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Statistical analysis was performed on several trace element attributes found in human skeletal remains from 

Bronocice, Łękawa, Samborzec, Słonowice, Szarbia and Wójeczka. The Bronocice data comes from four cultures: 

Funnel Beaker, Lublin-Volhynian, Funnel Beaker-Baden and Corded Ware, thus it represents the largest sample 

of data for this analysis. The samples from other sites are from Corded Ware culture. One Bronze Age sample 

comes from Słonowice. The samples were analyzed in the Laboratory for Archaeological Chemistry at the Uni-

versity of Wisconsin-Madison by T. Douglas Price. The objective of this study is to determine the dietary prac-

tices of Neolithic populations in southeastern Poland and if the diets of these cultures varied through time. 
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InTroDucTIon

The State University of New York at Buffalo and the Polish Academy of Sciences con-

ducted a cooperative archaeological project at the Bronocice site, Świętokrzyskie province, 

1974–1978. Witold Hensel was the Director and Principal Polish investigator of this coope-

rative project and Sarunas Milisauskas was the Principal American investigator. Bronocice 

(50 21’00’’ N latitude, 20 19’30’’ E longitude) is located on the highest local elevation above 

the Nidzica River floodplain, near the small town of Działoszyce, Świętokryskie province 

(Figures 1 and 2). The site has a total area of 52 ha; its length is about 1600 m and its width 

varies from 300 to 500 m.

The excavations at Bronocice revealed a multiphase settlement occupation and one 

Corded Ware burial dating 3800–2600/2500 BC based on well-established ceramic ty-

pologies and radiocarbon dates, phases 1-7 (Table 1; Kruk and Milisauskas 1981; Milisau-

skas and Kruk 1984, 1989). In previous publications the temporal designations used were 

referred to BRI, Lublin Volhynian, BRII, BRIII, BR IV, and BRV.

The cultural deposits spanned 1100–1200 years of occupation and were associated 

with successive cultural groups including Funnel Beaker, Lublin-Volhynian, Funnel Beaker-

Baden and Corded Ware. Human remains included articulated skeletons from burials and 

isolated human specimens from household pits. A mass grave containing the remains of 

seventeen Funnel Beaker-Baden individuals were recovered.

One Corded Ware burial was discovered at Bronocice that post-dated the last Funnel 

Beaker-Baden settlement. Other Corded Ware human samples for this study were ob-

tained from Łękawa (excavations of K. Tunia), Samborzec (excavations of J. Kamieńska 

and A. Kulczycka-Leciejewiczowa), Słonowice (excavations of K. Tunia), Szarbia (excava-

tions of B. Baczyńska) and Wójeczka (excavations of J. Kopacz). Bone samples for analysis 

were prepared by dr. Krzysztof Tunia.

For more than a thousand years the residents of Bronocice practiced agriculture and 

stock herding. The stock herding intensified during the later phases of occupation. Some 

table 1. chronological Sequence at Bronocice
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archaeologists postulate that Corded Ware populations were herders of domestic animals 

or even pastoralists while others argue that they practiced cultivation of crops.

Statistical analysis was performed on several trace element attributes from the human 

skeletal remains from Bronocice and five Corded Ware sites. The aim of this study is to 

investigate the dietary practices of Neolithic populations in southeastern Poland. We also 

examined if there were dietary differences between various cultures. The samples were 

analyzed in the Laboratory for Archaeological Chemistry at the University of Wisconsin-

Madison by T. Douglas-Price. 

The Ca/P ratio was used to assess the integrity of the bone and for evidence of major 

diagenesis. The ratio is approximately 2.0 in normal bone. The samples from southeastern 

Poland are somewhat high in Ca, indicative of the loss of organic material from the bone. 

Mg, Mn, Fe, Al, and Na are used as indicators of contamination since they normally are 

absent or in very low concentration in bone. The range of variation in these elements seems 

rather comparable across all the sites suggesting that there has been diagenesis, as is nor-

mal in buried bone. Elements most sensitive to diet are strontium and barium. Higher 

barium might suggest more marine diet or higher strontium might suggest less meat. 

