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EDITORIAL	

 
It is difficult to capture one’s life in a few words, a few photographs or even a book. The papers in 

the present volume will hopefully reflect a part of Clive Bonsall’s scientific interests during a career 
that has started some 45 years ago. Their diversity is impressive: from radiocarbon dating, 
environmental changes, human–environment interactions, funerary behaviour, to paleogenetics and 
stable isotopes, reconstruction of ancient diets and obsidian sourcing, most of them in close 
connection to the hunter-gatherer and first farmer communities of Europe. His studies stretched 
over a large geographical area, focusing recently mainly around the Balkans and the neighbouring 
regions. He has conducted fieldwork in Britain, Scotland, Romania and Slovenia, edited 9 books and 
published over 160 papers, book-chapters, notes, as well as book and paper reviews. His main 
publications include: "The Mesolithic in Europe" (1989), "The Human Use of Caves" (1997), "The Iron 
Gates in Prehistory" (2008), "Submerged Prehistory" (2011) and "Not Just for Show: The Archaeology 
of Beads, Beadwork and Personal Ornaments" (2017).  

His substantial work in southeastern Europe is reflected by his long-standing collaboration and 
friendship with many Romanian and Bulgarian archaeologists, and has received due recognition: 
Clive Bonsall is an Honorary Member of both the “Vasile Pârvan” Institute of Archaeology in 
Bucharest and the National Institute of Archaeology with Museum in Sofia. His contribution to the 
archaeology of the Iron Gates has earned him the recognition of the Serbian archaeologists working 
in the area. His many other research interests and personal collaborations are also reflected in the 
present volume. 

We are grateful to all our contributors: colleagues and friends, new and old, former students and 
collaborators whose archaeological interests met Clive’s if only briefly. We were happy to see that so 
many of us were able to mobilize in such a short time. We would like to thank all those who answered 
our call and at a time when every minute of our professional lives is carefully planned in advance, 
helped us put together this volume in less than a year. They have endured and complied with our 
constant deadline reminders and requests, checked and re-checked their manuscripts in record 
times, gracefully complying with the comments and suggestions from the reviewers, and were most 
patient with our editorial work.  

Each paper was submitted to a double reviewing. We would like to also thank our colleagues from 
various disciplines who accepted to anonymously review the contributions. Their hard and serious 
work significantly improved the overall content of the volume. 

The outcome has exceeded our most optimistic expectation: a volume that geographically covers 
almost the entire European continent, from Britain to Russia and Greece and touches on most 
important issues of hunter-gather adaptions through time. A volume brought together by 
chronological landmarks (the end of the Pleistocene and the beginning of the Holocene) and 
geographical areas but also by common approaches to issues such as human-animal interactions, 
exploitation and use of raw materials, and subsistence strategies. 

We chose to organize the papers on three main sections, while within the respective theme they 
follow in chronological succession. The archaeology of the Iron Gates opens the volume, given Clive 
Bonsall’s substantial contribution to the local early prehistory. The eight contributions cover a large 
range of subjects, from physical anthropology (Andrei Soficaru), re-interpretation of earlier 
excavations and the subsequent collections (Adina Boroneanț), stone artefacts (Dragana Antonović, 
Vidan Dimić, Andrej Starović and Dušan Borić) to the study of faunal remains and subsequent paleo-
dietary issues (Adrian Bălășescu, Adina Boroneanț and Valentin Radu; Dragana Filipović, Jelena 
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Jovanović and Dragana Rančić; Ivana Živaljević, Vesna Dimitrijević and Sofija Stefanović), and 
osseous industries (Monica Mărgărit and Adina Boroneanț; Selena Vitezović). These studies illustrate 
the still immense research potential of the Iron Gates region despite the fact that most of the sites 
have been flooded many decades ago.  

During the editing of the volume it became obvious that while some of the contributions focused 
on the evidence from a certain site, others were more of a regional synthesis. This latter section 
begins with a most interesting paper bringing together world history and underwater archaeology 
(Jonathan Benjamin and Geoff Bailey). The following nine articles deal with subjects such as social 
inequalities seen through the study of burial practices (Judith M. Grünberg), lifeways, adaptations 
and subsistence strategies of the early prehistoric communities (Agathe Reingruber; Mihael Budja; 
Annie Brown and Haskel Greenfield; Kenneth Ritchie), raw materials acquisition and exploitation 
(Tomasz Płonka, Maria Gurova, Eva David), exploitation, management and trade of „exotic” goods 
(Vassil Nikolov). 

