fish was one of the sources of
protein. The identified men may have consumed larger quantities of fish than the
others, whose diet was presumably more C3 plant-based.

3. DIET OF THE CORDED WARE CULTURE IN
THE SUBCARPATHIAN REGION, SE POLAND

The isotopic data for the sites in Swigte was compared with other CWC sites
from the neighbouring Rzeszéw Foothills [Szczepanek er al. 2018]. The results
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Fig. 2. 8C and "N values in human samples from Swiete and animal samples from Dobkowice
(Rzeszéw Foothills)

show a clustered distribution, with a couple of outliers: two individuals from Miro-
cin (Fig. 3).

The highest §°C and 8N values displayed by a 3 to 4-year-old child from
Mirocin are higher than the mean Mirocin §"*C and §"°N values by 0.9%o and 2.9%o
respectively, while the difference between the child and all CWC sites in the region
was 0.7%c and 2.1%o for §"*C and 8§"N respectively. This corresponds with the
values typically attributed to a single trophic level shift [DeNiro, Epstein 1981],
often related to breastfeeding practices [Larsen 2015:324]. It is probable that at the
age of 3 or 4 the child was either not weaned or that the isotopic body pool had not
yet decreased after weaning was completed to then reflect the altered nutritional
intake.

The adult male from Mirocin with the lowest isotopic values in the discussed
CWC sites had §"*C and §"N values lowered by 0.4%o and 1.9%o respectively in
comparison to the average results in adults from these sites. This indicates that the
man probably had a more plant-based diet [Szczepanek et al. 2018].

Fig. 3 takes into account the results of strontium isotope analysis (¥’Sr/*¢Sr),
which facilitates provenance estimation [Szczepanek et al. 2018; Belka et al.
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Fig. 3. Plot of §°C and §"N values for CWC humans from the Subcarpathian region

2018]. Amongst the sample from the Subcarpathian region, 10 individuals are of
non-local origin.

The statistical analysis of the data from the Subcarpathian region provides
strong evidence (p = 0.013) of variance in §"°N levels between Swie;te (mean value
11.4%o, SD = 0.5) and other sites in the region (mean value = 10.8, SD = 0.6). No
difference in §°C was identified (Fig. 3).

The next step in the analysis of data was the investigation of sex-related dif-
ferences in the Subcarpathian region. Among the adult individuals, a grouping of
males is standing out (Fig. 4). Given the non-normal distribution of the carbon
and nitrogen data, the Mann-Whitney test was performed, concluding that the §'°N
values in males are significantly higher than in females from the analysed area
(p=0.045). There is no observed distinction in §°C values.

Constraining this analysis was the inability to sex 3 of the adult individuals,
which to a smaller sample may have unfairly biased the results. Nevertheless, the
individuals sampled from the Subcarpathian region sites, identifying as males,
are likely to have subsisted on a slightly different diet than the collective ‘other’.



236

14.5
135 +
125 +
] A Males
i a
= 1 (]
-4 1 A @Females
= 11.5 ] AAA A
Z A on
-} B Sex unknown
- A n (adults only)
105 + L [ ] L
95 + A
8-5 1 1 1 1 : 1 1 1 1 : 1 1 1 1 : 1 1 1 1 I 1 1 1 1 I 1 1 1 1
-21.5 -21 -20.5 -20 -19.5 -19 -18.5
513C VPDB (%)

Fig. 4. Plot of §*C and §"N values for CWC adult individuals from the Subcarpathian region

It is difficult to provide a palaeodietary interpretation of the results and ex-
planation for the dietary differences in the two analytical comparisons presented
above: ‘Sites in Swiete vs. sites in the Rzeszéw Foothills’, and ‘Males vs. Females’.
In both couplings, only the differences in §"°N levels could be confirmed as statis-
tically significant. The elevated §"°N values, with only a slight decrease in §"°C,
might be interpreted as a possible evidence for riverine fish consumption. The §"*C
values of freshwater fish are often lower than in terrestrial animals, while the §°N
levels tend to be fairly high due to the length of the trophic chain in riverine and
lake ecosystems [Hesslein 1991; Katzenberg 1989]. However, it is not possible to
confirm this hypothesis without establishing a local baseline using contemporary
faunal material, ideally from the same sites. There were no fish bones recovered
from the sites in Swiete, although absence of evidence is not evidence of absence;
particularly so on prehistoric sites where very small animal bones may not have
survived.
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4. DIET OF THE CORDED WARE CULTURE COMMUNITIES FROM
THE RZESZOW FOOTHILLS COMPARED TO THE FINAL
ENEOLITHIC AND EARLY BRONZE AGE SOCIETIES