Trace eleMenT analySIS

 An initial test showed that the bones may have been susceptible to higher levels of 

diagenesis than normal (see T. Douglas Price et al. 1992 article on diagenesis; Tables 2, 3). 

As many of the calculations involved considered the comparative ratio of Ba to Sr to Ca in 

population subsets, Ba/Sr has been plotted against the Ca/P ratio, which was used to de-

termine the relative level of diagenesis per specimen (Reiche at al. 2003). While indicators 

of diage-nesis may be high, it does not seem to exert any significant influence on the distri-

bution of Ba/Sr values in the population (Fig. 1).

This study initially followed the methodology outlined by Burton and Wright (1995) 

and Burton (1996) in using Ba/Ca and Sr/Ca measures to analyze differences in biopurifi-

cation of dietary Ca due to relative levels of plant, meat, and dairy components of the 

sample populations. Biopurification in this case refers to the process by which higher le-

vels of Calcium are used in the creation of new bone in comparison with similar trace ele-

ments, such as Barium and Strontium, as calcium occurs in higher ratios as it moves up the 

food chain. These data were transformed to log values following Burton and Price (2002) 

in order to facilitate a normal distribution of the trace element values (Fig. 2). 

By applying a simple two-sided T-test between each of the sample populations (samples 

separated by culture affiliation, and excluding those two cultures which had insufficient 

sample sizes — the Lublin-Volhynian and Bronze Age groups) the Sr / Ca ratio was found to 

differ at a highly significant level (p < .001) between FB and FB-Baden groups, and slightly 

less significant ( p < .001) between FB-Baden and Corded Ware groups, although not 



table 2. Bone Samples from Sites used for Trace element analysis
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fig. 1. Ba/Sr variation plotted against ca/P measure of diagenesis. While several of the points lie outside 
of the normally accepted range, we can rule out a predictable influence of diagenesis

fig. 2. log of Ba/ca plotted per each sample, grouped by culture Group affiliation. The third group 
(FB-Baden) is by far the most diverse. (1) Funnel Beaker (2) lublin-Volhynian (3) FB-Baden (4) corded 

Ware (5) Bronze age
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between FB and the Corded Ware culture, despite the fact that the two are not sequential, and 

the two are interceded by a cultural group (FB-Baden) which differs significantly (Fig. 3).

It is difficult to make a recommendation with regards to the interpretation of these dif-

ferences between populations. If we omit the case that is due to diagenesis then we can 

consider the trace element variation in the samples caused by living dietary influences. 

Following the cautioning of Burton and Wright (1995) and Burton (1996), meat is de-

monstrably low in calcium, and if secondary products (i.e. milk/dairy) are not consumed 

and the diet has access to plant resources which are high in calcium, then dietary increases 

in as significant a range as from 0 to 70% meat in the diet will be masked. By implication, 

trends in Sr/Ca and Ba/Ca that may lend an apparent interpretation to an increase in 

meat consumption could also be the result of an increase of high calcium plants or a change 

in preparation habits with either food. In addition, the influence of region of origin on diet 

cannot be ruled out. 

 Initial exploration of the distributions revealed that ba/ca values for the FB-Baden 

group in particular were extremely varied in comparison with other groups, although all 

groups clustered more neatly in sr/ca values than ba/ca values. In exploring this varia-

tion, a trend was noticed in which age seemed to exert an unusually strong influence on the 

Log ba/ca value. The plot on the following page demonstrates the visual divide between 

the older individuals of the FB-Baden group (Figs. 4–7).

fig. 3. log Sr/ca values. The value range is much tighter for each cultural Group. (1) Funnel Beaker (2) 
lublin-Volhynian (3) FB-Baden (4) corded Ware (5) Bronze age

