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ABSTRACT 

The economic life of Europe's Middle Paleolithic inhabitants is 

poorly known; a~ only a few sites have the relationships between sub

sistence behavior and other variables been studied in any detail. The 

deeply stratified site of Combe Grenal, Dordogne, France, provided an 

opportunity to study one part of this problem in one of the archae

ologically best-known areas of Western Europe. 

Three aspects of animal exploitation (species preference, carcass 

use, and butchering techniques) were examined in relationship to each 

other and to three other variables (climate, associated lithic assem

blages, and time). The results of this study, supported by data from 

Middle Paleolithic sites in the rest of Europe, provide an overall 

picture of the nature of Mousterian subsistence systems. 

Middle Paleolithic economies were based on a purposeful, 

eclectic, and internally diversified set of activities. These show a 

remarkable persistence through time and a remarkable independence from 

changes in both climate and lithic industry, while showing little evi

dence of evolutionary development. The striking conservatism in 

behavior has implications both for our eValuations of the efficiency 

of Mousterian technologies and for our concepts of the nature of Middle 

Paleolithic culture. 

xiii 



CHAPTER 1 

INTRODUCTION 

In recent decades, the attention of European Mousterian scholars 

has been absorbed by problems of chronology on the one hand and by the 

analysis of stone tool styles and technologies on the other. By com

parison, very little attention has been paid to the economic basis of 

Middle Paleolithic 1ife~ to the extent that today very little is known 

on the subject other than the species of animals hunted. 

There are of course, exceptions to this trend. There have been 

short overviews of what is known published as parts of discussions of 

larger topics (e.g., Butzer 1971:462-471; MU11er-Karpe 1966:147-151; and 

articles in the section '~ode de Vie" of La Pr~histoire Franqaise ~e 

Lumley 1976:677-712{). There have been discussions of SUbsistence in 

the context of studies of the transition from Middle to Upper Paleo

lithic (e.g., Mellars 1973:260-264; White 1982:170-171 with comments). 

There has also been an overview of Central and Eastern European subsis

tence in Middle Paleolithic times from the point of view of specializa

tion of hunting and relationship of hunting technologies and species 

preference to stone tool assemblages (G~bori 1979), two studies on 

northern Spain (Freem~~ 1973; Straus 1977), one on Italy (Barker 1973, 

1975). There have been detailed studies of SUbsistence activities at 

one French site (de Lumley 1972:163-206, 572-244) and one Hungarian site 

(G'bori-Cs~ 1968:197-244). Finally, there are studies of seasonality 

1 
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in the occupation of French sites (Bouchud 1954; Guillien and Henri

Martin 1974 -- but see Spiess L1979:70-7~ for a critique of the methods 

used). 

These studies, however, are too few to have provided a basis for 

any thorough understanding of Mousterian sUbsistence patterns. It 

seemed worthwhile, then, to study the faunal remains from a major Euro~ 

pean site (Combe Grenal) with the goal of understanding as much as 

possible about the economic activities at the site, and, to the extent 

possible, of Western Europe as a whole. Four major areas were investi~ 

gated: utilization of fauna in terms of species hunted, utilization of 

fauna in terms of different portions of the carcass, methods and styles 

of butchering, and the relationships of these to each other and to 

variables such as climate and associated stone tool industry. These 

analyses indicated that Mousterian subsistence activities at Combe 

Grenal were part of a larger, internally diversified subsistence system, 

with pUrposeful, complementary activities carried out at different 

places. Moreover, there appears to have been a remarkable degree of 

independence between animal exploitation and climate, and between animal 

exploitation and lithic industries. This implies that Middle Paleo

lithic technology was efficient enough to permit a considerable freedom 

in economic decision-making. 

The Site of Combe Grenal 

Combe Grenel is a shelter (formerly a cave) located just east of 

the village of Domme, Dordogne, on the south side of the Dordogne River 

(see Fig. 1). It is thus one of the many such shelters and caves to be 

found in the dissected limestone plateaus of the P~rigord. Because they 
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have preserved long sequences of Paleolithic material, such sites have 

made the P~rigord one of the most important areas for our understanding 

of the Upper Pleistocene prehistory. 

4 

Bordes (1972) has provided a history of the archaeological ex

cavations at the site, from 1816 to his own excavations of 1953 to 1965. 

The material used for this study came from Bordes' excavations. His 

investigations are described in the same work, as is a summary of the 

stratigraphy_ The fauna were reported from a paleontological perspec

tive, by Bordes and Prat (1965). The details of the sedimentology have 

been reported by Laville (1975:143-188), and the palynology has been 

reported by Paquereau (1970, 1974-5:79-85). The paleoclimatic inter

pretation of the site and its correlations with other sites in the 

P~rigord and elsewhere have been presented by Laville 1969a, 1969b, 

1975), by Bordes, Laville, et ale (1972), and by Laville, Rigaud and 

Sackett (1980:143-216). 

Briefly, the stratigraphy is divided into three groups, each 

corresponding roughly to steps in the underlying bedrock, and each 

representing a separate cold phase and separated from the next by a 

depositional hiatus and erosional event. The lowest of these, from 

levels 64 through 56, contains Acheulean and represents the last stadial 

of the Riss. Levels 55 through 36 belong to the first stadial of the 

WUrm (WUrm I in Western Europe), while the remaining layers belong to 

the second stadial, or WUrm II. The WUrm levels contained Typical, 

Quina, Ferrassie, and Denticulate Mousterian, with a few very poor 

levels of Mousterian of Acheulean Tradition B. Table 1 shows the in

dustry associated with each level (from Bordes and Prat 1965), a very 



Table 1. Levels of Combe Grenal and associated lithic industries (from 
Bordes and Prat 1965). -- Asterisks indicate levels included 
in this study. 

WUrm II Wurm I 
Level Industry Level Industry 

1 MAT 36 Typical? 
2 MAT -37 Typical 
3 MAT ·38 Denticulate 

• 4 Typical 39 Typical? 
- 5 Typical 40 Typical 

- 6 
Typical ·41 Typical 

- 7 
Typical ·42 Typical 

• 8 Denticulate -43 Typical 
9 ? 44 Typical 

10 Typical? 45 ? 
-11 Denticulate 46 Typical? 
-12 Denticulate 47 Typical? 
-13 Denticulate 48 Typical? 
-14 Denticulate 49 Typical? 
-15 Denticulate -50&' Typical 
16 Typical? -50 Typical 

-17 Quina 51 ? 
-18 Quina -52 Typical 
-19 Quina 53 ? 
-20 Denticulate -54 Typical 
-21 Quina 55 ? 
-22 Quina 
-23 Quina 
-24 Quina 
-25 Quina 
-26 Quina 
-27 Ferrassie 
-28 Typical 
-29 Typical 
-30 Typical 
31 Typical or Ferrassie 

-32 Ferrassie 
-33 Ferrassie 
-34 Ferrassie 
-35 Ferrassie 

5 
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brief characterization of the climate (after Laville 1969a, 1969b), and 

the climatic phase assigned to it by Laville, Rigaud and Sackett (1980). 

Methodology 

All faunal remains recovered from the 1953-1965 excavations at 

Combe Grenal were stored at the Institut du Quaternaire, at the 

Universit~ de Bordeaux. Professor F. Bordes and M. F. Prat generously 

provided me with access to the material over several months. 

The material is sorted by geological level. Not all levels of 

Combe Grenal were studied. Levels were chosen only from the Mousterian, 

and only when the stone tool industry was identified without indication 

of uncertainty by F. Bordes (Bordes and Prat 1965:31-33). This elimi

nated levels poor in archaeological material and permitted the compari

son of stone tool industries and butchering practices. The levels 

studied are indicated by an asterisk in Table 1. 

Material was identified to the most specific skeletal category 

and to the lowest taxonomic level deemed reli~ble. When a bone could 

be identified as probably but not certainly belonging to a certain 

taxon, it was so recorded. Because shaft fragments of long bones, 

etc., had not generally been collected, a high proportion of the bone 

was identifiable to precise skeletal location and a low taxonomic level. 

Information was recorded using a slightly modified version of 

the coding system suggested by Gifford and Crader (1977). This system 

allows for the recording, in abbreviated English, of the part (i.e., 

bonB) observed, the portion of the bone present, and, for more pre

cision, the segment of that portion. For example, "TIB,PX,AL" refers 

to the antero-lateral "segment" of the proximal tibia. This 



alphabetic information is then reproduced, using the computer, in 

numeric form to facilitate management of the data. 
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In addition to part, portion, and segment, level, taxon, and 

side of the body were recorded. Age was recorded for each bone rather 

than for the animal from which it came as follows: fetus or extremely 

young, epipheeis not fused, epiphesis partially fused (i.e., lines still 

visible), or epiphesis fully fused, for long bones; for teeth: deciduous 

teeth, adult teeth with roots not formed, adult unerupted, adult barely 

worn, adult moderately worn, adult extremely worn (these categories are 

discussed more fully in Chapter 2). 

Any bone that showed butchering marks was recorded, in addition 

to the computer coding, by a drawing and a verbal description in a 

notebook that could be referred back to the computer information and 

vice versa. In addition, a large percentage of the bones, especially 

frequently-occurring post-cranial elements and bones with definite or 

possible butchering marks were photographed, and special notes were 

taken where clarification was desirable or unusual aspects were noted. 

The problems of Mousterian use of different species at Combe 

Grenal, of use of carcasses, and of butchering techniques will be 

examined in- turn. Published data from other European Mousterian sites 

that exe relevant to these problems will also be examined, and the 

results interpreted to give a general idea of the nature of European 

Mousterian SUbsistence. Finally, a discussion of the evidence for 

faunal exploitation from the Abri Pataud is included in Appendix A, 

since this is a well-excavated earlier 'Upper Palecli-thic site from the 



same area and has been the subject of a detailed zooarchaeo1ogical 

analysis (Spiess 1979). 

8 



CHAPTER 2 

THE UTILIZATION OF SPECIES 

There are two main aspects to Mousterian utilization of the 

available fauna. The first concerns the differential use of the species 

available; the second, the differential use of parts of the carcass once 

an animal has been killed. 

It is clear from the bone remains at Combe Grenal that through-

out the sequence a considerable variety of fauna were available for 

hunting. Although the composition of this variety undoubtedly changed 

through time (witness the almost total absence of reindeer from the 

Wurm I) and although the relative availability of these different 

species undoubtedly changed, the inhabitants of the site were never 

forced to depend entirely upon a single species. However, only six or 

eight species are found with any great frequency: reindeer, red deer, 

aurochs and/or wisent, horse, ass, roe deer, ibex, fallow deer, 

chamois, and boar. 1 

Clearly faunal utilization is an aspect of human adaptation. 

Changes in faunal utilization, then, reflect changes in adaptation. 

However, such changes at Combe Grenal may not necessarily indicate 

changes in the overall pattern of adaptation9 but simply changes in 

that site's place in the same pattern. Until we have good 

lIn order to avoid confusion, I will use the common and s~ientific 
names used by Kurten (1968) throughout this work. Table 2 lists these 
terms. 

9 



Table 2. Common names and corresponding scientific names of species, 
as used in this study (following Kurten 1968). 

Ass 

Aurochs 

Boar 

Brown bear 

Cave bear 

Cave hyena 

Chamois 

Fallow deer 

Fox 

Giant deer 

Hare 

Horse 

Ibex 

Leopard 

Lion 

Moose 

Mouflon 

Mountain goat 

Musk (IX 

Panther 

Red deer 

Reindeer 

Roe deer 

Saiga 

Wi sent 

Wolf 

Wooly mammoth 

Wooly rhinoceros 

Equus hydrantinus 

Bos primigenius 

Sus scrofa 

Ursus arctos 

Ursus spelaeus 

Crocuta crocuta 

Rupicapra rupicapra 

Dama dama ---
Vulpes 

Megaloceros 

Lepus 

Equu~ caballus 

Capra ibex 

Felis perdue 

Felis leo 

Alces alces 

~ 
Capra sibirica 

Ovibos muschatus 

Felis pardoideo 

Cervus e1aphus 

Ransifer tarandus 

Capreolus capreo1us 

Saisa tatarica 

Bison priscus 

Canis lupus 

Mammuthus primigenius 

Coelodonta antiguitatis 

10 



data from a large number of sites in the P~rigord, our understanding 

even of local Mousteriru~ adaptation will be incomplete. 

11 

Nevertheless, one may still examine the reasons for changes in 

fauna at Combe Grenal, or at least see if these changes correlate with 

any other changes. The obvious possible relationships are with stone 

tool industry, climate, and time. If changes in faunal utilization 

parallel changes in lithic assemblages, this could be accounted for in 

one of at least two ways. Either both are the result of changes in the 

cultural affiliations of the site's inhabitants (Bordes and de 

Sonneville-Bordes 1970; Bordes, Rigaud and de Sonneville-Bordes 1972) 

or changes in economic activity required changes in tool kits (Binford 

and Binford 1966). The second possibility, that changes in faunal use 

coincide with changes in climate, is also a reasonable one. One would 

expect that changes in climate would lead either to changes in the loca

tions of different resources, and consequently in activities at Combe 

Grenal, or to a change in resources available forcing a change in the 

overall economic pattern in the area, or to both of these at once. 

Finally, a change through time would be interesting in itself as being 

suggestive of a possible evolution of the nature of Mousterian culture. 

Methods 

The minimum number of individuals (MNI) was calculated for each 

taxon for each level. Binford has in various places objected to the use 

of MNI's, and especially to the use of MNI's as a basis for calculating 

the total weights of meat represented by different species (Binford 

1978:69-72, 1982:178). His objections center on the fact that, as his 
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observations among the Nunamuit demonstrate, hunters rarely treat the 

carcasses (at least those of large animals) as units. Rather, what 

happens is that after an animal is killed, it is butchered for several 

purposes, and that ·therefore different parts of the skeleton are to be 

found at different sites. Moreover, it is not necessarily true that 

the entire carcass will be consumed in the same place. To argue on the 

basis of the MNI of remains at one site that the amount of meat con

sumed at that site was the weight of meat on one animal multiplied by 

the MNI for that species is to argue on the basis of an invalid assump

tion. 

Binford becomes most vehement about this argument when comment

ing on studies like that of Spiess (1979:211-214), who estimated man

days of occupation for the Upper Paleolithic site of the Abri Pataud on 

the basis of such calculations. I would agree with Binford in this 

regard, especially since, as can be seen in Appendix A, there is evi

dence for different patterns of utilization of reindeer carcasses in 

different levels of that site. 

However, the usefulness of MNI's must be viewed in the light of 

the state of archaeological knowledge of the Middle Paleolithic. I 

would accept, as a working assumption, a picture of Mousterian life 

that agrees with Binford's observations among the Nunamuit. During the 

year, people would kill animals in different locations and butcher them 

for different and specific purposes. The parts of the bodies left at 

kill sites and processing sites would vary depending upon the kind of 

butchering, which would in turn vary depending upon such factors as the 

distance to consumption sites, parts of the animal to be consumed, 
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condition of the animal, etc. Likewise, the parts represented at dif

ferent consumption sites would also depend upon the kind of consumption 

taking place. In addition, different kinds of consumption and/or 

processing could take place at one site. 

Ideally, sometime in the future, we will be able to reconstruct 

this entire cycle of activities. When (or rather if) this is the case, 

we will have an accurate idea of the relative contributions, not only 

quantitative but also qualitative, of different species to the human 

diet at any specific site at any given time, as well as to the diet of 

the population at all times and in all areas inhabited throughout the 

yearly cycle. 

Clearly, however, this is not the present state of Middle 

Paleolithic archaeology. Most of our knowledge comes from assemblages 

whose contextual basis is the geological level. As a result, not only 

are different occupations mixed, but there is also no guarantee that 

archaeological materials from different sites are contemporaneous even 

when the levels within which they are found can be correlated. Given 

the nature of available chronological controls, problems of preservation 

and sampling, the paucity of sites excavated using modern techniques, 

etc., we cannot currently relate assemblages to one another as parts of 

a single contemporaneous economic adaptation. We are, rather. at the 

very beginning of what will certainly prove to be a long and difficult 

process of piecing together an accurate picture of the functional and 

temporal relationships among sites; simultaneously, we are at the very 

beginning of the construction of the overall picture of the Mousterian 

economy. It is inevitable that at our present state of knowledge our 
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ideas about the two subjects will be, compared with what we have even-

tually to obtain, imprecise. 

Against this background, it is clear that Binford's objections 

to the use of MNI's is based on the implicit assumption that the 

archaeologist's goal is to understand processing and consumption in· a 

given component of a given site. Obviously, multiplication of MNI by 

the weight of a carcass will not contribute to this goal; in fact, it 

can only be misleading. 

Understanding the utilization of different species and of dif-

ferent portions of the carcass at one site is of some interest in 

itself. More to the point, however, is the fact that the most important 

goal of archaeological investigation is not the reconstruction of 

activities at a single site but rather an understanding of the overall 

pattern of Mousterian economic activity. Even if we had a thorough, 

detailed, and accurate picture of what was happening in, for example, 

level 22 of Combe Grenal, this would be only a step toward understanding 

Mousterian SUbsistence in the Perigord. 

Nevertheless, the detailed study of the faunal sample from one 

site does provide a window, however inadequate, through which to view 

the rest of Mousterian subsistence. A given occupation at Combe 

Grenal2 will have resulted in the deposition of a certain set of 

2Bordes excavated only a portion of Combe Grenal. It is therefore theo
retically possible that the data recovered are biased due to differ
ences in activities carried out in different parts of the site. 
However, as will be seen later in this and the following chapter, there 
are very long-lasting patterns of both species and carcass utilization. 
The durations of these patterns are too great to postulate ongoing 
traditions concerning the locations of activities within the site. 
Moreover, the configuration of the site would have changed considerably 
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skeletal elements, elements present because of the consumption or pro-

cessing of certain portions of the carcasses of one or more species. 

These same skeletal elements also indicate something else: the total 

amount of animal material available to the site's inhabitants as a 

result of those kills represented at the site. Unless we make the un-

tenable assumption that no other portions of the carcasses were consumed 

elsewhere, these data are of interest. Binford's own observations show 

that the fact that one carcass was used one way in one place did not 

necessarily imply that the rest of the carcass was not used by the 

Nunamuit. 

In summary, then, the use of MNI's and carcass weights cannot 

be expected so much to tell us about anj.mal utilization within the site 

of Combe Grenal, as to give us a glimpse of the overall pattern of 

animal utilization at the time, a pattern of which we can probably 

safely assume that Combe Grenal was only a part. Clearly these are not 

definitive measures of animal utilization; they are only bits of evi-

dence that will have to be interpreted and reinterpreted in light of 

new evidence from different sites and from different kinds of analysis. 

As a practical matter, however, this is the only way that our knowledge 

of the Mousterian can progress. 

For the material from Combe Grenal, MNI was calculated as pre-

scribed by Chaplin (1971:70-75). In almost every case, the final MNI 

depended upon cheek teeth. The only cases where this Was not so were 

those with an extremely small number of remains. With cheek teeth, age 

during the millenia involved. It is thus improbable that the samples 
we have are seriously biased. 
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was then taken into account only in a very conservative manner. A 

moderately worn M3 and a deciduous P2' for example, were assumed not to 

come from the sab1e reindeer, since this is a highly improbable, almost 

impossible occurrence (see Spiess 1979:70-78). 

A less conservative and less objective figure for the minimum 

estimated number of individuals (MENI) was also calculated. Because 

the time available for looking at the collection was limited, teeth 

were not compared by size as Chaplin suggests. However, the use of 

deciduous versus permanent teeth was less cautious. By the same token, 

tooth wear was taken into account. Teeth were classified as deciduous, 

adult teeth with roots not formed, unworn adult teeth (enamel not 

penetrated), slightly worn (exposed surface of dentine less than the 

width of the tooth), moderately worn (dentine exposed to roughly the 

full width of the tooth), and heavily worn (crown height half the width 

of the tooth or less). These are clearly subjective and approximate 

categories, and were therefore somewhat conservatively applied. Teeth 

that erupt at about the same time were allowed to vary by one category 

without their being assumed to come from different animals, unless they 

were the same tooth. That is, a left and right P2 in different wear 

categories would be assumed to be from different individuals. However, 

a P2 and a P
3 

in different wear categories would not be taken as 

coming from different individuals, even though the P2 and P
3 

in a rein

deer erupt at about the same time. 

Data for reindeer were taken from Spiess (Spiess 1979:70-78); 

for red deer, from Wagenknecht 1981); for horses and large bovids, from 

Sisson and Grossman (1953:405, 453). 



The necessity of determining MNI made another decision neces-. 

sary. Many of the teeth from Combe Grenal were extremely fragmentary. 

Teeth were coded as complete, crown with roots broken off, roots with 

crown broken off, and fragmento Fragmentary teeth were included in 

calculating MNI and MENI only if the fragment had been large enough to 

identify exactly (e.g., "lower P
3
", not "lower premolar"). 
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Both MNI and MENI were then multiplied by approximate weights 

for meat and bone. For reindeer, red deer, horse, aurochs and wisent, 

fallow deer, chamois, ibex and boar, these weights were taken from 

Spiess (1979:214). The mean weights for male and female eviscerated 

carcasses by Prior (1968:119-125) were used for roe deer. On the basis 

of Kurten's (1968:165) statement that Megaloceros was the size of the 

modern moose (Alces alces), the weight for moose as given by Ritcey 

(1975:639) was used for the giant deer. 

On the assumption that other species were not hunted for food, 

weights were calculated only for ungulates. The assumption may not be 

valid. Hare bones from level 24 and maybe level 32, a bear bone from 

level 23, a hyena (probably) rib from level 26, and a wolf bone from 

level 26 all had cut marks from butchering. However, such animals are 

rare, are represented by very few bones, and, except perhaps for the 

largest of them (bear and rhinoceros, the latter represented only by a 

single tooth), probably contributed little to the total meat available. 

The Material from Combe Grenal 

Table Bl lists MNI's, MENI's, weights, and percentages of the 

total for all identified taxa for all levels studied. It is clear that 



18 

only five taxa, reindeer, red deer, horse/ass, aurochs/wisent, and ibex 

are common, and that the first four of these provided the great majority 

of both individuals killed and of meat available for consumption. 

These MNI's and MENI's must ,be used with a certain amo~nt of 

caution. MNI's tend to underrepresent the true number of individuals, 

and the greater the number of individuals, the greater this underrepre

sentation is likely to be (Poplin 1976:129-130; Grayson 1978). Thus, 

the most numerous taxa, such as reindeer and red deer may be somewhat 

underrepresented compared to less numerous taxa such as aurochs/wi sent 

and ibex. However, the situation is not as bad as Perkins (1973:367) 

suggests. He argues that the results of decay and other destruction in 

Paleolithic cave deposits is so great that "In the absence of archae

ological evidence to the contrary we must therefore assume that each 

fragment came from a different animal." Taken literally, this is not 

true for Combe Grenal, where it is often possible to fit together 

adjacent bones or teeth from the same individual. Moreover, MNI's and 

MENI's were almost always calculated on the basis of teeth, which are 

highly resistant to decay. Finally, MENI's, though less objective than 

MNI's, will tend to negate the problems. 

Table 3 shows the mean percentage of ungulate MNI's (calculated 

from the percentages in each level) for each industry and for each 

climate category represented by each of the four main taxa. Several 

interesting details become apparent. Reindeer are most frequent in the 

Quina Mousterian and almost absent in warm wet levels. Red deer are 

most common in warm wet levels and in the Typical Mousterian. Horses 

are most common in the Denticulate Mousterian. 



Table 3. Means and standard deviations of percentages of total ungulate MNI's per level for 
each industry and climatic category. 

Equids Red Deer Reindeer Aurochs,l\lisent 
stan. Stan. Stan. Stan. 

Mean Dev. Mean Dev. Mean Dev. Mean Dev 

Industr;y: 

Denticulate 35.4 16.6 18.0 11.2 16.0 9.1 15.9 9.8 
Ferrassie 18.3 9.7 23.5 7.9 23.3 11.5 22.9 17.4 
Quina 21.4 4.0 18.7 8.8 40.4 15.6 7.0 5.9 
Typical 18.8 7.4 41.0 15.7 14.9 15.0 13.8 8.1 

Climate 

Cold dry 26.7 13.7 26.2 17.6 22.7 17.2 13.6 R.3 
Cold wet 15.6 8.3 27.1 8.7 27.1 11.2 17.4 14.3 
Mild wet 25.1 11.1 20.7 10.1 26.5 17.1 15.1 10.8 
Warm wet 22.2 8.2 51.1 13.8 0.7 1.7 9.4 4.2 

..... 
\,t) 
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However, two more general facts are also apparent. First, in 

only one sample (red deer from warm wet levels) does one taxon average 

over 50% of the total MNI, indicating that in terms of numbers no one 

species dominated hunting patterns. Second, the standard deviations 

are almost always very large (the average size is almost 60% of the 

mean). This indicates a high variation among levels within each sample, 

which in turn implies that in fact we are not looking at the right 

variables. 

Table 4 shows the mean percentage of total weight for ungulates 

represented by each taxon for each industry and each climate category. 

Here again, the standard deviations are extremely high. 

It is theoretically possible that what is important is neither 

industry nor climate taken separatE.!ly, but both taken together. Table 

5a shows the percentage of total weight represented by each taxon for 

each of these samples (industry and climate together). In order to 

mitigate the problems caused by the use of MNI's (e.g., underrepresen

tation of more numerous taxa), MENI's were used instead. In order to 

avoid excessive apparent variability caused by small sample sizes, only 

levels with >100 identified bones have been included. The number of 

levels in each combination of industry and climate is given in Table 5b. 

Standard deviations, while smaller, are still large, indicating 

that even this breakdown probably has not revealed the actual basis for 

variation in utilization of faunal resources. 

Figure 2 shows the percentages of MNI and of weight based on 

MNI for each level. Also shown are the stone tool industry found in 

each level, the climatic characterization of each level given by 



Table 4. Means and standard deviations of percentages of weight (based on MNI) per level 
for each industry and climate category. 

Equids Red deer Reindeer Aurochs~isent 
Stan. Stan. Stan. Stan. 

Mean Dev. Mean Dev. Mean Dev. Mean Dev. 

Industr;r 

Denticulate 29.4 16.5 11.1 9.3 4.3 2.9 64.0 16.0 
Ferrassie 11.2 10.3 17.2 8.3 6.2 5.6 59.0 24.1 
Quina 29.9 12.3 20.3 10.2 17.1 5.5 30.9 18.6 
Typical 17.6 9.3 33.6 12.7 4.5· 5.4· 41.3 18.5 

Climate 

Cold dry 27.7 15.9 21.3 13.2 8.8 7.6 3R.8 21.3 
Cold wet 15.3 9.9 22.8 10.4 8.0 5.2 52.4 20.2 
Mild wet 23.2 14.8 17.8 11.0 8.7 7.9 51.8 14.4 
Warm wet 19.0 5.7 40.4 12.6 0.2 0.4 34.0 11.7 

·Mean = 8.9, S.D. = 4.3 in Wurm II Typical levels. 

I\) 
I-' 



Table 5. Means and standard deviations of percentage of total weight (based on MENI) per 
level for each category of climate/industry (a). -- Only levels with more than 
100 identifiable bones have been included. "X" indicated no levels in that 
category. Standard deviations have been omitted when there is only one level 
in a category. Number of levels with more than 100 identifiable bones in each 
category of climate/industry is indicated in (b). 

(a) Taxon 
Equids Cold dry 

Cold wet 
Mild wet 
Warm wet 

Red Cold dry 
deer Cold wet 

Mild wet 
Warm wet 

Reindeer Cold dry 
Cold wet 
Mild wet 
Warm wet 

Aurochs/ Cold dry 
Wisent Cold wet 

Mild wet 
Warm wet 

- - - - - - - - -
(b) Sample size, 

Cold dry 
Cold wet 
Mild wet 
Warm wet 

Denticulate 
Stan. 

Mean Dev. 

50 
X 

24.0 11.3 
X 

8 
X 

16.0 11.5 
X 

4 
X 
9.7 8.1 
X 

38 
X 

49.3 18.6 
X 

Denticulate 
1 
0 
3 
0 

-

Ferrassie 
~tan. 

Mean Dev. 

X 
lR.3 14.2 

X 
X 

X 
20.0 8.2 
X 
X 

X 
9.3 8.4 
X 
X 

X 
51.3 29.0 
X 
X 

- -
Ferrassie 

0 
3 
0 
0 

Quina 
Stano 

Mean Dev. 

27.8 13.9 
21 
42.5 6.4 

X 

19.8 9.0 
18 
18.5 16.3 

X 

17.25 9.1 
15 
21.0 1.4 

X 

33.8 15.9 
43 
16.0 22.6 

X 

Quina 
4 
1 
2 
0 

-

Typical 
stan. 

Mean Dev. 

17 
13.0 4.2 

X 
19.7 4.6 

52 
29.0 2.8 

X 
45.0 3.6 

0 
14.5 2.1 

X 
0.1 0.1 

22 
42.0 0 

X 
27.0 5.3 - - -

TlEical 
1 
2 
0 
3 

- -

N 
N 



Figure 2. Percentages of total ungulate MNI and weight represented 
by four taxa at Combe Grenal, with climate, industry, and 
percent arboreal pollen. 

