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Introduction

The foods that we eat and the people with whom we share 
them are a means by which our social identity is expressed. 
This, coupled with the relative visibility of food consump-
tion in the archaeological record, has meant that the diets 
of prehistoric peoples have enjoyed a prominent role in 
archaeological discourse. It is only recently, however, that 
the discipline has started to pay attention specifically to 
the diets of children (e.g. Eerkens et al. 2011; Howcroft 
et al. 2012; Prowse et al. 2008; Redfern et al. 2012; Sch-
urr and Powell 2005; Waters-Rist et al. 2011; Wright and 
Schwarcz 1999). Childhood is a social identity in itself and 
the childhood diet is, thus, subject to its own social mores. 
Perceived differences in taste or nutritional requirements 
between adults and children may have lead, for example, to 
foods being either deliberately included or excluded from 
the childhood diet (James et al. 2009). On the other hand, 
childhood is the time when children acquire knowledge 
about the cultural norms of the society in which they live 
and develop their eventual adult identities (Baxter 2005, 
27-37). The diets of children are, thus, also influenced by 
the social position that they are expected to have in adult-
hood. Study of childhood diet in prehistory can, therefore, 
be informative both about the nature of childhood itself as 
well as about ways in which social structures were created, 
negotiated, and reproduced between generations.

In this study, carbon and nitrogen stable isotope analysis 
has been used to reconstruct the diets of subadults and 
adults from the Silesian subgroup of the early Bronze Age 
Únětice Culture. The Únětice culture was present in south-
western and central Poland between 2100 and 1600 BC, 
having emerged in tandem with the new social and eco-
nomic order that marked the start of the Bronze Age in 
Europe (Gimbutas 1965, 32-52, 245-270, Kadrow 2001, 
153-166, 172-179). These early Bronze Age societies 
where characterized by an increasing institutionalisation 
of inequality and the fact that an elite class was maintained 

(at least in part) by control over the circulation of bronze 
and amber goods (Gimbutas 1965, 32-52, 245-270, Kad-
row 2001, 153-166, 172-179). The Únětice Culture is well 
known for its bronze production and it was involved in 
a broad network of trade alliances which stretched from 
Britain to Italy and from Austria to Lithuania. More than 
130 Únětice sites have been discovered in southwestern 
Poland with settlements especially concentrated around 
those areas with more fertile soils. The presence of an elite 
is evidenced by the burial of a small number of individu-
als in substantial and impressively furnished barrow buri-
als. However, the majority of individuals were interred in 
standardised flat-earth burials that appear to conceal the 
gender and social status of the deceased (Steffen 2010). 
Nonetheless, differences in cemetery size and grave fur-
nishing between the sites included in this study do suggest 
that the treatment of non-elites in death may also have de-
pended on their social status during life.

Evidence from elsewhere in early Bronze Age Europe illus-
trates how some social identities were restricted to adults, 
whereas others could also be held by children. A study of 
Mokrin cemetery, Serbia, found that bone needles were 
placed in the graves of both adult and subadult females, 
although they were less common in the graves of individu-
als under six years of age (Rega 2000). Sewing thus seems 
to have been a gendered activity associated with women 
and girls of all ages. In contrast, less-frequently occurring 
metal knives were found only in the graves of adult males. 
The metal knife, hence, seems to have been a masculine 
object, but one that was limited to a restricted section of 
the adult community. A slightly different pattern has been 
observed in the late Neolithic Corded Ware and Bell Bea-
ker cultures (Turek 2000). For those culture groups, the 
burial positions of subadults seem to have followed the 
same gendered patterns as those of adults, be they male or 
female. In this case, however, weaponry was included in 
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the graves of some subadults buried mostly in the male po-
sition, suggesting an anticipation of adult social position. 
Gender identity would appear to have been important from 
an early age. A small group of male individuals seems to 
have been symbolically differentiated from other persons 
early in life. A similar symbolic attribution of social posi-
tion may also be present in some Silesian Únětice subadult 
burials. In the barrow burialgrounds, some subadult indi-
viduals appear to have been given distinctions inappropri-
ate for their young age (infant burial at Szczepankowice 
Ib or individuals from barrow 4 in Łęki Małe; Kowianska-
Piaszykowa 2008, 150-153; Sarnowska 1969, 289-315). 
At two of the cemeteries included in this study, objects 
associated with textile production were recovered from the 
graves of some young subadult individuals too young to 
have had any practical use for them.