IN MODERN-DAY UKRAINE

Grave goods from the CWC sites in the Lower San Valley/Rzeszéw Foothills
indicate influences from Final Eneolithic Ukraine [Kosko, Wtodarczak 2018]. One
notable example comes from Swiete 11, where a round-bottom vessel was recov-
ered from the layer immediately above grave 1149A. Its style is believed to derive
from the Early Bronze Age Pontic cultures [Kosko er al. 2018]. Given the possible
cultural association between the sites in the Subcarpathian region and modern-day
Ukraine, the isotopic results from the analysed area were compared with the §"*C
and 8"N values from the Late Eneolithic Tripolye culture (Gordinesti group) and
three Early Bronze cultures: the Yamnaya culture, the Catacombnaya culture and
the Babyno culture. These cultures altogether were grouped to form the Yampil
Barrow Complex (YBC; Fig. 5). The original analysis of the YBC material had
been conducted in the course of the Yampil Investigation Programme in 2011-2016
[Goslar et al. 2014, 2015, 2017].

The comparison of the individuals sampled at the CWC sites in the Subcar-
pathian region and the people from YBC sites in modern-day Ukraine reveals the
most striking divergence so far (Fig. 5). Independent sample t-tests provided very
strong evidence for statistical differences in both §"*C and §'*N values (p<0.001).
In the CWC individuals, the mean §"C was -20.0%o0 (SD=0.2), while the YBC
measured -18.7%o (SD=0.5). The mean §"°N levels at the CWC and YBC sites were
11.2%0 (SD=0.7) and 9.9%o0 (SD=1.1) respectively. The CWC data is much more
clustered than the YBC results, indicating smaller intrapopulational variation in
diet in the Subcarpathian region.

It is very probable that the diet of the sampled individuals involved different
subsistence strategies, although environmental factors cannot be excluded. Inter-
pretation of the results is limited by the scarcity of environmental data, particularly
faunal remains that could help establish the local baseline. While in the Rzeszow
Foothills there were three animal samples analysed from Dobkowice, the YBC
dataset did not include any faunal remains.

There are a few possible explanations for the isotopic differences between the
two groups, the most plausible hypothesis being an increased share of C4 plants
in the diet of the YBC individuals compared to the Subcarpathian region sample.
Millet (Panicum mileaceum) was probably included in the diet of the forest-steppe
communities as early as 5000 BC, having spread into the Eurasian steppe from
China [Murray, Schoeninger 1988; Svyatko et al. 2013]. Although some sources
suggest millet only became a staple crop in the Northern Pontic area of modern
Ukraine in the Late Eneolithic and Early Bronze Age c¢. 3300-2800 BC [Goslar
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Fig. 5. Plotof §”C and §"N values for CWC humans from the Subcarpathian region and the Late
Eneolithic and the Early Bronze Age groups from Ukraine (Yampil region)

et al. 2018], the C4 signals are not very strong in human isotopic values before 800
AD. Until this point millet was mainly used as animal feed [Murray, Schoeninger
1988; Bonsall et al. 2004]. Notably, at the discussed YBC sites there is archaeo-
botanical evidence for millet gathered from the funerary contexts [Goslar et al.
2018], which is further supported by crop impressions identified on Yampil pottery
on the Lower Dniester steppe, believed to be of millet [Goslar et al. 2018, after
Kuzminova 1990: 261].