Climate 
CD - Cold dry 
CW - Cold wet 
MW - Mild wet 
WW - Warm wet 

Industry 
D - Denticulate 
F - Ferrassie 
Q - Quina 
T - Typical 
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Figure 2. Percentages of total ungulate MNI and weight represented 
by four taxa at Combe Grenal, with climate, industry, and 
percent arboreal pollen. -- See text for sources. 
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Laville, as well as the percentage of arboreal pollen from that level, 

as taken from Paquercau's (1974-1975:82-83) diagram. 
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This figure makes it quite apparent why there are such high 

standard deviations in Tables 3, 4, and Sa. Either by weight or by 

number, relative frequencies fluctuate through time without regard for 

changes in either industry or climate. The only real exception is the 

dominance of red deer in terms of MNI in the early Warm I. This coin

cides with a long period of generally warm, humid climate and a high 

percentage of arboreal pollen. In such circumstances, the predominance 

of red deer and the absence of reindeer is not surprising. During the 

colder WUrm II, reindeer appear, as one would also expect. 

However, within the WUrm I, the percentage of red deer fluc

tuates without any relationship to changes in climate. Large bovids 

peak in level 33 for no apparent reason, then remain more or less con

stant in frequency until level 12 despite numerous changes in both 

climate and industry. Reindeer peak in terms of numbers in one of the 

least likely levels, level 22; and equidsattain their highest percent 

ages of MNI in a series of levels (15 through 12) characterized by 

clear climatic differences. The same is true of level 23 through 21, 

when horses reach another high in terms of weight. 

Nor do changes in percentages of individuals and meat available 

show any unidirectional trend through time. In fact, if we look at 

either of these sets of curves separately, we get a rather different 

picture of what is happening. 

The numbers show a dominance of red deer throughout the WUrm I, 

ending abruptly with the onset of the WUrm II. At the same moment, 



while the relative frequencies of all taxa vary considerably, reindeer 

become more and more frequent. By level 27 they dominate the sample, 

and red deer are starting to decline. The number of large bovids, 

which peaked in the early ~Urm II, is low. After level 22, the number 

of reindeer declines, and, suddenly, from level 15, the number of 

horses dominates the sample. Above level 11 there is a rough simi

larity in the frequencies of the taxa, but above level 11 samples are 

too small to be taken as reliable. 

One can also see from the graph why certain taxa show high 

values in certain samples in Table 3. Clearly, red deer dominate in 

25 

the WUrm I, and the Wurm I has a disproportionately high number both of 

Typical Mousterian levels and of warm wet levels. Yet neither the 

changes in industry within the WUrm I, nor the changes in climate within 

the same levels correspond to changes in the relative frequencies of any 

of the taxa. Likewise, while the entire stretch of Quina Mousterian 

levels (26 through 17) is characterized by a predominance of reindeer, 

the bulge in the reindeer curve begins far back in the Ferrassie of 

level 32 or beyond. Likewise, the bulge in horses appears with the 

Denticulate Mousterian of level 15, but it has shrunk before the end of 

the series of Denticulate levels in level 11. Moreover, other Denticu

late levels (38, 20, and 8) show no increase in percentages of horses. 

One clear fact, however, does emerge from this set of curves. 

In only seven levels does one taxon represent 50% or more of the total 

(all four taxa share this distinction at least once). In only one case 

does one taxon represent more than 60% of the total. 
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The curves for percentage of total carcass weight available, 

however, show a very different picture. For one thing, it is about 

twice as often that one taxon represents 50% or more of the total. 

Moreover, the apparent divisions in time are different. The predomi-

nance of red deer lasts only through level 5OA. The late WUrm I and 

early WUrm II are marked by a long-lasting and sometimes extreme pre-

dominance of large bovids. From level 29 through level 13 there is 

never such a clear domination by one speciese However, there is a long-

lasting increase and then decrease in reindeer, from level 35 through 

level 14, peaking in levels 23 through 21. In terms of weight, equids 

peak in the Denticulate of levels 15 through 13, as one would expect. 

They also peak, however, in levels 23 through 21, along with reindeer, 

although their relative numbers remain fairly constant. This simply 

emphasizes the necessity of looking at both numbers and weights of ani-

mals. In levels 23 and 22, the percentage of MNI of reindeer increases, 

while that of red deer decreases. In level 21, these return to approxi-

mately their original levels (those of level 24), but large bovids 

temporarily disappear. Thus, although equids do not change in relative 

frequency, their percentages of available meat increases. Regardless of 

how completely the carcasses of horses were actually utilized in these 

levels, the fact remains that their potential relative to other taxa did 

change. 

Grouping species according to the kind of landscape with which 

they are usually associated does little to simplify the situation (Fig. 

3). While woodland species3 dominate the WUrm I in terms of MNI, this 

3Aurochs and bison are included with grasslands forms in Figure 3. 
Placing them with woodland forms instead does not further clarify the 
situation. 



Figure 3. Percentages of total ungulate MNI and weight represented by 
grassland (equids, large bovids), forest forms (red deer, 
roe deer, fallow deer, giant deer, boar), tundra forms 
(reindeer), and alpine forms (chamois, ibex). 

Climate 
CD - Cold dry 
CW - Cold wet 
MW - Mild wet 
WW - Warm wet 

Industry 
D - Denticulate 
F - Ferrassie 
Q - Quina 
T - Typical 
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ib not true in terms of weight, except at the very beginning. From 

level 42 on, grasslands forms make up over 50% of the available weight 

represented in all but three levels, no matter what the climate or 

vegetation. 

Nor does anything else about these graphs indicate any close 

correlation between environment and species preference. Reindeer are 

absent from the WUrm I, when aboreal pollen is >30% of the total i but 

they reach a peak in the relatively mild levels 21 and 20, as well as 

in the colder. levels 30, 29, and 28, when the percentage of arboreal 

pollen is low. Alpine forms remain more or less constand throughout 

28 

the Warm II; the fluctuations one sees bear little apparent relationship 

to changes in climate. The general picture, then, is one of change 

through time that is generally uncorrelated with any of the obvious pos

sible causes of change. In fact, the overall pattern appears to be the 

result of a number of different trends or occurrences, each of them 

apparently largely independent of climate or industry, as well as of 

each other. There is the initial high frequency of red deer (this 

apparently a result of, or at least correlated with climate). This 

phenomenon shows up in all the graphs. 

There is the gradual rise and fall in the frequency of reindeer. 

There is also the peak in aurochs/wisent in the early Wurm II, but this 

predominance shows up mainly in the weight curves, where it owes much 

of its strength to the decrease in red deer. Finally, there is the peak 

in the percentage of horses in the later WUrm II. 

This last phenomenon may, however, have some relationship to 

stone tool industry. Figure 4 shows remarkable relationships between 



Figure 4. Percentages of cervids and of equids in the fauna of 
Combe Grenal and percentages of ~crapers and of 
denticulates and notches in the t~~l assemblages. 
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the percentages of cervids and of scrapers on the one hand and of equids 

and denticulates on the other. The likelihood that Denticulate assem

blages will be associated with high percentages of equids has already 

been remarked by Bordes and de Sonneville-Bordes (1970:71). (However, 

these relationships are not apparent at Combe Grenal in the WUrm I or in 

the early levels of the WUrm II.) 

This does not imply that denticulates and notches were special

ized horse-hunting or horse-butchering tools. Rather, both appear to be 

associated with a third, unidentified factor, perhaps involving the pro

cessing of vegetal materials. It should be noted, too, that the simul

taneous increase in both equids and denticulates and notches occurs at 

the beginning of a series of Denticulate levels (15 through 11). It is 

possible that this is another time-related trend in the use of the site, 

one involving both species preference and lithic industry. 



CHAPTER 3 

PATTERNS OF CARCASS UTILIZATION 

In the previous chapter, the exploitation of fauna by the Mous-

terian inhabitants of Combe Grenal was described in terms of the 

differential utilization of various species. However, there is another 

major aspect to animal utilization, the way in which different parts of 

the carcass are processed and consumed. For the material from Combe 

Grenal, this was studied primarily in terms of the relative frequencies 

of different skeletal u~its.l Direct evidence for butchering proce-

dures (cut marks, etc.) are discussed in a later chapter for two 

reasons. First, two carcasses may be disarticulated differently and 

yet be utilized in essentially the same way, or vice versa. Second, 

samples of cut bones at Combe Grenal were too small for detailed intra-

site comparisons to be made. 

In order to compare the relative frequencies of units among 

assemblages and among taxa, certain changes to the raw data had to be 

m~de. First, the numbers had to be adjusted for differences in fre-

quencies of different units in the live animals of different taxa. 

This was done by dividing the number of specimens recovered by the 

number of that unit in the living animal. For example, the number of 

IFor the purposes of this analysis, bones tentatively identified as 
belonging to a given taxon were included with those definitely so 
identified. This was done because some bones (e.g., ribs) are very 
difficult to identify to a low taxonomic level. 
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reindeer vertebrae recovered would be divided by 27; of horse vertebrae, 

by 32. (Caudal vertebrae, which were very scarce, were not counted as 

units.) The resulting figure, which Binford calls minimum number of 

individuals, will be referred to here as the weighted frequency. Bin

ford's reasons for mistrusting the use of MNI have already been dis

cussed. However, the use of that ~erm for a new concept can only lead 

to confusion; it is to be hoped that even those who share his dislike 

of the first concept will avoid applying the term to a new one. 

Before calculating weighted frequencies, the number of deciduous 

teeth was itself weighted to make it equivalent to adult teeth, since 

the object of the study is to investigate the rates at which different 

portions of the body were represented at the site. This was accom

plished by multiplying the number of deciduous teeth recovered by the 

ratio of adult to deciduous teeth for that species. Thus the figure 

used as the "observed frequency" of teeth would equal 

where R indicates the number of teeth recovered; L, the number in the 

living animal; and upper and lower case indicate permanent and deci

duous dentition respectively. 

Because the skeletal material from Combe Grenal was so frag

mented, not all material could be treated in this way, however. For 

example, long bone shaft fragments and fragments of the jaw or brain 

case would be virtually impossible to weigh, since there is no given 

number of such fragments in the living animal. The fact of incomplete 

recovery at Combe Grenal simply compounds the problem. Therefore, oniy 
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selected skeletal pru:-ts were chosen, each part being called a "unit" 

even when two of them came from the same bone (e.g., proximal and dis-

tal tibia). In order to reduce the number of variables to be considered, 

and in view of the observed frequencies of different portions and their 

importance to the problem at hand, some units were combined into one 

(e.g., cervical, thoracic, and lumbar vertebrae), while others were 

omitted (e.g., caudal vertebrae and accessory metapodials and phalan-

ges). The units used and their frequencies in the living animal are 

shown in Table 6. Possible duplicate units (that is, fragments that 

could have come from the same bone) are listed in Table 7. 

Because the absolute sizes of assemblages differed, the wei~hted 

frequencies were standardized to facilitate comparison. This was done 

by dividing each wei~hted frequency by the mean weighted frequency for 

that taxon in that assemblage: 

standardized frequency = weighted frequency 
mean weighted frequency 

Given the somewhat arbitrary choice of mean weighted frequency 

as a divisor, as well as the differential effect, in each level, of 

factors such as preservation of bone versus teeth, the standardized 

frequencies of units should be compared directly only within samples. 

Between samples, only their values relative to those of other units in 

the same sample are valid. Standardization of weighted frequencies is 

intended merely as a way to make patterns in the internal proportions 

of samples easier to recognize and to visualize. 
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Table 6. Frequencies of units in the living animal. 

Red Aurochs/ 
deer Reindeer Horse/ass Wisent 

Horn core 0 0 0 2 
Petrous 2 2 2 2 
Upper teeth (adult) 12-14 12-14 20 12 
Lower teeth (adult) 20 20 20 20 
Vertebrae· 27 27 32 27 
Rib 26 28 36 26 
Scapula 2 2 2 2 
Proximal humerus 2 2 2 2 
Distal humerus 2 2 2 2 
Ulna 2 2 2 2 
Proximal radius 2 2 2 2 
Distal radius 2 2 2 2 
Carpal 12 12 12 12 
Proximal metacarpal 2 2 2 2 
Distal metacarpal 2 2 2 2 
Pelvis (innominate) 2 2 2 2 
Proximal femur 2 2 2 2 
Distal femur 2 2 2 2 
Patella 2 2 2 2 
Proximal tibia 2 2 2 2 
Distal tibia 2 2 2 2 
F ibul are 2 2 0 2 
Tarsal 8 8 14 8 
Proximal metatarsal 2 2 2 2 
Distal metataroal 2 2 2 2 
Sesamoid 32 32 12 32 
Proximal 1st phalanx 8 8 4 8 
Distal 1st phalanx 8 8 4 8 
Proximal 2nd phalanx 8 8 4 8 
Distal 2nd phalanx 8 8 4 8 
3rd phalanx 8 8 4 8 
(Distal metapodial) 

·Cervical, thoracic and lumbar. 



Table 7. Possible duplicate units (fragments that might have come 
from the same bone). 

Reindeer 

Level 22: 1 proximal radius 
1 proximal metacarpal 
2 calcanea 

Level 23: 2 ribs 
2 scapulae 
1 proximal radius 
1 proximal metacarpal 
1 calcaneum 
2 distal first phalanges 

Aurochs/wiaent 

Level 23: 1 rib 

Level 24: 1 distal femur 

Level 33: 1 proximal radius 

Equus 

Level 22: 1 rib 
1 pelvis 

Level 23: 1 scapula 
2 pelves 
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Patterns of Relative Unit Freguencies 
a t Combe Grenal 
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The first task in studying the use of carcasses at Combe Grenal 

is to identify which patterns are real. Because the assembla.ge can be 

divided according to several criteria (time, industry, etc.), this is 

not as simple a job as one might anticipate, and will be covered in 

some detail. Interpretation of the patterns identified (along with a 

discussion of the problems involved in interpreting them) will be re-

served until the next chapter. 

There are a few trends that are immediately apparent when one 

looks at the standardized frequencies of different units (Tables B2 

through B50). These trends remain evident in virtually all samples, no 

matter what levels or taxa are considered. Some of these will be dis-

cussed later in this chapter. A few should be considered before an 

analysis of carcass utiliz,ation is attempted. 

The most striking pattern is the predominance of teeth in the 

sample. InvariablY v for the four main taxa, teeth have a far higher 

standardized frequency than do bony units. Unless one postulates a 

rather unusual use of carcasses, this implies that a fair portion of the 

bone remains have been destroyed by scavenging, weathering, decay, etc., 

while harder, more resistant (and less nutritious) teeth survived. 

Table 8 shows the ratio of teeth to the number of alveoli or 

sockets in maxillae and mandibles for each red deer and reindeer from 

each level: that is, all teeth and tooth fragments identifiable to 

taxon, on the one hand, and all tooth positions, with or without teeth 

present, represented in the bony portions of jaws, on the other. The 



37 

Table 8. Numbers of red deer and reindeer alveoli and teeth and the 
ratio between them, by level. .' 

Level Teeth Alveoli Ratio Level Teeth Alveoli Ratio 

4 14 4 0.29 26 59 18 0.31 

5 1 0 0 27 223 75 0.33 

6 27 7 0.26 28 86 17 0.20 

7 49 34 0.69 29 122 34 0.28 

8 14 7 0.50 30 33 17 0.52 

11 29 16 0.55, 32 83 39 0.47 

12 9 12 1.25 33 28 14 0.50 

13 38 17 0.45 34 17 14 0.82 

14 86 46 0.53 35 130 84 0.65 

15 13 4 0.31 37 19 3 0.16 

17-19 71 12 0.16 38 18 7 0.39 

20 58 19 0.32 42-3 25 11 0.44 

21 81 25 0.31 50A 27 7 

22 267 35 0.13 50 370 108 0.29 

23 397 134 0.33 52 92 22 0.23 

24 165 67 0.41 54 138 3 0.02 

25 214 88 0.41 



ratio of teeth to alveoli, then, may be taken as a rough indicator of 

the relative degree of bone destruction between levels. 

The weighted number of teeth was used in calculating the mean 

weighted frequency, and consequentlY all standardized frequencies, for 

each sample. However, the observed, weighted, and standardized fre

quencies of alveoli have been calculated as well, since they are prob

ably more comparable to the frequencies of other units. 

The post-cranial axial skeleton is very low in frequency for all 

samples. This may have two different explanations. Even considering 

the difficulty of identifying rib and vertebral fragments, these were so 

infrequent that this cannot be used as an explanation. While ribs may 

not preserve well, this is not a valid explanation for the lack of ver

tebrae (see next chapter). It is very possible that there is an expla

nation to be found in the behavior of Mousterian butchers. However, 

there is some possibility of another cause. Recovery of faunal mate

rial at Combe Grenal was directed primarily at identification of species 

represented and at determination of their relative frequencies. Given 

the low identifying value of ribs and vertebrae, and given the variable 

experience of many of those who worked on the site, it is possible that 

the low frequency of these units is due in part to differential re

covery. Atlases and axes were saved during excavation (A. J. Jelinek, 

personal communication 1980). The proportion of these vertebrae in 

the archaeological sample is approximately three times that in the 

living animal (for the four most common taxa). It is possible, then, 

that the number of vertebrae (and ribs) recovered represents only about 

one third of what was there. 



The same explanation may hold fo~ the relative infrequency of 

both petrous bones (usually lower in standardized frequency than 

maxillary alveoli) and sesamoids (which are generally rather scarce). 

However, tarsals and carpals are also often low in frequency, and it 

seems unlikely that excavators were responsible for their absence. It 

seems more likely, then, that differential recovery can be used to 

explain (in addition to vertebrae and ribs) only the relative infre

quency of shaft fragments, fragments of cranial vault and perhaps 

sesamoids; other discrepancies should be explained in terms of either 

differential preservation or Mousterian behavior. 
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The first part of the analysis of the utilizition of carcasses 

involves only the relative standardized frequencies of different bones •. 

When a bone is made up of more than one unit, the higher standardized 

frequency will be used (a sort of "minimum frequency of bones"). This 

practice involves the implicit assumption that bones were disarticu

lated at the joints rather than broken through the diaphysis when the 

carcass was dismembered. There are two reasons for proceeding in this 

manner. 

First, the assumption of disarticulation is supported by the 

evidence of butchering traces, as will be discussed in the next chapter. 

This is to a large extent supported by our own experiments in buthering 

sheep with stone tools. Virtually all the joints between long bones 

were more or less easily severed using stone tools. Breaking long 

bones, however, unless they were delicate enough to break by prying, 

depended upon percussion. Percussion requires that a fairly sizeable 

area of the bone be free of soft tissue, so that it may be struck 
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firmly with a hammers tone or club. Moreover, it seems likely that the 

presence of more than a little soft tissue will damp the effects of the 

blow, making fracture more difficult. 

The second reason for treating bones as one unit rather than as 

separate units is the possibility of differential destruction of dif

ferent ends of the bone (see next chapter). In such a case, the use of 

the higher standardized frequency for the whole bone will give a more 

accurate picture of the original proportions of different bones, espe

cially given the validity of the assumption of disarticulation. 

In the following discussion, the pelvis has been included in 

the axial skeleton. While this is not osteologically correct, it is 

much easier to disarticulate (or to break) the hip joint than it is to 

sever the pelvis from the vertebral column with stone tools. From the 

Paleolithic butcher's point of view, then, the pelvis is indeed part of 

the axial skeleton and not part of the hind leg. 

If we look at the cervids associated with the four stone tool 

industriee at Combe Grenal, there are only two samples large enough to 

insure that their contents reflect archaeologically meaningful pattern

ing. The reindeer from the Quina Mousterian levels and the red deer 

from the Typical Mousterian levels show distinctly different patterns 

(Tables B5 and B9, Figs. 4 and 5). The reindeer are represented pri

marily by limb bones, with the entire post-cranial axial skeleton 

largely absent. Cranial units and phalanges are somewhat low in fre

quency. However, the limb bones are roughly equivalent in standardized 

frequency between forelimb and hind limb and between proximal and 



Figure 5. Standardized frequencies of reindeer 
skeletal units associated with different 
stone tool industries. 
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Figure 6. standardized frequencies of red deer skeletal units 
associated with different stone tool industries. 

CR - Crania (upper alveoli) 
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distal halves ~f the same limb (that is, between the most frequent unit 

from each half of the same limb). 

The red deer from the Typical Mousterian, in contrast, show 

somewhat less of a dominance of limb bones. While vertebrae and ribs 

are scarce, pelves are present in considerable numbers. However, the 

limbs, while approximately equal with regard to fore and hind limb, are 

much more heavily represented by the more distal bones (radio-cubitus 

and metapodials) than by proximal bones. 

Before attempting to interpret these patterns, however, it 

will be necessary to determine if they are indeed real, or if they are 

the result of combining two or more distinct patterns. That is, it 

must be demonstrated that patterns of utilization are correlated with 

stone tool industry and taxon. If this is not the case, than the pat

terns apparent in the data may be an artifact of sample definition. 

The samples of reindeer associated with other industries are 

too small to give conclusive answers, but may give a hint of what is 

going on if used with care (Tables B2, B3, and B5, Fig. 5). The Den

ticulate sample shows the same equivalence of fore and hind limbs, and, 

except for the lack of femora, of proximal and distal parts of the leg. 

The post-cranial axial skeleton is almost absent. The sample is 

dominated by mandibles; the standardized frequencies of crania and 

phalanges are also relatively higher. 

The Ferrassie Mousterian shows a more distinctive pattern. 

Again, the post-cranial axial skeleton is almost unrepresented. There 

is a dominance of hind limb over fore limb, due to relatively high 

frequencies of tibiae and metatarsals. The fore limb shows a gradual 
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increase in frequency from humerus through metacarpal, but with a rather 

high frequency of scapulae. It should be noted that this pattern dif

fers from that of the red deer of the Typical Mousterian in only three 

respects: absence of pelves, freq~ency of scapulae, and pred?minance 

of the hind leg. However, except for the scapulae, distal limb bones 

outnumber proximal ones. 

This is also true of reindeer from the Typical Mousterian. 

GiVen the small sample, it is possible that the differences between 

reindeer and red deer from these levels are due to chance. 

Red deer samples associated with the Denticulate and Ferrassie 

Mousterian are too small to be worth graphing (Tables B6 and B7). The 

Quina sample (Table B8, Fig. 6) shows very little resemblance to any 

of the other samples. It may be that random fluctuations due to small 

sample size may be of considerable importance in this case; it is also 

possible that there is no single pattern for the Quina Mousterian red 

deer. 

The correlation between utilization patterns and either taxon 

or industry cannot, therefore be either confirmed or disproven on the 

basis of these samples alone. It is possible that by considering other 

factors that the problem can be settled. 

First, the red deer from all warm humid levels show virtually 

the same pattern as red deer from the Typical Mousterian (Table B23, 

Fig. 7). Those from cold dry levels show a very different pattern 

Table B20, Fig. 7). While fore and hind limbs are roughly equally 

represented, and the frequency of hind limb bones increases from 

proximal to distal, there is almost as high a frequency of scapulae as 



Figure 7. Standardized frequencies of red deer skeletal units by 
climate. 

CR - Crania (upper alveoli) 
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of metacarpals. The frequency of pelves is still high. Frequencies of 

red deer from cold wet and mild wet levels are too low to graph (Tables 

B2l, B22). 

Reindeer from cold dry levels (Table B17, Fig. 8) look very 

much like those from the Quina Mousterian. Those from the cold wet and 

mild wet levels (Tables B18, B19, Fig. 8) show similarities, in incon

sistent ways, to those from the Denticulate and Ferrassie: cold wet 

levels are dominated, like the Denticulate, by mandibles; mild wet 

levels, by the distal hind limb (though not to the extent that is true 

for the Ferrassie). The pattern within the fore limb is, for cold wet 

levels, an exaggeration of the pattern seen in the Ferrassie. 

Given the data considered so far, there is very little that 

can be stated with certainty except that the reindeer from Quina and 

from cold dry levels exhibit one pattern, and that the red deer from 

Typical and warm wet levels exhibit another. This is not surprizing. 

The great majority of red deer units come from the early WUrm I. To.a 

lesser extent, reindeer are most frequent in levels that are both cold 

and dry and bear Quina Mousterian assemblages. 

When we examine another variable, that of time, the meaning of 

these kinds of variability become clearer. Because very few individual 

levels produced samples large enough for analysis, it was necessary to 

combine material from adjacent levels. The choice of which levels to 

combine was made on the basis of two criteria: it was desirable to 

combine only as many levels as was necessary to produce adequate sam

ples; and an effort was made to match the temporal phases defined by 

Laville, Rigaud and Sackett. Combining levels inevitably obscures 



Figure 8. Standardized frequencies of reindeer skeletal units 
by climate. 
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some changes through time. However, the combined samples are at least 

indicative of trends and changes through time. 

The red deer from the early WUrm I (levels 50A through 54) show 

exactly the pattern already identified as distinctive of ,both Typical 

Mousterian and warm wet levels (Table B42, Fig. 9). The level of red 

deer remains in these levels is so high that they impose their pattern 

on almost any other sample chosen by other criteria that includes all 

or most of these levels. Unfortunately, no other species is present 

in these levels in sufficient quantity to identify carcass utilization 

patterns. 

In the second part of the Wilrm I, red deer are not so well 

represented, but other taxa are even less frequent. For a useful 

sample, we must combine the later WUrm I with the earliest WUrm II. 

Levels 26 through 43 (Table B4l, Fig. 9) show a great dominance of 

cranial units, especially of mandibles. Beyond that, any differences 

between this pattern and that for the early WUrm I may well be due to 

chance, indicating a continuity throughout the entire WUrrn I and into 

the early WUrm II. 

If we divide the WUrm II between levels 25 and 26, which 

Laville, Ridaud, and Sackett use as the boundary between their phases I 

and II, we can see that the pattern for the late~ WUrm I and phase I of 

the Wlirm II is essentially the same as for levels 50A through 54, but 

with a much higher frequency of cranial units. Above level 25, there 

is an abrupt change in the pattern for levels 20 through 25 (phases II 

and III of Laville, Rigaud and Sackett) (Table B39, Fig. 9). Now 

cranial and limb units are approximately equally represented; femora 



Figure 9. Standardized frequencies of red deer skeletal units from 
different levels. 
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Figure 9. Standardized frequencies of red deer skeletal units from 
different levels. 
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are absent; vertebrae and ribs are either absent or almost so; and 

pelves are well represented. However, the fore limb is represented 

primarily by metacarpals and scapulae, rather than by metacarpals and 

radiocubiti. 

Although the sample is not large, this change cannot be attrib

uted to chance alone (Table 9). Moreover, a graph of units for levels 

20-30 (Table B40, Fig. 8) looks very much like a combination of these 

two patterns, indicating that not only is the change a real one, but 

that the location of the change is close to the level 25-26 boundary. 

In addition, utilization of reindeer carcasses undergoes a very strik

ing change at the same point. This species is almost absent from WUrm 

I sediments. In phase I of the WUrm II, however, the pattern for 

reindeer very closely resembles that for red deer (Table B35, Fig. 10). 

There are only two minor differences: pelves are not well represented 

and scapulae are better represented; but the numbers are very small. 

Beginning with level 25, however, a new pattern emerges. For phase II 

(levels 23 through 25) and phase III (levels 20 through 22) (Tables 

B33, B34, Fig. 10) the general pattern is very similar to the one we 

saw for the Quina Mousterian: a relatively low frequency of cranial 

units, a very low frequency of all post-cranial axial units, including 

pelves, and approximate equivalence of fore and hind limbs, and within 

the limbs an approximate equivalence of proximal and distal bones. 

Both samples are large and the patterns they show may be taken as real. 

There are differences between these two phases: phase III shows a lower 

frequency of cranial units and of femora, a predominance of tibiae, and 

a higher frequency of phalanges. 



Table 9. Comparison of relative frequency of red deer scapulae from 
levels 20 through 25 and from levels 26 through 43. -
Exp'~cted values in parentheses. 

Scapulae 

Other post-cranial units 

2 X = 4.82 

Levels 20-25 

o ( 1.2) 

33 <34.8) 

p < 0.05 

Levels 26-43 

3 <. 1.8) 

56 (54.2) 
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Figure 10. Standardized frequencies of reindeer skeletal units from 
different leve~s. 
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Figure 10. Standardized frequencies of reindeer skeletal units from 
different levels. 
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Thus, in phase I it appears that reindeer and red deer carcasses 

were treated in approximately the same manner. After phase I, the 

treatment of both changed, apparently simultaneously. The relative 

frequencies of MNI's of these species changed not between levels 26 and 

25, however, but earlier. The percentage of available weight repre

sented by red deer increased starting at about level 32; of reindeer, 

with level 29, simultaneous with a drastic decrease in the amount of 

available aurochs/wisent meat represented. 

Above level 20, patterns of reindeer carcass utilization change 

again (red deer remains are too few to analyze). Levels 19 through 11 

(phases IV and V) (Table B32, Fig. 10) show a predominance of cranial 

units, a near absence of post-cranial axial units, and a predominance 

among limb bones of scapulae and tibiae. The pattern is significantly 

different from the preceding levels (Table 10). 

Of the remaining taxa, only the genus Equus occurs in sufficient 

quantities to permit analysis on the basis of industrial or time

related samples. Even for this taxon, units other than teeth are few 

enough so that any analysis is discouragingly incomplete. The largest 

sample is that from phase III (levels 22 through 20) (Table B48, Fig. 

11). Here we see a predominance of pelves and ulnae over all other 

units. Otherwise, the number of proximal and distal limb bones within 

each limb is roughly equivalent (although there is only one femur versus 

three tibiae represented). For phase II (levels 25 through 23) the 

sample is small (Table B49, Fig. 11). This sample differs from levels 

22 through 20 in that the fore limb predominates over the hind limb, 

but the frequency of ulnae does not stand out. 



