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AbsTRACT: Libkovice is a village in the northwestern Czech Republic that was demolished at the end of the 
last century due to the expansion of a nearby mine. The former church cemetery has been a subject to 
bioarchaeological excavation and research, where some 850 burials from the 13th to the 19th Century have 
been discovered so far. With the application of stable isotope analysis, it has also been possible to uncover 
the dietary patterns of this exemplary rural Central European community, which was the aim of this study. 

The materials analysed here consist of samples from long bones of 56 burials and 18 animal bones 
discovered in Libkovice during the 2019/21 excavations. It has been employed stable carbon (δ13C) isotope 
analysis to determine the average contributions of foods derived from the C3 plants. 

Statistically significant differences were found between the analyzed fauna and human samples for 
nitrogen (F=47.4 p<0.05) and carbon (F=19.18 p<0.05). There were no statistically significant differences 
in the analyzed animal and human samples between the specify centuries. When considering the ages of 
various human individuals, the results indicated statistically significant differences in nitrogen isotopes 
(F= 7.71 p<0.05) between children from the infants I group and older children together with adults from 
the Middle Ages, as well as between children from the infants I group and adults (F= 3.3, p<0.05) from 
the modern times. The proportion of food from C3 plants that made up the diets of the studied population 
was on average 89%, and the potential proportion of freshwater fish in the diet could be higher than 80%. 

The similarity between the chronologically diverse groups may indicate similar strategies for food 
acquisition. The results obtained for the population of Libkovice are very similar to the diets of the 
populations living in Central Europe broadly during the two periods.
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Introduction

Libkovice (Ustecki Region, Most District) 
was a village in northwestern Czech Repub-
lic, which was occupied for approximately 
800 years until the late 20th Century (Fig. 1).

At the end of the 20th Century, due to 
plans to expand a nearby open-pit lignite 
mine, the inhabitants of Libkovice were 
resettled, and the village was razed. 

Fig. 1. Libkovice, Ustecky District: A – location of the village (red dot and caption) on the map of North-
West Bohemia (source: mapy.cz), B – 19th century drawing of the St. Nicholas church (by Vařeka 2020), 
C – location of the village (red circle) on Petri’s map from 1764 (by Kučera 2022) 

http://mapy.cz/
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The town’s abandonment has created 
an opportunity for scholars to carry out 
a  multi-faceted archaeological study 
of the entire area of the medieval and 
modern village, a  region that until the 
19th Century had a  rural population 
(Biel 2021). Archaeological research 
carried out from 1995–1996 demon-
strated that the central element of the 
layout of Libkovice was St. Nicholas 
Church since its foundation in the 13th 
Century (Vařeka 2020). Until around 
the mid-19th Century, there was a cem-
etery around the church, which was the 
burial place of successive generations 
of villagers. Comprehensive archaeo-
logical and anthropological research of 
this cemetery began in 2019, lasting 
until the end of 2022, which led to the 
discovery of over 850 burials in various 
states of preservation (Fig. 1). This re-
search aimed to learn about funerary 
customs and changes in the manage-
ment of the cemetery space throughout 
its use-life, as well as to learn about the 
biology, health, and demographics of 
the community buried there. Although 
the field research is ongoing, some pre-
liminary results have already been pub-
lished (e.g., pathology [Kwiatkowska 
et al. 2021]).

Isotopic studies are widely applied in 
biological anthropology and bioarchae-
ology and are applied broadly to various 
chronological periods. Isotopic analyses 
in anthropology are performed to study 
nutritional strategies of populations liv-
ing in different historical periods, to re-
construct the process of weaning, or to 
describe migration phenomena.

Of particular use here, isotopic anal-
ysis can provide us with a direct insight 
into an individual’s diet is possible 
(Schoeninger 2011), as the isotopic sig-
nature of the consumed food is reflect-

ed in predictable ways in the isotopic 
ratios in the body’s tissues (Pate 1994; 
Schwarcz and Schoeninger 2012). Stable 
isotope analyses of human remains have 
been applied to a  variety of cases with 
variable time depths. These include, but 
are not limited to, studies on the diet 
of Neanderthals (Richards and Trinkaus 
2009), prehistoric hunter-gatherer pop-
ulations (Pate 1998; Katzenberg et  al. 
2010), and Neolithic populations (Pear-
son et  al. 2015), medieval populations 
(Reitsema et  al. 2010; Tomczyk et  al. 
2021); and modern populations (Lamb 
et al. 2014; MacKinnon 2015; Tomczyk 
et al. 2020). 