The nine papers focusing on individual sites present case studies that illustrate the nature of the 
current research, the rich opportunities offered by the growing range of scientific techniques and 
their applications to existing collections. This series of papers starts at Zemunica Cave on the coast 
of the Eastern Adriatic (Siniša Radović and Ankica Oros Sršen), explores the Mesolithic occupations 
at Malga Rondenetto (Paolo Biagi, Elisabetta Starnini and Renato Nisbet) and Grotta dell’Edera 
(Barbara Voytek) in Italy, the Mesolithic ornamented weapons of Motala in Sweden (Lars Larsson 
and Fredrik Molin), ending this Mesolithic journey among the shell middens on the western coast of 
Scotland (Catriona Pickard). The transition to the Neolithic happens among the beaver tools at 
Zamojste 2 in Russia (Olga Lozovskaya, Charlotte Leduc and Louis Chaix). The Neolithic Age finds 
us further south into Bulgaria, exploring the pitfields of Sarnevo (Krum Bacvarov and John Gorczyk) 
and the gold of Varna (Tanya Dzhanfezova), while during the Bronze Age roe deer hunting is 
resurrected at Paks–Gyapa in Hungary (László Bartosiewicz and Erika Gál). 

The volume presents altogether new results in recent research and new information resulted from 
the study of old collections. We also hope it points out directions for future research. 

 
 
It is with great joy that we present Clive Bonsall this volume, as a token of both our appreciation 

and friendship, for his contributions to the Early Prehistory of Europe in general, and of Southeastern 
Europe in special. 

 
The Editors 

 
 
 



 

 

CLIVE BONSALL – SOME YEARS AFTER 

When Clive Bonsall came to Romania in 1991, I was taking an undergraduate degree in computers and 
wasn’t even considering becoming an archaeologist. Together with my mother and brother, I used to 
accompany my father Vasile Boroneanț every year on his summer digs at Schela Cladovei. It was just over 
a year after the fall of the communist regime in Romania, and everybody at the site was waiting impatiently 
the arrival of a team of archaeologists from Great Britain, who were coming to visit the site and perhaps start 
a joint research project. It must have been past mid-night of the expected day when my father woke us up – 
because the “English” had arrived…. Four very tired people (Clive Bonsall, Kathleen McSweeney, Sue 
Stalibrass and Mark Macklin – and not all “English”) in a Land Rover but still managing to smile… They 
had spent 10 hours at the border between Hungary and Romania and their first encounter with Romanian 
cuisine had been carp-head soup (the only thing available on the menu) in Arad…. I believe Clive still 
remembers the fish-heads sticking out of the large bowl (obviously a reminder of the Lepenski Vir sculpted 
boulders…).  

The visit at the site went well and the next year the research project commenced, but not unventfully. It 
must have been sheer passion for archaeology and keen interest for the Iron Gates Mesolithic that made Clive 
come back the second year, after having (during the previous first year) the minibus tyres slashed several 
times by the curious and mischievous Schela Cladovei lads, bits of the flotation equipment vanishing into 
thin air and two pairs of his new Levis jeans (a rarity in Romania in those days) mysteriously disappearing 
from his room at the youth camp in Gura Văii…..Not to mention the breaking down of the minibus in a 
country where there were no  spare parts for western cars. 

Still, here he is, working in Romania, 26 years later…  
And following the first four years of the Schela Cladovei project I had switched to a degree in archaeology 

(and Clive bears much of the blame…). And we are still excavating at Schela Cladovei…and at least Clive 
looks unchanged… It is his dedication to the archaeology of the area that has made this second research 
project possible, project going on successfully for over ten years now. 

As it was with me, Clive has influenced the lives of many (older and younger) archaeologists and perhaps 
future archaeologists. He is an inspiration to our students from the Schela Cladovei excavation and a 
respected professional among Romanian archaeologists. He has always been ready to help my fellow 
colleagues, whether it was field work, collecting samples, editing or mere professional advice, although such 
work had rarely anything to do with the archaeology of the Iron Gates. But during his entire activity in this 
area, he acted as a “human bridge” between Romanian, Bulgarian and Serbian archaeologies, facilitating 
professional exchanges, easing the access to modern technologies, information and publications. 

Clive Bonsall was/is equally interested in other geographical areas and research topics of European (and 
not only…) archaeology, and the number of people contributing to this volume testify to the impact he had 
on individuals and archaeologies elsewhere outside Romania.  

This may not be the typical introduction to a Festschrift volume… but then, Clive is not a typical person. 
Rather cynical but warm hearted underneath, with a wonderful (and at times very dry) sense of humour, and 
great charm (when he wants it…) he makes a great project co-director and fellow-worker. 

I can only but hope that our collaboration would go on for many years from now and that we’ll get to see 
the end of the Schela Cladovei  trench we started before we both retire! 