Table 10. Comparison of bone frequencies for reindeer from levels 
11-19 and 20-22. -- Expected values in parentheses. 

Unit 11-19 20-22 

Alveoli (upper) 27 ( 7.2) 2 (21.8) 

Alveoli (lower) 51 (27.7) 60 (83.3) 

Vertebrae + ribs 1 ( 5.5) 21 (16.5) 

Scapulae 3 ( 4.7) 16 (14.3) 

Humeri 1 ( 2.7) 10 ( 8 .. 3) 

Radiocubiti 5 ( 4.7) 14 (14.3) 

Metacarpals 1 ( 4.2) 16 (12.8) 

Pelves 1 ( 2.0) 7 ( 6.0) 

Femora 3 ( 7.0) 25 (21.0) 

Tibiae 2 ( 4.2) 15 (12.8) 

Metatarsals 9 (13.5) 45 (40.5) 

1st phalanges 1 (11.5) 43 <34.5) 

2nd phalanges 1 (11.0) 43 (33.0) 

)(2 = 140.72 P < 0.01 



Figure 11. Standardized frequencies of equid skeletal units from 
different levels. 

CR - Crania (upper alveoli) 

M - Mandibles (lower alveoli) 

v - Vertebrae 

R - Ribs 
p - Pelves 

SC - Scapulae 

H - Humeri 

RC - Radiocubiti 

MC - Metacarpals 

F - Femora 

T - Tibiae 

MT - Metatarsals 

PI - 1st phalanges 
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Figure 11. Standardized frequencies of equid skeletal units from 
different levels. 



The sample of horse remains from levels 19 through 11 (Table 

B47, Fig. 11) is also extremely small, but there are two things about 

it that are striking: a very high frequency of mandibular alveoli and 

a complete dominance of post-cranial units by ulnae (combined with a 

total absence of pelves). These differences are too great to be due to 

small sample size (Table 11). 

This third taxon thus confirms the impression of a change in 

carcass utilization patterns from phase III to phase IV the WUrm II. 

The evidence shows, then, one clear pattern of carcass use that 

appears early in the Warm I red deer sample. The pattern also charac

terizes samples of red deer from warm wet levels and Typical Mousterian 

levels. However, the same pattern also characterizes samples of red 

deer from the later WUrm I and of both red deer and reindeer from phase 

I of the Warm II. The pattern appears to transcend changes in industry 

and climate. It is because so many red deer appear in levels 50A 

throug~ 52 that the same pattern dominates the Typical and warm wet 

samples. 

Phases II and III of the WUrm II are marked by changes in the 

patterns of both red deer and reindeer, although each now appears dif

ferent from the other. Between levels 23 and 22, there occurs a minor 

change in the use of reindeer. 

Phases IV and V are marked by a third pattern of using reindeer 

and by a new use of equid carcasses. Here too the change appears to 

occur simultaneously for two taxa. 

These patterns show little correlation with any variable other 

than time. The apparent coincidence of the changes with changes in' 



Table 11. Comparison of frequencies of mandibular alveoli, ulnae, and 
innominates of equids from levels 11-19 and 20-22. -
Expected values in parentheses. 

L. 11-19 L. 20-22 

Mandibular alveoli B9 (Bo.7) 10 (lB.3) 

Ulnae B (11.4) 6 ( 2.6) 

Innominates o ( 4.9) 6 ( 1.1) 

2 )( = 36.59 p < 0.01 
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climate (Laville, Rigaud and Sackett's phases are defined in terms of 

changes in sedimentary regime), is due to the use of these phases in 

deciding how to c~mbine levels to produce adequate samples. It is im

possible, given the limitations of the samples from each level, to 

determine the exact point at which a change took place. In any case, 

the patterns recognized clearly continue through changes in climate as 

well as changes in industry. 

The first pattern lasts well beyond the relative increase in 

utilization of, first, large bovids (from level 43 or level 41) and, 

later, of reindeer (from about level 29). The sample of reindeer from 

level 27 (Table B37, Fig. 12), small as it is, fits well with this 

pattern, indicating that the lumping of these levels has not obscured 

an earlier change. 
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The second set of patterns, which characterizes phases II and 

III of the Wurm II, may, however, correlate with the Quina Mousterian. 

Arguing for such an association is a change in faunal utilization re

flected only in within-taxon bone frequencies but not in among-taxa 

frequencies (this will be discussed later). Arguing against it are the 

apparent independence of climate, industry, and carcass utilization 

patterns through the rest of the sequence, as well as the possible 

change in"horse butchering between phases II and III. 

Finally, after phase III, a change occurs in the patterns for 

both reindeer and equids. It is possible that this change is due to a 

change from Quina to Denticulate industries above level 17 (level 16 

was not included in the analysis). This would be compatible with the 

one pattern in species choice that appears to correlate with lithic 



Figure 12. Standardized frequencies of reindeer skeletal units from 
levels 22, 23 and 27. 
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industry, the concomitant change from cervids to equids and from 

scrapers to notches and denticulates at this point. Because the very 

high frequencies of ulnae and pelves in samples of equid bones are 

their most important features, it might be argued that thes~ units are 

markers of different utilization patterns, and that a selection of 

samples that provides maximal separation of the two would most closely 

reflect real differences in behavior. Denticulate versus Quina samples 

do provide slightly better" separation in this way than samples selected 

on the basis of time (Table 12). However, it seems likely that the 

change is a temporal one related to the appearance of a pattern of 

Denticulate Mousterian and equid hunting, rather than a Quina versus 

Denticulate dichotomy. 
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Table 12. Equid ulnae and pelves from four samples. -- Frequencies and 
percentages of totals for all levels. 

Ulnae (% of total) Pelves (% of total) 

Denticulate 10 (56) 0 ( 0) 

Quina 6 (33) 11 (85) 

Levels 11-19 8 (44) 0 ( 0) 

Levels 20-22 6 (33) 6 (46) 

Total for all levels 18 13 



CHAPTER 4 

THE INTERPRETATION OF UNIT FREQUENCIES 

While patterns of relative frequencies of skeletal units are in 

themselves informative, they will be even more interesting if we are 

able to interpret them in terms of carcass utilization. While such in

terpretations are not new (e.g., Bouyssonie, Bouyssonie and Bardon 1913: 

627; see Chapter 6), there has recently been a protracted and detailed. 

effort made by Binford to examine the logical and empirical underpin

nings of such interpretations. His study, based largely on fieldwork 

among the Nunamuit Eskimoes, has three basic aspects: the accumUlation 

and attrition of bone by non-human agents (Binford and Bertram 1977; 

Binford 1981:35-86); patterns of breakage and marks on bone by human 

and non-human agents (Binford 1981:35-182); and the selective retention 

or discard of bone by butchers depending upon the materials they want 

to get from the carcass, upon the need to transport what they keep, ect. 

(Binford 1978). 

Human Alteration of Assemblages 

In the last cited of these works, Binford collected data con

cerning the quantities and qualities of useful material associated with 

different bones of the carcass. By butchering an adult male caribou 

(reindeer), he collected data on the weight of the soft tissue, the 

weight of the bone, the quality of marrow, and the quality of bone 
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grease for each bone of the body. Then, based upon his informants' 

descriptions of how they selected portions of the body for different 

uses, he developed a series of indices which he hoped would predict the 

actual selection of materials by the Nunamuit: a meat utility index, a 

marrow index, a grease utility index, a white g~ease utility index, and, 

by combining these, a general utility index and a series of modi fica-

tions of the general utility index (e.g., an inverse general utility 

index). It will be useful to go through each of these to determine 

their usefulness for the study of Combe Grenal. 

To construct his meat utility index, Binford severed the body 

of the caribou at each joint of the limbs, removed the ribs from the , 

spinal column, as well as the skull and the sacrum plus innominates 

unit. He also divided the spinal column between the atlas and axis, 

and between the cervical, thoracic, and lumbar vertebrae. He removed 

the mandible from the cranium and the sternum from the ribs. 

Each part he then had consisted of bone, marrow, muscle, and 

fat as well as connective tissue. The cranium included the brain; the 

mandible, the tongue; and the lumbar vertebrae, the kidneys but not the 

tenderloin). Marrow was then removed from the bones, the bones were 

boiled after the soft tissue had been removed, and the dry bones were 

weighed. 

His meat utility index he defines as 

where P is the total weight of the part; S, the weight of all non-bone 



portions of the part; and T, the total weight of all parts. Actually, 

Binford presents the index somewhat less simply in his table 1.4 as 

(
grOSS weight of part ~ 
gross weight of animal) (

100- dry bone weight of part\ 
gross weight of part / 

But it iG clear from the text and from the figures within the table 

that he actually means 

[
100 (grOSS we~ght of part )~ C' 1 _ dry bone weight of part) 

gross we1ght of animal J gross weight of part 

And, of course, the last part of the equation is simply the fraction 

of the part represented by non-bone parts, or 

S 
P 
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(See Binford 1978:15-23 for his calculation of the meat utility index.) 

In fact the formula 

100 ~~j ~-~j 
can be reduced algebraically to 

100 ~; 1 
or the percentage of the total carcass weight represented by the non-

bone portions (soft tissue) of a ~iven part. 

Binford was unable to test his meat utility index (MUI) directly, 

since he observed no case where butchering was done for meat only 

(Binford 1978:23). However, the nature of this index has several con-

sequences. The larger the absolute size of a part, the greater the 
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index, regardless of the percentage of soft tissue in the part. Thus 

the MUI of the ribs (5~33) is greater than that for the scapula (4.61), 

although the rib part is only 72% soft tissue while the scapula part is 

96% soft tissue. In effect, all he has done is to measure the amount 

of soft tissue in each part. Dividing by carcass wei~ht. simply makes 

the numbers smaller; it does nothing to change their proportions. MUI 

is thus as much a measure of the size of a part as well as of its 

quality (meatiness). 

His definition of parts is necessarily arbitrary. Given the 

nature of his MUI, this means that had he defined the entire foreleg as 

a part, rather than each bone within it, the f~re1eg would have a higher 

HUI than the scapula, although it would have a lower soft tissue:bone 

ratio. The MUI of the foreleg would be 22.28, more than double the MUI 

of any of the parts he has in fact defined. By the same token, were 

each of the ribs counted separately, it would have an MUI of only 0.20. 

Thus, the definition of a part by the archaeologist drastically affects 

the value of the MUI. 

Since we do not know into what size parts the butchers of Combe 

Grena1 divided game, a better measure of meat utility would probably be 

either the percentage of soft tissue in the part 

~(:~ 
or else a combination of absolute amount and percentage of soft tissue. 

Binford's informants told him that they preferred some marrow 

to others. The best marrow was near the distal ends of the limbs, be

coming progressively less desirable as one approached the axial skele

ton. Binford knew from the work of Meng, West and Irving (1969) that 



the proportion of oleic acid in the fatty acids of caribou marrow 

increases with distance from the axial skeleton, and that oleic acid 

is the fatty acid with the lowest melting point. Since his informants 

described good marrow as "melting in your mouth," he used the percen

tage of oleic acids in the fatty acids of the marrow as a measure of 

marrow quality (Binford 1978:23-24). 

Because marrow quality is not the only consideration in choice 

of parts for marrow extraction, Binford also calculated the volume of 

marrow cavities. Moreover, a member of his crew, Don Witter, observed 

the time required to extract marrow from different bones. These data 

fell along the regression line 

time = 7.4 + 0.02 (volume of marrow cavity) 

with r = 0.81. 

From these data he calculated efficiency as milliliter of 

marrow per minute of work (Binford 1978:25). 
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Now we come to Binford's construction of a marrow utility index 

(MI). It becomes clear that his aim is to develop a logical index that 

will predict Nunamuit behavior as accurately as possible, with the hope 

that the index will become a model useful in the interpretation of 

archaeological remains. The index does not succeed in fulfilling 

either of these goals. First, it is a description rather than a model, 

for it is based on articulations by members of one culture of their 

own criteria for choosing marrow bones. There is no reason to believe 

that it would fit another culture with different preferences. Second, 

it does not describe the data accurately. 



In constructing the MI, Binford chose to square the grease 

value. Since the grease value was 

100 / oleic acid ) 
\ all fatty acids 

He also had to divide by 100 to correct for the squaring of the 100 in 

the grease value. He squared the grease value because this compressed 

the scale of variability and 

• • • 
parts 
since 
grease 
assay: 
values 
values 

had the effect of depressing the relative values of 
yielding very low oleic acid assays. This was desirable 
it was believed that the level of human recognition of 
value was much less discriminating than the chemical 

a recognition threshold was operating, with low 
generally being lumped together as "poor" and higher 
being scaled (Binford 1978:25-26). 

However, the square root of the efficiency value was used: 

The value was so modified because we suspected that there 
was (a) a bias in informant evaluations in favor of grease 
quality and (b) a recognition threshold below which recovery 
was not considered worth the effort and above which a com
plicated scaling employing evaluations of both quantity and 
quality was operative (Binford 1978:26). 

Thus Binford's marrow index is 

( / marrow volume ) [(percent ~~iC aCid)2-] 
Vextraction time L 

There are two things to be noted about this index. First, it 
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is a model. It represents Binford's expectation about how the Nunamuit 

will behave in selecting bones for marrow. It is not a simple measure 

of quantity and quality of marrow. He has intentionally modified data 

obtained by measuring both of these in order to make his index predict 

behavior. Nor is there any empirical reason to use the square of the 
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marrow quality and the square root of the efficiency. These are trans

formations chosen by Binford on the basis of his informants' remarks, 

not on the basis of observations of the data (that is, of percentages 

of different bones chosen for extraction of marrow). 

Second, the model is specifically designed to predict Nunamuit 

behavior. It is based on their own explicit expressions of their rules 

for choosing or rejecting marrow bones. Although the same model may 

be generally applicable, it has not been designed in such a way as to 

make this probable. Its use at Combe Grenal, for example, would re

quire the assumption that not only did its (Neanderthal) inhabitants 

prefer marrow with a high percentage of oleic acid, but also that the 

relative importance they assigned to quality and efficiency was the 

same as that found among Eskimos with rifles and snowmobiles. 

If Binford's marrow index has been properly constructed to pre

dict Nunamuit behavior (that is, if grease value and efficiency value 

have been properly transformed), then the index and the percentages of 

different bones chosen by the Nunamuit for marrow extraction should 

have a very simple relationship: ideally 

(% chosen = 0 + 1 (marrow index) 

In fact, however, in the one case Binford was able to observe where 

bones were chosen for marrow alone, the best fit was not linear but 

nonlinear: 

(Binford 1978:29). Expressed as a single term, this is 
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This odd curve is far from being the simple relationship that would 

confirm the model. It indicates that Binford has not correctly trans-

formed the basic values, that he has looked at the wrong variables, or 

that a regression is inappropriate. 

If his raw data (Binford 1978: table 1.10, col. 5) are plotted 

against cavity volume and proportion of oleic acid, it becomes clear 

what the Nunamuit were really doing (Fig. l3a). In spite of their 

verbal emphasis on marrow quality, the Nunamuit data show two groups of 

bones: those with small marrow cavities and those with large ones. 

The cutoff point is somewhere in the vicinity of 15 ml. Those with 

small marrow cavities either were not selected or were selected in very 

small percentages. The latter group are chosen in much larger frequen-

cies and there is at best only a moderate tendency to choose them more 

or less frequently on the basis of both quality or quantity of marrow. 

Binford has found a curve that fits the data with a higher 

correlation coefficient (r = 0.82). However, he has fit his curve to 

two clusters, not to a continuous relationship indicative of correla-

tion. Even when plotted in logarithmic form, this is evident. Figure 

l3b is taken directly from Binford's Figure 1.4. The nature of his 

data are clear here: a set of bones with little or no marrow appearing 

near zero on the Y axis, and a cluster of bones with large marrow 

cavities clustering above 50 on the Y axis and showing little internal 

linear correlation. 

Binford recognizes that his results do not seem quite right. 

Instead if changing his index to make it fit the facts better, however, 

he changes the relationship of the index to the data by ignoring 



Figure 13. Bones selected for marrow extraction by the Nunamuit. 

a. Percentages of bone available chosen for marrow shown 
in terms of marrow quality (% oleic acid) and volume 
of marrow cavity (from Binford 1978). Dashed lines 
indicate an approximate set of planes describing the 
data. 

b. Relative frequencies of parts selected for marrow 
extraction plotted against the log of the marrow 
utility index (after Binford 1978:31). See text for 
explanation of regression lines. 
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Figure 13. Bones selected for marrow extraction by the 
Nunamuit. 
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those bones with no marrow, so that 

(% chosen) = -70.0 + 81.3 (log index) 

or 

(% chosen) = -70.0 + (index), 

an even worse solution than before. Figure l3b shows the original 

curve (A) and this new curve (B) as plotted on his Figure 1.4. He 
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still feels constrained to explain why the phalanges fall to the right 

of the curve. His explanation is undoubtedly correct: present-day 

conditions are such that extracting such small quantities of marrow is 

not considered worth the effort. In past times·, during food shortages, 

bones such as phalanges and scapulae were used for marrow (Binford 1978: 

30-31). Once a~ain, however, instead of changing his index, he looks 

for a new curve (curve C in Fig. l3b), a curve he does not define 

math~matically, but that is even more extremely non-linear than his 

other curves. 

If the relationship of the marrow index to the bone assemblage 

changes with the circumstances of the butchers, then it cannot be used 

as a model in situations in which these circumstances were not known. 

If on the other hand the index is instead to be used only as an empiri

cal description of Nunamuit behavior, it must be used with the curves 

that describe its relationship to these data. The combination of index 

and curve is an unnecessarily complicated description with virtually no 

heuristic or intuitive value. Moreover, used to analyze Nunamuit be

havior, the index plus curve is at best misleading, since it implies an 

explanatory relationship that does not exist. 
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Binford goes on to study the values of different bones as 

sources of bone grease, a substance usually recovered by smashing bones 

and boiling the fragments. Once again, the Nunamuit distinguished 

grease from different parts of the body in terms of quality. They went 

so far as to distinguish "yellow" from "whiten grease. Interestingly 

enough, the same general trend was true of grease as of marrow: it 

was better near the distal limbs, .becoming progressively yellower and 

less desirable the closer it was to the axial skeleton. Moreover, 

they also reported that the easier a bone was to break up, the more 

desirable it was, and that very small bones were not worth the effort 

of breaking up (Binford 1978:32). 

Robert Grange (Binford 1978:32) determined the percentage of 

fatty acids represented by oleic acid for each bone (distinguishing 

proximal from distal ends). In addition, Binford calculates volume and 

density of each part of bone. On the basis of his informants' comments, 

he thinks that 

___ • grea~e quality was the most important of the three 
Lvariable~, but its importance was modified by bone density, 
since parts with good quality grease that could not be readily 
pulverized would not yield grease. I also thought that larger 
parts with relatively equal value and density would be pre
ferred (Binford 1978:32). 

His index, therefore, was constructed by manipulating the three vari-

abIes to predict behavior just as had been done in constructing the 

marrow index. The index has been constructed to reflect specifically 

Nunamuit values; it is not drawn from empirical observations, but is 

designed to predict behavior. However, he then makes another change 

in light of the Nunamuit liking for grease high in oleic acid: he 



constructs a white grease index by changing the value for all axial 

units to 1.0. 
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Once again, Binford obtains a high correlation between his white 

grease index and the percentage of parts selected by Nunamuit for bone 

grease, although he gives no regression formula. Once again, however, 

the relationship is non-linear (Fig. 14); and once again he must ignore 

parts too small for the Nunamuit to take the effort of processing 

(phalanges and carpals)o 

The white grease index, like the marrow index, thus fails both 

as a model to be applied cross-culturally and as a description of 

Nunamuit behavior. 

Binford constructed one more basic index that might be of 

interest, a drying utility index (nUl). In preparing the index, he 

considered three variables: meat value (for which he used his MUI, 

amount of marrow or brain, and surface area to volume of meat. 

The consideration of meat utility is obvious, "since drying is 

a technique designed exclusively for meat it cannot be used for 

marrow and grease •••• (Binford 1978:103). However, my earlier com

ments concerning the meat utility index still apply. 

The amount of marrow or brain in the part is important bec~use 

these rot quickly, and therefore are wasted "in the drying process 

(Binford 1978:102). Finally, the greater the surface area of a part 

to the amount of soft tissue, the more quickly it will dry. Binford 

used the percentage of a part's weight represented by bone as an 

approximation of this variable. 
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Figure 14. Relationship of white grease index to percentage of 
parts present saved by the Nunamuit for production of 
bone grease (after Binford 1978:Figs. 1.17 and 1.18). 
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••• a high value indicates that there is little soft tissue 
on the part relative to the amount of bone, and accordingly a 
high surface area to soft tissue weight ratio. A part with a 
high value would dry quite well without processing beyond the 
field-butchering procedure; that is, high values indicate 
high dryability (Binford 1978:103). 

Although this is a very rough measure, it can probably serve 

moderately well until someone wants to undertake the tedious task of 

measuring surface area of all parts of a reindeer. However, it should 

be noted that the measure does not apply if the meat was cut from the 

bones before drying. 

His drying utility index, then, is 

[(l-M)B] (MUl) 
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where M is 100 times the weight of marrow in a part divided by the maxi-

mum amount of marrow in any part (that is, the amount of marrow in the 

part expressed as a percentage of the largest marrow bone). For the 

cranium, one third the weight of the brain was used in place of marrow. 

This was the largest quantity of "marrow" for any part and had a value 

of 100. B is the percentage of part weight represented by bone. MUl 

is the meat utility index (Binford 1978:101-105). 

In order to allow for cases where a part is highly desirable 

for drying in terms of its meat content, but has a low dryability with-

out further processing, Binford developed a related index, the raw 

processing for drying index (= processing index or PI): 

PI = (MUI) - [(1 - M) BJ 

Once again, what he has done is, in logical terms, identical 

to his construction ofa marrow index and grease index. He has 
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constructed an index he hopes will predict behavior. However, he could 

not test his index directly, since 

Among the Nunamuit, it is very rare indeed for segregating 
decisions relative to processing or direct placement of parts 
into dry meat storage to be made relative to a complete ani
mal. Such decisions are almost always made on a population 
of parts previously culled at the kill-butchering location 
(Binford 1978:103-104). 

To test it therefore, he first had to reconstruct the "candidate popu-

lation" from which parts were selected for drying. This was done by 

using the formula 

F = MGUI - (MPI) (MGUI) 

(standardized as a percentage of the highest value), where F is the 

frequency in the candidate population, MPI is the modified processing 

index, and MGUI is the modified general utility index (Binford 1978: 

103-111) • 

In modifying the processing index to produce the MPI, Binford 

has abandoned the policy used for the marrow and grease indices of 

letting behavior be reflected not in the index but rather in the rela-

tionship of index to data. Because the Nunamuit strip meat fl'..:>m the 

humerus and scapula, leaving it attached to the borders of the scapula 

for drying, scapulae should be over-represented on drying racks. Bin-

ford reversed the PI and MI values for humerus and scapula to correct 

for this practice. In addition, because an entire leg was usually 

treated as one part, the DI and PI of each part is adjusted to equal 

the modified DI and PI of the next proximal part (except that the 

scapula and humerus are treated separately). 
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In terms of predicting Nunamuit behavior, Binford has acted 

logically in modifying his indices. However, the neceosity of doing so 

bodes ill for the possibility of using them to predict Mousterian be-

havior. The indices have become too culture-specific for general use. 

The modified general utility index (MGUI) is based upon the 

general utility index (GUI): 

GUI = MGUI (%soft tissue on carcass) + MI(marrow in 

carcass) + WGI(% white bone grease in carcass). 

This is standardized as a percentage of the highest GUI (Binford 1978: 

72-74). 

Thus his test of the drying index and raw processing for dryin~ 

indices are based on a measure calculated using other indices whose 

usefulness and/or accuracy I have already questioned. 

He modifies the GUI to allow for the probability that a part 

with a low GUI would be transported along with an adjacent part of 

higher utility. In practice then, for the axial skeleton, 

MGUI = GUI 

while for the appendicular skeleton it is generally true that 

MGUI GUI + (MGUI of the next proximal part) = 2 

(Binford 1978:74-75). 

Binford compared his candidate population 

MGUI - (MPI) (MGUI) 



and relative weighted frequencies of bones 

~~ighted frequency of unit 
highest weighted frequency 
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From drying racks in June of 1969 and 1971, and found, in both cases, a 

simple linear relationship (Binford 1978:111-113). The data for drying 

racks in 1972, however, did not fit this model. He found a better fit 

for the model 

[MGUI - (MGUI) (MFI)] - MGUI [(MGUI - (MGUI) (MFI)] 

This implies that for 1969 and 1970 bones found in the drying racks 

implied (1) a set of parts selected from the population of whole car-

casses according to the MGUI, (2) from which parts had then been 

selected according to their MFI. For 1972, however, the model that 

fits best implies a third step, (3) that from this population parts had 

been removed according to their MGUI. 

It would be possible to continue with his testing of the pro-

cessing and drying indices, but for the purposes of the present study, 

it is clear that they are not applicable. However good the fit with 

his data, these indices are (1) designed specifically to predict 

Nunamuit behavior, and (2) rely for confirmation on the marrow index 

and white grease index, both of which are of doubtful accuracy or use-

fulness. 

However, even if his indices are not directly applicable, his 

study has at least pinpointed variables that are of importance to the 

Nunamuit in making animal processing decisions. While those variables 
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may not coincide perfectly with those variables of interest to the in

habitants of Combe Grenal, they are at least worthy of investigation. 

What is more, many of them appear to be mentioned here for the first 

time. In addition, Binford has not only made explicit these variables, 

but he has also collected data regarding both sheep and caribou that 

make it possible to investigate archaeological assemblages in terms of 

the potential food value they represent. 

While circumstances prevented him from collecting data from as 

large a sample of animals as he would have liked, this is a situation 

future work can remedy. Moreover, as will be seen below, even data 

from a single caribou can help shed considerable light on what may have 

happened at Combe Grenal. 

Given the inapplicability of his indices, two methodological 

courses are available. The first is to attempt to develop new models, 

to test them on the Nunamuit data, and then to apply them to Combe 

Grenal. The second is to abandon the search for models, to observe 

the relationships between variables and assemblages, and from these 

relationships to arrive at a reconstruction of behavior. 

The problem with the first method is apparento However attrac

tive it is in terms of pure logic, however well it may conform to 

models of scientific procedure developed in the experimental sciences, 

it is unlikely to succeed in this instance. There are two related 

reasons for this. Human behavior is exceedingly complex. Anyone 

problem faced by anyone person usually has a wide range of solutions, 

anyone of which is possible in purely biological terms. Culture 

usually reduces the solutions perceived as acceptable. In routine 
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operations, such a butchering, the number of solutions chosen by members 

of the same culture in a given set of circumstances will often (although 

not always) be reduced to one. Without a knowledge of the culture, 

however, this choice cannot be predicted by a model. Thus the Nunamuit, 

in preparing a fore limb for drying, may always strip the meat from 

humerus and scapula, leaving it attached to the latter. In order to 

model this behavior, Binford modifies his processing index. However, 

when we turn to the Mousterian, there is no ~ priori reason to believe 

that they would have left the meat attached to the scapula, even if the 

ratio o,f area to volume of meat on the proximal fore limb is low enoup;h 

so that we might expect stripping of the meat. Binford recognizes this 

and provides a different index for "groups not having the Nunamuit 

method of processing the upper front leg" (Binford 1978:106). 

It might be useful to compare both versions of the processing 

index to data from Combe Grenal. There is no guarantee, however, that 

the people of Combe Grenal did not have their own practices of the same 

sort that would affect the assemblages and would be difficult if not 

impossible to predict. Moreover, it must be remembered that the index 

was tested by combining it with other indices into complex models of 

behavior. These other indices, with the exception of the meat utility 

index, all combine caribou biology with Nunamuit value judgments or with 

observed Nunamuit behavior (such as their tendency to transport legs as 

parts). Thus their applicability to non-Nunamuit behavior is proble

matic. 

It can be argued that the aim of science is the explanation of 

human behavior, and that indices such as Binford's are explanatory 
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models to be tested, and that to abandon them is to revert to the pre-

scientific days of archaeology as cataloguing and describing. This 

argument is worthy of further study. 

Binford makes it quite clear that his goal is to understand the 

past, not to understand the relationship of behavior to their material 

correlates for their own sake: 

We are not studying material "residues" • • • or "behavioral 
correlates" from the perspective of the ongoing living sys
tem; we are not attempting to specify the relationship between 
"behavior" in any exhaustive sense and material remains. 
Instead, we are attempting to understand the determinants of 
patterning and various structural properties of the archae
ological record in order to learn about their past (Binford 
1981:32). 

I would agree that for the Paleolithic archaeologist the ulti-

mate goal is to explain behavior in terms of other variables. What 

Paleolithic archaeology seeks from ethnoarchaeology, then, is not an 

explanation of Paleolithic behavior, but rather a way of identifying 

behavior. The archaeologist of the future may know, for example, that 

drying of meat was practiced 'only during the Wurm II but never in the 

WUrm I in the P~rigord. This would be a behavioral phenomenon beggin~ 

for an explanation. Before we get to that point, however, we must first 

discover the phenomenon to be explained; in other words, we must first 

find out what Mousterian populations were doing. 