The purpose of this study was thus to ascertain whether 
the dietary practices of subadults in the Únětice Culture 
differed to those of adults and, if so, at what age the adult 
diet was adopted. Changes in dietary practices during in-
dividual lifetimes were also examined in order to infer the 
extent to which an individual’s status and identity were 
negotiable during childhood.

Stable isotope ratios in palaeodietary analysis

Stable isotope ratio analysis is an ideal tool for address-
ing these questions because it is a method of palaeodietary 
analysis that analyses the consumer rather than the con-
sumed. This means that it is possible to compare differenc-
es between individuals buried at the same site as well as 
between different sites. The technique is by now well-es-
tablished and is reviewed in detail elsewhere (e.g. Katzen-
berg 2008; Lee-Thorp 2008; Sealy 2001). Put simply, the 
technique relies on the fact that bodily tissues are formed 
from compounds obtained through diet and that, as a re-
sult, the stable isotope ratios of the elements within them 
are related to the isotope ratios of the foods that were con-
sumed. Systematic differences in the stable isotope ratios 
of different potential dietary resources make it possible to 
identify which resources were in fact being consumed.

Carbon isotope ratios are usually used in palaeodietary 
studies to distinguish the consumption of terrestrial ver-
sus marine proteins (e.g. Chisholm et al. 1982; Fischer 
et al. 2007; Müldner and Richards 2007; Richards 2003; 
Tauber 1981) or of C3 versus C4-photosynthesising plants 
(e.g. Ambrose et al. 1997; Hu et al. 2008; Vogel and van 
der Merwe 1977), with the former being depleted in the 
heavier isotope of carbon (13C) relative to the latter in each 
case. The Central European location of our study region 
makes the consumption of marine resources unlikely. Mil-
let, a C4-photosynthesising crop, is known to have been 
present in the region at this time (Hunt et al. 2008), but 
the quantities of grain recovered suggest that it was not 
an important subsistence crop (Le Huray and Schutkowski 
2005). Variation in carbon isotope ratios in this study is 
thus more likely to be the result of the effects of environ-

mental influences such as altitude, precipitation and forest 
cover on the carbon isotope ratios of plants and animals in 
C3 terrestrial ecosystems (see Heaton 1999; van Klinken 
et al. 2000) and, as such, will arise from differences in the 
geographical origin of the diet.

The ratio of the heavier to the lighter isotope of nitrogen 
(measured relative to a standard and expressed in parts per 
thousand as δ15N) increases by +3-6‰ between each tro-
phic level in the food chain (DeNiro and Epstein 1981; 
Hedges and Reynard 2007; Minagawa and Wada 1984; 
O’Connell et al. 2012; Schoeninger and DeNiro 1984). 
In this way, ntrogen isotope ratios can be used to gauge 
the relative contributions of vegetable protein compared 
to animal protein in the diet. Aquatic food chains are lon-
ger than terrestrial ones: the consumption of freshwater 
fish can give rise to very high δ15N values (Bonsall et al. 
2000; Eriksson et al. 2003; Katzenberg and Weber 1999; 
Katzenberg et al. 2012; Lillie and Jacobs 2006; Müldner 
and Richards 2005). Breastfeeding infants are effectively 
a trophic level above their mothers and have higher δ15N 
values than the adults in the population, which means that 
nitrogen isotopes can also be used to identify breastfeed-
ing infants and the timing of weaning (Fogel et al. 1989).