Based on previously published stud-
ies on the variability of the carbon iso-
topic ratios (δ13C), depending on which 
photosynthetic pathway is dominant 
in plants (Smith and Epstein 1971; 
van der Merwe and Vogel 1978), it is 
possible to determine the contribut-
ing proportions of C3 and C4 pathway 
plants in the diet based on the value of 
δ13C bone collagen (e.g., Schwarcz and 
Schoeninger 1991).

The values of stable nitrogen iso-
topes (δ15N), on the other hand, demon-
strate variation depending on the troph-
ic level, which makes it possible to study 
the proportion of proteins of marine 
origin in the diet (Schoeninger et  al. 
1983; Choy and Richards 2009). The 
higher the trophic level, the greater the 
δ15N differences among animal species. 
By comparing human nitrogen isotop-
ic values with those of local herbivores 
(e.g., domesticated cattle), carnivores  
(e.g., dogs), or other omnivores (e.g., 
pigs), it is possible to determine the 
sources of protein in the human individ-
uals’ (Richards and Trinkaus 2009).

As such, this study aimed to recon-
struct the diets and food preferences (e.g., 

https://archeologia.com.pl/wies-majaca-800-lat-wkrotce-zniknie-przez-kopalnie-wegla-brunatnego/Biel
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% proportion of animal protein, C3 vs. 
C4 diet, and proportion of freshwater 
fish) of people buried in the Libkovice 
cemetery.

Material and Methods

Samples from long bones of 56 human 
skeletons (38 children and 18 female 
adults- selected randomly) discovered in 
the cemetery of the St. Nicholas Church 
in Libkovice (district Most, Czech Re-
public) were obtained for the study. The 
subjects were assigned to six age catego-
ries: 1) infans I (aged 0 to 7 years), 2) in-
fans II (aged 7 to 12–14 years), 3) juvenis 
(aged 12–14 to 20–22 years), 4) adultus 
(aged 20–22 to 30–35 years), 5) matures 
(aged 30–35 to 50–55 years) and 6) se-
nilis (over 55) (Malinowski and Strzałko 
1989).

To build a  local baseline, animal re-
mains, including bone fragments from 
18 domesticated animals (cattle, pig), 
from the same site were also analyzed. 
Both human and animal bones came 
from two historical periods, the Middle 
Ages (13th–15th Century) and modern 
times (16th–19th Century) (Tab. 1).

Isolation of collagen 
and measurement of stable 

isotopes

Bone collagen was isolated from cortical 
bone fragments using Bocherens’ proto-
col (1997). Isotopic measurements were 
performed using a Costech ECS 4010 el-
emental analyzer coupled via a Thermo 
Scientific Conflo IV to a continuous flow 
Thermo Scientific Delta V Advantage 
mass spectrometer at the Scottish Uni-
versities Environmental Research Center 
(SUERC). The values of the isotopic 
composition of nitrogen and carbon were 

expressed in delta notation (δ15N, δ13C). 
The international laboratory standards 
used in the analyses were atmospher-
ic nitrogen (AIR) and PeeDeeBelemnite 
(PDB).

Evaluation of diagenetic changes 
in collagen

To obtain reliable results from isotopic 
analyses, the C/N ratio was determined 
(DeNiro 1985; Ambrose and Norr 1993) 
and checked to ensure that it was with-
in the acceptable range of 2.9 to 3.6 (van 
Klinken 1999). In addition, the percentage 
of carbon and nitrogen in collagen was de-
termined for each sample. Acceptable val-
ues of these parameters were a minimum 
of 25% carbon and a  minimum of 10% 
nitrogen in collagen (Ambrose 1990; Pate 
1997; Van Klinken 1999; Pate et al. 2016).