In this context, it perhaps becomes more accurate to say that 

Binford's models are ideal sets of data caused by known behavior. A 

comparison of prehistoric data sets of these models will identify the 

behavior that produced them. As an example of this, let us return to 

Binford's test of his processing and drying indices. He found that the 



data on the drying racks in 1969 and 1970 fit well with a given model. 

This model implied a fairly simple sequence of behavior: selection of 

parts based on general utility and subsequent selection based on their 

potential for processing for drying. However, the data for 1972 did 

not fit this model, although Binford had not been aware of any dif

ference in behavior that he expected would change the fit with his 

model. Nevertheless, the 1972 data fit better with a model implying a 

third step, the removal, before drying, of parts based on their MGUI. 

This finding caused him to review what he knew of Nunamuit behavior 

that year, and to interpret the second culling in terms of a good hunt 

resulting in full cellars and subsequently a higher utilization of 

stragglers (Binford 1978:113-114). 
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In theory, then, this approach should be not only valid but 

also illuminating in often unexpected ways. The problem, however, lies 

in the construction of the models. Let us take as an example the con

struction of a model for the identification of marrow-bone selection. 

Let us further confine the model to only two variables: quality of 

marrow as measured by percentage of oleic acid, and volume of marrow 

cavity. Let us further assume a linear relationship between the inde

pendent and dependent variables. Depending upon a people's assessment 

of the relative importance of quality and quantity of marrow, one would 

be able to construct an infinite number of models ranging fr·:>m 

frequency = a + b (quality) + 0 (quantity) 

to 

frequency = a + 0 (quality) + b (quantity) 

where b is any slope greater than 0 and less than infinity. 
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Any of these models predicts a possible behavior. Indeed, if 

we choose a moderate range for b (let us say from 0.5 to 2.0), any of 

these behaviors is quite plausible. Yet we still have an infinite set 

of models. 

If we now abandon the assumption of linearity, we multiply 

infinity by infinity. Further, we may abandon the assumption of corre-

lation and accept instead either/or behavior based on one or more 

thresholds, for which there are in turn an infinite number of possible 

values between the lowest and highest values for either quantity or 

quality in the body of the reindeer. 

Thus we are left, even in this simple case, with an infinite 

number of logically possible models. Since we have no ~ priori basis 

for choosing among these models, we must find a way of fitting our 

archaeological data to one of this infinite number of models. The only . 
practical:way of doing this is to determine the actual relationship 

between the data and the known variables, and then to accept this rela-

tionship as the correct model. The problem now becomes one of deter-

mining the meaning of the model in terms of behavior. Logically, this 

process is no different from that of inferring behavior directly from 

the data, making use of the variables and information about the vari-

abIes that studies such as Binford's indi~ate may be relevant or sig-

nificant. 

The Problem of Preservation 

There is an additional reason why a precise mathematical model 

cannot be applied. In butchering studies, it has traditionally been 
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assumed (by most, but not all, analysts) that the presence or absence of 

bones was due to their removal frcm the site for use elsewhere, to their 

being brought into the site from a butchering locality located elsewhere 

for use at the site, or ~o their destruction during the process of 

butchering. However, there is now abundant evidence that nature may 

do a great deal to alter assemblages of bone left behind by cultural 

activities. 

There have been several attempts to predict the effects of 

nature on bones in a more or less precise way. Bouchud (1977) has pre

sented data from non-archaeological sites in an attempt to determine 

what aspects of an archaeological assemblage must be attributed to 

natural attrition and what may be attributed to other causes such as 

human activity_ Binford and Bertram (1977) have argued that one of the 

main factors involved in the form of an archaeological bone assemblage 

is the age structure of the popUlation and season of death, since bone 

density varies with both these factors. However, the methodology they 

propose can only determine which of several theoretical seasonally

determined population structures is closest to the archaeological 

assemblage. It cannot reconstruct the original population; and if any 

agent other than natural destruction (e.g., scavenger of human selec

tion of units) is involved, the methodology cannot, practically speak

ing, be applied. 

In studying the remains of goat skeletons in a Hottentot village, 

Brain (1981:19-21) found a positive correlation (for different ends of 

each bone) between survival and specific gravity, and a negative corre

lation between survival and age of epiphyseal fusion. 



Before attempting to apply any of these results to the Combe 

Grenal data, however, it would be worthwhile to examine the evidence 

more closely. In the first place, it is clear that natural processes 

affect bone assemblages in more than one way. There are a large number 

of varieties of agents of destruction: chemical, mechanical (both 

large-scale, such as trampling and solifluction, and small-scale, such 

as freezing and thawing), biological (both microbiological decay and 

destruction by gnawing by rodents and carnivores). Likewise, the 

assemblage may be modified by addition to it by non-human carnivores or 

scavengers or it may be modified by &~btraction by scavengers. 

Let us assume that the effects of all of these agents are cor

related perfectly with only one sin~le variable, bone density. (This 

obviously would not apply to addition and subtraction by carnivores and 

scavengers.) Let us further assume that all the slopes and intercepts 

for the correlations of the effects of each of these agents to density 

are identical (an assumption of improbable validity). There still re

mains another factor whose value must be determined before the pristine 

(i.e., culturally-determined) assemblage could be reconstructed. This 

is the degree to which the agents had operated. Given that the de

structive effects of many cultural activities (most obviously the 

extraction of bone grease as desc~ibed by Leechman (1951) and Binford 

(1978:30, 157-159) are also negatively correlated with density of bone, 

this would be extremely difficult. 

The case as described, however, is far too simple. First, 

Brain's data make it clear that density is not the only factor in sur

vival. Second, there is no ~ priori reason to believe that slope and 
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intercept would be the same for all agents. In fact, there is no reason 

to assume that the relationship is a simple correlation, either linear 

or nonlinear; it is quite possible that for many agents there are 

thresholds below which destruction is intense and above which it is 

slight. That is, it is quite possible that no simple line can describe 

the relationship, but rather that there are two or more steps or 

plateaus. 

As noted above such a model could not be applied to both addi

tion and subtraction from the assemblage by carnivores-and scavengers. 

In the first place, carnivores and scavengers do not carry off body 

parts on the basis of the density of the bone they contain. In the 

second place, it would be too much to assume that the scavengers would 

remove from the site just the inverse of what the carnivores would 

bring into the site, especially if the carnivores and scavengers were 

of different species. 

At Combe Grenal there is some evidence indicative of which 

agents of alteration were or were not present. There are a few bones 

of bear, hyena, wolf, and fox. There are also good traces of carnivore 

gnawing, but almost no traces of porcupine gnawing. A c9nsiderable 

amount of weathering and decay may be deduced from the high tooth to 

alveolus ratios. However, there is no way of determining how great the 

degree of destruction was, and even less hope of determinin~ the rela

tive contributions of different agents to that alteration. Prospects 

for precise mathematical reconstruction of the assemblage left behind 

by the site's human inhabitants appears bleak. 
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All these theoretical ohjections could be ignored if data from 

non-archaeological assemblages showed an empirical uniformity in the 

effect of nature on bone. This is not the case. Figure 15 shows assem

blages on which Bouchud (1977) bases his arguments for the appearance of 

a natural bone assemblage (the entire set of figures referred to in the 

following discussion have been constructed to permit comparison with 

figures of samples from Combe Grenal). Figure 15 also shows reindeer 

bones fed to dogs by the Nunamuit; Figure 16 shows bones of sheep killed 

by Navajos and then scavenged by dogs as well as the bones recovered 

from wolf kill sites and a wolf den in Alaska. Figures 16 ,17 and 18 show 

the remains of different species of bovid from the paleontological site 

of Swartklip I in South Africa, as well as Brain's data for Hottentot 

goat bones. 

Certainly there are some patterns among these various samples. 

This is especially true of the postcranial axial skeleton. The pelvis 

is almost always the best preserved; ribs, very poorly preserved. 

Phalanges are usually poorly preserved. More often than not the tibia 

is the best preserved of the hind limb bones; the femur, the least 

likely to survive; although these are not invariable rules. Ratios of 

fore to hind limb, of cranial to postcranial, and of axial to appendicu-

lar units are variable, as are relative survival of different fore limb 

units and of cranium versus mandible. Two very clear regularities do 

not appear in the graphs: distal femora and, especially, proximal 

humeri are very poorly preserved. 

In spite of the regularities that are apparent, the dissimi~ 

larities make it abundantly clear that any mathematical formula for 



Figure 15. Percentage of bones recovered from paleontological sites 
cited by Bouchud (1977:69) and survival rates (in 
percentages) of caribou bones fed to Nunamuit dogs 
(from Binford and Bertram 1977:80). 
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Figure 15. Percentage of bones recovered from paleontological sites 
cited by Bouchud (1977:69) and survival rates (in 
percentages) of caribou bones fed to Nunamuit dogs 
(from Binford and Bertram 1977:80). 



Fi~re 16. Relative frequencies of caribou bones recovered from 
Alaskan wolf kills and dens (from Binford 1981:213) 
and survival rates (in percentages) of sheep bones 
gnawed by Navajo dogs (from Binford and Bertram 1977: 
100). . 
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and survival rates (in percentages) of sheep bones 
gnawed by Navajo dogs (from Biniord and Bertram 1977: 
100). 



Figure 17. standardized frequencies of bovid bones recovered from 
the paleontological site of Swartklip I, South Africa 
(from Klein 1975:279). 
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Figure 18. standardized frequencies of bovid bones recovered from 
Swartk1ip It South Afri~a (from Klein 1975) and the 
survival rates (in percentages) of goat bones from a 
Hottentot village (from Brain 1981:276; horns not 
included). 
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reconstructing a pristine assemblage is doomed. Brain's (1981:138-144) 

use of his abundant data gives a good example of what is generally pos

sible: he gives criteria for recognizing agents of accumulation, but 

does not attempt a detailed reconstruction of the activities of hominids 

even where he sees their influence. 

There are of course some archaeological situations in which such 

reconstructions are possible. The Olsen-Ghubbock Site in Colorado 

(Wheat 1972) is perhaps the classic example. There the condition, dis

tribution, and articulation of the skeletons and portions of skeletons 

made it clear that most of what the excavators found was due to the 

hand of man. Where the bone had been destroyed or damaged by decay, 

this was obvious and could be taken into account. The result was a re

markably clear picture of what happened at the site. 

At a site like Combe Grenal, however, such a detailed recon

struction is impossible. There is no question that there has been 

chewing by carnivores (see the following chapter). Nor is there any 

doubt that a good deal of bone was lost through weathering and decay. 

Moreover, the bones from each level very likely represent more than one, 

perhaps many, occupations. The situation is not as bad as Perkins 

(1973:367) suggests it is for Paleolithic cave sites, that each bone 

may come from a different animal (many of the bones fit together). 

Neither, however, is there any reason for assuming that what is there 

is exactly what the site's human inhabitants left there. 

However, one thing is very clear. The differences in patterning 

of remains discussed in the preceding chapter can only be attributed to 

differences in human activity, even if those activities cannot be 
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precisely reconstructed. First, changes in the kind or importance of 

natural agents of alteration, be they scavengers, carnivores, or decay, 

would normally be associated with changes in climate and environment. 

The changes we see at Combe Grenal are not correlated with the climatic 

changes that occurred there. Second, such agents would be expected to 

be consistent in having either the same or different effects on the 

remains of different species. Yet sometimes the patterning of red deer 

and reindeer bones are very similar, sometimes very different. 

There is no question that differences in patterns of utilization 

of carcasses by the Mousterians of Combe Grenal are real; it is simply 

that the precise reconstruction of the pristine assemblages is diffi

cult, and interpretations of these patterns must take this into account. 

My procedure in analyzing the data from .Combe Grenal, then, will 

follow these general lines. Relative frequencies of skeletal units will 

be studied with the goal of identifying the behavior behind them. The 

analysis will make use of biological data, ethnographic data, archaeo

logical data, and information from other sources. The procedure is 

avowedly inferential; this does not mean in any sense a rejection of 

deduction in archaeology. Quite simply, in this case, there is nothing 

from which to deduce; or rather, there is too much from which to deduce. 

Deduction and explanation belong to the next step in studying Mousterian 

animal utilization. 

Testing of inferences is by no means out of place in such an 

approach. For example, I infer that reindeer phalanges were being 

introduced into the site of Combe Grenal because of their marrow con

tent. Were none of these phalanges or only a few of them brOKen, the 



inference would be patently invalid. However, most of them are 

broken. 

My argument, then, is not with deduction per~. Still less 
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is it with the use of biological or ethnographic data such as Binford 

collected. It is, instead, with the arbitrary selection of models that 

represent only or a few possible sets of behavior when there is no 

~ priori reason for such a selection. 

The Combe Grenal Material 

In interpreting the patterns of carcass utilization for cervids, 

I have used the raw data provided by Binford (1978) for caribou. His 

data come from a single animal and are therefore neither statistically 

unshakable nor completely applicable to animals of different ages and 

sexes. Nevertheless, it is probably safe to assume that as relative, 

rather than absolute, measures they are applicable to an acceptable 

level of precision. 

The patterns most appropriate for interpretation are those sup~ 

ported by large sample sizes: the pattern for red deer from levels 54 

through 50A and of reindeer from levels 25 through 23 and from 22 

through 20. 

The early WUrm I red deer pattern is basically as follows: a 

presence of distal limb units, of pelves, and of cranial units;.and a 

lack of vertebrae, ribs, and proximal limb units. If we graph the fre

quencies of these bones against Binford's data on percentage of soft 

tissue (Figure 19a), it is clear that no simple relationship exists. 

However, closer inspection reveals that there are really three groups 



Figure 19. Standardized frequencies and food values of red deer bones 
from levels 50A t~xough 54. 
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of parts. The first is made up of limb parts with >8~ soft tissue: 

scapulae, humeri, femora, and tibiae. These all have a standardized 

frequency <0.6. Limb parts consisting of < 8% soft tissue have either 

slightly higher (phalanges) or much higher standardized frequencies. 
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The post-cranial axial skeleton is more problematic. The fre

quency of pelves is high, as would be expected given the low percentage 

of soft tissue on the pelvis. However, the standardized frequency of 

ribs is very low, in spite of the high percentage of bone in this part. 

This can, of course, be easily explained by the general tendency of 

ribs to preserve very poorly. However, the frequency of vertebrae is 

also very low, too low to be explained by differential preservation. 

(Even if the frequencies of ribs and vertebrae are multiplied by 3 

£See the preceding chaptey, their standardized frequencies are still 

low.) 

This discrepancy is more apparent than real. Although the rib 

cage contains a high percentage of bone, the ribs and vertebrae (less 

atlas and axis) represent one of the largest masses of soft tissue in 

the reindeer: 4799 gm. (counting only half the soft tissue on the 

vertebrae) versus 3782 gm. for the proximal fore leg and 7124 gm. for 

the proximal hind leg (the figures are derived from Binford's data for 

reindeer given in Binford 1978:16). It should not be surprising, there

fore, to see that the ribs and vertebrae have been treated in the same 

manner as "meat" bones. 

Figure 19a, then, shows in fact only two groups: a class of 

meat bones, of low frequency, and a class of "non-meat" bones of vari

able frequency. Within the latter group, there is a tendency for the 



standardized frequency to increase with the percentage of soft tissue. 

Only the pelvis does not fit this pattern. 
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There are two possible explanations for this pattern. First, 

it is possible that the butchers at Combe Grenal cut up red deer in a 

way that left less meat on the pelvis than Binford did when he was dis

membering a Carcass to obtain his data. The biceps femoris and a con

siderable portion of the gluteus medius, for example originate on the 

sacrum. Cutting these lower down, below the rim of the innominate, 

would leave more meat on the pelvis and less on the femur; cutting near 

the sacrum would have the opposite effect'(see Fig. 20). 

However, the standardized frequency of this group of non-meat 

units also increases with the volume of the marrow cavity (Fig. 19b). 

Again, the data on marrow cavities is Binford's (1978:24) data for 

reindeer. Although they are therefore not directly applicable to red 

deer, they are undoubtedly equivalent in relative value. 

This means that those units missing from the early Wurm I 

Typical Mousterian levels of Combe Grenal are those that are useful in 

terms of providing large quantities of meat. Those that are present 

are those that are useful only for marrow or for small quantities of 

meat. Also present, however, are crania and mandibles. Crania, of 

course, are useful for small quantities of meat and fat, as well as 

for brains. Mandibles would fit into the category of "scrap" units 

only if the tongue had been removed. Given the absence of bones from 

other meaty parts, however, it is not necessary to explain their pres

ence by the removal of meat from the bones. The more likely explanation 

is that the tongue is qualitatively different from other meat. Its 
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special fatty quality could put it into a category of delicacies (along 

with the brain and cranial fat). In this case, the category of units 

present in these levels would be defined as "scraps and delicacies." 

However, it is also possible that the tongue and brain are present be

cause they are not fit for drying (see Binford 1978:94, 102). In this 

case, the two categories of units would be characterized as "parts fit 

for drying" and "parts not fi t for drying." 

It should be noted that, for reasons given above, I have not 

used Binford's indices for drying. In fact, inclusion of the femur, 

scapula, etc., in this category implies that if meat was indeed dried, 

much of it must have been stripped from the bone. Nevertheless, the 

stripped bones must have been treated differently from other bones, 

perhaps because they were stripped after the other bones had already 

been removed to the site, or, conversely, after these high meat bones 

had been removed from the site. 

The reindeer from levels 23 through 25 are characterized by the 

absence of only the axial post-cranial skeleton. In terms of meat, the 

other units have in common only this: all (except the cranium) have 

either considerable quantities of meat attached or are themselves 

attached to limb bones with large amounts of meat. The cranium, on the 

other hand, although it does not provide a gr~at deal of consumable soft 

tissue relative to bone, provides food that by virtue of its special 

nature may have been of disproportionate value to Mousterian hunters. 

The axial post-cranial skeleton, however, provides little meat in pro

portion to bone and little of special value. The absence of ribs may 

be due to preservation, but the concomitant scarcity of vertebrae 



100 

probably indicates that ribs, too, were absent, and that the explanation 

has more to do with the meat to bone ratio and problems of transporta-

tion. 

If this is the explanation for the relative standardized fre-

quencies of reindeer from these levels, the implication is that trans-

portation was a consideration but not an extreme one in the segregation 
4 

of units. The heaviest and most unwieldy portion of the carcass, as 

well as one of the least productive, the trunk, was not introduced into 

th~ site. The legs were removed from the body and brought to the site, 

presumably as articulated units. It is of interest to note here that 

the discrepancy in standardized frequencies between axial and appendicu-

lar units is more pronounced in levels 22 through 20 than in levels 25 

through 23 (see Fig. 10). To a lesser extent, heads or simply mandi-

bles were also introduced. Because heads were present, and because 

distal limb bones were also present, it would appear that no great 

efforts were made to reduce weight before transportation (beyond leav-

ing the trunk behind). Of course there is no way of knowing how 

internal organs and large sheets of meat not closely associated with 

bones were treated. Sternabrae were so rare at the site that they were 

not even included as units. However, this is more likely the result of 

poor preservation of a very spongy bone than a true indication of their 

rarity in the original assemblage of bones. 

The distal limb bones may have been brought to the site for 

marrow, however. Figure 2la and 2lc show the standardized frequencies 

of units plotted against both percentage of soft tissue and volume of 

marrow cavity. No clear relationship is apparent, except perhaps that 



Figure 21. Standardized frequencies and food values of reindeer bones 
from levels 20-22 and 23-25. 
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bones with very small marrow cavities are relatively rare unless they 

also have a very high percentage of soft tissue (scapula and mandible). 

Figure 21b and 21d show a more convincing pattern. If the per

centage of oleic acid is correlated with marrow quality, and if the 

Mousterian inhabitants of Combe Grenal had the same preferences that 

the Nunamuit expressed to Binford, then this figure shows, at least for 

these levels, a sharp break in standardized frequencies between two 

sets of units: those representing either a high percentage of soft 

tissue or a high percentage of oleic acid in the marrow, and those 

representing neither. This implies that distal limb bones may have 

been brought into the site not simply as riders on meaty parts, and not 

because of the volume of marrow they contained, but because their marrow 

was a delicacy. That is, either for gustatory or nutritional reasons, 

this marrow was more valuable than its volume would imply. This atti

tude would also explain the rather high frequency of crania, since these 

also provide a rather low quantity of food, but of food that is quali

tatively unique. 

It has also been suggested (Perkins and Daly 1968:104) that a 

rather high frequency of phalanges may imply carrying meat (in this 

case, internal organs, etc.) in the hides, using the feet as handles. 

This is another possibility, but a hard one to test. The somewhat lower 

standardized frequency of phalanges than of other distal limb bones does 

not disprove this notion, since these tend to be more ~oor1y preserved 

under natural conditions. In any case, all of these explanations in

volve consumption at the site of the meatiest portions of the carcass, 

with a certain concern for lightening the load before transportation. 
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It is also possible that phalanges were brought to the site on hides 

if skinning methods did not call for their removal. This is not likely 

to have been true of other distal limb bones, however. 

The basic pattern of utilization of red deer carcasses continues 

through the rest of the WUrm I and on through level 26, at least as 

nearly as the sample sizes permit us to locate its boundaries. However, 

there is one very clear change, a dramatic increase in the frequency of 

cranial units above level 5OA. This predominance is too marked to be 

merely a matter of sample size. It may indicate that "scraps" were of 

less interest to the occupants of these levels, and that they were 

bringing only "delicacies" into the site. 

The reindeer pattern for the first phase of the WUrm II imitates 

that of red deer closely with only two exceptions: a higher than ex

pected frequency of scapulae (probably due to small sample size) and a 

relatively low frequency of crania relative to mandibles. The pattern 

must be interpreted as due to essentially the same behavior as that 

associated with red deer, with the possible exception that reindeer 

crania were less frequently used. 

Concomitant with the shift in reindeer utilization already dis

cussed (from level 25), there occurs a change in red deer utilization 

that at first glance appears quite striking. However, the only major 

change (other than a reduction of cranial units to a more moderate 

level) is the increased frequency of scapulae. The rest of the pattern 

agrees well with that for red deer in previous levels: presence of 

pelves and distal limb bones and absence of proximal limb bones. It 

is conceivable that the initiation of a new cultural practice is 



responsible, e.g., stripping meat from the scapula before processing, 

in a manner similar to the Nunamuit practice (Binford 1978:l06)u 
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In any case, there are now two distinct patterns of carcass 

utilization where before there was only one for both species of cervid. 

While the red deer pattern is in fact essentially a continuation of the 

old pattern of processing meat for consumption elsewhere, and if the 

reindeer pattern indicates the consumption of the best and most sub

stantial portions of the carcass, then this reveals a new pattern of 

species utilization at the site. 

The change in reindeer utilization from the pattern found in 

levels 25 through 23 to that in levels 22 through 20 is harder to in

terpret. While the treatment of the foreleg resembles that found in 

the previous levels, that of the hind limb more closely resembles that 

for red deer. It is possible that the proximal hind limb of the rein

deer now joined the meatier portions of the red deer in being consumed 

elsewhere. However, it is also possible that the change is due simply 

to samplin~ error (Table 13). 

Above level 20, red deer remains are too scarce to analyze. 

Even reindeer remains are few in number. The pattern there shows an 

increase in cranial units and first phalanges. The bones of the fore

limb are few or absent except for the scapula. The treatment of the 

hind limb resembles that in the previous levels. Altogether, although 

the pattern is different from the preceding one, it is hard to inter

pret. Given the very small sample size (only 36 postcranial units from 

levels 11-19 are represented in Figure 10) it is perhaps wisest simply 

to leave it at that. The samples of Equus remains are very small. It 
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Table 13. Comparison of frequencies of bones of hind limb of reindeer 
from levels 20~22 and 23-25. -- Expected values in 
parentheses. 

Levels 20-22 Levels 23-25 

Femora 7 (10.4) 15 (11.6) 

Tibiae 25 (21.4) 20 (23.6) 

Metatarsals 15 (15.2) 17 (16.8) 

,r = 3.35 0.10 < p < 0.25 
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would be tempting to combine those from levels 25 through 23 with those 

from levels 22 through 20. However, these two samples are different 

enough to indicate two different patterns (Table 14). Both patterns, 

however, are marked by a predominance of fore leg over hind leg, and by 

a very high frequency of pelves. Unfortunately, no one part of the 

innominate is consistently represented or consistently absent. It 

would seem that the pelvis as a whole is heavily represented. There 

are a number of muscles that have important origins along the sacrum 

of an equid that do not have such important origins in artiodactyls 

(see Fig. 22). The result is that the pelvis of the horse is meatier 

than that of the artiodactyl, which may help to account for its fre

quency in these levels. 

Above level 20, horse and ass remains become even scarcer; 

Figure 11 represents only 11 postcranial units from levels 11-19. 

However, there are two changes that can hardly be attributed to chance 

(Table 15): the increased frequency of cranial units, and the drastic 

predominance of ulnae over other postcranial units. Again, the portion 

of ulnae present varies. In general, it is probably harder to disar

ticulate a joint by breaking bones than by cutting 80ft tissue, espe

cially in large mal'!'.mals. Ho· ... ·ever, the elbo\'" joint is a tight one and 

the actual amount of bone to be broken to separate the ulna of a horse 

is relatively small (see Figure 70 in Sisson and Grossman 1953:91). 

It seems apparent, at au'y rate, that the ulna was being brought into 

Combe Grenal, undo~btedly attached to the muscles inserted there 

(triceps, tensor fasciae antibrachii, and aconeus). 



Table 14. Comparison of bone frequencies of equids from levels 20-22 
and 23-25. -- Expected values in parentheses. 

Bone 

Alveoli (upper) 

Alveoli (lower) 

Vertebrae 

Ribs 

Scapulae 

Humeri 

Radiocubiti 

Metacarpals 

Innominates 

Femora 

Tibiae 

Metatarsals 

1st phalanges 

2nd phalanges 

~ 
X- = 30.22 

Levels 20-22 

0 ( 7.5) 

10 (10.8) 

1 ( 1.4) 

4 ( 1.9) 

2 ( 1.9) 

2 ( 2.3) 

6 ( 3.8) 

2 ( 1.9) 

6 ( 1.2) 

1 ( 0.9) 

3 ( 1.4) 

2 ( 0.9) 

4 ( 2.3) 

2 ( 2.8) 

p < 0.01 

Levels 23-25 

16 ( 8.5) 

13 (12.2) 

2 ( 1.6) 

o ( 2.1) 

2 ( 2.1) 

3 ( 2.7) 

2 ( 4.3) 

2 ( 2.1) 

5 ( 5.8) 

1 ( 1.1) 

0 ( 1.6) 

o ( 1.1) 

1 ( 2.7) 

4 ( 3~2) 
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Table 15. Comparison of (a) frequencies of cranial versus post
cranial, and (b) relative frequency of ulnae of equids 
from levels 11-19 and 20-22. -- Expected frequencies in 
parentheses. 

109 

Levels 11-19 Levels 20-22 

(at) Cranial bones 144 (118.7) 10 05.3) 

Post-cranial bones 14 ( 39.3) 37 (11.7) 

2 (X = 94.6, p< 0.01) 

(b) Ulnae 8 ( 4) 6 (10) 

Other post-cranial bones 6 (10) 29 (25) 

2 (X = 7.84, p < 0.01) 
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Although they dominate most levels in terms of meat represented, 

large bovids are represented by only a very small number of units. This 

may be due to the size of these animals and the amount of effort needed 

to transport their bones; it may have been more practical to take the 

time to remove the meat from the bones. The smallest sample with enough 

units to have any meaning at all is from the entire WUrm II. Given the 

clear pattern in changes in butchering of all other species, it is un

likely that this is a homogeneous sample. Combined with the sample's 

small size, this fact makes its interpretation problematic at best. 

The hind leg is dominated by femora and tibiae (Table B50) , the main 

meat-bearing bones. The fore leg is dominated to an even greater extent 

by the radio-cubitus (in fact, by the proximal radio-cubitus). Pha

langes are scarce and never broken for marroW. Without better samples, 

however, it is hard to say what these facts mean in terms of carcass 

utilization. 



, , 

CHAPTER 5 

EVIDENCE OF BUTCHERING TECHNIQUES 

There is evidence of butchering at Combe Grenal in the form of 

various kinds of clearly deliberate damage to the bones. Samples of 

bones with such damage were small, so that the evidence may be described 

in detail. 

Cut Marks 

Marks left by cutting and chopping have long been a standard 

subject for interpretation in butchering studies (Martin 1907a, 1907b, 

1909). The theory is simple: given a knowledge of the anatomy of an 

animal, the location of a cut mark gives an indication of what soft 

tissue was being cut. Given enough repeated patterns of cut marks, it 

may be possible to reconstruct techniques and even sequences of butcher

ing. 

In the case of Combe Grenal, the method must be used less am

bitiously. The sample of bones of anyone species at Combe Grenal is 

not exceptionally large, and the sample of bones showing cut marks is 

small, at least for any single element. Nor can the absence of cut 

marks be taken as significant in itself. Our own experiments butchering 

sheep with chert tools show that most cuts into soft tissue, even cuts 

directlY,against the bone, left no marks. One may reasonably assume 

that the marks found on archaeological bone represent only a fraction 

111 



112 

of the cuts made, and may not assume that the absence of cut marks on a 

given portion of a given bone proves the absence of cuts made on that 

portion of the animal's anatomy. 

It has already been seen that the utilization of animal car-

casses varied through time. 

procedures changed as well. 

It is probable that specific butchering 

If we divide the total sample sizes into 

time units, samples of bones showing cut marks then become so small 

that the goal of inferring butchering procedures becomes unattainable. 