The analyses in this study were conducted on collagenous 
proteins extracted from bone and dentine. Bone undergoes 
constant remodelling throughout life at rates that vary in 
accordance to factors such as age, nutrition, and activ-
ity levels (Seibel 2003: Box 1; Seibel 2005). The isotope 
composition of the collagen within bone is thus dependent 
on average diet over a period of time before death which 
ranges from weeks or months in infancy to decades in old-
er adults (Hedges et al. 2007). Dentine, on the other hand, 
is metabolically inert and the isotope ratios of dentine 
collagen continue to reflect the diet at the time the teeth 
formed during childhood. By analysing the stable isotope 
ratios of collagen from both bone and dentine it is thus 
possible to compare the diet at different points during the 
same individual’s lifetime (Eriksson 2004; Eriksson and 
Lidén in press; Fuller et al. 2003; Howcroft et al. 2012).

Materials and methods

Human material from ten different burial sites ranging 
from the early to late Únětice period was included in this 
study (Figure 1, Table 1). The cemetery at Przecławice was 
located less than two kilometres from Szczepankowice, a 
cemetery containing three substantial barrow burials sur-
rounded by flat earth inhumations. The fifty-two burials 
at Przecławice were richly furnished and it is the only 
cemetery in the region at which wooden coffins have been 
identified. Przecławice has thus been interpreted as a cem-
etery of the tribal elite whose status afforded them the right 
to be buried near to those in the barrows at Szczepanko-
wice (Pokutta et al. in this volume). Another cemetery of 
around the same size was located at Tomice further to the 
south. The cemeteries of Wojkowice, Milejowice, Choci-
wel and Domasław are all more modest in size containing 
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around fifteen burials each. It must also be noted that exca-
vations are ongoing at the latter two, suggesting that more 
burials may yet be uncovered. These sites are thought to 
have belonged to farmsteads rather than elites. Two adults 
from the cemetery at Nowa Wieś Wrocławska, an adoles-
cent and a subadult from the small cemetery at Skrzypnik, 
and a single Únětice male buried at the multiperiod site 
of Magnice were also sampled. Finally, a single subadult 
individual from Widawa was included in the study. This 
late Únětice burial was particularly unusual in that it was 
isolated and found on the north side of the Oder River, 
a situation which is in direct contrast with the norm for 
Únětice burials in this region.

Faunal material was also included in the analysis in order 
to provide information about the range of δ13C and δ15N 
values in the food web. The majority of the faunal material 
was contemporary with the human remains and derived 
from the same sites (or other sites in the same region). The 
fish samples, however, are early medieval in date (from 
the Wrocław Ostrów Tumski reference collection) due to a 
shortage of suitable Bronze Age material.

The human and faunal material were both analysed ac-
cording to the same procedures. Bone and dentine powder 
was obtained using a dental drill and collagen was extract-
ed using a modified Longin method (Brown et al. 1988). 
Samples were demineralised for 48hrs in 0.25M HCl, af-

ter which they were filtered and the residue gelatinised in 
0.01M HCl at 58°C. The resulting collagen solution was 
ultrafiltered to remove particles <30kDa and then freeze-
dried. The stable isotope analysis was performed at the 
Stable Isotope Laboratory of the Department of Geologi-
cal Sciences, Stockholm University, using a Carlo Erba 
NC2500 elemental analyser coupled via a ConfloIV open 
split interface to a Finnigan DeltaV advantage mass spec-
trometer. Analytical precision was ±0.15‰ or better for 
both δ13C and δ15N.

Results and discussion

In total, 122 out of 163 samples yielded sufficient collagen 
for analysis, and 99 of these had carbon and nitrogen con-
tents and C/N ratios within acceptable limits. This includ-
ed 50 samples representing 34 human individuals (Table 
1) and 49 samples from 19 different faunal species.

Faunal data

The faunal data can be seen in Figure 2. The δ15N values 
of the herbivores range from 4.4‰ to 11.7‰ and the δ13C 
values from -24.1‰ to -17.6‰. The cows and sheep have 
higher δ15N values than the two deer species and most of 
the horses (which may be an indication of manuring, ani-
mal grazing or the production of crops grown as animal 
fodder (cf. Bogaard et al. 2007; Commisso and Nelson 
2007; Fraser et al. 2011). The pigs have similar δ13C and 
δ15N values to the cows and sheep, suggesting that they 
consumed a herbivorous diet which was based around 
similar resources. The δ15N values from two pigs and one 
sheep were +2-3.5‰ higher than the other values from 
the same species and are thought to be from young ani-
mals that were still nursing. Without these individuals, the 
maximum δ15N values are 8.8‰ for herbivores and 9.0‰ 
for swine. Two cows also have higher δ13C values than the 
rest of the herbivores, despite other animals from the same 
sites having δ13C values within the herbivore range. This 
suggests that animals buried at a single site did not all have 

Figure 1: Map showing the locations of sites examined in the 
study.