Paleodiet reconstruction
A linear mixing model based on carbon iso-
topic values was used to determine the aver-
age proportion of foodstuffs from C3 plants 
(Dewar and Pfeiffer 2010; Pate et al. 2016). 
Experimental values from the populations 
from Miechow (southern Poland) were in-
corporated into the model (Mnich et  al. 
2020). As a  result, no isotopic correction 
was necessary. Mixing models proposed by 
Hedges and Reynard (2007) and Fraser et al. 
(2013) were used to reconstruct the percent-
age of animal protein in the diet. Isotopic 
enrichment between the different trophic 
levels described by contemporary models 
should lie in the range of 3‰ – 5‰ (De-
Niro and Epstein 1981; Sponheimer et al. 
2003; Robbins et al. 2005). In this study, the 
differences between the individual trophic 
levels were assumed to be 4‰, which is 
a result consistent with the literature (De-
Niro and Epstein 1981; Sponheimer et al. 
2003; Robbins et al. 2005).
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Statistical methods
Statistical analyses were performed us-
ing Statgraphics Centurion 18 software. 
These analyses included cluster analy-
sis using Ward’s method, linear models 
reconstructing the percentage of animal 
protein in the diet, and the proportion 
of C3 vs C4 plant food products, as well 
as the parametric ANOVA test. All tests 
were performed assuming a  95% confi-
dence level.

Results

The values obtained for the samples’ colla-
gen C/N ratio were in the range of 3.1–3.4 
(mean 3.25) and did not exceed the limit 
of the norm for diagenetically unchanged 
samples (2.9–3.6). The percentage of car-
bon in all samples was over 41% and nitro-
gen was over 14%. Therefore, all analyzed 
samples of human and animal bone colla-
gen were not diagenetically altered and pre-
sented reliable data (Tab. 1, Fig. 2).

Table 1. Human and animal skeletal material from Libkovice site subjected to carbon and nitrogen isotope 
analysis (δ15N nitrogen isotope result, δ¹³C – carbon isotope result, %N – percentage of nitrogen in the 
sample, %C – percentage of carbon in the sample, CNMolar – diagenesis index; C/N – ratio values of 
collagen in the sample

Sample 
ID

Sample 
Type Age/Species Gender Dating δ15N δ¹³C %N %C CN

Molar

1013a femur/
humerus

Infans I  
(18 months)    13-15th century 15,1 -19,8 14,9 43,4 3,4

1013b femur/
humerus 3-4 years    13-15th century 12,9 -20,2 14,9 42,9 3,4

1049 femur Infans I  
(5-6 months)    13-15th century 14,4 -19,8 14,6 41,4 3,3

1087 femur 5-6 years    13-15th century 12,9 -19,9 14,0 40,0 3,3

1089 tibia 4 years    13-15th century 13,3 -19,8 14,6 42,1 3,4

1093 femur 9-10 years   13-15th century 13,8 -19,8 14,7 41,8 3,3

1117 ulna 5-6 years    13-15th century 13,4 -19,6 14,6 41,6 3,3

1163 femur Infans I  
(18-24 months)    13-15th century 14,5 -19,9 14,7 43,1 3,4

1191 femur/
humerus

Infans I  
((24 months)    13-15th century 14,6 -20,1 14,9 42,8 3,4

1193 femur 10-12 years    13-15th century 13,8 -19,5 14,4 41,7 3,4

1259 femur 10-11 years    13-15th century 12,4 -20,2 15,0 42,5 3,3

1299 femur (Infans I) 
0-12 months    13-15th century 16,0 -19,5 14,5 41,0 3,3

1307 femur 6-7 years    13-15th century 13,1 -19,3 15,0 41,4 3,2

1309 femur 8-9 years M  13-15th century 12,9 -19,9 14,5 40,6 3,3

1343 femur Infans I  
(7-12 months)    13-15th century 15,6 -19,6 15,2 43,8 3,4
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Sample 
ID