 
Bucharest, September 2017      Adina Boroneanț
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2015. Rapid climate change and radiocarbon discontinuities in the Mesolithic–Early Neolithic 
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Abstract: This study was carried out in two stages. First, the complete skeletons of two modern roe 

deer were studied in order to establish weight ratios between their skeletal elements. The results were 

then used in a formula developed to appraise the contribution of various body parts to archaeological 

assemblages. The recent roe deer data were then compared to livestock and red deer remains from the 

Early Bronze Age settlement of Paks–Gyapa in southern Hungary. Percentages of bone fragment weights 

in the excavated material were plotted against the weight proportions between various elements in the 

standard reference skeletons. In addition to extending the method to yet another species, skeletal weight 

ratios at the settlement of Paks–Gyapa display differences between animals by body size and skeletal 

morphology. Roe deer carcasses are represented by bone weight ratios comparable to those of sheep, 

rather than the closely related but larger red deer. Remains of the latter may have been impacted by 

transport loss associated with off-site butchery. 

Keywords: roe deer, skeletal weight, meat consumption, prehistory, Hungary. 

 

Introduction 

Zoological information has relevance to 

archaeology in as much as it can at least 

highlight, if not resolve, archaeological 

problems. Most animal remains from 

prehistoric settlements tend to represent, first 

and foremost, ancient meat consumption. 

Complex methods of quantification have been 

developed to estimate the dietary contribution 

of meat from various species. The results 

expressed in absolute meat weights resulting 

from these procedures, however, are usually 

biased and thus potentially misleading. 

In this paper the study of skeletal weight 

ratios, a method developed for cattle, sheep 

and pig (Reichstein 1994), as well as 

subsequently for red deer (Bartosiewicz. in 

press) is extended to roe deer, a small-sized 

cervid identified in numerous archaeo-

zoological assemblages across Eurasia. 

Skeletal weight ratios result from comparing 

the relative weights of skeletal elements in a 

complete individual skeleton (used as a 

reference) to their percentage contribution of 

weights from the same species in the 

archaeological refuse bone assemblage. Such 

comparisons offer a direct approach to 

estimating the percentage representation of 

major body parts within species, helping to 

assess the qualitative composition of major 

cuts in the diet. 

The first section of this study is the brief 

analysis of contemporary roe deer osteology 

regarding sex and age. The resulting 

information is then used in the previously 

unstudied distribution of roe deer skeletal 

element weights in the large Early Bronze Age 

faunal assemblage from Paks–Gyapa in Hungary 

(NISP=7,238) and compared to relevant data for 

domestic livestock, aurochs and red deer. This 

information has implications for prehistoric 

carcass treatment, but also raises issues of 

taphonomy and sample size.  
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Materials and methods 

Reference skeletons 

The calculations first presented in this study 

are based on the weights of individual skeletal 

elements from the complete skeletons of a 

female (AK-212) and a male (AK-213) roe deer 

(Capreolus capreolus L., 1758) in the reference 

collection of the Osteoarchaeological Research 

Laboratory, Stockholm University in Sweden. 

No documentation is available regarding the 

geographical origins of the two specimens. Roe 

deer, however, occur commonly in southern 

Scandinavia. The phenotypic size of animals is 

dependent on both inherited factors and the 

environment, therefore it is difficult to 

compare between geographical regions. While 

the live weights of several game species vary 

across Europe, it was hoped that skeletal 

proportions are more stable than absolute size 

more directly influenced by the diversity of 

habitats. 

Prior to developing archaeological weight 

reconstruction standards, basic traits of these 

two individuals need to be summarized. Age is 

of particular significance as it has a bearing on 

body proportions: the skeletons of young and 

extremely old individuals differ.  

Cranial features indicative of adult 

individuals include the fusion of all 

neurocranium sutures and fully developed 

permanent dentition, present in both 

Stockholm specimens. The fact that the 

sutures are still visible indicates that both roe 

deer were young adults. The buck was hunted 

in the early spring. Thus, only the pedicles are 

present on the frontal bone, the antlers 

themselves had been shed shortly before the 

animal’s death (Fig. 1). This is an advantage 

from a methodological point of view: the 

applied aspect of these skeletal investigations 

concerns the weight proportions between 

archaeological bone remains. Antler weight 

would have created unnecessary noise in the 

application of results to meat consumption. 

The greatest widths of the skull (Ect-Ect) 

for 186 roe deer bucks of known ages from 

Hungary were published by Faragó (2002. 

414). When the 89.2 mm cranial width of the 

AL-213 specimen is compared against the main 

trend (Fig. 2), an age of approximately 3.2 

years may be estimated. Unfortunately, no 

sufficiently detailed information was available 

for female roe deer in the literature. 

The age of the two reference specimens was 

further investigated using mandibular 

dentition which shows fully erupted 

permanent cheek teeth but relatively little 

wear. On the basis of the relatively low degree 

of occlusal wear in the cheektooth row (Fig. 3) 

the doe looks around five years old 

(Habermehl 1985. 43, Abb. 25d), somewhat 

older than the buck whose dental age points 

more toward four years (Habermehl 1985. 43, 

Abb. 25c). The slight case of gingivitis noted at 

the first molar in the left mandible of the 

young buck is not age-dependent. It usually 

occurs at the same anatomical location in 

sheep (Bartosiewicz 2013. 179, Fig. 148). 