Site Number of individuals/samples

Chociwel 6/8

Domasław 3/2

Magnice 2/4

Milejowice 8/14

Nowa Wieś Wrocławska 2/2

Przecławice 3/5

Skrzypnik 2/3

Tomice 2/2

Widawa 1/3

Wojkowice 5/7

Total 34/50

Table 1: The sites represented in this study.
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the same geographic origin; it is possible that these two 
cows were sourced from a region in which millet was in-
cluded in animal fodder.

Two of the dogs analysed appear to have very similar δ13C 
and δ15N values to the humans and so clearly consumed 
foods similar to those within human diets. The other two 
dogs have higher δ13C values than the humans, however, 
suggesting the possibility that these animals were traded 
from elsewhere.

Human data

The human δ13C values range from -21.4‰ to -18.9‰, 
and the δ15N values from 8.3‰ to 13.6‰ (Figure 2). The 
samples representing the diet in adulthood gave a range 
of -20.6‰ to -18.9‰ for δ13C and 9.7 to 12.5‰ in δ15N. 
Comparison to faunal data suggests that the human diet 
was based on terrestrial resources with a moderately high 
intake of animal protein. The δ13C values do not suggest 
that millet or anadromous fish made any substantial con-
tribution to the diet. There is also no evidence for the con-
sumption of the other fish species; the δ15N values of the 
humans are similar to (rather than higher than) those of the 
freshwater fish that were analysed.

Comparison of the data from individuals of known sex 
reveals a similar range of δ13C and δ15N from males and 
females (Figure 3). It would thus seem that gender was 
not an important determinant of diet, at least with regards 
to the dietary protein consumed. Likewise, whilst there is 
some variation in both δ13C and δ15N between the different 
sites (Figure 4), there is no evidence that this is related 

to cemetery size or the presumed status of the cemetery. 
The variation in δ13C is most likely a result of local differ-
ences and chronological variation in the isotope composi-
tion of the food web. The variation in δ15N at the two most 
intensively sampled sites (Milejowice and Wojkowice) is 
almost as large as that from all the other sites except Wida-
wa. This suggests that the variation seen is due to most 
sites being represented by only a small number of indi-
viduals, rather than being a reflection of actual differences 
in animal protein intake between sites.

The six samples that formed during the first year of life 
have higher δ15N (range 11.4‰-13.6‰) than the adult in-
dividuals (range 9.7‰-12.5‰; Figure 5). One sample that 
finished forming at around six months of age and another 
that finished forming towards the end of the first year have 
δ15N above the adult range (13.4‰ and 13.6‰), suggest-
ing that these two individuals were being breastfed at the 
time the samples formed. The remaining four samples, 
which also represent both the first and second halves of the 
first year of life, have much lower δ15N of 11.4‰-12.0‰ 
that are within the adult range. It is possible, therefore, that 
these individuals were not breastfed whilst these samples 
were forming. However, given the range in adult δ15N, it is 
more likely that these infants were simply being nursed by 
women who consumed less animal protein.

It is not possible to determine the age at which breastfeed-
ing ended from this dataset, since there are no samples that 
reflect the diet between the end of the first and start of 
the fourth year of life. All but one of the twelve samples 
that formed during the fourth and fifth year of life have 
δ15N within the adult range. This suggests that weaning 

Figure 2: Plot of the carbon and nitrogen stable isotope ratios of the faunal and human material analyzed.
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must have been completed prior to this time. The intra-
individual data from two individuals (one from Chociwel 
and the child from Widawa) reveals that breast milk con-
sumption was lower during the second six months of life 
than the first (Figure 5). This suggests that supplementary 
foods had been introduced by the six month period. The 
drop in breast milk consumption seems to have differed in 
magnitude between these two individuals, with the child 
from Widawa showing the greater drop. 