Sample 
Type Age/Species Gender Dating δ15N δ¹³C %N %C CN

Molar

1349 femur Infans I  
(0-1 months)    13-15th century 14,6 -19,1 15,3 43,2 3,3

1353 femur Infans I  
(6 months)    13-15th century 12,0 -19,9 15,3 42,6 3,2

1369 tibia 13-14 years M  13-15th century 11,1 -19,2 15,3 43,2 3,3

1371 femur 12-13 years    13-15th century 11,4 -19,8 15,1 42,7 3,3

1379 femur 7-8 years    13-15th century 13,3 -20,2 15,5 43,1 3,2

1179 clavicle Maturus F  13-15th century 11,4 -20,2 15,7 42,3 3,1

1401 tooth Adultus F  13-15th century 10,6 -19,5 15,7 42,2 3,1

1493 humerus Maturus F  13-15th century 13,1 -19,3 15,8 42,3 3,1

1553 fibula Maturus F  13-15th century 12,4 -20,0 15,6 43,1 3,2

1561 clavicle Maturus F  13-15th century 11,8 -20,0 15,7 42,2 3,1

1563 humerus Adultus F  13-15th century 12,0 -20,0 15,5 42,6 3,2

1579 ulna Maturus F  13-15th century 12,2 -20,0 16,0 42,2 3,1

1593 femur Maturus F  13-15th century 13,6 -19,7 15,4 42,9 3,3

1601 femur Adultus F  13-15th century 13,7 -19,3 15,3 42,1 3,2

1107 femur Infans I/ Infans II   16-19 century 9,0 -20,6 14,0 40,8 3,4

1051 femur 0-3 months   16-19 century 12,6 -19,8 14,9 43,2 3,4

1025 femur 4-5 years   16-19 century 12,2 -20,0 14,4 40,9 3,3

1139 femur Infans   16-19 century 15,5 -19,1 15,6 43,7 3,3

1145 tibia 9-10 years   16-19 century 11,3 -20,1 14,1 39,7 3,3

1189 femur 14-15 years   16-19 century 13,6 -19,6 14,0 40,7 3,4

1219 humerus Juvenis   16-19 century 11,7 -19,8 14,0 40,7 3,4

1237a humerus 8-9 years   16-19 century 13,4 -19,7 14,2 40,4 3,3

1237b femur 7-8 years   16-19 century 13,3 -19,7 14,3 40,7 3,3

1247 femur 11-12 years   16-19 century 12,0 -19,4 14,1 40,4 3,3

1301 femur 2-3 years   16-19 century 14,1 -19,6 15,4 43,3 3,3

1315 femur 3,5-4,5 years   16-19 century 12,6 -20,1 14,6 42,3 3,4

1329 humerus 8-9 years   16-19 century 12,8 -20,3 15,1 42,4 3,3

1391 femur 13-14 years   16-19 century 12,8 -19,8 15,2 43,0 3,3

1393 humerus 6-8 months   16-19 century 15,7 -19,6 15,4 43,6 3,3

1405 femur Infans II   16-19 century 13,9 -20,0 14,7 41,0 3,3

1411 femur Infans II/Juvenis   16-19 century 12,0 -19,8 15,7 43,7 3,2

1443 femur Juvenis   16-19 century 14,1 -19,8 15,2 42,4 3,3

1069 humerus Adultus F 16-19 century 12,7 -19,7 15,7 42,8 3,2

1101 ulna Adultus F 16-19 century 12,4 -19,7 15,3 43,7 3,3



The diet of the human groups buried in a late- and post-Medieval rural parish cemetery...31