The YBC human isotopic values of §"C, ranging from -19.5%oc to -17.9%o,
are relatively low for a C4 or a mixed C3 and C4 plant diet. The §"*C values of
C3 plants are between -35%o and -20%e, and from -14%o to -9%oc for C4 plants
[Katzenberg 2000]. However, there seems to be a C4 component in the diet, as the
YBC results are higher than in the Subcarpathian region sample that represents
a typical moderate climate C3-based diet with an animal protein contribution. The
authors of the initial study suggested that the §*C values may have been lowered
as a result of consuming animal protein derived from terrestrial animals which
subsisted on a C3 plant-based diet, as well as freshwater fish [Goslar et al. 2018].
This explanation is not convincing for all individuals, as the fairly low §'°N val-
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ues (mean=9.9, SD=1.1) do not support the riverine fish consumption argument.
Moreover, as already mentioned, previous research suggests that millet probably
was not consumed in Europe by humans until the first millennium AD, but instead
was fed to the animals. If millet appeared in the trophic chain of the individuals
from the YBC sites, it is plausible that the C4 signal was transferred to humans
from the animals which consumed some millet in the first place. In this way it
may have caused a slight increase in the §'3C values and a statistically significant
difference between YBC and CWC individuals. As discussed above, the individ-
uals from the Subcarpathian region were in fact more probable to have consumed
riverine fish, as such intake would justify their elevated §"*N and lower §!*C values.

In addition to the dietary regimes, it is possible that environmental and climatic
factors contributed to the differences between the two compared groups. The dis-
tance between the Lower San Valley/Rzeszéw Foothills in Poland and Yampil in
Ukraine is about 500 km, but the two regions have their own distinct climatic con-
ditions. Unlike the Subcarpathian region, the analysed YBC has a temperate conti-
nental climate with steppe vegetation [Bednarek, Jankowski 2014]. Plants growing
in a forest environment often exhibit lower §°C values than of those growing in
open spaces [Drucker et al. 2008, Reitsema et al. 2013]. Such environmental var-
iation may have contributed to the differences in human isotopic values from both
regions, however, further assessment requires local baseline data.

5. CONCLUSIONS

Isotopic analysis of 6"*C and §"°N in bone collagen samples from the CWC
sites in the Subcarpathian region, south-east Poland, enabled a long-term palae-
odietary reconstruction, which indicated a moderate climate terrestrial diet based
on C3 plants and animal protein, with possible riverine resources consumptions.

The analysis concluded that the identified male individuals from Swigte dis-
played §*C values significantly lower than the remaining individuals, but no statis-
tically significant difference in the §'5N values, although with p=0.088, this sample
was on the borderline of statistical significance. The distinct isotopic values in
males from Swiete may have been caused by a relatively larger consumption of
freshwater fish.

The data from Swicte was then compared to isotopic results from other CWC
sites in the region of the Rzeszé6w Foothills. With the average of 11.4%o (SD=0.5),
the §"°N values are higher than at other sites in the region. A similar difference
in 8N values was noted between males and females, with the male diet possibly
having a more significant riverine component than the female diet.
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The strongest differences were noted between the CWC sites in the Subcar-
pathian region and the YBC sites in modern-day Ukraine. The individuals from the
Late Eneolithic and Early Bronze Age YBC sites had higher §'*C values, which are
interpreted as a C4 plant signal derived from animals consuming some amount of
millet. However, environmental data to confirm it is scarce, and the local baseline
has not be established. By comparison, the individuals from the Subcarpathian
region seem very unlikely to have consumed millet or animals that were fed on C4
plants. It is also possible that environmental factors contributed to the differences
in 8"C values [van Klinken et al. 2002]. The higher §°N values may have been
caused by consumption of riverine fish from the River San.

It is most desirable to interpret the stable isotope analysis results in the con-
text of a local baseline, established using contemporary faunal assemblages and
archaeobotanical data, ideally from the same sites. For the dietary reconstruction
of the individuals from Swiete, a faunal dataset from the Early Bronze Age Mie-
rzanowice culture sites in Dobkowice nearby was used. It did not include any fish
bone. Recommendations for future research include identifying suitable material
that may allow confirmation that the riverine fish constituted a significant contri-
bution to the diet of the individuals from Swiete and sites in the Rzeszéw Foothills.

seskeoskoskosk

Stable light isotope analysis conducted as a part of the research projects:
National Science Centre in Poland (NCN), projects numbers: 2015/19/B/
HS3/02149 and 2016/20/S/HS3/00307.

Authored in English by Karolina Werens
Editing by Leo Sucharyna Thomas
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