Nevertheless, the study of cut marks does provide some information 

about behavior at Combe Grenal. 

"The method followed here is largely inferential. It becomes 

clear at once when butchering an animal that there are 80 many ways of 

proceeding that one cannot ~ priori predict one pattern of disarticula

tion. Given the facts of anatomy, moreover, inferences drawn from cut 

marks have a high probability of being correct. In the future, if we 

ever get a good picture of Mousterian butchering procedures, it should 

be possible to test our inferences experimentally. For the present our 

experiments with sheep will be used simply as a source of ideas, as 

background knowledge, and for comparison. 

In the descriptions below I shall use the nomenclature for 

join~s used by Sisson and Grossman (1953) as shown in Table 16. The 

descriptions of cut marks are summarized in Tables 17 through 20. 
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Table 16. Nomenclature for joints. 

Name Articulation of 

Shoulder Scapula/humerus 

Elbow Humerus/radiocubitus 

Knee Radius/carpals/metacarpal 

Fetlock Metapodial/lst phalanx 

Pastern 1st phalanx/2nd phalanx 

Coffin 2nd phalanx/3rd phalanx 

Hip Pelvis/femur 

Stifle Femur/tibia 

Hock Tibia/tarsals/metatarsal 



Table 17. Actions implied by cut marks on bones of reindeer. -
Numbers in parentheses indicate levels. Question marks 
indicate that the interpretation is tentative. 

Location Activity (level) 

Antler and pedicle 

Mandible 

Vertebrae 

Ribs 

Scapula 

Shoulder 

Humeral shaft 

Elbow 

Knee 

Hip joint 

Femoral shaft 

Stifle joint 

Ti bial shaft 

Hock 

Skinning (25, 35) 
Use as cutting board (271) 

Removal of tongue (14, 22, 23, 24, 25, 27, 291, 
31) 

Disarticulation (71, 131, 191, 231, 241, 27?, 
291, 351) 

Defleshing1 (7, 13, 19, 23, 24, 27, 29, 35) 
Skinning? (7, 23, 24, 35) 

Defleshing (19, 22, 23) 

Disarticulation (22, 23) 
Unclear (23) 

Def1eshing (141, 23) 

Disarticulation (147, 32) 

Defleshing (25) 

Disarticulation (207, 22, 23, 251, 30) 
Defleshing (201, 27, 30, 32) 

Disarticulation (14, 18, 19, 21, 27, 28) 
De fleshing (28) 

Disarticulation (23) 

Defleshing (23) 

Disarticulation (23) 

De fleshing (231) 

Disarticulation (20, 23, 25, 27, 35) 
Cutting of tendons (23) 
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Metatarsal shaft Cutting or stripping of tendons (221, 231, 24, 35) 
Skinning (221) 

Fetlock joint 

1st phalanx 

Pastern joint 

2nd phalanx 

Coffin joint 

Use as cutting board (22, 24, 35) 

Disarticulation (18, 221, 231, 251) 
Cutting of tendons (221, 231, 251) 
Unclear (24, 25) 

Disarticulation (221, 251) 
Cutting of tendons (22, 23, 241, 251, 26) 

Disarticulation (23, 24, 35) 
Cutting of tendons (23) 
Cutting of tendons (22, 24, 25, 26) 

Disarticulation (22) 



Table 18. 

Location 

Antler 

Premaxilla 
Maxilla 
Mandible 

Hyoid 
Vertebrae 

Scapula 
Elbow 

Actions implied by cut marks on bones of red deer. -
Numbers in parentheses indicate levels. Question marks 
indicate that the interpretation is tentative. 

Activity (levels) 

cutting of antler? (52) 

Removal of snout tissue (50) 

Cutting of muscles (24. 35. 42-3) 
Removal of tongue (25. 27, 30. 32. 35, 50?) 
Cutting of muscles (24. 25, 26) 
Disarticulation of the mandible (35) 
Unknown (23. 281. 33) 

Removal of tongue (33) 
Removal of head (50) 
Defleshing (52) 

Defieshing (22?) 

Disarticulation (11. 50A. 52) 
Disarticulation or defleshing of radiocubitus 

(27, 30) 
Disarticulation, defleshing, or skinning (52) 

Radiocubital shaft Removal of tendons (50) 

Knee 
Metacarpal shaft 

Pelvis 

Use as cutting board (52) 
Disarticulation (50. 52, 54) 
Cutting of tendons (50? 52) 
Skinning (50?) 
Unknown (24. 52) 

Defieshing and probably disarticulation of hip 
(50) 

115 

Femoral shaft Disarticulation of stifle or defleshing of tibia 

Stifle 

Tibial shaft 

Hock 

Metatarsal shaft 

Fetlock joint 

1st phalanx 

(50) 
Defleshing of proximal leg (35?) 

Defleshing (23. 50. 52) 
Skinning (54?) 

Disarticulation (24, 29, 50. 52) 

Cutting tendons (24, 52) 
Scraping? (50) 

Cutting of tendons (50A? 54?) 
Disarticulation (50A? 50. 54?) 

Cutting of tendons (10. 24. 25) 
Skinning (35) 



Table 18 -- continued. 

Location 

Pastern joint 

2nd phalanx 

Coffin joint 

Activity (leve~s) 

Disarticulation (23, 25, 27) 

Cutting of tendons (20, 35, 50A, 50, 5.2) 

Disarticulation (21, 25, 35, 50) 
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Table 19. Actions implied by cut marks on equid bones. -- Numbers in 
parentheses indicate levels. Question marks indicate that 
the interpretation is tentative. 

Location Action (levels) 

Mandible Removal of tongue (23) 
Cutting of muscles (15. 23) 
Skinning (11) 

Rib Defleshing (22) 

Shoulder Disarticulation or defleshing of scapula (17/ 
18/19) 

Ulna Defleshing (12) 

Elbow Disarticulation (11) 

Pelvis Disarticulation of hip (23) 
Defleshing (22. 23) 

Femoral shaft 

Tibial shaft 

Defleshing (10, 22) 

Cutting of muscle (-23) 
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Table 20. Actions implied by cut marks on bones of aurochs or wisent. 
-- Numbers in parentheses indicate levels. Question marks 
indicate that the interpretation is tentative. 

Location Action (levels) 

Mandible Removal of tongue (13, 32, 37, 50) 

Humeral shaft 

Elbow 

Hip 

Femoral shaft 

stifle 

Tibial shaft 

Metatarsal shaft 

Unclear (12) 

Disarticulation (8?, 21) 
Defleshing of radiocubitus (32) 

Disarticulation (24) 

Defleshing (41) 
Use as cutting board (25?) 

Disarticulation (23) 
Defleshing (8) 

Uncertain (20) 
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Reindeer 

Antlers. One antler tip from level 27 with miscellaneous short 

cut marks, especially near the tip. This may result from its use as a 

"cutting board." 

There are three antler bases attached to their pedic1es, two 

from level 25, one from level 35. One from each level shows cut marks 

on the pedicle, at right angles to the axis of the antler. The marks 

on the frontal from level 35 are on the medial and ~~terior sides. 

That from level 25 has too little bone attached to orient ito This 

bone also has two very short cuts side by side parallel to the long 

axis. The other antler from level 25 has a series of deep cuts in tvo 

groups, at right angles to each other but at a 45° angle to the axis of 

the pedicle on the anterior surface. As Binford (1981:101) has already 

pointed out for this specimen, all of these seem to indicate skinning 

of the head. 

Mandibles. Three ascending rami show cut marks. One from level 

29 has a long series of short cuts, more or less parallel, across the 

posterior margin below the articular condyle. Another, from level 22, 

has a series of short parallel cuts on the medial surface, between the 

posterior border and the inferior dental foramen, at a 45° angle down 

and forward away from the posterior border. The third ramus; from level 

19 (tentatively assigned to Rangifer) , bears a long row of short 

parallel cuts, at a 45° angle to the posterior border, descending along 

the lateral side just in front of the posterior border. 
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Two of these three sets of marks are somewhat ambiguous. Those 

on the lateral surface probably result from disarticulation or perhaps 

defleshing of the mandible. Those on the interior surface probably re

sult from removal of the tongue. Those on the posterior border could 

result from any of these, or even from disarticulation of the head from 

the neck. 

A number of mandibles have cut marks on their buccal surfaces 

below the cheek teeth. Such cuts vary from short to relatively long 

(the length of two molars) and usually occur in rather disorderly 

groups (in only one case singly). Because almost the entire exterior 

surface of the mandible is covered by muscle, it is hard to determine 

the meaning of these marks. Those occurring distally from about the 

second molar (two from level 13. one each from levels 23 and 27) may 

be the result either of defleshing or of cutting the masseter to disar

ticulate the mandible. Those occurring more. mesially (one each from 

levels 7. 23, 24, 25, and 35) may also be the result of disarticulation, 

but are perhaps more likely to indicate defleshing or skinning. 

Cut marks are also abundant on the lingual surfaces of mandi

bles. Again, these usually occur in disorderly groups, sometimes 

parallel, sometimes not, and at all angles to the horizontal axis of 

the jaw. With two exceptions, these occur in the area below the molars 

(one each from levels 14,23,25 and31/this last perhaps not due to 

cuttingl, and two each from levele 24 and 27). A mandible fragment 

from level 21 and one from level 23 (which also has cut marks on the 

buccal surface) have cuts below the second and third premolars. Vir

tually all these cuts can be attributed to removal of the tongue. 
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!2rtebrae. A single atlas, from level 24, has a series of cut 

marks on the ventral surface parallel to and just beside the border of 

the articulation with the occiput, indicating disarticulation of the 

skull from the atlas. l 

Three vertebrae show cuts parallel to the axis of the spinal 

column, two on the neural spines of a lumbar vertebra from level 19 and 

a thoracic vertebra from level 22, and one on the neural arch next to 

the neural spine of a thoracic vertebra from level 23. Marks such as 

these are attributed to removal of the tenderloins (longissimus dorsi, 

1. costarum, serratus dorsalis) by Binford (1981:110-112). Although 

Spiess (1979:291) questions whether such marks could be made with stone 

tools, we did in fact obtain such marks when We butchered sheep with 

chert tools. These cuts were few and lighter than those left on the 

bones at Combe Grenal. However, this is true of virtually all the cut 

marks we made, those on the Mousterian bones being generally more pro-

nounced. 

~. Two ribs (from levels 22 and 23) that come from the 

anterior (cranial) portion of the rib cage have a short series of short 

parallel cuts across the exterior edge of the rib just distal to the 

articulation of the tubercle. These cuts clearly imply disarticulation 

of the ribs from the vertebrae. Another anterior rib from level 23 haa 

possible chop marks on and perpendicular to the anterior edge, about 

5 cm. from the neck. This is harder to explain. It may relate to 

lA. de Paniagua (1926, in Collie 1928:88) used such marks to argue for 
domestication of reindeer in the Aurignacian, on the grounds that 
these were the result of killing the animal by severing the spine, and 
that such accurate thrusts would have been impossible unless the ani
mals were tethered. 



defleshing of the ribs, to separation of parts of the rib cage, or, 

perhaps more likely, to some post-consumption activity. 

122 

Scapular Bladeo A scapula from level 23 has a series of long 

light cut marks across the medial surface, probably related to de flesh

ing. One scapula from level 24 has a few apparently random short 

scratches of questionable origin over the entire surface. 

Shoulder. One scapula from level 14 has a series of short 

pa~allel cuts across the base of the spine. There is also a small de

pressed fracture at the margin of the glenoid cavity, in line with the 

spine. Either of these could be attributed to disarticulation. The 

cuts appear too short to indicate slicing across the scapula preparatory 

to stripping meat from the bone, especially given the location in line 

with the spine. The fracture could be due to other causes such as car

nivore chewing or a half-hearted attempt at marrow extraction. Another 

scapula from level 32 has a group of short parallel cuts on the medial 

surface at the caudal border, adjacent to the border of the glenoid 

cavity; these cuts also imply disarticulation. 

Humeral Shaft. One shaft fragment comprising most of the pos

terior half of the humerus from level 25 has several cut marks. There 

are two widely spaced cuts across the posterior surface near the distal 

end of the deltoid tuberosity. These must be related to cutting the 

triceps and tensor fasciae antibrachii. However, the cuts are too high 

to be taken as a first cut in stripping meat from the humerus, and too 

low to indicate disarticulation of the shoulder. They probably were 

made during the final stages of defleshing of the humerus. 
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Elbow. The same humeral fragment has a series of short cuts 

near th~ distal end and on both borders of the olecranon fossa. Another 

humeral fragment from level 20 shows the same kind of cuts on the 

lateral border of the olecranon fossa. These could be related to dis

articulation of the elbow. However, since no ligaments are located 

here it is possible that these relate to removal of the triceps, tensor 

fasciae brachii, and aconeus. 

However, several distal humeri show clear signs of disarticula

tion of the elbow joint. These consist of cuts across the ends of the 

lateral and medial epicondyles, clearly indicating cutting of the 

collateral ligaments. (Lateral cuts ar~ on three humeri from level 22; 

medial, on a humerus from level 22; and both medial and lateral, on· one 

from level 23.) 

An ulna fragment from level 30 has short cuts on the medial 

side immediately adjacent and perpendicular to the anterior ed~, just 

proximal to the sigmoid notch. This almost certainly resulted from 

cutting the posterior ligament in the process of disarticulation. 

An olecranon from level 27 has a single cut across the medial 

surface, probably due to defleshing. Another ulna, from level 32, has 

a series of short parallel cuts across the postero-lateral edge of the 

ulnar shaft. These probably resulted from cutting the extensor muscles; 

they are too low to relate to disarticulation. 

Two proximal radii from level 23 have several long parallel 

cuts across the anterior surface just below the border of the articula

tion. These imply cutting of the muscles in front of the joint in the 

process of disarticulation. 
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Two radial fragments from level 22 each have two short deep 

parallel cuts (not tooth marks) at a shallow angle to and below the 

border of the articular surface on the antero-medial border of the bone. 

These, too, may refer to disarticulation, although they may also be the 

result of cutting the flexor muscles of the elbow joint, the biceps 

brachii and brachialis, and the long medial ligament. Another proximal 

radius from level 23 has a large number of both long and short more or 

less parallel cuts across the medial surface just below the proximal 

end; again, these are probably related to disarticulation. Finally, a 

radius from the same level has a group of small (perhaps modern) cuts 

just below the lateral tuberosity. 

Knee. A distal radius from level 18 has two short parallel 

cuts across the ridge between the articular facets for the lunate and 

scaphoid, just at the posterior end of the scaphoid facet. ~he nomen

clature used for podials is that of Cornwall 1956:152, 177.) 

Another distal radius from level 21 has a group of short cuts 

across the postero-medial corner of the shaft just above the articula

tion, and another cut on the medial border of the articular facet for 

the cuneiform. Both of these bones show cuts within the movable joint 

of the knee, clearly indicating disarticulation. 

Finally, a distal radiocubitus from level 28 shows three sets 

of cuts: a single long cut across the bone just above the articular 

surfaces; a group of cuts across the flange of the distal ulna; and a 

series of long cuts across the medial surface of the shaft at some 

distance from the distal end. The first two indicate disarticulation. 
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The last group is more likely related to cutting the tendons of the pro

nator teres and flexor carpi radialis in the process of def1eshinf.. 

A scaphoid from level 19 has tvo short cuts across the anterior 

surface, probably indicative of disarticulation. The same is probably 

indicated by a short cut across the medial surface of a scaphoid from 

level 28 and cuts across the posterior surface of one from level 27. 

A very deep cut (possibly modern) on the inferior/medial side 

of the inferior/posterior point of the pisiform from level 14 probably 

resulted from cutting of muscles such as the flexor carpi u1naris and 

u1naris laterals. 

Metacarpal Shaft. Interestingly enough, there are no cut marks 

on the fragments of metacarpal shaft recovered from Combe Grenal, al

though metatarsal shafts with marks are common. 

Fetlock. Cuts in the vicinity of the fetlock joint and on all 

phalanges are discussed below, following the description of the proximal 

hind limb. 

Hip. An innominate from level 23 has two short cuts on the 

pubis adjacent and parallel to the edge of the acetabulum, indicating 

disarticulation. 

Two femoral heads from the same level and one from level 4 have 

short cuts near the fossa capitis (the insertion of the round ligament). 

Another, from the same level, has two (possibly modern) across the 

anterior and superior portions of the neck adjacent to the articular 

portion of the head. All of ' these marks imply cutting of the ligamenta 

that hold the hip joint in place. 
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Femoral Shaft. A fragment of femoral shaft from level 23 has 

two sets o,f marks. The first is a tight cluster of short parallel cuts 

parallel to and immediately adjacent to the proximal-medial corner of 

the roughened surface where the gastrocnemius originates. The second 

is a loose grouping of long wavering scratches running upward and in

ward from that point. The first almost certainly indicates defleshing. 

If the second reflects butchering at all, it probably has the same 

cause. 

Stifle. A femoral epiphysis from level 23 has a single short 

cut (possibly but probably not modern) on the interior edge of the 

medial condyle, more or less parallel to the long axis of the femur. 

The direction of the cut indicates that it probably resulted from cut

ting of the ligaments between the condyles, especially the femoral 

ligament of the lateral meniscus. 

~al Shaft. A distal tibia from level 23 has three parallel 

cuts approximately one fourth the distance up from the distal end. 

These run down and back from the posterior edge of the groove for the 

flexor digitalis longus, and probably relate to cutting the deep flexor 

muscle or tendon. This could be part of the process of either deflesh

ing the tibia or disarticulating the leg at the hock. 

~. This is one portion of the reindeer for which comparative 

information on Mousterian butchering is available. Henri'Martin (1907a) 

described cut marks on reindeer bones from this joint recovered from 

la Quina (Charente), typesite of the-Quina Mousterian. At Combe Grenal, 
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one tibia from level 23 and one from level 25 had short cuts across the 

medial malleolus (we made an equivalent cut across a sheep malleolus in 

the process of disarticulating the hock). Two more from level 27 and 

one more from level 25 had these cuts in addition to others. That 

from level 25 had two cuts at about a 45° angle from the axis of the 

bone about a centimeter above the malleolus. Both of those from level 

27 had short cuts slanting down and back to the border of the 

articular surface, in the groove for the flexor tendon (what Martin 

call the oblique digital tendon; Sisson and Grossman (1953:153), the 

flexor digitalis longus). There is a tibia from level 20 that shows 

the same cuts in the groove for the deep flexor tendon. Finally, a 

tibia from level 35 has a short cut across the lateral part of the an

terior lobe that fits into the groove of the astragalus. 

All of these marks except the last are also found at la Quina 

(Martin 1907a:211, and plate III), and all undoubtedly relate to the 

disarticulation of the hock. The cuts that Martin found at 1a Quina 

across the external malleolus are duplicated on a single malleolus from 

level 27. 

The cuts across the medial malleolus have their counterparts on 

the medial astragalus. An astragalus from level 23 and two from level 

35 have several such cuts, in addition to numerous cuts across the rest 

of the medial surface. The astragalus from level 23 and one from level 

27 also have cuts across the articular surface for the malleolus. 

These cuts were also seen at la Quina (Martin 1907a:2l1-212, plate III, 

nos. 6-10). A single astragalus from levels 17-19 had two cuts across 

'the lateral flange of the trochlea (near its anterior end). Again, 
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such cuts were observed at la Quina (Martin 19O?a:plate III, nos. 3-6, 

plate IV, no. 3). As Martin suggests, these marks indicate disarticu

lation of the hock. 

There are only two other cut marks in the vicinity of the hock. 

The distal end of a calcaneum from level 27 has short cuts across the 

medial shaft of the bone. These are hard to explain, since no muscles 

or tendons are located here. A metatarsal from level 23 has a group 

of short cuts across the summit of the antero-medial ridge just below 

the proximal articular surface. Although this could indicate an attempt 

to separate the metatarsal/tarsal joint, there is no other evidence for 

such a practice. Since the tibio-tarsal joint is easier to separate, 

it is probable that these marks relate to cutting the tendons of the 

medial and long extensors. 

In spite of the absence of cuts on calcanea, such as those ob

served by Martin (1907a:213, plate IV no. 3. plate V), his description 

(Martin 1907a:2l4-215) of the disarticulation of the hock by extending 

the joint and cutting the anterior, lateral, and medial ligaments seems 

an appropriate explanation of the marks observed at Combe Grenal as 

well. 

Metatarsal Shaft. Three metatarsal shaft fragments from level 

22 have cuts on the ridges bordering the vascular groove on the anterior 

surface. One of these may be due to rodent gnawing. One has two sub

parallel cuts at a 450 angle across the ridge. In either case, the 

cuts could be due to either skinning or cutting of the extensor tendons 

located on the anterior face of the metatarsal~ The third, however, 
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shows a long series of cuts perpendicular to the long axis of the bone 

running several centimeters downward from near the proximal end. These 

cuts do not indicate cutting at a single point. They must indicate in-

stead either several cuts (of different tendons?) or use of the shaft 

fragment as a cutting board. A shaft fragment from level 24 shows the 

same pattern on the anterior edge of the lateral face. Another fragment 

from level 24 has cuts at the posterior adge of the medial sUrface, 

probably due to cutting of tendons. Another, from level 35, has three 

scattered cuts at a 45° angle to the axis of the bone on the medial (or 

possibly lateral) surface, probably trom use as a cutting board. 

TWo shaft fragments from le.el 23 show groups of long scratches 

parallel to the long axis. On one of these, they run along the anterior 

border of the lateral edge; on the other, on one (indeterminable) side. 

These may be due to non-human agencies. If not, the first, at least, 

may indicate stripping away of the anterior tendons, although it seems 

unlikely that a cutting implement would have been needed for this. 

Fetlock Joint. A distal metacarpal from level 22 and two from 

level 23 have short cuts across on0 or both sides of the posterior 

(palmar) surface, just above the articular condyles. These cuts indi-

cate either cutting tendons (presumably for use aa ligaturos) or dis-

articulation, or both. A metatarsal from level 22 has the same type of 

cut on the anterior surface, indicating the same thing. 

A first phalanx from level 18 has short cuts on the medial and 

2 and lateral edges of the proximal lateral articular surface, indicating 

disarticulation. 

~ecause it is generally impossible to distinguish left from right 
phalanges of artiodactyls, "left" and "right" and "medial" and 
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An accessory metatarsal from level 24 has long scratches running 

down the lateral face, while another from level 25 has short cuts on the 

postero-medial corner of the shaft. Both of these are difficult to 

explain. 

First Phalanx. A first phalanx from level 22 has cuts across 

the medial surface near the proximal end (a fragment from level 25 has 

similar cuts on a surface that may be either medial or lateral). Such 

cuts on the medial surface indicate cutting of the flexor tendons be-

tween the digits, or else disarticulation. 

Two phalanges from level 23 and one each from levels 22 and 26 

show cuts across the palmar surface, probably due to tendon cutting. 

One from level 24 has marks due to either cutting or gnawing on the 

anterior surface. 

I have not attributed cuts on the phalanges to skinning because 

these bones are so well protected by tendons and ligaments that cutting 

the bone requires much deeper and more forceful cuts than would be re-

quired for skinning alone. 

Pastern Joint. Two first phalanges from level 23 show groups 

of parallel cuts at a 450 angle across the lateral end of the distal 

condyle. These imply not disarticulation but -cutting of the lateral 

tendons and ligaments. However, phalange8 from levels 23, 24, and 35 

have cuts on the distal articular 8urfaces, indicative of disarticula-

tion. 

"lateral" are used with reference not to the entire animal but to a 
single foot when discussing phalanges. 
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An adult second phalanx from level 23 has a very deep cut into 

the postero-medial corner, just below ~~e proximal articulation. This 

is so deep that it may be modern. If not, it indicates an attempt at 

disarticulation. 

Second Phalanx. A phalanx from level 22 has cuts across the 

anterior surface. One phalanx each from levels 22, 24, 25, and 26 have 

similar cuts on their palmar surfaces. As with the similar cuts on the 

first phalanx, these probably indicate the cutting of tendon. 

Coffin Joint. A second phalanx from level 22 has cuts on the 

distal articular surface, indicating disarticulation of this joint. 

Red Deer 

Antler. An antler from level 52 has a wide shallow cut part 

way around the circumference of the antler just at the end of 

the break. This may indicate an attempt to cut through the antler; if 

so, it is the only evidence of cutting bone or antler at Combe Grenal. 

Maxilla. A premaxilla from level 50 has cuta across the supe

rior surface, indicating that the hunters of·Combe Grenal may have had 

a taste for snout tissue. 

Two maxillae have cuts parallel to the occlusal surface just 

above the teeth on the buccal surface of the alveolar bone, one (from 

level 42 or 43) in the region of the second premolar, the other (from 

level 24) in the region of the fourth premolar. These imply cutting of 

the buccinator, either for.its own sake or in the process of removing 

the mandible. 
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A maxilla from level 35 has a short cut above and behind the 

third molar on the buccal surface. Although this cut roughly parallels 

the fibers of the masseter, it nevertheless is probably related to 

cutting that muscle. 

Mandible. There are a number of red deer mandibles with cuts 'on 

the lingual surfac(!, indicating removal of the tongue. Only two are 

from Wurm I. Oce from level 27 has vertical scraping marks belo~ the 

distal M
3

• One from level 30 has vertical cuts of questionable origin 

below the fourth deciduous premolar. One from level 32 has vertical 

cuts on the alveola below the P2 and P3• One from level 35 has cuts or 

rodent tooth marks anterior to the P
3

• One from level 25 has light 

scratches below the P4. Tvo others from level 35 have light scratches 

below the MI and M2• Another from the same level has cuts in line with 

and posterior to the third molar, while two more have light scratches 

(possibly natural) below the M
3

• A fragment from level 50 has vertical 

scraping marks (possibly but probably not natural) below the point 

.where the P4 and Ml meet. One from level 54 has two vertical cuts 

below the P
3

• 

While the cuts on the lingual surface of red deer jaws tend to 

come from the earlier Warm II, especially the Ferrassie Mousterian of 

level 35, those on the buccal surface tend to come from somewhat later 

in the WUrm II. One mandible each from levels 25 and 26 have cuts below 

the anterior molars, indicating cutting of the buccinator. One from 

level 28 has a-large number of scratches in this area that may have a 

natural cause. A very badly broken fragment from level 24 has vertical 
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cuts on the buccal surface below an unidentified molar. Finally, one 

from level 33 has a number of apparently random oriented scratches below 

the Ml and P4. 

Finally, a fragment of ascending ramus from level 23 has a long 

series of short cuts more or less perpendicular to and immediately 

adjacent to the posterior border, beginning just below the articular 

condyle. It is hard to say what these mean. If they relate to dis

articulation, they indicate a consider&ble lack of accuracy in cutting 

the joint. It is possible but not likely that they result from cutting 

across the cleido-mastoideus; it is more likely that they result from 

defleshing the jaw (although in this case one would expect the cuts to 

parallel the border of that bone). A mandible from level 35 has cuts 

on the lingual surface at the base of the ascending ramus, directly 

behind the M
3

, probably due to cutting the pterigoideus muscles in the 

process of disarticulating the mandible from the cranium. 

Hyoid. The middle portion of a sternohyal from level 33 has 

cuts across the lateral surface, undoubtedly the result of removing the 

tongue. 

Vertebrae. An articular process of a cervical vertebra (ten

tatively identified as red deer) from level 50 has cut marks on the 

surface opposite the articular surface, probably indicating disarticu

lation of the neck somewhere behind (caudal to) the atlas and axis. 

A lumbar vertebra from level 52 has cuts on and beside the 

neural spine, indicative of removal of the tenderloin (longisimus dorsi, 

etc.). 
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Shoulder. A scapula from level 22 has a long rov of ahort 

parallel cuts next to and at right angles to the posterior border of 

the medial surface. These may be due to rodent gnawing. If not, they 

may relate to defleshing of the scapula. 

Elbow. A distal humerus from level 50A has short cuts at and 

perpendicular to the posterior border of the lateral epicondyle. This 

may have resulted from 'cutting the collateral ligament, or cutting the 

muscles and tendons inserted into the ulna when the elbow was in an 

extreme flexed position. Either implies disarticulation of the elbow. 

The same is true of cuts across the distal end of the medial surface of 

the medial epicondyle of a humerus from level 52. 

A proximal radius from level 11 has numerous light scratches all 

around its proximal ~nd. These may relate either to de fleshing the 

radius, or, more likely, to disarticulation of the elbow. 

A proximal radius from level 27 has cuts below the tuberosity 

on the postero-lateral corner, probably due to cutting of the fleXOl"s. 

One from level 30 has cuts at the same spot. One from level 52 has 

cuts at the same distance from the proximal end, but slightly farther 

around toward the anterior face. Any of these may indicate either 

defleshing or disarticulation of the elbow joint. The last may be due 

to skinning, since this portion of the radius is unprotected by muscle 

or tendon. 

Radiocubital Shaft. A radial shaft fragment from level 50 

(and, like the following one, only tentatively identified as red deer) 

has a cluster of cuts across the posterior face, probably due to cutting 
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of the flexor6 (perhaps implying separation of meat from tendons). 

Another fragment from level 52 has a long series of cuts across the 

lateral surface. These cover too great a distance to indicate a single 

cut, but imply, perhaps, post-butchering use of the bone as a surface 

for cutting some other material. However, the broken edges of the 

fragment intersect the cuts, indicating that the breaks post-date the 

,cuts. 