Unfortunately, there is no detailed 

information on the epiphyseal fusion of long 

bones in roe deer in the literature. The fact 

however, that fusion was complete in all 

articulations (including those of lumbar 

vertebrae fusing latest, at 4–5 years of age in 

caprines: Chaix and Méniel 2001) shows that 

both individuals had already reached a fully 

adult age. The only difference was that the 

radius and ulna were not fully fused to each 

other lengthwise in the buck. This is 

consistent with the slightly younger dental age 

obtained for this individual. Bone weights 

used in this study are listed by skeletal 

element in Table 1. 

The total weight of the skeleton was 1172 g 

lighter in the buck than in the doe. While this 

difference is small, it is again consistent with 

the younger age of this individual. Sexual 

dimorphism is not particularly pronounced in 

roe deer, although bucks tend to be heavier. In 

Hungary, the live weight of 17 modern female 

roe deer averaged 17.3 kg (15–19 kg) between 

the ages of 3–7 years. The live weight of 29 

modern bucks was slightly higher, averaging 

18.9 kg (15–22 kg) between the ages of 3–10 

years (Faragó 2002. 413). 
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Weight differences between skeletal 

elements listed in Table 1 also reveal that 

bones of the trunk and proximal extremity 

segments were in general heavier in the female 

(positive values in the third column 

“Difference”), while peripherally located limb 

bones weighed more in the buck. This seems 

to indicate that while already an adult, the 

trunk of the male had not yet reached its full 

growth potential. 

 
Table 1. Bone weights (g) of the roe deer skeletons used in this study (Paired elements are 

summed). 
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Archaeological material 

The Early Bronze Age settlement of Paks–

Gyapa lies in southern Hungary (N=46.7, 

E=18.8) on the right bank of the Danube. It was 

excavated in 2008 by Gábor Váczi of the 

Eötvös Loránd University, Budapest. The 

settlement was discovered some 5 km west of 

the current river bed on Pleistocene terraces, 

ca. 100 m above the Adriatic sea level. The 

prehistoric settlement falls within the ecotone 

of the alluvial plain to the southeast and low, 

rolling hills toward the northwest (Fig. 4). 

The area is covered by loess, aeolian 

sediment formed by the accumulation of 

wind-blown silt in the 20–50 micrometer size 

range. It is usually homogeneous and highly 

porous. Loess soils are alkali and therefore 

tend to favour bone preservation. Diagenetic 

damage to animal remains may occur with the 

formation of exogeneous calcium carbonate 

on the external surface of bones. As this 

calcareous crust is usually impossible to 

remove, such animal remains need to be 

excluded from the weighing method. This 

natural phenomenon, however, did not 

hamper the analysis; different degrees of sub-

fossilization, therefore, do not bias 

comparisons between the resulting weights 

since the preservation of the material was 

uniformly good.  

The archaeological material of the 

settlement was dominated by ceramics of the 

Somogyvár-Vinkovci Culture (2600–2300 BC), 

the region’s first Early Bronze Age Culture. 

The ceramic assemblage displays stylistic 

elements of the largely contemporaneous 

Makó Culture (2600/2500–2300 BC). The 

eponymous site of the Makó Culture is located 

some 180 km southeast, in the Tisza river 

valley. A small set of  559 animal bones 

recovered from 18 pits of the preceding 

Copper Age Baden culture  (Gál 2017. 51) was 

far too small for the purposes of the current 

study of skeletal weight ratios. 

Altogether 7,238 identifiable animal bone 

specimens were recovered from 88 of the 108 

Early Bronze Age features at Paks–Gyapa. This 

refuse bone material weighed 288.564 kg. 

While the taxonomic composition of this 

assemblage has already been evaluated in 

terms of fragment numbers (Gál 2017. 83–95), 

the detailed analysis of bone weights has not 

yet been carried out. Due to the relatively large 

size of the archaeozoological assemblage, even 

usually poorly represented roe deer were 

present in numbers amenable for testing the 

method to be developed here.  

Method 

The role of animal remains in 

reconstructing prehistoric subsistence has had 

a long tradition. The numbers of identifiable 

elements (henceforth NISP) of the animal 

skeleton can be grouped into meat value 

categories defined by Hans-Peter Uerpmann 

(1973). These categories are based on the 

meat-bearing capacity of bones, ranging from 

A (best meat along the axial skeleton and 

proximal limb segments), through B 

(including ribs, the head and central leg 

segments) to C (facial skull, teeth, and 

terminal, dry limb bones of limited food 

value).  