Ben Kamphaus, Janusz Kruk, sarunas milisauskas and t. Douglas Price
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fig. 5. log Sr/ca plot values for each of the individuals of the FB-Baden group. The clear variation due to 
age in the Br/ca plot is not apparent here

fig. 4. log Ba/ca plot values for all individuals of the FB-Baden group. There is a clear split between the 
youngest and oldest individuals and the individuals aged between 10 and 25, termed the Barium depletion 

feature
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fig. 6. log Ba/ca values plotted against age. In this case, only individuals buried in Grave 13 have been 
included. There is no overlap in log Ba/ca values between the 10 and over group and the under 10 group

fig. 7. log Sr/ca values plotted against age, with only individuals from Grave 13 included. While there is 
a general downward trend in the Strontium data, there is no clear depletion feature, as with the Ba/ca group
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Following the cue from visualization, this relationship was investigated statistically. 

With a division set between individuals aged over 10 and individuals aged 10 and under, 

a T-test of variance of sample means proved to be significant at p < .001. This differed from 

the earlier T-test between populations as the assumption of equal variance did not hold 

(Levine’s Test provided an α value at 0.1, making this assumption problematic). A regres-

sion function fitted to age as the explanatory variable for Log Ba/Ca was significant, but 

only at p < .1, and a more suitable regression was sought. 

Upon further examination, this difference seemed most significant in the members of 

the mass burial of Grave 13. These individuals have been separated out below:

 If we follow Burton, Price, and Middleton (1999), then for biopurification of dietary 

Calcium to explain variation between sample populations, this biopurification should im-

pact Ba and Sr values similarly. This may hold somewhat for the entire cultural popula-

tions being compared (as was done above), but it does not hold for the sub-population 

of FB-Baden, and especially not for the population of Grave 13. As the age-divisions of 

population of Grave 13 are also significantly different from one another (p < 0.001), other 

means must be sought to explain this difference.

 Following Burton, Price, and Middleton (1999) the adjustment of only barium (and 

not strontium) in one sub-population should caution against an interpretation of Ba/Ca 

as an indicator of increased biopurification of calcium. Both Burton, Price, and Middleton 

(1999) and Burton and Price (1999) describe three different factors which may affect the 

correlation:

1) Regional variability of food source. This can be due either to the mobility of a group 

itself — migration — or of that group’s food source — from exchange of grain to ranging of 

herds and can be somewhat analogous to strontium isotopes in migration studies (see also 

Burton et al. 2003).

2) A diet that has a large marine component.

3) The effects of diagenesis.

As the results of the analysis are contingent upon the hypothesis (garnered from visual 

exploration of the data) that the Sr/Ca and Ba/Ca values are correlated in some cases and 

not others, this assumption must be tested quantitatively.

Fitting a regression to the relationship between Sr/Ca and Ba/Ca values produced an 

R2 coefficient of .86 for Burton, Price, and Middleton (1999), which the authors interpre-

ted as strong enough to suggest biopurification as a suitable cause for Ba and Sr elevation 

in their dataset. By comparison, the overall R2 value for the entire set of trace element data 

from Bronocice is 0.379 and for Group 3 specifically (FB-Baden) it is a mere 0.272, with 

neither case being significant at p < 0.05. 

In order to explore whether or not the biopurification hypothesis might hold up be-

tween any of the sample populations, a regression was attempted between Sr/Ca and Ba/

Ca for the other two culture groups with a significant sample size. In the case of the Funnel 

Beaker (Culture 1) sample population, the R2 for the correlation between Sr/Ca and Ba/Ca 
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(Log values) is 0.935 — and significant at p < .001. While it was expected that there may be 

a similarly strong correlation between Log Sr/Ca and Log Ba/Ca values within the Corded 

Ware population, this correlation proved to be a rather insignificant one with R2 at 0.156 

and p > 0.1 (Fig. 8). 

The lack of correlation between Sr/Ca and Ba/Ca in the FB-Baden group makes it im-

possible for us to conclude that biopurification is the source of the difference between it 

and the preceding Funnel Beaker population, and similarly the lack of correlation between 

Sr/Ca and Ba/Ca in both the FB-Baden and the following Corded Ware group prevent 

us from pinpointing biopurification as well. However, it is certainly likely that something 

about diet composition changed after the Funnel Beaker period, since this strong correla-

tion between Sr/Ca and Ba/Ca is never present again (at least not in this sample). 