~. A pyramidal from level 50 has cuts on the antero-lateral 

surfa~e; one from level 52 has similar cuts as well as cuts on the 

lateral surface. These, too, probably result from cutting ligaments 

and tendons during disarticulation. The same explanation probably 

holds for two scaphoids from level 52 with cuts on their posterior 

surfaces and one !rom level 54 with cuts on the postero-medial corner. 

Metacarpal Shaft. A metacarpal shaft fragment from level 8 had 

a long s~ries of parallel cuts on one side of the anterior surface. 

These were too spread out to indicate a single cut. One fragment from 

level 50 has a pair of cuts on the antero-lateral face, due probably to 

cutting of the extensor tendons, perhaps to skinning. Another from 

level 52 has a series of cuts across the anterior face below the joint, 

probably from cutting the extensor tendons. Another proximal metacarpal 

from level 24 has a number of light wavering scratches of unclear origin 

running at an angle down the anteromedial face below the joint. Two 

fragments have possibly natural origins. One from level 52 is covered 

by long parallel striations that may be due to geological causes. An

other f~om the same level has its borders covered with what may be chop 



marks, but are more likely the result of gnawing (see Binford 1982), 

especially 'in light of the presence of two deep dents presumably caused 

by scavenger canines. However, there are also two cuts on one side of 

the anterior surface; but these are more or less parallel to the long 

axis of the bone and therefore hard to explain. 

Foot. Cuts at or below the fetlock joint are described after 

the discussion of the proximal hind leg. 

" Hip. An ischium from level 50 has cuts on the inferior border 

just beyond the acetabulum. These indicate cutting of the muscles of 

the posterior thigh (semi-membranosus, semi-tendinosus) away from the 

pelvis, and probably disarticulation of the hip as well. 

Femoral Shaft. A shaft fragment from level 50, tentatively 

identified as red deer, has cuts across the shaft a short distance 

medial and distal to the origin of the gastrocnemius. This is probably 

related to de fleshing of the tibia or to disarticulation of the stifle 

joint. 

Stifle. A proximal tibia from level 23 has a series of cuts across 

the postero-lateral and postero-medial corners. These probably resulted 

from cutting the flexors, rather than from disarticulation of the 

stifle joint, since they are rather below the articulation. 

Tibial Shaft. One shaft fragment from level 23 has a series 

across the proximal end of the muscular lines of the posterior surface, 

indicating cutting of the flexors of the foot, gastrocnemius, etc. 
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One ~haft frap.ment from level 50 and one from level 52 have groups of 

ligh~ cut~5 at various angles near the nutrient foramen, probably indi

caU",g th4~ same thing a little lower down the leg. Finally, a shaft 

fragnlent from level 54 has two sets of cuts: a few cuts across the 

bone on the medial surface near the crest; and a mass of cuts parallel 

to t~e cr4~st covering the entire lateral surface of the bone next to 

the qrest.. The first may indicate skinning, since only skin covers the 

bone herec, The second set is hard to understand; it may be due to use 

as a cutting board, but perhaps it has a natural origin. 

~~. Two astragali from level 52 have cuts across their medial 

surf~ces, indicating, as with reindeer, disarticulation of the hock. A 

ca1c~eum from the same level has a series of short cuts on the border 

of U·s ar1~iculation with the distal fibula, while one from level 50 

showl:! a sbort cut across the lateral corner of the anterior surface, 

just behind the articulation with the fibula. Taken together, these 

all 'itndic~lte disarticulation of the hock at the tibio-tarsal joint in 

a mal'\ner ,rery similar to that described above for reindeer at Combe 

Grens). and to that described by Martin (1907a) for reindeer at la Quina. 

A seI'lies ()f cuts along the anterior shaft of a calcaneum from level 29 

and quts 2lcross the outer surface of a lateral malleolus (distal fibula) 

from level 24 indicate this pattern may have persisted much later. 

I1: should be noted here that many of the tarsals of red deer 

are l:!plit or chopped through. This probably ia not related to disar

tic~atioll. One of the astragali with cuts from level 52 has been split 

subs~quen1: to the cuts that marked it and therefore probably subsequent 
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to disarticulation. This phenomenon is discussed more fully later in 

the chapter. 

Metatarsal Shaft. A proximal metatarsal from level 24 has a 

single cut across the anteromedial corner of the shaft well below the 

joint, probably the result of cutting the extensor tendons. A eh~ft 

fragment from level 52 has a number of short cuts on and at a 45- angle 

to the axis of the posterior ridge, probably from cutting the flexor 

tendons. 

There are a large number of shaft fragments with cuts that are 

less easy to account for. Two from level 27 and one from level 22 have 

long rows of short cuts across the anterior surface next to the inter

osseous groove. These seem too scattered to have resulted from making 

a single cut. There are long (and sometimes also short) scratches at a 

45° angle to the axis of the bone on the anterior surfaces of 3 frag

ments from levels 8, 27, and 50. There are miscellaneous scratches on 

the anterior surface of a fragment from level 27. All of these may 

result from using the bones as a base or cutting board for cutting 

other materials; it is hard to connect them with any butchering activity. 

One fragment of anterior metatarsal shaft from level 27 is covered with 

such scratches, half running parallel to the inter-osseous groove, 

half perpendicular, so that the bone surface is thoroughly cross-hatched. 

There are three fragments, from levels 54, 52, and 50, with very 

straight, very parallel scratches. These are too regular to result from 

cutting and probably resulted instead from scraping, either with a tool 

or by geolo~!ca1 action. A fragment from level 50 has a single such 
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scratch. Another fragment from level 50 has a single cut on the medial 

surface parallel to the axis of the bone. Its m9aning is not clear. 

Fetlock Joint. Two distal metacarpals (from levels 20 and 5OA) 

have short cuts across the posterior surface just proximal to the con

dyles, probably due to cutting the flexors preparatory to disarticula

tion of the fetlock joint. A dis~al metatarsal from level 50A has a 

cut across the palmar surface just above the condyles, indicating either 

cutting of the flexor tendons or disarticulation. A distal metapodia! 

fragment from level 54 has a similar cut on the opposite (anterior) 

surface, implying disarticulation or else cutting of the extensor ten

dons. Three metapodial condyles from level 50 and one from level 20 

have cuts on their outside edges, indicating cutting through either the 

medial or lateral collateral ligaments in the process of disarticula

tion. 

One first phalanx from level 50 has two cuts on the antero

medial corner near the articular surface that probably indicate disar

ticUlation. 

First Phalanx. One phalanx each from levels 28 and 30 have cuts 

across the anterior surface, indicating cutting of the extensor tendons. 

A phalanx from level 24 and one from level 10 have similar cuts across 

the palmar surface indicating cutting of the flexor tendons. Another 

from level 24 has such cuts on both the anterior and posterior surfaces. 

A phalanx from level 25 haa possible cuts across the lateral surface, 

but these are of questionable human origin. A phalanx from level 35 

has cuts across the lateral surface, probably due to skinning. 
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Pastern Joint. Four first phalanges have cuts probably related 

to disarticulation of the pastern joint. Two from level 25 have cuts 

on the lateral end of the condyle; one froM level 23, on the antero

lateral corner of the articular surface itself, and one from level 27 

on a posterior corner of the articluar surface. 

Second Phalanx. A number of second phalanges have cuts indica

tive of cutting of tendons: across the anterior surface, one each from 

levels 50 and 52; palmar/plantar surface, one from level 20; medial 

surface, one from level 5OA; and plantar and medial surfaces, one from 

level 35. 

Coffin Joint. ~~e last second phalanx mentioned above also has 

cuts on the medial and lateral ends of the distal condyle that may indi

cate disarticulation of the coffin joint. Such cuts are also found as 

follows: lateral, one each from levels 25 and 35; medial, one each 

from levels 21 and 50; medial and lateral, one from level 35. A phalanx 

from level 50 has cuts on the anterior face both on and just proximal 

to the articular surface itself. 

Equids 

Mandibles. One mandible from level 23 has vertical scratches 

on the lingual surface near the M2, indicating removal of the tongue. 

One from level 15 has two groups of vertical cuts on the buccal surface 

near the M
3

, probably indicating cutting of the masseter. Another from 

level 23 has similar cuts near the P2 , probably due to cutting the 

buccinator. Finally, an anterior (mesial) mandible from level 11 has 
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a small group of short parallel cuts across the inferior surface just 

beside the distal (i.e., caudal) end of the mandibular symphisis. Since 

there are no muscles in this area (any attempt to cut the mylohyoideus 

here would result in cuts along the mandible), these are probably the 

result of skinning the head. Two more short cuts, anterior to the 

first set, probably imply the same thing. 

~. A rib from level 22, from the posterior portion of the 

rib cag~, has cuts on its caudal surface, just distal from the tubercle. 

These are at a 45· angle to the axis of the bone, and very likely re

sulted from removal of the intercostal or serratus muscles. 

Shoulder. A scapula from levels 17/18/19 has two clusters of 

long wavering parallel cuts running forward and down from the posterior 

border, past the nutrient foramen until they disappear approximately on 

line with the spine. These undoubtedly resulted from cutting the infra

spinatus muscle, in the process either of de fleshing the scapula or of 

disarticulating the shoulder joint. 

Elbow. A fragment of humeral shaft from level 12, tentatively 

identified as Equus, has a number of apparently random cuts scattered 

over the posterior surface of the shaft just proximal to the olecranon 

fossa. Although this may indicate disarticulation of the elbow, the 

random nature of the cuts seems more likely to indicate unsystematic 

de fleshing, perhaps during the course of a meal. 

An ulnar fragment from level 11 has a group of cuts on the 

lateral surface, half way from the sigmoid notch to the posterior 
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border, and roughly parallel to the border of this notch. This is an 

unprotected bit of bone between the triceps brachii, deep flexor, and 

extensor carpi ulnaris. Cutting any of these would result in cuts at 

right angles to the ones observed. They might have resulted from cut

ting the triceps with the joint in an extreme flexed position, but this 

seems unlikely. It is more probable that these cuts resulted from cut

ting the ligaments of the elbow joint in the process of cutting the 

proximal ulna from the distal humerus. This means that if breaking the 

ulna to disarticulate the elbow~as practiced, as the high frequency of 

ulnae among horse remains suggest, it vas not an invariable practice. 

Metacarpal Shaft. A shaft fragment from level 22 haG a long 

row of short parallel cuts down the lateral side. However, these are 

possibly or even probably modern in origin. 

Hip. The possibility that the high frequency of horse pelves 

at Combe Grenal was due to their usefulness as a source of meat is 

strengthened by the apparently complex butchering of this unit indicated 

by cut marks. An ilium from level 23 has a large number of long cuts 

running across the interior or ventral surface of the blade from the 

caudal border of the artiCUlation of the sacrum to the caudal border of 

the blade of the ilium. This probably resulted from cutting the psoas 

minor. Another ilium from level 22 has cuts across the caudal shaft of 

the ilium9 on its interior surface, among and paralleling the grooves 

for the iliaco-femoral vassels. These probably indicate cutting of 

another internal pelvic muscle, the internal obturator. A third ilium, 

from level 23, has cuts at right angles to and along the dorsal edge of 
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the blade, on the exterior surface, just anterior to the shaft. These 

may have resulted from cutting muscles such as the gluteus medius, 

except that they occur in too long a row to indicate a single cut. 

An ischium from level 23 has two long cuts parallel and just 

beside the origin of the gluteus profundus. These probably result from 

cutting that muscle in the process of disarticulating the hip in such 

a way that a maximum of meat remained with the femur. 

Finally, a large segment of pelvis from level 22 shows a number 

of actions. The obturator foramen is surrounded by cuts on the internal 

surface. Those on the superior or dorsal portion of the ischium are 

roughly parallel to the border of the foramen and may have resulted 

from cutting such delectables as the internal obturator and the re

tractor ani, or may have occurred during evisceration. Those between 

the pubic symphisis and the foramen are also parallel to the latter, 

and probably resulted from cutting the internal obturator. Those on 

the cranial portion of the pubis form a long row at right angles to the 

border of the foramen, and are less easy to interpret. 

The same bone has cuts across the inferior border of the ischium 

next to the acetabulum that may relate to disarticulation of the hip 

joint. Finally, the same specimen has a series of scratches around the 

dorsal-caudal exterior surface of the acetabulum, indicating disarticu

lation, and across the medial border of the dorsal surface of the 

ischium. These last may result from cutting the gluteus medius and 

overlying muscles. They may also, however, be modern in origin. 

In sum, the marks on the pelvis indicate not only disarticu

lation of the hip joint but also a very thorough dissection of the 
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pelvic muscles. As was noted above, this tends to confirm the idea that 

horse pelves are relatively more frequent in the site than those of 

artiodactyla because they provide larger quantities of usable meat. 

Femoral Shaft. There were five fragments of equid femur with 

butchering marks recovered from Combe Grenal. Four of these are the 

portion around and including the third trochanter; of these, three were 

from level 22. All three have cut marks across the shaft just proximal 

to the trochanter. These may indicate cutting of the vastus lateral is 

and quadriceps femoris, implying that their lower portions remained 

attached to the third trochanter, which was broken off from the femoral 

shaft. However, the fragments on which the trochanters are found show 

no regularity of breakage. In either case, the cut marks indicate de

fleshing of the femur. 

The third trochanter from level 10 has cuts parallel to the 

long axis of the femur at the posterior base of the trochanter. These 

indicate cutting of the biceps femoris and gluteus medius in the process 

of defleshing. 

Finally, another femur fragment from level 22 has several long 

cuts running across the medial surface of the bone from the distal end 

of the trochanter minor in an antero/proximal direction. These imply 

cutting of the ilia-psoas, probably during defleshing. 

Tibial Shaft. A fragment from level 23 has cuts above the 

nutrient foramen indicative of severing of the gastrocnemius. 
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Mandible. Four mandibles of large bovids have cuts on the 

lingual surfaces, indicating removal of the tongue: one from level 13, 

near the P4; one from level 32, near the M2; one from level 37, near the 

'M3; and one from level 50, near the Ml or M2• A mandible from level 11 

has scratches of questionable origin on the buccal surface pelow the P3. 

Humeral Shaft. A fragment from level 12 has light random 

scratches on the posterior face between the nutrient foramen and the 

teres tubercle. These are too random to indicate any clear action and 

may in any case be modern. Another fragment from level 8 has scratches 

across the anterior face just proximal to the condyles, indicating, 

perhaps, disarticulation of the elbow. 

Elbow. A condyle of a humerus from level 21 that was evidently 

split in two (see below), has cuts across the lateral end, indicating 

cutting of the collateral ligaments during disarticulation. 

A radius from level 32 has cuts across the postero-medial cor

ner of the shaft a short distance below the proximal end. This is 

probably related to cutting of the flexors during defleshing rather 

than disarticulation. 

Hip. An acetabulum from level 24 has a series of short cuts 

across the inferior border, probably related to disarticulation of the 

hip. 

Femoral Shaft. A shaft fragment from level 41 has cuts across 

one side of the posterior surface, probably due to defleshing. Another 
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from level 25 has 3 scattered cuts on the anterior surface, perhaps due 

to use as a cutting board. 

Stifle. A proximal tibia from level 23 has cuts across the 

shaft of the fibula (in these species this is a small protuberance 

fused to the tibia), indicating disarticulation of this joint. 

Tibial Shaft. A posterior shaft fragment from level 8 has cuts 

and scratches across the muscular grooves implying cutting of the gas

trocnemius, probably during defleshing. 

Metatarsal Shaft. The surface of a small fragment of anterior 

shaft from level 20 has cuts at angles varying from parallel to 30° 

from the vascular groove. These anpear too numerous to reflect any 

butchering activity. 

Split Bone 

There are a number of bones from Combe Granal that display a 

rather striking type of break o These are usually podials and are usually 

bones or portions of bones without marrow cavities. The breaks are very 

smooth and flat, and appear to have been made with some instrument like 

a steel axe. The breaks are, in fact, identical in appearance to broken 

horse phalanges from the Magd~enian illustrated by Bouvier (1979). He 

was able to duplicate these fractures by splitting the bone with flint 

wedges, but was unable to explain the reason for such a practice. One 

explanation for such bone splitting is that this was a way of disarticu

lating the hock. The evidence against this explanation is overwhelming. 

First, two of the astragali and the calcaneum from level 52, as well as 
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the reindeer astragalus from level 17/18/19, are among those that bear 

traces of disarticulation by cutting through the soft tissue. (This 

is also true of the bovid humerus.) Second, it would almost certainly 

be easier to disarticulate an unfrozen carcass in another way (and level 

52 shows every sign of having had one of the warmer climates at Combe 

Grenal). Finally, and most telling, the splits are not necessarily in 

a position that would contribute to disarticulation. 

In the case of horse phalanges, it may be easier to break them 

this way than by percussion in order to obtain marrow. This explanation 

cannot be used for the split material from Combe Grenal, however. The 

bones·split in this manner are 5 astragali, a calcaneum, and an unciform 

of red deer from level 52, a reindeer astragalus from level 21, and the 

distal condyle of an aurochs or wi sent humerus from level 17/18/19_ The 

split in the calcaneum does expose the marrow cavity, but not in a way 

that makes extraction of the marrow easy. All that the other bones have 

in common is that they are made up of dense cancellous tissue, and it is 

this cancellous tissue that is exposed by the splits. The only thing 

this suggests is extraction of bone grease. 

Leechman (1951) has described the process of rendering bone 

grease by boiling small fragments of smashed bone. The best bone to 

use for this is, generally speaking, the lease dense bone, that which 

is made up of cancellous tissue, where the bone grease is located. 

While large and very low density elements like the proximal 

humerus are relatively easy to smash, it may be that the Mousteriana of 

Combe Grenal found that small bones of relatively compact cancellous 
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grease were easier to split open than to smash. 
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If we assume that smashing bones for bone grease would reduce 

the fragments beyond recognition, and if the people of Combe Grenal were 

rendering bone grease, we would expect to find this reflected in the 

relative frequencies of denser and less dense elements~ Unfortunately, 

density is also an important factor in preserving bone from scavengers 

and decay. As was mentioned in the preceding chapter, most of the dif

ferences in frequencies of proximal and distal ends of the same bone 

can be explained for both red deer and reindeer, by differences in den

sity of bone. However, there are two problems in the figures for red 

deer from levels 54 through 5OA: the higher than expected frequency of 

proximal radiocubiti, especially of proximal radii, and the predominance 

of proximal metacarpals. Examination of Tables B43 through B46 makes 

it clear that the predominance of proximal over distal metacarpals is 

true only of levels 52 and perhaps level 54. Likewise, the predominance 

of proximal radii over ulnae is true only of level 54. Similarly, large 

discrepancies between the standardized frequencies of carpals and 

tarsals are found only in level 52 and perhaps level 50. Level 52 is 

the level in which all split bones from the WUrm I are found; the sample 

from level 54 is small enough so that the absence of split bones may not 

be meaningful. 

It is possible, then, that the predominance of the less dense 

ends of these bones, coincident with the frequency of split tarsal 

bones, is indicative of bone grease rendering in levels 54 and 52. 

This has two implications: that for some reason tarsals, proximal 
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radii, and proximal metacarpals were preferred over other sources for 

bone grease. It also implies that the people of Combe Grenal had water-

tight containers, although these need not have been elaborate. 

The data from the relative frequencies of different units thus 

indicate that the extraction of bone grease may have been common in 

some levels, especially 52 and 54. Moreover, if bones were split for 

this purpose, then the practice must have persisted well into the 

wiirm II. 

Punctured Phalanges 

There are a number of reindeer phalanges from Combe Grenal that 

have been punctured on one side, usually the palmar surface. Such 

punctures were the subject of considerable speculation at the end of 

the 19th century and the beginning of this century. (The best recent 

review of 'chis literature I have seen is in Wetzel and Bosinski (1969: 

126-127). The two most influential interpretations have been those of 

Lartet and Christy (1864 gee Martin 1909:162) and of Martin (1909: 

150-168). Lartet and Christy found by experiment that such bones could 

be used as whistles. Martin notes that the holes were produced by a 

shock or by pressure, that they varied from regular to very irregular, 

that the flakes removed remained in place in some specimens, that there 

were probable tooth marks opposite the punctures, that many pieces were 

obviously chewed and many dents and punctures were almost certainly not 

human in origin, because such punctures were found in bones other than 
r 

phalanges, and above all, that most holes were at the thinnest part of 

the shaft. He concludes, from these facts, that the punctures were not 

an attempt to make whistles but the result of carnivore chewing. 
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Binford (1981:44-46) illustrates a phalanx from Alaska punctured in this 

way by an Eskimo dog, as well as a rib and a metapodial with at least 

partial punctures. Wetzel (Wetzel and Bosinski 1969:126-127) points out 

that most French workers have followed Martin in this interpretation, 

but that the Germans have in general adopted the view of Lartet and 

Christy. It is safe to say, however, that few modern prehistorians 

would agree with the second part of Martin's interpretation, that these 

bites were the bites of domesticated dogs used by the Mousterians to 

assist them in hunting. 

Combe Grenal yielded the following material: 

Level 29: 

1. A first phalanx with a small hole probably due to weathering of 

the palmar portion of the proximal end. The distal end is also 

weathered away. 

Level 27: 

1. A first phalanx with a hole next to the palmar portion of the 

proximal end, which is also missing. It is pitted and dented over much 

of its surface, especially opposite the hole. 

2. A first phalanx with a very large triangular hole (apex toward 

the distal end) in the usual position. However, much of the margin 

shows a modern break. 

Level 24: 

1. A first phalanx with a huge hole in the usual place, most of it 

probably due to weathering. There is a deep gouge opposite the hole, 

but here too much of it may be due to weathering. 
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2. A first phalanx in the usual position with the palmar portion 

of the articular end missing, and with a hole in the opposite face, so 

that the bone is in effect perforated. 

Level 23: 

1. A second phalanx with a hole in the medial surface and a de

pression fracture opposite it. It easily produced a loud, shrill 

whistle. 

2. A first phalanx with an irregular hole in the usual position, 

that was hard to blow but produced a loud, shrill whistle. 

3. A first phalanx with a very irregular hole toward the palmar

lateral corner and a great deal of attrition of the proximal end. It 

was moderately easy to blow and produced a shrill, less loud tone. 

4. A first phalanx with the distal end missing, the proximal end 

eroded, and a large, irregular hole. It was difficult to blow but pro

duced a moderately loud whistle. 

5. A first phalanx with considerable attrition of the proximal end 

and a small oval hole. It produced a very weak whistle. 

6. A second phalanx with a very irregular hole in the side. I was 

not able to produce any sound with it. 

Numbers 1, 3, and 4 have very thin lips to the hole; numbers 2 

and 5, double edges to the lip; number 6, a thick rounded lip. 

Level 22: 

1. A second phalanx with a small round hole in the middle of the 

antero-medial shaft. The hole has thick lips and produced no sound. 
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2. A second phalanx with a larger hole in the same place that pro

duced a poor whistle. The same phalanx has a depression fracture on 

the medial side of the shaft. 

3. A first phalanx with a hole on the medial side near the proximal 

end of the shaft, with a depression fracture on the anterior surface 

near the proximal end. The bone is pitted and dented; however, it is 

also an excellent whistle. 

4. A second phalanx with a large hole with thick lips at the 

proximal end of the palmar face and a smaller hole, partially opened, 

on the antero-medial corner. The bone is badly weathered and produced 

no tone. 

Level 19: 

An extremely eroded second phalanx with a large hole in the 

side, very possibly the result of weathering. 

Level 14: 

. A first phalanx with a hole in the usual position, probably due 

to weathering. It produced a faint whistle. 

In addition, there are numerous dents, depression fractures, 

and punctures on other phalanges, on long bones, on ribs, and even on 

scapulae and innomina tes. 

The remains from Combe Grenal duplicate most of Martin's obser

vations. They are clearly produced by percussion or pressure, some are 

on quite obviously gnawed bones. On first phalanges, most punctures 

were in what might be called the "classic" location: on the palmar 

surface at the proximal end of the marrow cavity, where as Martin points 
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out the shaft is thinnest. On second phalanges, they tended to be on 

the side of the shaft. It is intriguing that many of these phalanges 

could have served as excellent whistles. However, many of those that 

produce loud tones appear to have been punctured by carnivore teeth. 

While it is possible that some of these may have been produced by man 

for use as whistles, the evidence indicates that most of the specimens 

were not. Certainly there is little sign of any pattern of repeated 

deliberate manufacture. 

The Use of Bones as Tools 

There are various kinds of damage to the bone (polish, flaking, 

etc.) that may indicate such use. However, I made no systematic study 

of this subject and can only report the possibility of such use. 

Discussion 

The amount of bone from Combe Grenal showing evidence relevant 

to butchering techniques is too small to permit examination of samples 

smaller than all material from one species. Because there are changes 

through time in patterns of carcass utilization, it is possible that 

there were changes in butchering techniques as well, so that caution is 

required in drawing conclusions from these data. 

There are two observations that may be made, however. First, 

there is evidence of disarticulation, by cutting, of almost every red 

deer and reindeer joint. While this may not have been an invariable 

practice, it seems likely to have been the most common. This method 

would generally, atleast for unfrozen meat, be easier than dismember

ment by smashing the bone (see Appendix A). It should be remembered 
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that the absence of cut marks on a bone by no means implies that no cuts 

were made there. In fact, the cut marks on the bones from Combe Grenal 

are remarkably deep, considering how much force is required to mark 

bone with flint. 

There is little comparable data on this subject from other 

western European Mousterian sites. The description of material from la 

Chapelle-aux-Saints seems similar to Combe Grenal (see Chapter 6). In 

terms of butchering marks, the only other reported material, the tibio

tarsal region of the reindeer from la Quina, also resembles Combe 

Grenal. However, the same site also produced a good deal of "utilized" 

bone of a sort not found at Combe Grenal (Martin 19Q?b, 1909). While 

much of this may be due to carnivore action, some of it (especially 

degrees 3 and 4 of utilization of the distal articulations of largebovid 

humeri .LMartin 1970b: 27-2~.7 and some of the more extreme examples 

of utilization of phalanges ~artin 1907b:35-6£V) seem more likely to 

have resulted from human use of these bones as some sort of cutting or 

chopping board or anvil as Martin suggests. While there are bones from 

Combe Grenal with marks that could have resulted from such use, the 

amount of attrition is generally much less and the locations of the 

marks is less regular. If these are indeed the result of human action, 

then there appears to be a difference between the sites in this regard. 

Unfortunately, the early date of the work at la Quina makes it impos

sible to determine what, if any, other variables were correlated with 

this kind of damage. 



CRAPI'ER 6 

COMP ARISON WITH OTHER SITES 

France 

Hauteroche 

The Grotte de Melon, Hauteroche, is located 1 km. from 

Chateauneuf-aur-Charente (see Fig. 1 for the locations of sites dis-

cussed in this chapter). The site was discovered at the turn of the 

century, excavated by G. Chauvet, later by Raveau. and still later by 

M. Marry (Pradel 1957:420). In the 195Os, Prade1's excavations provided 

material for both lithic and faunal analysis. Bordes (1957) character-

ized the industries of the archaeological levels as follows: level 1 

(the earliest), Quina Mousterian; level 3, Denticulate; level 4, too 

scanty to analyze properly. The fauna from Pradel's excavations are 

reported by Bouchud (1959:120-122, and in Pradel 1957:433-434). In the 

1 lowest levels, reindeer make up 76.~ of the individuals (Table 21). 

In the highest level, they make up 61.5%. These figures are very high 

compared to Combe Grenal." 

However, in terms of available weight, large bovids dominate 

the two upper levels with about 3/4 of the total, a very high percentage 

compared to Combe Grenal. This apparent discrepancy is due to the lov 

IThe scientific names corresponding to the common names used are listed 
in Table 2. However, in this chapter, the scientific names listed in 
the tables of fauna from specific sites are those given by the authors. 
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Table 21. Numbers of individuals (MNI), weight represented, and 
percentages of totals for ungulates from Hauteroche. -
MNI's are from Bouchud (1959:120-122). Weights are calcu
lated as for Combe Grenal. 

MNI 

Percent 

Weight 

Percent 

MNI 

Percent 

Weight 

Percent 

MNI 

Percent 

Weight 

Percent 

4 

3 

2 

1 

1 

7.7 
193 

6.2 

2 

28.6 

385 

18.4 

8* 

20.5 

1540 

39 .. 2 

3 
23.1 

2310 

74.6 

2 

28.6 

1540 

73.8 

(sterile) 

1 

2.6 

770 
19.6 

*Bouchud puts the number of equids at 7 or 8. 

1 

7.7 
162 

5.2 

8 

61.5 

432 

13.9 

3 
42.9 

162 

7.8 

30 

76.9 

1620 

41.2 



157 

number of species reported from the site. Its inhabitants concentrated 

on a much narrower range of species than those of Combe Grenal. Here 

as at Combe Grenal there appears to be no apparent correlation between 

stone tool industry and animal utilization. 

La Chapelle-aux-Baints 

The faunal remains from the well known Neanderthal site of la 

Chapelle-aux-Baints, although excavated very early, have been described 

in more than usual detail trom the point of view of animal utilization 

(Bouyssonie, Bouyssonie and Bardon 1913:626-628). The site is located 

approximately 40 km. southeast of Brive-la-Gaillard, Correze, in a lime-

stone bench on the Sourdoire River. It is thus only about 55 km. north-

east of Combe Grenal. The excavators found a single archaeological 

level that they were unable to subdiTide, which contained, in addition 

to the human remains, an industry that belongs to the Quina, or at 

least Charentian, Mousterian (Mazi~re and Raynal 1976:1079. 