NISP values, however, are notoriously 

prone to fragmentation bias. The weighing 

method was first proposed as an alternative to 

counting fragment numbers by Marian 

Kubasiewicz (1956) using animal bone weights 

from the excavations of medieval Wolin town 

situated on the southern tip of Wolin island 

off the Baltic coast of Poland. This approach 

meant a correction for fragmentation bias, 

since the weight of meat and fat in an animal 

is more closely correlated with the weight  

of bones than the extremely variable  

number of bone fragments in archaeological 

assemblages. Unfortunately, the degree of sub-

fossilisation, leaching and other taphonomic 

distortions may bias archaeological bone 

weights, impeding estimations aimed at directly 

estimating absolute weights of edible tissue 

from archaeozoological finds (Bartosiewicz 

1988). 
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In assemblages of sufficiently homogeneous 

bone preservation (which means comparable 

changes in the specific weight of most bone 

fragments in either direction relative to fresh 

bone) bone weights within the skeleton can be 

compared to each other. Skeletal weight ratios 

of various body parts in the food refuse can be 

reliably estimated by contrasting proportions 

of bone weights in the archaeological material 

against the natural ratios between the element 

weights in standard reference skeletons of 

known ages, sex and live size.  

Skeletal weight ratios at the site were 

calculated for cattle, sheep and pig using 

Reichstein’s (1994) data for domesticates.  

In the absence of reference skeletons, 

previously no such analyses could be carried 

out for roe deer. Since - except for frontal bone  

fragments – sexing archaeological roe deer 

bone fragments is virtually hopeless, the 

anatomical distribution of excavated remains 

is studied here using the averaged relative 

weights of skeletal elements within both 

skeleton skeletons as listed in Table 1. 

Percentages of those values were taken as the 

standard against which the weights of roe deer 

bones in the archaeological refuse were 

compared for each skeletal element. The 

graphic representation in the bar charts thus 

drafted follows the decreasing (left to right) 

relative contribution of element weights to the 

total weight of the reference skeletons 

(Bartosiewicz 2009). Deviations from this 

norm show patterns of skeletal representation 

in the archaeological material plotted within 

the same diagram. They may be related to 

practices of primary butchering, cooking 

traditions and choices of meat cuts. They are 

also influenced, however, by non-human 

taphonomic factors as well as sample size. 

Results 

Setting the standard 

Prior to their analytical application, data 

on the roe deer reference skeletons were 

organized in a form compatible with previous 

research. Although all bones of the reference 

individual were weighed (Table 1), some minor 

elements had to be left out to make the results 

comparable to the reference specimens of 

livestock used by Reichstein (1994). Vertebrae 

and basipodium bones were pooled while 

sternum and patella were not added to the list 

of percentages. Finally, resulting values for the 

doe and buck were averaged and sorted in the 

order of decreasing contribution to skeletal 

weight (Table 2). 
The last column in Table 2 contains the 

percentages of each bone weight for the entire 

skeleton to be compared to those of other 

animals. First, however, the percentages of 

element weights were projected onto a 

schematic roe deer skeleton to help appraising 

weight distributions within a complete, 

undisturbed skeleton (Fig. 5).  

Fig. 5 shows that the largest proportion of 

weight in the skeleton (in general over 9% 

each) is represented by the skull (calvarium), 

the vertebral column and long bones of the 

hind leg (femur and tibia). The rib cage, long 

bones of the front leg (humerus and 

radius/ulna) as well as the pelvis and 

metatarsal bones form the next group 

(between 5 and 9%). The relatively lightest 

skeletal parts (less than 5% each) are the 

mandible, scapula, metacarpals and small-

sized short bones of the basi- and autopodia 

(carpal/tarsal bones and phalanges). The main 

trend shown in this figure corresponds 

perfectly to the functional anatomy of 

quadrupedal locomotion in large mammals 

showing the key role of the hind limbs and the 

vertebral column in propelling the animal’s 

body ahead like an “engine” and the less 

powerful but more refined steering action 

provided by the lighter/weaker but more 

flexible thoracic limb (Bartosiewicz 2008).
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Table 2. Sorted mean percentages of roe deer skeletal elements in the two reference individuals. 

 
 

Archaeological application – the case 
study 

Table 3 shows the taxonomic composition 

of Early Bronze Age animal remains from 

Paks–Gyapa. Only 9.5% of the NISP values and 

15% of the bone weights originate from wild 

animals. This is consonant with the general 

trend that in most cases the dietary role of 

game declined following domestication. 

Hunting, in many cases, was either a luxury or 

a contingency. Due to large assemblage size, 

however, a sufficiently great number of roe 

deer bones allowed comparisons between the 

dietary contribution of this species and 

ordinary livestock. 