Sample 
ID

Sample 
Type Age/Species Gender Dating δ15N δ¹³C %N %C CN

Molar

1169 ulna Maturus F 16-19 century 13,4 -19,8 14,6 40,3 3,2

1197 ulna Adultus F 16-19 century 12,0 -20,1 13,6 38,5 3,3

1227 femur Adultus F 16-19 century 11,8 -19,7 15,2 42,6 3,3

1243 radius Adultus F 16-19 century 10,8 -20,2 15,6 41,7 3,1

1317 humerus Adultus F 16-19 century 12,1 -19,9 15,4 41,6 3,2

1383 ulna Adultus F 16-19 century 10,5 -20,0 15,2 41,9 3,2

1395 ulna Adultus F 16-19 century 13,1 -19,8 15,5 42,7 3,2

Q07 mandible/
tooth Pig   16-19 century 9,5 -21,1 15,7 41,7 3,1

Q18 mandible/
tooth Bovines   16-19 century 7,8 -20,8 13,9 38,6 3,2

Q27 tooth Bovines   16-19 century 8,4 -21,4 15,0 40,1 3,1

Q29 mandible Pig   16-19 century 6,1 -20,7 13,8 37,7 3,2

Q30 long bone Bovines    13-15th century 7,1 -20,9 14,9 39,9 3,1

Q32 tooth Bovines    13-15th century 9,2 -21,1 15,2 42,0 3,2

Q33 long bone Bovines    13-15th century 6,3 -20,9 14,9 39,9 3,1

Q39 mandible Pig    13-15th century 8,0 -20,0 14,5 39,8 3,2

Q40/41 tooth Bovines    13-15th century 7,3 -20,9 15,5 42,3 3,2

Q47/56 long bone Bovines    13-15th century 7,7 -20,2 14,8 41,2 3,2

Q48/57 tooth Bovines    13-15th century 7,8 -20,5 15,5 41,8 3,1

Q66 tooth Bovines    13-15th century 7,1 -20,1 15,2 40,7 3,1

Fig. 2. Values of the diagenetic index C/N of all analysed bone samples. The black line shows the limit for 
post-mortem non-diagenetic samples (C/N=3.6) (The row number – the number of the next sample)
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Reconstruction of diet
A comparison was made between carbon 
and nitrogen isotopic values obtained for 
human and animal samples from the 
two analyzed periods (the Middle Ages 
and modern times). The mean value 
of δ15N for all human samples (with-
out distinguishing the individuals by 
their ages) from the Middle Ages was 
13.17‰ (SD=1.34), and in the case of 
modern samples, the mean was 12.53‰ 

(SD=1.52). The results obtained for an-
imal samples in both periods were, re-
spectively, 7.56‰ (SD=0.85) and 7.43 
(SD= 1.19) (Fig. 3).

For carbon isotopes, the mean value 
of δ¹³C for medieval human samples was 
-19.76‰ (SD=0.32), and for modern 
times samples -19.88‰ (SD=0.37). The 
results for animal samples were -20.57‰ 
(SD=0.43) and 20.97‰ (SD=0.38), re-
spectively (Fig. 4).

Fig. 3. Variation of nitrogen isotope levels in humans and animals in Libkovice (delta N – nitrogen isotope ratio)

Fig. 4. Variation of carbon isotope levels in humans and animals in Libkovice (delta C – carbon isotope ratio)
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Both nitrogen and carbon isotopes 
showed statistically significant dif-
ferences between the analyzed fauna 
and human samples. For nitrogen it 
was F=47.4; p<0.05, and for carbon 
F=19.18; p<0.05. There were no statis-
tically significant differences between the 
study periods, both for the analyzed ani-
mals and humans.

The diversity of trophic networks was 
analyzed via cluster analysis based on 
Ward’s model (Fig. 5). The human sam-
ples formed a homogeneous cluster within 
which all individuals from medieval and 
modern times fit. The second cluster was 
formed by animal bones that differed in ni-
trogen and carbon levels. In the case of ni-
trogen isotopes, the differences were more 
than 4‰, indicating a trophic level shift.

At the border of the clusters was one 
individual (individual no. 4) from the 
infants I/II group who died in modern 
times. Such low values of both nitrogen 

and carbon isotopes suggest a complete-
ly different diet compared to the other 
individuals, that is, their diet included 
a lower proportion of proteins of animal 
origin.

The results of the isotopic analyses of 
samples from the Middle Ages, consider-
ing the age distribution, indicate statisti-
cally significant differences for nitrogen 
isotopes (F= 7.71 p<0.05) (Fig. 6). 

They occur between the infants 
I group and older children together with 
adults. For the individuals from modern 
times, statistically significant differenc-
es were observed between infants I  and 
adults (F=3.31, p<0.05). 

The observed differences may indi-
cate the effect of breastfeeding, which 
analyzes will be presented later in the 
other study. There were no statistically 
significant differences in carbon isotopes 
considering the age of individuals in the 
two historical periods analyzed.

Fig. 5. Isotopic diversity of human and animal samples analysed. Cluster 1 – human specimens, cluster 
2 – animal specimens
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Fig. 6. Variation of nitrogen isotope levels in human samples from the Middle Ages by age in Libkovice. 
1 – infans I; 2 – infans II; 3 – adults

The isotopic data obtained from the 
animal collagen samples do not differ from 
known isotope levels in medieval land an-
imals from Poland (Reitsema et al. 2013; 
Krajewska 2015; Reitsema et  al. 2017; 
Tomczyk et al. 2020). Isotopic values of car-
bon and nitrogen from the studied animal 
samples were typical for herbivores eating 
C3 plants (Polet and Katzenberg 2003).

C3 vs. C4 diets
To estimate the proportion of nutrients 
characteristic of the C3 photosynthetic 
pathway compared to products of C4 or-
igin, a detailed analysis of isotopic vari-

ation was used based on the model pro-
posed by Dewar and Pfeiffer (2010).