The fauna from the Mousterian level consisted of at least 22 

indiTidual reindeer, a dozen large bovids (wisent and perhaps aurochs), 

2 or 3 horses, rare ibeX, wolf, and wooly rhinoceros ("closed.nares 

rhinoceros"), this last represented by a single molar. There were also 

a large number of marmot (Marmota) jaws, as well as species represented 

by bones that the authors felt were not of prehistoric age. 

The assemblage was represented by the spines, but not the 

centra, of Tertebrae, by limb and foot bones, and mandibles. RibS, 

2 vertebral centra, and upper javs were rare. The authors interpret 

2There is a typographic error in the report (Bouyssonie et al. 1913: 
62?) so that lover javs are listed as both common and rare. It is 
clear from the text that these vere common and upper jaws were rare. 
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this as the result of transport to the site of fore and hind limbs with 

feet attached, of tongues, and of fi1eted tenderloins. The presence of 

vertebral spines and absence of bodies is hard to attribute to removal 

of the tenderloin, however, since this is easy to remove without break

ing the vertebrae. The relative proportions of vertebral spines and 

centra recovered from Combe Grenal were about equal, so that this may 

be a point of difference between the two sites. Since there is evidence 

that the majority of vertebral fragments from Combe Grenal were not 

saved, however, such a conclusion must remain tentative. 

They also'noted that the long bones were highly fragmented, as 

were the phalanges, the same pattern that-was observed at Combe Grenal. 

They also noted that ribs and spongy epipheses of long bones had been 

broken. This may be further evidence for extraction of bone grease in 

the Mousterian of southwestern France. 

Finally, they noted that the site differed from 1a Quina in 

signs of bone utilization. Their descriptions, indeed, sound much like 

Combe Grenal. They describe bones with cut marks from disarticulation 

and bones with cut marks from de fleshing. Bones that appeared to have 

been used as anvils were present, but with less heavy attrition than 

those at la Quina (as was the case for Combe Grenal). There were a few 

bone fragments that may have been unintentionally flakes while being 

used as piercers. There were also two bone flakes with end polish that 

may have resulted from use. Finally, two or three reinde6r phalanges 

were pierced, one of them apparently by a tooth 

In general, the remains from La Chape1le appear to resemble 

those from Combe Grena! and to differ from those from la Quina in 
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similar ways in terms of damage to bones. It may be that there were 

regularities in both similarities and differences among occupations and 

even sites in this aspeci of animal utilization. If this was so, then 

the long sequence at Combe Grenal may be evidence of remarkable conser

vatism in the persistence of a single such pattern at a single site over 

a huge span of time. 

Unfortunately, the description of the relative frequencies of 

elements at La Chapelle is too general to permit adequate comparison 

with Combe Grenal. It may differ from the latter in having a higher 

frequp.ncy of vertebrae and phalan~s and a lower frequency of crania, 

but it is difficult to be sure of this since the authors give no figures. 

Hortus 

The cave of Hortus is located in the valley of the Terrieu, 21 

km. north of Montpellier, at the base of a high cliff and at the top of 

the talus slope. Excavations have been carried out there since 1908, 

but the presence of Mousterian material was-not discovered until 1953. 

From 1960 to 1964, excayations were carried out there by Henry de 

Lumley (1972). 

There were over 7 m. of WUrm II fill overlain disconformably by 

post-glacial sediments. They contained a Typical Mousterian industry, 

numerous Neanderthal remains, charcoal and probable hearths, and remains 

of large and small mammals t birds, amphibians, reptiles, and interte

brates. 

The large mammals were analyzed by B. Pillard (de Lumley 1972: 

163-205). The assemblage was dominated by ibex. The ungulate remains 

are reproduced in Table 22. A rhinoceros WaS represented by a single 
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ungulates from Hortus. -- Climatic categorization of each level is indicated. 
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tooth that de Lumley believes was brought from elsewhere, not as part 

of a carcaes (de Lumley 1972:608). 

On the basis of the ibex and red deer, de Lumley and his col

leagues (1972:561-562) argue that during climate phase III (levp.1s 26 

to 31), the site was occupied from January to Mareh;during phase IVA 

(levels 218 through 25), from January until April or May; and during 

phases !VB and V (levels ,15 through 21A), during the summer. 
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These correspond with evidence that the archaeologists (de 

Lumley 1972:530-61) interpreted as representing different activities or 

types of habitation: 

Phase III: A large number of animal remains (adult ibex and some 

red deer) and few artifacts, as well as a scarcity of other species and 

the presence of articulated thoraxes and distal limbs of ibex (de Lumley 

1972:612) are taken as evidence of brief stops where butchering of ibex 

was the main activity. (It might be argued that many of the remains in 

these levels were not due to man's presence, especially in light of 

the fact that ibex are known to shelter in caves Lde Lumley 1972:5227.) 

However, the presence of red deer and the absence of any carniYores 

likely to accumulate bones make it probable that at least a Significant 

portion of the bones were due to man's presence. 

Phase IVA: The large number of lithics is interpreted as the result 

of longer halts in the course of hunting. There were fewer bones per 

individual animal, and it was "evident that those that were brought in 

were selected" (de Lumley 1972:613), so that the aite was no longer 

used primarily for butchering. However, the absence of species other 

than ibex and red deer are taken as evidence for short occupations. 
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Phases IV and V: There was less evidence of water action in the 

site; lithics and charcoal were far more abundant; and bones were more 

fragmentary, indicating longer occupations. The number of species repre

sented, as well as the number of ibex remains, were more frequent. 

Crania were common, remains of the thorax rare, and the bones of the 

feet often found articulated. There was a difference in the treatment 

of animals from the nearby hills (represented by the entire body, in 

particular the thorax) and those from the plain (represented by only a 

few bones, almost never those of the thorax) (de Lumley 1972:613). 

While the emphasis on ibex, compared to cervids at Combe Grenal, 

is almost certainly in large measure due to the hilly environment, 

there are two striking features about this emphasis. The first is that 

chamois are completely absent, while at the nearby site of le Salp8tre 

de Pompignan, they are numerous (de Lumley 1972:610). De Lumley 

attributes this to the locations of the two sites: Hortus is on a 

south slope; Ie Salpetre, on a north slope. Chamois spend the summer 

on north and west slopes; the winter, on south and east slopes. This 

may explain the absence of chamois during the summer occupations, when 

a larger variety of species were hunted. Their absence in earlier occu

pationa, however, very likely indicates a deliberate concentration upon 

ibex. 

One thing worth mentioning is the evidence that carnivores were 

skinned. While many of the carnivores may have entered the cave on 

their own, de Lumley et al. argue that most of them were killed for 

their hides (de Lumley 1972:608-609). There evidence is especially 
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convincing for the leopard, Felis pardus. 3 Only skulls, metapodials, 

_ sesamoids, phalanges, caudal vertebrae, and only two innominates and a 

single distal radius of this species were found. Since foot bones and 

caudal vertebrae are associated with a minimum of meat, this implies 

that hides with feet and tails attached (rather than whole carcasses) 

were brought to the site and abandoned there, or more likely that 

freshly skinned hides were brought there and then further processed in 

a way that inyolved removal of feet, tails, etc. 

Mauran 

Mauran is an open air Mousterian site located on a small palteau 

overlooking the Garonne River on the northern slope of the Pyrenees. 

The site yielded 3500 bones of large bovids representing at least 32 

individuals, and a very fev equid remains (Bahn 1979:10-11). This aite 

is unusual for two reasons: it is one of the fev Middle Paleolithic 

open air sites in Western Europe with bone preservation; and it is one 

of the few Middle Paleolithic sites in Western Europe with evidence of 

highly specialized hunting. It is probable that many more open air 

sites would, if bone were preserved, show equal specialization. 

Spain 

The fauna from Cantabrian Spain have been reported and analyzed 

by Freeman (1973) and by straus (1977). There are only three sites with 

good quantitative data, Lezetxitki (levels VII and VI), Cueva Mor{n 

'Pillard and de Lumley call Felis pardus "panthare". Kurt~n (1968) 
calls this species "leopard", saving the term "panther" for Felis 
pardoides. 
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(levels 22, 17, 16, and 15), and Castillo (see Table 23). Of these, 

only level 17 at Cueva Morin and level VI at Lezetxiki have a total 

ungulate MNI greater than 10. Moreover, Straus (1977:46) says of 

Lezetxiki that "levels VI and VII may well be Mousterian, but further 

study will be required before any firm conclusions can be drawn." The 

Castillo sample is a basketload of 404 bones misplaced by the excavators 

and later found and analyzed by Freeman (1973:23) and therefore "unques

tionably biased." 

However, certain conelusions may be drawn from the materials. 

Freeman (1973:19-21) shows that for Cueva Morin as a whole horses and 

large bovids tend to co-occur, while red deer and roe deer are corre

lated, implying exploitation of open and wooded eountry, respectively. 

In this case, level 17 shows a bias toward exploitation of open country 

(MNI = 13) over wooded species (MNI = 6) (by straus' figures). The 

opposite is true in the Castillo sample (11 versus 23. respectively). 

However, as Freeman points out, the large size of the bovids means that 

the open country forms (especially Boe/Bison) dominate both samples in 

terms of weight represented. 

Straus (1977:47-49) points out that red deer and large bovids 

sominate the two Santander sites, but that Lezetxiki has few red deer. 

eo that the large animals are even more important. 

In general, it is probably safe to say that what little we know 

about Cantabrian Spain shows little difference from Combe Grenal in 

terms of either degree of specialization or of general breadth of 

species represented. 



Table 23. Number of individuals (MNI), weight represented, and percentages of total for ungulates 
from Cueva Mor!n, Lezetxiki, and Castillo. -- MNI's from Straus (1977:48). Weight 
calculated as for Combe Grenal. 
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0 J.. P. r-I 0 Q) 0 ~ to 
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J..r.:l 'Ct) J.. Q)t) aI:t: Q)t) alP:: ~e Site Level 0- 0- Q)- Q) 0- °M_ .D- .e-
ll:: !Xl P:: t) P:: t!:l H t) <I! 

Lezetxiki MNI VII 1 1 4 
Percent 16.7 16.7 66.7 
Weight 41 20 3080 
Percent 1.3 0.6 98.1 

Castillo Sample 6 16 7 1 5 
Beta 17.1 45.7 20.0 2.9 14.3 

1158 2592 1134· 22 3850 
13.2 29.6 13.0 44.0 

·Calculated as for red deer. 

~ 

~ 
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When Straus (1977:67) compares Middle and Upper Paleolithic 

hunting patterns in Cantabria. he remarks that Mousterian hunters evi-

dently lacked the "knowledge, skill, technology, and/or 'motivation' far" 

acquiring "elusive, dangerous, and small food resources." This claim 

deserves more scrutiny. He bases the argument on the lack of shellfish, 

boar, mustelids, fox, and caprines in these levels. In terms of danger, 

it is unlikely that boar or mustelids were more dangerous than rhinoc-

eroa, visent, and aurochs (although it may be admitted that the 

rhinocari may have been scavenged rather than hunted by the Mousterians~ 

However, any question of Mousterian hunters' ability to kill dan~rous 

game must be dispelled by their specialization in hunting cave bear 

demonstrated at the site of Erd (see below). As for the caprines, 

their constant presence at Combe Grenal, where they were probably less 

common than in parts of Cantabria, would argue strongly that Mousterian 

hunters were competent to hunt them. Middle Paleolithic hunters at 

Teshik-Tash (Movius 1953:48-49) and Aman Kutan (MUller-Karpe 1966:331) 

(see below) in fact specialized in the hunting of mountain goats and 

mouflon, respectively. This leaves the mustelids and foxes, who may 

have evaded the Mousterian hunters in some way because of their in-

ability to kill animals that had recourse to a burrow. (Some burrowing 

animals, especially marmots (Marmota) are found quite frequently in 

Middle Paleolithic sites, but their status as prey animals has not been 

demonatrated.) Also rare in the Middle Paleolithis are birds and fish, 

although neither is unknown.4 

4AlthOugh rare in the Middle Paleolithic, birds are found occasionally, 
as at Torre Nave in Italy (Bulgarelli 1972:159) and Saltzgitter
Lebenstedt in Germany (Tode et al. 1953:180-181), but these may not 
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The scarcity of shellfish, which are certainly not difficult nor 

require any complex technology either to harvest or consume must also 

be eXplained. It is unlikely that even Neanderthals were unaware of 

their edibility. Marine molluscs have been found in the Mousterinn of 

Gorham's Cave, Gibraltar (Baden-Powell 1964:217). Since the matrix is 

aeolian sand (Zeuner 1953:186-187), it is safe to attribute their pres-

ence to human activity. The species present include limpets (Patella 

caerulea and P. ferruginea), mussels (Mytilus gallo-provincialis) and a 

top shell snail (Monodonta articulata). Another site on Gibraltar, 

Devil's Tower, also yielded molluscs from Mousterian levels (P. Fischer 

in Garrod et al. 1928:112): limpets (!. vulgata and!. ferruginea), 

mussels (M. edulis and~. galloprovincialis), and tritons (Septa ( = 
Charonia) nodifera). The marine species from both these sites are all 

found in the intertidal zone of rocky shores (d'Angelo and Gargiullo 

(1978~80-8l, 84, 172). (It is also interesting to note that scrapers 

may have been made on the shells of a bivalve (Meretrix ( = Callista?) 

chione) at two Italian sites, the Grotta de Cavallo, Lecce )Cesnola 

1965:293-295, 292( and the Grotta dei Giganti on the Capo di Leuca 

LB1anc 1958-1961:309-3l~.) Callista, too, is found in the intertidal 

zone (d'Angelo and Gargiullo 1978:205). It is quite possible that the 

apparent scarcity of marine molluscs from Middle Paleolithic sites is 

due less to Mousterian behavior than to the paucity of now accessible 

coastal sites. 

have been hunted. Fish are also known from 1e Salpetre de Parignan, 
not far from Hortus (Desse and Desse 1976:698) and from Kudaro I on 
the Black Sea (Lyubin 1959:179; Nikolskii, Sokolov and Tsepkin 1972: 
275). 
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In the Middle stone Age of South Africa, large and rather dan

gerous ungulates were hunted, although the patterns of hunting large 

and smaller species differed (Klein 1978). The relative frequencies of 

age groups of large bovids represented in archaeological sites approxi

mates the mortality curve for bovids due to natural causes (predation 

as well as disease, etc.) today, indicating that the more vulnerable 

individuals were taken. By contrast, for other species, the relative 

frequencies of smaller animals killed approximate the age structure of 

a living population and"indicate no selection of more vulnerable indi

viduals (and perhaps indicating hunting by driving). At the same time, 

the sites at the Klasies River Mouth provided large quantities of seal 

bones, shellfish, and penguin bones, while fish and bird bones were 

relatively rare (Klein 1976:83). Thus it would appear that Middle Stone 

Age peoples were capable of hunting large terrestrial animals and of 

exploiting marine resources. Fish and flying birds may have been too 

hard to kill ~iven Middle Stone Age technology. 

It seems most likely that, of the possible causes listed by 

Straus, lack of motivation was the main factor in the absence of any 

dangerous or small food resources, although perhaps not of the most 

elusive ones, from the Cantabrian Mousterian diet. Whether this was 

due to any calculation of effort versus returns, to the availability of 

these forms, to the particular economic structure of local Mousterian 

life, or to the role of known Cantabrian sites within a larger economic 

system that may have included exploitation of other resources cannot be 

settled without a great deal more information than is currently avail

able. 
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Italy 

San Agostino 

The cave of San Agostino on the Tyrrhenian coast of Italy, near 

Gaeta, some 70 km. northwest of Naples, was excavated in 1947 and 1948 

by E. Tongiorgi. The site was published by Carlo Tozzi (1970). The 

cave contained a deposit in an outer area (A ) rich in fauna but poor 
x 

in artifacts; and a series of levels in an interior part (A through A4) 

with more abundant artifacts. A cannot be correlated stratigraphically x 

with any other level. Tozzi (1970:39-40, 82) dates the middle layers 

of the site to a warm oscillation (presumably the WUrm I/II), with the 

highest and lowest levels presumably colder. The industry is a 

Pontinian rich in scrapers, non-Levallois in technique, but with a high 

facetting index (Tozzi 1970:77). 

The faunal remains are not dominated by anyone species, al-

though in the back part of the cave red deer always at least share the 

distinction of being the most frequent (see Table 24), and from leTe1 

A3 to the top they increase in importance. In the front part of the 

cave, fallow deer and ibex together dominate the assemblage. Unfor-

tunately, this unit (A ) cannot be correlated with the other levels and 
x 

1ithics were quasi absent (Tozzi 1970:4). 

What is of interest here, though, is the evidence for differen- . 

tial carcass use. Standardized frequencies were calculated on the basis 

of Tozzi's data (Tables 25 through 28, Figs 23 through 26). He reported 

long bones without listing them as proximal, distal, shaft, or complete. 

I therefore divided each observed number by 2 in calculating weighted . 



Table 24. Number of individuals (MNI) and percentages of ungulate total for large mammals from 
San Agostino, by level. -- See text for method of calculation. 

MNI Percent 
A A1 A2 A2 A4 A A A1 A2 A2 A4 A 

x x 

Leopard (Felis pardus) 1 1 2 1 1 1 

Wolf (Canis lupus) 1 1 1 1 1 2 

Brown bear (Ursus arctos) 1 1 1 1 1 3 

Rhinoceros· (Rhinoceros sp.) 1 1 1 0 0 0 

Horse (Equus caba11us) 1 1 1 1 1 1 3.2 6.7 7.7 12.5 5.3 

Ass (Equus asinus) 0 1 1 0 0 0 3.2 6.7 0 0 0 

Boar (~ scrofa) 2 3 2 1 1 1 9.7 13.3 7.7 12.5 5.3 

Red deer (Cervus e1aphus) 8 10 4 2 2 1 32.3 26.7 15.4 25.0 5.3 

Fallow deer (~~) 5 5 2 2 1 1 16.1 13.3 15.4 12.5 5.3 

Roe deer (Capreo1us capreo1us) 3 4 2 1 1 8·· 12.9 13.3 7.7 12.5 42.1 

Ibex (Capra~) 2 4 2 1 1 6 12.9 13.3 7.7 12.5 31.6 

Aurochs (~pri.migen.ius) 2 3 1 1 1 1 9.7 6.7 7.7 12.5 5.3 

·A few tooth fragments only. 
··On the basis of jaw fragments. 

.... 
.....:I 
\.11 



Table 25. Observed, weighted, and standardized frequencies of roe deer units from San Agostino. 
See text for method of calculation. 

Level A Le~l Al Level A2 Level Ax 
"tr- U U U 
(I) (I) (I) (I) 
~ ~ ~ ~ 

.,-1 .,-1 .,-1 .,-1 
'tS 'tS 'tS 'tS 'tS '0 'tS 'tS 'tS 'tS 'tS '0 
CI) CI) ~ 

CI) CI) ~ 
CI) CI) ~ 

CI) CI) 
~ ~ +J ~ +J > +J > +J 

J.4 ~ '0 J.4 ~ '0 J.4 .c: '0 J.4 ~ 'tS 
CI) § CD C CI) bO C CI) § 10 .,-1 10 .,-1 It! 10 .,-1 It! CD .,-1 

.c CI) +J .c CI) +J .c CI) +J .0 CI) +J 
0 ~ til 0 ~ tfl 0 ~ tfl 0 ~ tJJ 

Deciduous teeth 0 5 4 5 
Upper teeth 10 0.83 1.50 26 2.17 2.93 11 0.92 1.67 13 1.08 0.61 
Lower teeth 15 0.75 1.32 18 0.90 1.22 5 0.25 0.46 15 0.,75 0.43 
Maxilla fragments 2 1 2 4 
Mandible fragments 4 4 1 15 
Vertebrae 0 1 0.04 0.05 0 10 0.37 0.21 
Ribs 0 
Scapulae 1 0.50 0.88 1 0.50 0.91 2 1.00 0.57 
Humeri 2 1.00 1.76 3 1.50 2.03 2 1.00 1.82 9 4.50 2.55 
Radiocubiti 2 1.00 1.35 4 2.00 3.64 7 3.50 1.99 
Carpals 4 0.33 0.58 8 0.67 0.91 2 1.67 3.04 3 0.25 0.14 
Metacarpals 7 3.50 6.15 3 1.50 2.03 10 5.00 2.84 
Pelves 
Femora 2 1.00 0.57 
Tibiae 1 0.50 0.28 
Tarsals 0 4 0.50 0.68 1 0.13 0.24 17 2.13 1.21 
Metatarsals 1 0.50 0.68 3 1.50 2.73 10 5.00 2.84 
1st and 2nd phalanges 23 1.44 2.53 19 1.19 1.61 11 0.69 1.26 26 1.63 0.92 
3rd phalanges 6 0.75 1.32 15 1.88 2.54 1 0.13 0.24 12 1.50 0.85 
Metapodials (indet.) 5 1 2 6 

Mean weighted frequency 0.57 0.74 0.55 1.76 

..... 
~ 



Table 26. Observed, weighted, and standardized frequencies of fallow deer and ibex units 
from San Agostino. -- See text for method of calculation. 

Fallow Deer Fallow Deer Ibex 
Level A Level Al Level AX 

'6 '6 '0 
Q) Q) Q) 
N N N 

.,-l .,-l .,-l 
'0 '0 '0 '0 '0 '0 '0 '0 '0 
Q) Q) 

~ 
Q) Q) ~ Q) Q) . ~ > +> > +> > +> 

r... ~ 'C r... ~ '0 r... ~ '0 
Q) C Q) C Q) a III .,-l (1j III .,-l (1j III .,-l 
.0 Q) +> .0 Q) +> .0 Q) ..., 
0 ~ U) 0 ~ U) 0 :. U) 

Deciduous teeth 9 8 7 
Upper teeth 26 2.17 4.67 33 2.75 4.18 22 1.83 0.72 
Lower teeth 44 2.20 4.74 49 2.45 3.72 27 1.35 0.53 
Maxilla fragments 0 3 1 
Mandible fragments 0 3 4 
Vertebrae 0 0 0 2 0.07 0.11 8 0.30 0.12 
Ribs 0 0 0 0 0 0 0 0 0 
Scapulae 0 0 0 2 1.00 1.52 2 1.00 0.39 
Humeri 0 0 0 1 0.50 0.76 16 8.00 3.16 
Radiocubiti 2 1.00 2.15 0 0 0 4 2.00 0.79 
Carpals 3 0.25 0.53 6 0.50 0.76 1 0 • .08 0.03 
Metacarpal 1 0.50 1.08 2 1.00 1.52 23 11.50 4.54 
Pelves 0 0 0 0 0 0 2 1.00 0.39 
Femora 0 0 0 0 0 0 2 1.00 0.39 
Tibiae 0 0 0 0 0 0 9 4.50 1.77 
Tarsals 0 0 0 2 1.00 1.52 15 1.88 0.74 
Metatarsals 0 0 0 0 0 0 5 2.50 0.99 
1st and 2nd phalanges 17 1.06 2.28 10 0.63 0.96 42 2.63 1.04 
3rd phalanges 2 0.25 0.53 5 0.63 0.96 8 1.00 0.39 

Mean weighted frequency 0.46 0 .. 66 2.54 

I-' 
oo-J 
~ 



" Table 27. Observed, weighted, and standardized frequencies of red deer units from San 
Agostino. -- See text for method of calculation. 

Level A Level Al Level A2 
~ '0 'b 
Q) Q) Q) 
t.J t.J t.J 

• .-1 • .-1 • .-1 
'0 '0 '0 '0 '0 '0 '0 '0 '0 
Q) Q) J.. Q) Q) ~ Q) Q) ~ > ..., as > ..., > ..., 
J.. ~ '0 J.. ~ '0 J.. fa '0 
Q) = Q) = Q) = III '.-1 I'll III • .-1 I'll III '.-1 I'll 
.0 Q) ..., .0 Q) ..., .0 Q) ..., 
0 ~ fJ) 0 ~ fJ) 0 ~ fJ) 

Deciduous teeth 4 15 4 
Upper teeth 46 3.83 5.09 79 6.58 2.92 22 1.83 1.44 
Lower teeth 62 3.10 4.12 53 2.65 1.18 33 1.65 1.30 
Maxilla fragments 1 4 1 
Mandible fragments 4 6 3 
Vertebrae 0 0 0 4 2.80 "1.24 4 0.15 0.12 
Ribs 0 0 0 0 0 0 0 0 0 
Scapulae 0 0 0 3 1.50 0.67 3 1.50 1.18 
Humeri 0 0 0 4 2.00 0.89 2 1.00 0.79 
Radiocubiti 2. 1.00 1.33 2 1.00 0.44 9 4.50 3.53 
Carpals 0 0 0 0 0 0 0 0 0 
Metacarpals 1 0.50 0.67 6 3.00 1.33 3 1.50 1.18 
Pelves 0 0 0 2 1.00 0.44 1 0.50 0.39 
Femora 1 0.50 0.67 8 4.00 1.78 4 2.00 1.57 
Tibiae 3 1.50 2.00 14 7.00 3.11 4 2.00 1.57 
Tarsals 1 0.10 0.13 4 0.50 0.22 10 1.25 0.98 
Metatarsals 3 1.50 2.00 8 4.00 1.78 5 2.50 1.96 
1st and 2nd phalanges 0 0 0 0 0 0 0 0 0 
3rd phalanges 0 0 0 0 0 0 0 0 0 
Metapodials (indet.) 4 6 5 

Mean weighted frequency 0.75 2.25 1.27 

I-' 
-,J 
00 



Table 28. Observed, wei~hted, and standardized frequencies of boar units from San 
Agostino. -- See text for method of calculation. 

Level A Level Al 
, 

Level A2 
'0 '0 
IV IV 
N N 
·ri 'M 

'0 '0 '0 '0 '0 '0 '0 .'0 
IV \I) $.0 IV IV 

~ 
IV IV 

> .. as > .. > .. 
$.0 .c '0 $.0 ~ $.0 ~ IV bO ~ IV s::: IV 
10 'M 10 'M as 10 'M 
,0 Q) .. ,0 Q) .. ,0 Q) 

0 ~ CI) 0 ~ CI) 0 ~ 

Loose teeth 16 0.38 3.12 25 0.60 3.14 8 0.19 
Vertebrae 0 0 0 1 0.04 0.21 0 0 
Ribs 0 0 0 0 0 0 0 0 
Scapula 0 0 0 0 0 0 0 0 
Humerus 0 0 0 0 0 0 0 0 
Radiocubitus 0 0 0 0 0 0 0 0 
Carpals 1 0.07 0.57 1 . 0.07 0.36 2 0.14 
Metacarpals 1 0.50 4.10 1 0.50 2.61 0 0 
Pelvis 0 0 0 0 0 0 0 0 
Femur 0 0 0 0 0 0 0 0 
Patella 0 0 0 0 0 0 0 0 
Tibia 0 0 0 0 0 0 0 0 
Tarsals 0 0 0 1 0.10 0.52 0 0 
Metatarsals 0 0 0 1 0.50 2.61 0 0 
1st and 2nd phalanges 16 1.00 8.21 20 1.25 6.54 6 0.38 
3rd phalanx 0 0 0 0 0 0 0 0 
Metapodial (indet.) 5 12 6 

Mean weighted frequency 0.12 0.19 0.04 

'0 
IV 
N 

'M 
'0 

~ 
'0 
s::: as .. 

CI) 

4.31 
0 
0 
0 
0 
0 

3.18 
0 
0 
0 
0 
0 
0 
0 

8.51 
0 

t-' 
....:J 
-.0 



Figure 23. Standardized frequencies of roe deer bones from 
San Agostino. 

CR - Crania 

M - Mandibles 

V - Vertebrae 

R - Ribs 

P - Pelves 

SC - Scapulae 

H - Rume~i 

RC - Radiocubiti 

MC - Metacarpals 

F - Femora 

T - Tibiae 

MT - Metatarsals 

PH - Phalanges 

PI - 1st phalanp:es 

P2 - 2nd phalanp:es 

X - No data 
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Figure 23. Standardized frequencies of roe deer bones from 
San Ap;ostino. 
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Figure 24. standardized frequencies of red deer bones from 
San Agostino. 

CR - Crania 

M - Mandibles 

V - Vertebrae 

R - Ribs 

P - Pelves 

SC - Scapulae 

H - Humeri 

RC - Radiocubi ti 

MC - Metacarpals 

F - Femora 

T - Tibiae 

MT - Metatarsals 

PH - Phalanges 

P1 - 1st phalanp':es 

P2 - 2nd phalanFres 

X - No data 
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Figure 25. standardized frequencies of fallow deer and ibex bones 
from San Agostino. 

CR - Crania 

M - Mandibles 

V - Vertebrae 

R - Ribs 

P - Pelves 

SC - Scapulae 

H - Humeri 

RC - Radiocubiti 

MC - Metacarpals 

F - Femora 

T - Tibiae 

MT - Metatarsals 

PH - Phalanges 

Pl - 1st phalanp:es 

P2 - 2nd phalanlles 

X - No data 
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Figure 26. Standardized frequencies of boar bones from San Agostino. 

CR - Crania 

M - Mandibles 

V - Vertebrae 

R - Ribs 

P - Pelves 

SC - Scapulae 

H - Humeri 

He - Radiocubiti 

MC - Metacarpals 

F - Femora 

T - Tibiae 

MT - Metatarsals 

PH - Phalanges 

PI - 1st phalanges 

P2 - 2nd phalan~es 

X - No data 
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upper and lower teeth combined. 
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frequencies, a practice that probably gave these bones too much weight 

(I divided by 4 in calculating MNIs). 