Given the focus of this study on roe deer, it 

is noteworthy that the total weight of the two 

adult reference skeletons barely exceeded 1 kg 

each: it roughly corresponds to the total 

weight of the subfossil roe deer bone material 

available from the site of Paks–Gyapa (1006 g; 

Gál 2017. 83). 

The percentage distribution of remains 

from animals of major dietary significance is 

shown in Fig. 6. The rest of the analysis is 

carried out on the bone weights of these 

species (Wild pig could not be included in 

these calculations due to the small 

contribution of its bones to the total faunal 

assemblage). 

These pie charts reflect the basic rule that 

large-bodied animals contributed more meat 

to the diet in terms of weight than shown by 

fragment numbers (NISP). Light-weight bones 

from small animals may be numerous, but 

represent smaller meat weights as well. At 

Paks–Gyapa beef had overwhelming 

importance in the meat diet. While caprine 

and pig bones provided approximately one 

third of the identifiable bone fragments, the 

weight of mutton and pork consumed was 

probably far less. The same holds true for roe 

deer, a small ungulate of comparable size, 

while large-bodied red deer contributed small 

but comparable percentages to both the NISP 
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and bone weights in Fig. 6. Last, but not least, 

the robust bones of aurochs (identified only by 

size), contributed a relatively large share of 

bone weights. The great differences between 

the representations of species singled out for 

analysis are very important as they show the 

diversity of sample sizes available for study. 

They represent differences reaching three 

orders of magnitude both in terms of fragment 

numbers and weight. 

 

Table 3. The taxonomic composition of Early Bronze Age animal remains from Paks–Gyapa. 

 
 

The anatomical distribution of bone 

fragments by NISP is not the direct subject of 

this study. Detailed information by species has 

been published by Gál (2017. 85, Table 23). 

Previously unpublished skeletal element 

weights of the main meat-providing species, 

on the other hand, are presented in Table 4. It 

is these data, fragment weights in the 

archaeological refuse that were compared to 

standard reference skeletons in the rest of our 

study. 

The six taxonomic groups listed in Table 4 

show differences by sample size and skeletal 

morphology reflected in the specific ranking 

by skeletal elements based on their weight-

contributions to the complete reference 

skeletons. In addition to placing the results of 

roe deer studies in context, they offer general 

conclusions concerning the qualitative 

assessment of meat consumption using the 

weighing method. 

Pairwise comparisons between the six 

selected taxonomic groups were made on the 

grounds summarized in Table 5. Different 

morphological features of the animals 

compared, as well as differences in body size 

influenced prehistoric carcass treatment 

(cooking, butchery, transport, meat 

distribution) as well as taphonomic factors 

impacting the refuse bone material 

(fragmentation, preservation, and recovery) 

from the site. 

In Table 5, Spearman's Rho values, 

coefficients of rank correlation, measure the 

strength and direction of the morphological 

similarity between taxa paired in Table 5 on 



From hunter-gatherers to farmers 
Human adaptations at the end of the Pleistocene and the first part of the Holocene 

 472 

the basis of the rank order of skeletal elements 

by weight in the reference skeletons (Table 4). 

All resulting coefficients were significant in 

formal statistical terms. The similarity is 

strongest between cattle and aurochs whose 

reference skeletons are identical and is weaker 

when morphologically distant caprines and 

pig are compared. A reasonably high 

morphological similarity between cervids 

results in a relatively high coefficient of rank 

correlation, although size difference between 

these two closely related species is also 

reflected in skeletal weight ratios. 

Fig. 7 illustrates the representation of 

skeletal elements in the large sample of cattle 

bone and the composition of morphologically 

similar aurochs remains in a significantly 

smaller sample. Weight data on these closely 

related animals were plotted against the cattle 

standard published by Reichstein (1994). 

Cattle bones in general show a more even 

distribution, with long bones of the front limb 

and mandible better represented than 

expected on the basis of Reichstein’s reference 

skeleton. Cranial fragments as well as 

vertebrae and ribs made up a weight smaller 

than would be typical in a complete skeleton.  

In the case of aurochs, fragments from the 

basipodium, humerus, radius/ulna and 

scapula contributed notably more weight to 

the sample than expected based on 

Reichstein’s cattle reference specimen. 

Mandible and tibia fragments were also 

significantly underrepresented in addition to 

vertebrae and ribs. Evidently, small fragments 

in these latter two anatomical categories are 

often difficult to identify even to genus (Bos), 

let alone distinguishing them between the 

wild and domestic form. Some always end up 

as flat bone fragments in the generic “large 

ungulate” category. 

In contrast to the previous graph, Fig. 8 

presents two morphologically different taxa of 

roughly comparable sizes. The graph of 

caprines combines the overwhelming majority 

of unambiguously identifiable sheep bones 

(NISP=1,010) with specimens identifiable only 

to sub-family level (NISP=298). The two goat 

bones identified were added to this group as 

well. The parallel chart in Fig. 8 shows the 

relative weight distribution of pig remains. 