Although the infant values from the Widawa child are sim-
ilar to those of other infants in the population, the δ15N of 
the bone sample is 1.4‰ lower than all the other human 
samples and is within the range exhibited by the herbi-
vores. It seems, therefore, that this individual was breastfed 
by a woman with a similar diet to other Únětice females, 
but that said child began consuming an unusual diet con-
taining little or no animal protein at some point between 
the end of the first year and his or her death between the 
ages of four and five. There also were lesions indicative 
of nutritional stress and poor environmental conditions on 
this individual’s skeleton. This evidence suggests that his 
or her burial on the other side of the river and outside of 
the usual Únětice cemeteries was in some way related to 
an identity that exposed him or her to a high risk environ-
ment and poor diet. Strontium isotope ratio analysis has 
also found that this person migrated to the area in ques-
tion (Pokutta 2013), which may explain his or her apparent 
marginalisation after their first year of life.

Figure 5: Plot of the carbon and nitrogen isotope ratios 
according to the age at which the same formed. Samples from 

the same individual are connected by solid lines and have 
circular markers. Individuals represented by only one data 

point have been given square markers. Dashed lines indicate 
those individuals for whom the earliest forming samples are 

thought to show evidence of breastfeeding.

Figure 3: Plot of the carbon and nitrogen stable isotope ratios 
of known females and known males. Samples that formed 

during adulthood (16+ onwards) are marked by symbols with 
solid fills, whereas those that formed prior to adulthood are 

represented by symbols with lighter fills.

Figure 4: Plot of the human carbon and nitrogen stable isotope 
ratios obtained from each site.
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The rest of the subadult data reveals that the apparent ac-
quired status of the Widawa child was likely to have been 
unusual. With the exception of said person and the breast-
feeding infants, the δ13C and δ15N values of samples that 
formed during the juvenile period cover a roughly similar 
range to those that formed during the adult period (Figure 
5). The diets of subadults seem, therefore, to have been 
similar to those of adults suggesting that age was not a 
significant determinant of dietary practices in the Únětice 
Culture of southwest Poland.

The intra-individual data further suggests that the diet var-
ied very little during individual lifetimes (Figure 5). The 
samples from four individuals enable comparison of the 
diet at different times during the juvenile period following 
infancy, whilst for six other individuals the change in diet 
between the juvenile period and late adolescence (16yrs+) 
or adulthood can be compared. None of these individuals 
shows a change of more than 0.3‰ in δ13C or 0.9‰ in δ15N 
during their lifetime. This suggests that diet varied far less 
during the life of an individual than it did across the region 
as a whole. This intimates that the identity of most individ-
uals (at least as expressed through dietary practices) was 
determined no later than the post-weaning period.

Conclusions

It is apparent from this dataset that the diets of sub-adults 
in the Únětice Culture were governed primarily not by 
their identity as children or by their gender, but rather by 
their position within social hierarchy. That this was as-
cribed so early in life is consistent with the understanding 
of the Únětice Culture as a stratified society in which hi-
erarchy was maintained through inheritance systems. The 
social identity of the child was, thus, dependent on the so-
cial identity of the parents and the consistency of diet over 
individual lifetimes shows that Únětice personshad little 
power to influence their position. 

Diet is, of course, a significant determinant of health and 
access to a high-quality diet during childhood is essential 
for proper growth and development. The dietary differ-
ences observed between individuals suggest, therefore, 
that the stratification of Únětice society is likely to have 
led to differential health and survival outcomes between 
those who had access to the best dietary resources and 
those who did not. The conditions of an individual’s birth 
would have determined not only who they became in 
adult life, but also their chances of surviving to adulthood 
at all. The study of the changing diet during the sub-adult 
period is, therefore, important for understanding both the 
ways in which social structures were created and main-
tained in prehistory and also the relationship that those 
social structures had to patterns of morbidity and mortal-
ity in the past.
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