Considering the high probability of 
consumption of C4 products by individ-
uals analyzed from the historical periods, 
a  model was applied to the products of 
the C3 vs. C4 photosynthetic pathways 
(Pospieszny et  al. 2020; Monk et  al. 
2020). Data from Mnich and colleagues 
were used to determine the carbon iso-
topic values within C4 plants (2020). 
The reconstruction was based only on 
adult bone samples due to the potential 
impact of breastfeeding on children and 
juveniles (Table 2).

Table 2. Estimated proportion of C3 food in the diet of studied adults (females) representing the medieval 
and modern periods from Libkovice based on stable carbon isotope data

  Isotopic data

Lower limit -21,4‰ (C3- based terrestrial diet, 
experimental data for cattle)

Upper limit -7,4 ‰ (C4- based terrestrial diet ex-
perimental data lead out from millet. Mnich et al. 

2020)

Sample n mean δ13C 
(‰) range (‰) mean C3 vs. C4-based plant  

and animal component (%) Range C3 (%)

13-15th century 9 -19,8 -20,2; -19,3 88,4 C3 vs. 8,6 C4 91,4 – 85,0

16-19th century 9 -19,9 -20,2; -19,7 89,2 C3 vs. 10,8 C4 91,4 – 87,9
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The analysis showed that within the 
study group, the proportion of C3 food 
was dominant, averaging 89%. In addi-
tion, the low inter-individual variability 
indicates that both the groups represent-
ing the Middle Ages and the modern 
times probably consumed food of similar 
quality with respect to the carbon iso-
topes studied. The results show that, with 
a high probability, the studied individuals 
were a socially homogeneous group which 
predominantly consumed food made from 
the C3 plants, regardless of the historical 
period in which they lived.

The proportion of animal protein in 
the diet in the light of the models

We propose two scenarios to verify the 
percentage of animal protein in the di-
ets of the individuals studied, taking 
advantage of the fact that the δ15N val-
ue increases by 4‰ on average with 
each successive trophic level (Minaga-
wa and Wada 1984; Schoeninger and 
DeNiro 1984; Sealy et  al. 1987; Fraser 
et al. 2013). In the first model, a 100% 
plant-based diet was represented by the 
mean value obtained for herbivores. 
In this case, the starting point was the 
mean ratio of nitrogen isotopes obtained 
for all animals analyzed (medieval cattle 
= 7.5‰, modern times cattle = 8,1‰). 
Due to the fractionation between tro-
phic levels (Δ plant-herbivorous fraction 
≈ fractionation 4‰), the predicted ni-
trogen level of vegetation consumed by 
herbivores was reconstructed, equaling 
3.5‰ for both periods studied.

 An animal-specific enrichment of 
+4‰ was also added to the δ15N value 
to determine the value of the endpoint 
δ15N for the linear model. The endpoint 
of the model for the Middle Ages was 
δ15N  =11.5‰, while for modern times 

was δ15N =12.1‰. The mean value of 
δ15N for the medieval group was 12.31‰, 
while that of the modern population was 
12.09‰.

The observed levels of δ15N in the in-
dividuals studied here exceeded the as-
sumed isotopic variability in herbivores 
(considering the 4‰ fractionation of iso-
topes) from Libkovice. The first scenario 
suggests that the fraction of animal pro-
tein in the diet of the medieval and mod-
ern groups probably came mostly from 
sources other than herbivore and omni-
vore meat. Similar results were obtained 
using the pig model. Therefore, a second 
scenario based on data from prehistoric 
freshwater fish was proposed, focusing on 
predatory freshwater fish such as North-
ern Pike (Esox Lucius) and Zander (Sander 
lucioperca) (Robson et  al. 2016). There-
fore, data from the work of Tomczyk and 
colleagues (2020b) were adopted as the 
endpoint. This point is the average of the 
literature data describing a potential diet 
consisting of 100% freshwater carnivo-
rous fish protein. This made it possible to 
conclude that the hypothetical, predicted 
value of nitrogen isotopes for people con-
suming only freshwater fish was more 
likely. This model showed that the po-
tential proportion of predatory freshwater 
fish in the diet could have been over 80%. 
Pike is a widely used supplementary fish 
in carp ponds. It allows higher production 
per hectare of pond and plays an impor-
tant role in clearing the pond of insects, 
larvae and tadpoles, as well as undesira-
ble species that come in with waters from 
natural reservoirs and compete with carp 
for food.