Caprine remains characteristic of mutton 

consumption indicate an unexpectedly high 

contribution of tibia and mandible fragments. 

The prominence of the latter element in the 

top graph is probably influenced by the weight 

of associated lower teeth. The results 

concerning tibia, however, are more 

surprising. Although this long bone tends to 

get broken up producing disproportionately 

high numbers of fragments, bone weights 

indicate that small fragments make up more 

tibia weight than expected on the basis of 

Reichstein’s (1994) standard sheep skeleton. 

The picture is somewhat balanced by a slight 

overrepresentation of long bone fragments 

from the front leg (humerus and forearm). The 

relative absence of skull and femur remains is 

noteworthy but may partially be explained by 

fragmentation as these bones tend to break 

into small pieces difficult to assign to species. 

The relatively small weight of skull fragments, 

however, also means the underrepresentation 

of heavy maxillary teeth. 

The same trend is shown in the case of pig: 

mandibular weights dominate, while the rest 

of the head is basically missing. Other 

elements contributing more than expected to 

pig bone weights are less surprising. Robust 

fragments of humerus, radius/ulna and pelvis 

commonly occur in pig bone assemblages. The 

spectacular underrepresentation of metapodia 

is also understandable. Not only are these 

bones relatively smaller in pigs than 

ruminants but their small size also means that 

even if more numerous than in caprines, they 

are more prone to recovery bias in hand-

collected archaeozoological materials.
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Table 4.  Skeletal element weights (g) of the main meat-providing taxa in the refuse bone material sorted by the decreasing order of relative weight in 

the reference skeleton in each taxon 
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Table 5. Pairwise comparisons made between the ungulate remains in Figures 7–9. Coefficients 
of Spearman’s rank order correlation (Rho) indicate significant similarities (1=total correspondence; 
0=no correspondence) in the ranking of skeletal elements listed in Table 4. 

 
 

The last graph (Fig. 9) offers a comparison 
between the two cervid species identified at 
the site. Red deer and roe deer are very similar 
in terms of their skeletal morphology, they 
differ strongly in terms of body size. In very 
rough terms a red deer is at least four times 
heavier than roe deer, while the 7833 g total 
weight of the red deer reference skeleton is  
6.5 times heavier than the 1249.2 g and  
1171.7 g roe deer skeletons used in this study. 
This difference may affect their degrees of 
fragmentation/bone preservation and potential 
for recovery. 

In the case of red deer, the relative 
dominance of distally located limb bone 
fragments (especially the metatarsus) is 
noteworthy relative to the standard 
individual. Although the weight of phalanges 
does not stand out in this tabulated summary, 
basipodium (carpal and tarsal) bones weigh 
also more than would be expected. On the 
other hand, bones from the most valuable, 
meat rich regions of the carcass (vertebral 
column, pelvis, humerus and femur) are 
underrepresented at the site in comparison 
with their proportions in the complete 
reference skeleton. Although antlers (with no 
meat value) were discounted in the modern 
reference specimen (Bartosiewicz in press) 
and no antler fragments were included in the 

archaeological sample either, the relative 
weight of skull remains also stands out in the 
graph in comparison with all the other taxa 
discussed here. Hypothesizing that some 
archaeological skull fragments were 
associated with antlers (no longer visible on 
these specimens), the pattern observes is 
rather consistent with the possibility that the 
head (trophy?) and distal extremity segments 
were taken to the settlement in the animals’ 
skin following primary butchery off-site.  

Finally, with the prominence of tibia, 
mandible and radius/ulna weights relative to 
the reference specimens, relative weights of 
roe deer skeletal elements show striking 
similarities to caprine remains. In terms of 
skeletal weight representation, anatomical 
similarity between roe deer and sheep of 
comparable body sizes may be more 
important than within family similarity 
between cervids. It may also suggest a trend of 
similar carcass treatment, i.e. on-site 
butchery. 

Discussion and Conclusions 

The ability to distinguish between patterns 
of meat consumption and other butchering 
related activities in archaeology is largely 
based on understanding skeletal part 
representation as a possible reflection of the 



From hunter-gatherers to farmers 
Human adaptations at the end of the Pleistocene and the first part of the Holocene 

 475 

various choices of meat cuts available to 
butchers in the past. Sites for processing and 
consumption are usually identified on this 
basis. Most importantly, butchering 
techniques and values assigned to various 
body parts (including associated bones) differ 
extremely in different places and times: large 
long bones may be broken for marrow, the skull 
may be appreciated if brains or tongue are 
considered a delicacy (Marshall and Pilgram 
1991; Bartosiewicz 1997). Other skeletal parts 
may be retained as trophies or exploited as raw 
materials for reasons completely unrelated to 
their nutritional value, including bone 
manufacturing, attitudes to animals and 
butchering traditions.  