Age and gender groups within other cultures and for the entire population set were 

tested using the two sided T-test method as well, but no general gender or age differences 

in diet were found to be significant at p < 0.05. Other measures, including Zn/Sr ratios 

(after Szostek et al. 2003) were also considered and found to be insignificant measures of 

change for these populations.

fig. 8. Plot of log Sr/ca against log Ba/ca for all individuals of the Funnel Beaker sample population, 
demonstrating the high correlation between the Strontium and Barium values in this case
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concluSIonS

As mentioned previously, it is possible that some differences may be due to diagenesis 

and the local impacts of the soil on the skeletal remains over the years between the deaths 

of these individuals and the laboratory analysis of the trace element components. If this is 

not the case, we can draw different conclusions from the data: biopurification, migration, 

differences in diet between cultures, etc. are all implicated as possible explanations of the 

trace element variation. 

We can say for certain that there is something different about the younger individuals 

in Grave 13 when compared with the older individuals in Grave 13, but we cannot deter-

mine on the basis of this analysis whether this is due to regional differences in diet, or 

a change in dependence on marine food sources (usually strongly correlated with a sharp 

barium depletion feature). Previously, we have speculated that Grave 13 individuals were 

non-local (Pipes et al. 2010). Similarly, the strong correlation in Sr/Ca and Ba/Ca in the 

Funnel Beaker population may suggest that this group was more sedentary and less likely 

to consume foods from different regions, whereas the following Funnel Beaker-Baden and 

Corded Ware groups may have either moved more frequently or consumed more food from 

different source regions or environments. Most likely the diet of Funnel Beaker-Baden and 

Corded Ware populations was different from the Funnel Beaker population. The higher 

values of strontium of the Funnel-Beaker population would suggest less meat consump-

tion. By now these people were using cattle for traction and dairy products and sheep for 

wool production. The so-called secondary products of animals were more important than 

in the past. The early Corded Ware populations were probably of non-local origin and their 

low strontium values might suggest greater emphasis on meat consumption, especially if 

they practiced pastoral economy.

As previously mentioned Funnel Beaker-Baden and Corded Ware populations had 

greater mobility and practiced herding of animals or even pastoral economy. Due to eco-

logical changes during the early Funnel Beaker-Baden (Phase 5) occupation, there may 

have been an increase in stock breeding and the appearance of transhumance, because 

the expanded forest-steppe environment was more suitable for herding. The herds may 

have been divided into two groups, with the majority of the cattle and sheep being driven 

to summer pastures. The villagers probably kept some cattle, as well as goats and pigs, 

around the settlement in order to supply milk, cheese and meat for day-to-day use. The 

seasonal movements of herds could have given rise to a specialized group of herders.

Kadrow (1994) suggests that the early Corded Ware populations practiced pastoralism 

in southeastern Poland. Around 2700–2600 BC Funnel Beaker-Baden farmers were dis-

appearing and thus later Corded Ware groups incorporated farming in their subsistence 

strategy. Pastoralists could not survive “without access to agricultural products” (Kadrow 

1994:74).
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While trace element analysis was common when the laboratory analysis was performed 

(Katzenberg and Harrison 1997), after much criticism (see Burton and Price 2002; Sand-

ford and Weaver 2000) the field has largely embraced other avenues in paleodiet recon-

struction (Meigs and Knudson 2004). These other types of analysis — e.g. stable isotope 

analysis (e.g. Knudson et al. 2004), or aggressive exploration for extant DNA in the sam-

ples, etc. — would all be helpful in discriminating among these possibilities. For example, 

trace element analysis has been successfully used in conjunction with other more recent 

advances to explore the possibility of residential mobility (Knudson and Price 2007). The 

different possibilities invoked by this analysis are worth exploring and it is hoped that 

future analysis of these samples may resolve some of these issues. 
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