The observed similarity between the 
analyzed chronologically diverse groups 
is high, which may indicate similar food 
acquisition strategies despite the passage 
of multiple centuries. 
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Discussion

Population-based comparative analyzes 
were used to better understand the nu-
tritional strategies of the analyzed com-
munity of Libkovice. It is interesting to 
compare the studied group against se-
lected groups from the Middle Ages and 
modern times (Fig. 7).

The isotopic values of adults were 
compared with the 13C/12C and 15N/14N 
ratio data from several groups of modern 
animals from different ecosystems with 
different isotopic values (Fig. 7). A similar 
dispersion of the δ15N values was observed 
for individuals from the Middle Ages and 
the modern times. The isotopic shifts re-
corded in the human samples from Lib-
kovice (regardless of the period) against 
the results on animals from the same lo-
cation prove that for both periods studied, 
cattle and pig meat were a component of 
the diet of the inhabitants of the area. The 
fact that the nitrogen isotopic ratios of the 
inhabitants of Libkovice are relatively high 
suggests that the predatory freshwater fish 
were also an important component of the 
local diet. This data calls into question the 
source and availability of freshwater fish 
for the inhabitants of Libkovice. Since its 
founding, the village was run by the Cis-
tercian Order, located approx. 5 km north 
of the monastery in Osek (Vařeka 2020). 
Complexes of fishponds built in the late 
Middle Ages were part of the monastic 
property, the nearest of which was located 
3–4 km east of Libkovice, on the border 
with the village of Liptice (Liptiz). The 
ponds can be seen on archival plans, e.g., 
on the map of Saxony published in 1764 
by Issak Jacob von Petri (Kučera 2022). 

Special attention should be paid to two 
ponds located directly in the village, includ-
ed in the Ordonan Survey Map of 1842. 
The long tradition of small water reservoirs 

and a developed water management repre-
sented by mills in Libkovice is shown by 
a 1240 privilege issued by Slavko, abbot of 
the nearby Cistercian monastery in Osek 
and Prussian bishop (“villam Lubcowitz ... 
cum duobus molendinis ... Predictus vero 
Wazlaus curiam, ... piscinulam domi pre-
dicte ...” Friedrich and Kristen 1962).

The results of the isotopic analyses 
were plotted on a graph presenting data 
available for populations from Poland 
and other European countries from var-
ious periods (Fig. 7 and 8). The Medie-
val and modern populations of Libkovice 
were characterized by isotopic values 
most similar to the Polish population 
from Radom from the 16th–17th Centu-
ries and the 18th–19th Centuries (Fig. 7 
and 8). Similar values were also recorded 
in studies of a Medieval group of individ-
uals from the village of Kaldus (Fig. 7), in 
the Kuyavian-Pomeranian Voivodeship. 
The results obtained from Solt-Tételh-
egy in Hungary on a medieval population 
(mean value of δ13C for enamel – 11.1‰, 
for dentin – 17.4‰; mean value of bone 
apatite δ13C – 10‰, mean value of bone 
collagen δ13C – 17.1‰) also suggest that 
C3 plants were the predominant type 
consumed. 

The δ15N values of dentin and bone 
further indicated that animal protein con-
stituted a moderate part of the diet of the 
study group. Despite signs of status dif-
ferences indicated by burial location, the 
stable nitrogen isotope values suggest that 
individuals had relatively egalitarian access 
to animal protein (Gugora et al. 2018).

The similarity to the populations 
from Radom and Kaldus (Poland) can 
be attributed to the exploitation of pro-
tein resources from inland water reser-
voirs, such as rivers and lakes (Reitsema 
et  al. 2017; Tomczyk et  al. 2020). The 
monks arrived in nearby Osek (Osseg 
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in German) in 1197, and Libkovice was 
included in their estates (Vařeka 2020).

The inter-population comparison as 
well as the Cistercian fishponds in the 
vicinity of Libkovice, support the results 
of our isotopic analyses. The isotopic 
data obtained from the animal collagen 
samples do not differ from known isotop-
ic levels in Medieval land animals from 
Poland (Reitsema et  al. 2013; Krajewska 
2015; Reitsema et  al. 2017; Tomczyk 
et al. 2020). The carbon and nitrogen iso-
topic values of the animal samples tested 
were typical of C3 plant-eating animals 
(Polet and Katzenberg 2003). It should be 
emphasized that the state of preservation 

of the bone material was very good, and 
none of the analyzed samples exceeded 
critical diagenetic values. 