While NISP, that is fragment count, is an 
underived, fundamental but raw form of 
quantification, bone weights are worth 
considering as well, preservation conditions 
permitting. The method developed in this 
paper is based on skeletal element weights 
from two securely aged contemporary roe deer 
skeletons of known sex. They were used in 
calculating skeletal weight ratios in the 
archaeological material and comparing them 
to similar values for livestock and red deer.  

The archaeological application of this 
method requires good – and above all – 
homogeneous preservation. Over time, bones 
break down depending on their size and 
density as well as their conditions of burial. 
Smaller, lighter bones tend to disappear first 
as a result of scavenger activity (usually dog or 
pig gnawing) and weathering. When using the 
method developed by Reichstein, one must 
always consider the differential specific 
weight/density of bone fragments since these 
factors may bias estimations. This may be the 
case with unusually high ratios for mandible 
weights for various species (cattle, caprines, 
pig, roe deer) where the good preservation of 
associated mandibular teeth may increase the 
values obtained. It is interesting, however, 
that the two large game species studied 
(aurochs and red deer) did not display the 
same tendency. 

The bones that stand out in the graph 
showing red deer (Fig. 9) may be relevant to 
this difference. They belong to the distal 
extremity segment (the so-called “dry limb”), 
frequently left in animal hides following 
primary flaying at the kill-site. This is the 
principle expressed by the Schlepp effect 
(Perkins and Daly 1968), although the 
tendency is often less clear cut and far from 
being general. In this special case, skeletal 
weight ratios of red deer support the 
hypothesis that deer skin with associated 
bones was brought to the site, while most of 
the venison was removed from meat-rich parts 
of the skeleton such as the trunk, the pelvis 
and the femur prior to the hunters return to 
the village. The weights of these latter 
elements are under-represented at Paks–
Gyapa.  

The same trend is less visible in aurochs 
remains. Aurochs was distinguished from 
cattle only on the basis of their larger size. 
Inevitable overlaps between the wild and 
domestic form may blur the picture in 
comparison with red deer. 

Size-dependent differential treatment of 
carcasses, on the other hand, may be 
suspected in the case of roe deer. Skeletal 
weight ratios of this species show no sign 
being impacted by the Schlepp-effect but are 
rather reminiscent to the weights for caprine 
bones. Comparing the decreasing order of 
skeletal elements between the standard 
skeletons of sheep and roe deer resulted in a 
significant coefficient of Spearman rank 
correlation (Rho=0. 582, P=0.028). When 
compared to the values listed in Table 5, roe 
deer are more similar to caprines than pig 
(Rho=0.538), but even more similar to red deer 
than to caprines (Rho=0.670), in spite of the 
considerable difference in body weight 
between the two cervid species. 

Presuming that caprines were usually 
butchered at the settlement, the similarity in 
patterning seems to indicate that (in contrast 
to large game) complete roe deer were 
brought to the site.  
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Sample sizes need to be considered. The 
overwhelming majority of bones originating 
from cattle resulted in a relatively small degree 
of patterning. Moderate deviations from the 
standard show that the weight representation 
of thousands of fragments approaches that of 
the individual skeleton. As sample sizes 
decrease, differences between skeletal parts 
become more extreme. This is in part an 
artefact of using percentages: any excess in the 
weight ratio of one element is, by definition, 
calculated at the expense of the others making 
the picture more dynamic than in very large 
assemblages. Unfortunately, the proper 
statistical testing of these quantitative trends 
is still to be developed. For the time being, 
sample sizes always need to be properly 
documented both in terms of NISP and weight 
and strongly underrepresented species (such 
as wild pig at Paks–Gyapa) excluded from 
skeletal weight ratio calculations. Last but not 
least, our analysis has shown that although roe 
deer is represented by the fewest remains 
among the animal taxa studied at this site, its 
skeletal weight ratios still reveal meaningful 
patterns for archaeological interpretation. 
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Figure 1. Frontal aspects of the skull of the female (left) and male reference specimens. 

 

 

 
 
Figure 2. Estimating the age of the male reference specimen against the trend of 186 roe deer bucks 
of known ages. 
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Figure 3. Buccal aspects of the mandibles of the female (left) and male reference specimen. 
 

 

 

 
Figure 4. The location of Paks–Gyapa (red dot) in the Danube valley, Hungary. 
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Figure 5. The contribution of various skeletal elements to total skeletal weight (100%) in roe deer. 
 
 
 

 

 
Figure 6: The percentage distribution of remains from major meat-providing animals at Paks–Gyapa. 
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Figure 7. Skeletal weight ratios of cattle and aurochs remains. 
 

 
 
Figure 8: Skeletal weight ratios of caprine and pig remains. 
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Figure 9. Skeletal weight ratios of red deer and roe deer remains (excluding antler). 
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