The assumptions regarding a diet en-
riched with protein derived from fish are 
confirmed by the model approaches pre-
sented in the literature (Schulting 2018). 
According to Schulting (2018), the typi-
cal composition of a diet containing a va-
riety of C3 and animal protein, derived 
mainly from land animals, is assumed 
for values of δ13C below -18‰ and δ15N 
below 12‰. In this study, the mean val-
ues obtained for nitrogen isotopes were 
higher, indicating the influence of protein 
from higher trophic levels.

Fig. 7. C and N isotopic proportions of individuals buried at the Libkovice site compared with the environ-
mental background of the site, isotopic ranges of different animal groups and chronologically similar 
populations
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Fig. 8. Carbon and nitrogen isotopic values of adults and children from the Libkovice site in comparison 
with other selected European populations

Conclusions

The results of analyzes of δ13C and δ15N 
stable isotopes obtained from skeletal re-
mains excavated from the St. Nicholas 
Church cemetery in Libkovice indicate 
that the proportions of the studied iso-
topes differentiate well between the troph-
ic networks characteristic of the analyzed 
historical fauna. The isotopic levels of the 
animals significantly differ from the hu-
man samples by more than 4‰.

The reconstruction of the diet in-
dicates a  general dominance of the C3 
plants in the diet, reaching up to 90%, 
with practically imperceptible differenc-
es between the studied periods (Middle 
Ages vs. modern times). In addition, the 

low inter-individual variability indicates 
that individuals representing both his-
torical periods consumed food of similar 
quality, with respect to the carbon iso-
topes studied.

Based on the results, it can be con-
cluded with high confidence that the 
individuals studied were a  socially ho-
mogenous group and predominantly 
consumed foods from C3 plants, with 
a small proportion of higher carbon iso-
tope products (e.g., sugar from sugar-
cane, millet, etc.). It is unlikely that they 
consumed the meat of animals feeding 
on C4 plants, such as millet, for exam-
ple, since the animals’ δ13C values are too 
low, thus excluding feeding on C4 plants. 
The variation in the percentage of the 
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C3 food components indicates that the 
populations’ diets were similar over the 
periods under study.

The reconstruction of the percentage 
of animal protein in the diet showed that 
by using a model that included the con-
sumption of freshwater fish, the propor-
tion of the diet based on protein derived 
from aquatic organisms could have been 
high and reached over 80%. Certainly, 
however, the remaining protein was ob-
tained from herbivores/omnivores feed-
ing on C3 plants. Significant similarities 
were observed between the analyzed, 
chronologically diverse groups, which 
may indicate that these populations 
maintained their food acquisition strat-
egies and culinary practices, despite the 
passage of centuries, as verified by com-
parative population analyses.

The dispersion of δ15N values in indi-
viduals from the Middle Ages is similar 
to the values obtained for samples from 
the modern periods. In contrast, the iso-
topic shifts recorded in human samples 
from Libkovice, concerning the animal 
background data, prove that animal pro-
tein from cattle and pigs was one of the 
components, albeit a minor component, 
of the diet during the Middle Ages and 
modern times. Moreover, the nitrogen 
isotopic ratios of those buried in Libkov-
ice were relatively high and demonstrat-
ed values about 3‰ above the ranges 
characteristic of predatory freshwater 
fish, which shows that predatory fresh-
water fish were an important component 
of the diet, in addition to terrestrial ani-
mal protein.

This research will be expanded in the 
future by broadening the source data-
base by analyzing further samples from 
the cemetery at the St. Nicholas Church 
in Libkovice, as well as human remains 
from an early Medieval cemetery and 

a  cemetery from the 19th–20th Century, 
both of which are located in the vicini-
ty of Libkovice but are not yet excavated. 
Ultimately, this will allow us to verify 
the presented research results and paint 
a more complete picture of foodways in 
this region over time. Eventually, we aim 
to conduct archaeobotanical and zooar-
chaeological analyses to supplement the 
isotopic data, which will make it possible 
to obtain a full reconstruction of the diet 
and food production in the Central Eu-
ropean rural community from Libkovice.
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