It is clear that many ungulates are represented by a dispropor-

tionate number of phalanges, especially given the probability that these 

will be destroyed by natural causes. This;s especially striking for 

boar in all levels, although only levels Al and A have even moderate 

samples of boar bones. It is also true for roe deer and fallow deer, 

although these are also represented by a few limb bones and jaw frag-

ments, especially the f·orelimbs of roe deer. The frequency of phalanges 

to other limb bones seems especially significant in view of the fact 

that the weighted frequencies of the latter are probably inflated. 

For ibex from level A , bones of the forelimb are better repre
x 

sented than phalangee, although cranial elements are very low in fre-

quency. For red deer, no phalanges are reported, almost certainly 

because none were found. By contrast, other limb bones, especially 

those of the hind limb, dominate levels A2 and AI' joined bv lower jaws 

in level A3• 

The obvious conclusion is that boar, roe deer, and fallow deer 

hides were brought into the site in much greater quantities than the 

meat of these species (at least that meat directly associated with 

bones). By contrast, ibex and red deer probably represented a much 

larger proportion of the diet than the MNIs would indicate. It is also 

quite possible that the hides of butchered red deer were removed from 

the site for use elsewhere. In any case, there can be no question that 

red deer and ibex were treated differently through all or most of the 

occupation of the site than were the other ungulates. 
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Torre Nave 

The site of Torre Nave is a cave on the coast of northern Cala

bria. The site was exeavated by L. Cardini in 1967 and 1968 and re

ported by G. M. Bulgare1li (1972). The site contained both Upper and 

Middle Pa1eo1ithico The latter, from level 13, has been analyzed by 

Bulgarelli, and consists of a Typical Mousterian rich in denticu1ates. 

The fauna, identified by L. Cardini, are reported quantitatively in a 

histogram (Bu1garelli 1972:159), that evidently represents numbers of 

bones and not of individuals. No numbers are given. The relevant por

tions of this histogram are reproduced (as precisely as possible) in 

Figure 27. 

Although red deer remains dominate in the assemblage, they still 

make up less than 50% of the total, and it is probable that in terms of 

MNI red deer is even less dominant. It is probably safe to assume that 

aurochs remains represented more meat than those of any other species. 

In general, this assemblage represents the norm at Combe Grenal in these 

respects (although the fauna obviously indicate a warmer climate than 

the WUrm II of the Dordogne). 

It is worth noting that at least 29 species of birds (identified 

by P. F. Cassoli) were recovered from this level, including large forms 

such as crows and ravens. Unfortunately, there is no mention of 

whether or not there were any botchering marks on these bones, so it is 

impossible to say whether some of them may have been eaten by man. 

Western Italy 

Barker (1975:158-159) has inferred on the basis of the distri

bution of sites that Middle Paleolithic hunters in Lazio spent the 
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Figure 27. Remains of ungulates and large 
carnivores from level 13 of Torre 
Nave (after Bu1garelli 1972:Fig. 5). 
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enti.re year on the coastal lowlands, hunting a generali~ed fauna and not 

following migrating equids and red deer to the highlands in the summer. 

By contrast, in southern Campania it appears that Middle Paleolithic 

hunters concentrated on red deer, following them inland during the 

summer. 

Central and Eastern Europe 

While Central and Eastern Europe are geographically far enough 

removed from Combe Grenal GO that it falls outside the strict limits of 

this study, it may nevertheless prove worthwhile to make a quick survey 

of what is known about Middle Paleolithic subsistence in this area, and 

to look at least one well-reported site in some detail, to see what 

light these data may shed on the larger problem of the general nature 

of Mousterian subsistence. 

The Alps 

It is in the Alps especially that the idea developed of Mous

terian man as a specialized hunter and perhaps worshipper of cave bears. 

Recently, however, J~quier (1975:26-43) undertook a detailed and criti

cal review of the evidence for specialized hunting of cave bears. He 

argues that there is no convincing evidence for such a practice. It 

cannot be demonstrated clear that the bear bones from Alpine sites were 

not broken naturally, especially by carnivores. The evidences for 

wounds resulting from hunting are generally questionable, either because 

they were poorly interpreted (e.g., were actually post-mortem damage), 

were ambiguously reported, or are such as could have occurred aciden

tally. J~quier reviewed all the material from Drachenloch, 
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Wildesmannlisloch t and Cotencher without finding any marks that could 

be attributed to butchering or skinning. The same is evidently true of 

all the material from Pr~l~tang. The most convincing marks, on the 

condyles of a skull from Drachenloch t J~quier believes to be the result 

of carnivore gnawing. Few bear bones are burned; many that have been 

reported as burned are merely stained; the unexpectedly lar'ge percentage 

of young bear bones among those burned at Istallosk5 is simply due to 

the high percentage of young in the total assemblage. J~quier rejects 

reports of the unusual number of foot bones among those burned at 

Drachenloch, Lieglloch t and Petersh6hle as indicative of hunting because 

no figures are given and because the cooking of paws alone seems an 

unlikely practice. The lack of articulation of bones is to be expected 

in a cave (especially one that serves as a bear den). The extreme pre

ponderance of cave bear remains need not demonstrate that bears did not 

live here because they did not brin~ game back to their dens: cave 

bears used the caves primarily for hibernation and were also largely 

vegetarian. On the contrary, the number of species of other animals 

present appears to increase with the abundance of archaeological mate

rial, indicating that humans were probably responsible for the majority 

of the non-bear bones in these sites, while cave bears brought them

selves into the caves (J~quier 1975:36-38). 

The apparent discrepancies in frequency among the different 

bones of the skeleton may well have natural causes (in fact, as we have 

seen, if bears are at all like ungulates, such discrepancies will 

almost certainly exist). The lack of signs of animal habitation at 

some sites is more apparent than real. The absence of claw marks on 
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the walls of Drachenloch and Wildenmannlisloch may be due to unsuitably 

hard rock; and in fact there are areas of chara~teristic polish on the 

walls of these two caves. Moreover, J6quier found several shed milk 

teeth in the collections from the sites excavated by Bachler, as well 

as numerous gnawed bone~ (J~quier 1975:39-40). Finally, the high per

centage of young animals is almost certainly the result of natural 

causes, since it is the pattern in collections with no archaeological 

material (J'quier 1975:41-42). 

J~quierts work points up what should be intuitively obvious, 

that in any site that was also the habitation of carnivores, it would 

be foolish to assume and difficult to prove that most of the carnivore 

remains are due to human hunting. While it is not only possible, but 

even probable, that some cave bears were killed by humans, there is 

little reason to believe that the Mousterian hunters of the Alps were 

specialized cave bear hunters. However, as J~quier points out, the 

presence of cave bears in open air sites in the Alps indicates that this 

species was hunted (and at Erd it was in fact the dominant species). 

There is one site in the eastern Alps for which quantitative 

data are available that is worth mentioning. Repolust Cave, near Peggau 

in Steiermark, Austria, contains two levels dates respectively to the 

second half of the last interglacial and to a late phase of the same 

interglacial (Musil 1980:19-20). although G~bori (1976:83) dates the 

upper level to the Early WUrm. 1'he industry of these levels shows two 

different aspects, depending upon raw material. In spite of a lamellar 

tendency in the flint artifacts, G'bori (1976:50-51) classifies it as a 

late Tayacian. 
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The earlier level is unspecia1ized in terms of species (Table 

29), especially if one ignores cave bear remains. The later 1eT~l, 

however, is totally dominated by ibex, even counting carnivores. 

The Upper Danube 

There are several sites from the Upper Danube. north of the 

Alps, for which quantitative data are available. Two of these have 

been assigned by G~bori (1976:17-20) to the Micoquian, Bockstein IlIa, 

IV, and V, and Heidenschmiede. In all three levels of Bockstein-

schmiede, horse is the most common species, but only in the latest of 

these levels (level f = Bockstein V) does it make up 50% of the non-

carnivore MNI. Even here, mammoths and rhinoceri probably represent 

much more meat (see Wetzel and Bosinski 1969:158) (Table 30). Heiden-

schmiede is clearly dominated by reindeer in terms of numbers of indi-

viduals, but the samples are small and it may be that mammoths and 

rhinoceri provided more meat (see Bosinski 1967:144) (Table 30). 

Four other sites have been assigned by Gabo~i (1976:21-23) to 

the ''Mousterian'' of the area: Koge1steink1ufte, Schaftstal1, Gopfel

stein, and Vogelherd III. 5 The Vogel herd "Mousterian" level is domi-

nated by horse (E. germanicus and Equus sp.) (Lehmann 1954:115) (Table 

31) in terms of numbers of individuals. Once again, however, pachyderms 

may well have provided more meat. 

G8pfe1stein and Schaftstal1 are both characterized by a Tery 

generalized fauna, not so much because they have a large number of 

5Voge1herd III is the equivalent of Voge1hherd VII of Lehmann (1954:35), 
Bosinski (1967:150). Gabori (1976:23) lists Vogel herd II (= VIII of 
Lehmann) in his discussion, but this is apparently a typographical 
error since that level is assigned by him to the Micoquian (G~bori 
1976:17, 20). 





Table 30. Numbers of individuals (MNI), percentages of total and of large non-carnivores repre-
sented by different taxa at Bockstein (from Wetzel and Bosinsky 1969:158) and 
Heidenschmiede (from Bosinsky 1967:144). 

Bockstein !IIa Bockstein IV Bockstein V Heidenschmiede 
(level h) (level 5) (level f) 

r-I II) 'iii co r-I W FI OJ 
III I CIl I CIl III I CIl III I CIl 

+> s:: r-. +> s:: r-. +> s:: '"' +> s:: r-. 
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4-t 4-t s:: 4-t 4-t s:: 4-t 4-t s:: 4-t 4-t s:: 
H 0 o r-. H 0 o r-. H 0 o ~ H 0 o r-. 
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Hyena (Crocuta spe1aea) 6 11.3 2 8.3 1 7.1 
Lion (Panthera sne1aea) 1 1.9 2 8.3 1 7.1 
Wolf (caIii'S 1upu~) 4 7.5 1 4.2 1 7.1 1 8.3 9.1 
Brown bear (UrsUB arctos) 1 4.2 
Cave bear (U. sp1e1aeus) 4 7.5 4 16.7 
Mammoth (E1ephas 3 5.7 7.9 1 4.2 7.1 1 7.1 1 8.3 9.1 

primigenius) 
Rhinoceros (Coelodonta 5 9.4 13 .. 2 3 12.5 21.4 2 14.3 1 8.3 9.1 

antiruitatiS) 
HorseE9{us germanicus) 13 22.4 34.2 6 25.0 42.9 5 35.7 > 3 25.0 27.3 
Red deer Cervus e1aphus) 4 7.5 10.5 1 7.1 
Deer (Cervus sp.) 1 1.9 2.6 1 4.2 7.1 1 7.1 
Giant deer (Megaceros 1 1.9 2.6 

5iganteus) 
Reindeer (Rangifer ap.) 5 9.4 13.2 1 4.2 7.1 1 7.1 26 50.0 54.5 
Chamo~s (Ruyicapra 3 5.7 7.9 

rUPl.carra 
1 4.2 7.1 Musk oxOvibos 

moschatus) 
Aurochs (~ primigenius) 1 1.9 2.6 
Bovid, species indet. 2 3.8 5.3 1 4.2 7.1 

.... 
\D 
N 



Table 31. Numbers of individuals (MNI) and percentages of all large mammals and of large non-
carnivores from Gopfelstein, Schaftstall, Kogelste\nklufte, and the Mousterian of 
Vogelherd. -- See text for sources. 

Vogelherd 
GOE,felstein hohle Schaftstall Kogelsteinklufte Mousterian 

7J to M to M to M to 
I Q) ct! I Q) ct! I Q) Qj I Q) .. s:: ~ .. s:: ~ .. s:: ~ .. s:: ~ 

0 o 0 0 o 0 0 o 0 0 o 0 
E-< Z :> E-< z :> E-< z:> E-< z :> 

"~ "~ "~ "~ 
Ct-i Ct-i s:: Ct-i Ct-i s:: Ct-i Ct-i s:: Ct-i Ct-iS:: 

H 0 o ~ H 0 o ~ H 0 o H H 0 o ~ z ct! z z ct! z 
::;:: "?R 'i.Ro ::E 'cR. "?!R 0 ::;:: "?R 'cR.o ::;:: 'cR. "?Ro 

Hyena (Hyena spelaea) 9 20.7 1 1.1 2 4.3 
Lion (Felis spelaea) 1 2.3 
Wolf (Canis lupus) 3 6.9 1 3.7 5 5.7 1 2.1 
Cave bear (Ursus "several" 9 33.3 3 3.4 1 2.1 

sEelaeus) 
Mammoth ( EleEhas 2-3 5.7 8.2 2 7.4 11.8 3 3.4 3.8 7 14.9 16.3 

rimi enius) 
Rhinoceros Rhinoceros 9 20.7 29.5 3 11.1 17.6 8 9.2 10.3 4 8.5 9.3 

antiruitatis) 
Horse Equus caballus) 
Horse (Equus 11 25.3 36.1 6-7 24.1 38.2 C.50 57.5 64.1 24·· 51.1 55.8 

germanicus) 
Red deer (Cervus 1 2.3 3.3 2 4.3 4.7 

elaphus'-. n 

Giant deer (Megaceros) 1 2.3 3.3 1 1.1 1.3 1 2.1 2.3 
Reindeer (~angifer 3? 6.9 9.8 4-5 16.7 26.5 5 5.7 6.4 1 2.1 2.3 

tarandus 
Ibex (carra ibex) 1 2.3 3.3 1 3.7 5.9 
Chamois Rupicapra 1 1.1 1.3 
tra~s) 

Aurochs (Bos Erimigenius) 10 1105 12.8 3 6.4 7.0 
Wisent (Bison ~riscus) 2 4.6 6.6 1 2.1 2.3 ..... 
·Calculated using the mean of the highest and lowest figures given. ··Includes one individual listed \D 

~ 

as Equus sp. 
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species but because no one species predominates (Peters 1936:191-192) 

(Table 31). However, once again it is quite possible that mammoths and 

rhinoceri dominated the amount of meat available to the hunters (in 

neither case are bones of mammoths and rhinoceri 80 few that these ani

mals can be ignored as a source of food). At Kogelsteinklufte, as at 

Vogelherd, horse dominates the number of animals represented (Bosinski 

1967:149). As at all the other sites, however, it is possible that 

mammoths and rhinoceri were more important in terms of meat. 

Northern Germany 

The rest of Germany provides few sites with adequate quantita

tive faunal data. An exception is Salzgitter-Lebenstedt, a 

Jungacheul~en open air site in southern Saxony, where almost three 

quarters of the individuals are reindeer (Kleinschmidt in TOde et al. 

1953:180-181) (Table 32). However, 14% of the animals are mammoths 

(ca. 16 individuals), so that these may well have dominated the food 

supply. Aquatic mammals, birds, and fish were also found at 

Salzgitter-Lebenstedt. However, their significance must be questioned, 

since the site was flooded by rather fast-moving water (Tode et ale 

1953:175-178). 

The Carpathian Basin 

Two sites near Budapest on the border of the Hungarian basin are 

worth discussing. The cave of Subalyuk produced, from two series of 

Mousterian levels, a generalized fauna (Mottl 1938:209-225), although 
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Table 32. Numbers of individuals and percentages of total represented 
by each species of large mammal at Sa1zgitter-Lebenstedt 
(from Tode et ale 1953:180). 

MNI % 

Wolf 1 1 

Mammoth 16 14 

Rhinoceros 2 2 

Horse 4-6 4.6 

Reindeer 80 72 

Wisent 6-7 5.4 
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cave bear remains dominated the upper series (Table 33).6 G~bori (1976: 

81) assigns the industry of Subalyuk to the Typical Mousterlan of 

Central Europe. 

Erd. The site of Erd merits a detailed discussion because of 

the thorough study of the paleoethnological aspects of the fauna by 

Gabori-CsBnk and Kretzoi (Gabori-Csank 1968:223-244) and because of the 

implications of the site for our understanding of Middle Paleolithic 

sUbsistence. The site of Erd is located just outside Budapest, Hungary. 

Excavated in 1963 and 1964 by V. Gabori-Csank (1968), it is an open-air 

site located at the headwaters of two gullies cut into limestone bed-

rock sometime before deposition of the site. The gullies are separated 

by a limestone "wall" some two meters high and two meters thick. Both 

have evidence of occupation through seven archaeological levels. 

Radiocarbon dates indicate a very young date for the site WUrm 

1/11 (= WUrm II/III in the P~rigord) for the upper levels. However. 

since the sedimentologic, faunal, and botanical evidence indicate an 

earlier date, Gabori~Cs8nk accepts a date of Riss/WUrm through early 

Wurm I (i.e., earlier than the cold climax of the Wurm I (Gabori-Csank 

196R:272)e This would make it contemporary with levels 54 through 36 

of Combe Grenal. 

The faunal assemblage of the site is remarkable for an open air 

site in that it is dominated by carnivores, and especially by the cave 

bear. This is true whether one looks at the number of bones, at MNI, 

6The MNls given in Table 33 differ from those listed by Musil (1980:85) 
because I assumed that bones from different geological levels came 
from diffe~ent individuals. 



Table 33. Numbers of remains and of individuals (MNI) and percentages of all large 
mammals and of large non-carnivores at Subalyuk (calculated from Mottl 
1938:209-225). 

Lower Series UPEer Series 
r-I (I) r-I 
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Hyena (Hyaena spelaea) 66 11 14.7 7 2 10.0 
Cave lion (Felis leo) 1 1 1.3 9 2 010.0 
Leopard (F. parduS) 1 1 1.3 
Wolf (Canis lupus) 50 9 12.0 47 3 15.0 
Brown bear (Ursus arctos) 1 1 1.3 2 2 10.0 
Cave bear (U. spe1aeus) ? ? 
Mammoth (Elephas primigenius) 18 4 5.3 7.7 
Rhinoceros (Rhinoceros antiquitatis) 8 4 5.3 7.8 19 3 15.0 
Horse (Equus abe1i) 74 9 12.0 17.3 11 3 15.0 
Ass (E. hemionus) 4 2 2.7 3.8 
Boar (Sus scrofa) 1 1 1.3 1.9 
Red de~(Cervus elaphus) 9 2 2.7 3.8 R 3 15.0 
Deer (Cervus sP.) 17 5 2.7 9.6 
Giant deer (Megaceros) 1 1 1.3 1.9 
Reindeer (Rangifer tarandus) 4 2 2.7 3.8 
Ibex (carra ibex) 78 11 14.7 21.2 
Chamois Rupicayra rupicapra) 46 9 12.0 17.3 7 2 10.0 
Sheep (Ovis sp. 3 1 1.3 1.9 
Wisent (Bison priscus) 9 1 1.3 1.9 
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or at the weight of available meat represented by MNI. The species are 

not evenly distributed at the site in terms of either time or space. 

It is the latter dimension that is more striking when compared with our 

ignorance of horizontal patterning in other Mousterian sites. In the 

lower archaeological bed, and in level ~ of the upper, the bones are 

spread, although not uniformly, without showing any clear clustering. 

Above this level, however, quite distinct clusters are apparent (Gabori

Csank 1968:17-28, 242-243). These clusters tall into two categories, 

those made up primarily of cave bear and those made up in large measure 

of horse and rhinoceros. In levels d through~. a horse-and-rhinoceros 

cluster appears in the larger gully. In levels ~ through ~ a separate 

cave bear cluster also appears in the larger gully, but in all four 

levels there is also a cave bear cluster in the smaller gully. 

Gabori-Csank and Kretzoi (Gabori~Cs&nk 1968) analyzed these 11 

clusters in terms of MNI and weight based upon MNI, and presented data 

for six of them in tabular form. Figure 28 presents the same data in 

graphic form. 

It is not explicitly stated which clusters are being presented. 

However, those from level ~ are evidently both cave bear clusters; that 

from level £, the cave bear concentration from the larger gully. The 

concentrations from level b are both from the larger gully, as is that 

from level~. Thus graphs I and II represent horse-and-rhinoceros 

concentrations; the others, cave bear concentrations. 

The differences between the two types are striking. Especially 

striking is the frequency of cave bear in the cave bear concentrations, 

particularly in the lower levels. Table 34 shows that, in terms of 



Figure 28. Percenta~es of total MNI and total weight of different 
species for levels ~ through ~ at Erd. 

Cr - Crocotta spelaea 
Ls - 1!2 spelaeus 
Cs - Canis spelaeus 
Ua - Uraua arctos 
Us - Ursus spelaeuB 
Mp - MammuthuB primigeniu! 
Ca - Coelodonta antiauitatis 
E - EqUUB Bp. 
Ah - Asinus hydruntinus 
Ce - Cervus elaphuB 
M - Megaloceros sp~ 
Rt - Rangifer tarandus 
Ic - Ibex carpathorum 
BB - Bos/BiBon 

I = Level a 
II = Level b, first collection 

III = Level b, second collection 
IV = Level C 
V = Level d 

VI = Level d, small gully 
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Figure 28. Percentages of total MNI and total weight of different 
species for levels ~ through d at Erd. 
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Figure 28--continued. Percentages of total MNI and total weight of 
different species for levels ~ through ~ at Erd. 
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Table 34. Percentages of all bones in each level of Erd represented 
by three species (from Gabori-Gsank 1968:225). 

Cave Bear Horse Rhinoceros 

Lar~e Gull;! 

Upper Bed !! 69.2 17.4 6.6 

Upper Bed 12 75.8 11.9 4.8 

Upper Bed ~ 90.0 4.2 0.7 

Upper Bed !! 85 .. 5 6.4 1.3 

Upper Bed ~ 90.5 2.8 0.9 

Lower Bed 93.1 2.7 0.8 

Small Gull;! 

Upper Bed ! 92.7 ,3.1 1.1 

Upper Bed 12 96.5 1.3 0.7 

Upper Bed ~ 95.3 1.2 0.4 

Upper Bed !! 94.0 2.4 0.4 

Upper Bed ~ 95.3 2.4 o. 
Lower Bed 86.9 4.8 0 
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percentage of bones, horse and rhinoceros increase dramatically in the 

upper two levels, while cave bear declines. This is true only of the 

larger gully, however. The smaller continues to be dominated by cave 

bear. 

On the basis of the ages of the cave bear cubs and the antlers 

of red deer, Gabori-Csank and Kretzoi (Gab~ri-Csank 1968:242-244, 237-

241) concluded that cave bear concentrations indicate a spring-time 

occupation (or rather, repeated sprin~-time occupations). The geology 

of the Erd Plateau is such that no caves form there (G~bori-Cs8nk 1968: 

10). However, since the site lies on the natural migration routes from 

the nearby mountains to the Danube Valley, it is likely that the bears 

were killed as they migrated down at the end of hibernation (G~bori

Cs~nk and Kretz9i ~~bori-Cs~ 1968:24~). Partly on the basis of the 

separation of cave bear and horse-and-rhinoceros concentrations, as 

well as on the availability of grass, they infer a second, summer occu

pation, during which the latter two species were hunted. 

If this is so it has two implications. First, the site was a 

remarkably specialized one. This is especially true since the same 

arguments used to support a short spring occupation (uniform age of 

bear cubs) implies that the bear bonee from the horse-and-rhinoceros 

concentrations also belong to the spring, rather than the summer occupa

tions of the site. Second, the absence of horse and rhinoceros bones 

from the small gully imply that there was some difference in spatial 

organization between spring and summer occupations. 

The stone tool assemblages from the two gullies are somewhat 

different from each other. Those from the latter are consistently 
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poorer in number, and have fewer Upper Paleolithic types and more trun

cated flakes, choppers, and Cllopping tools (G§bori-Cs!nk 1968:~3-~4). 

This might indicate that differences in tool assemblages might be 

attributable to differences in fauna. Figures 29 through 32 combine 

Gabori-Cs{nk's distribution maps of tool classes (Gabori-Csank 1968: 

209-215) with the locations of bone accumulations (Gabori-Csank 1968: 

243). Total percentages for each level are also shown. 

The total percentage graphs show a gradual change from more to 

fewer scrapers and chopper/chopping-tool/truncated flakes, with a con

comitant increase in Upper Paleolithic types and notches and denticu

lates. Yet while the sharp change in faunal frequencies occurs between 

levels ~ and b, the break in tool fre~lencies appears to occur between 

b and a. Moreover, there is no clear association ~etween faunal accumu

lations and one or more classes of tool apparent in the histograms for 

excavation units. 

Gabori-Csank (1968:204) argues that scrapers, truncated flakes, 

and chopping tools are associated with cave bear remains. This does not 

explain the totals for level b. Nor is it supported by the high fre

quencies of scrapers in square Il of level ~ and IV of level ~, nor by 

the high frequencies of choppers in square IIIl of lebel b. It would 

appear, rather, that the composition of stone tool assemblages was 

generally independent of species hunted. Gabori-Csank (1968:216) pointn 

out that there are several clusters of artifacts that may indicate 

special activities (these include many of the Upper Paleolithic types 

in three or four limited areas) • 
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Figure 29. Horizontal relationships of lithics and bone concen
trations in level a at Erd. -- Heavy lines indicate 
bone concentrations. Histograms indicate frequencies 
of tool groups by excavation unit and for the entire 
level. 

A - Types 9-11 
B - Types 12-25 
C - Types 30-37 
D - Types 39, 42-43 
E - Types 40, 59-61 

204 



~( 1\ 
I ' CAVE e~A~ 

r-- \. lr-. ,...., 
'---

"-it-:-< p~ i"'" 

.......... h h-

IIIJ , ,~ 
I{HORSE-RHINOC ROS 

~ 'l. ~ 

L 
".". 

h -~ - 0r- r-, 

\ mE BEAR ) 

40 

0 
a bed II 

TOTAl. 

Figure 30. Horizontal relationships of lithics and bone concen
trations in level b at Erd. -- Heavy lines indicate 
bone concentrations. Histograms indicate frequencies 
of tool groups by excavation unit and for the entire 
level. 

A - Types 9-11 
B - Types 12-25 
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Figure 31. Horizontal relationships of lithics and bone concen
trations in level c at Erd. -- Heavy lines indicate 
bone concentrations. Histograms indicate frequencies 
of tool groups by excavation unit and for the entire 
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A - Types 9-11 
B - Types 12-25 
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E - Types 40, 59-61 
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trations in level d at Erd. -- Heavy lines indicate 
bone concentrations. Histograms indicate frequencies 
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She also argues that the use of the two gullies was different, 

that the amount of work done in the smaller was less intense (G'bori

Cs~ 1968: 204) and that this was used primarily for storage (tI~tockage") 

of meat (G&bori-C~nk 1968:276). The data concerning relative frequen

cies of anatomic elements of cave bear do not entirely support this 

conclusion, however. Figure 33 presents these data in graphic form, 

as grouped by G'bori-Cs'nk and Kretzoi: 

1. Cranial: cranium, mandible, teeth, hyoid, atlas; 

2. Axial: vertebrae (except caudal), ribs, sternum, sacrum, pelvis; 

3. Proximal limbs: scapula, humerus, proximal radiocubitus, femur, 

patella, proximal tibia, proximal fibula; 

4. ''Dry'' bones: distal radiocubituB, distal tibia, distal fibula, 

podials, and metapodials; 

5. Terminal bones (presumably associated with hides): phalanges, 

caudal vertebrae, baculum. 

There appear to be three distinct patterns at Erd: (1) that of 

level ~ of the large gully; (2) that of level ~ of the small and e of 

the large gullies, and (3) the pattern common to all the other proveni

ences. The low proportion of cranial bones in level ~ is probably the 

result of better preservation (hence a larger proportion of teeth) in 

this level; this factor would aleo account for the extreme elongation 

of the histogram of post cranial remains from the small gully relative 

to the same histogram for level !.. 

These three patterns appear, on the surface, to indicate (1) 

relatively uniform use of the entire carcass, with perhaps some empha

sis on hides, (2) relatively uniform use of the carcass with perhaps 
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Figure 33. Index of cave bear bones from Erd. -- Index is the per
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animal (from Gabori-Csank 1968:233). 
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Bome emphasis on meat bones, and (3) heavy emphasis on meat. These in

terpretations depend upon two assumptions: that the predominance of 

cranial bones is due to the preservation of teeth and the natural de

struction of bone, and that all bones are equally well preserved. 

Whatever the relative resistance to non-human destruetion of 

different bear bones may be, one thing is quite clear. Whereas in 

levels ~ and d the cave bear carcasses from the two gullies were treated 

differently, in levels ~ and £ they were treated in the same way. More

over, the pattern found in the small gully in level d is the same as 

that found in the large gully in level~. Once again, then, tool fre

quencies and animal utilization appear to be rather independent of each 

other. 

Erd, then provides three interesting bits of information about 

Mousterian animal utilization. It is a site that was highly specialized 

in terms of species utilized. It demonstrated conclusively that Mous

terian hunters were capable of killing, not only on occasion but sys

tematically as well, extremely dangerous prey. Finally, there is 

evidence, as at Combe Grenal, of an independence between freauencies of 

tool types and utilization of fauna. 

The Dnester-Prut Region 

One of the sites in this area for which relevant quantitative 

data are available, the shelter of Vykhvatintsy, has a fairly ~eneral

ized fauna (Klein 1969:82). Unfortunately, the material shows signs of 

being largely redeposited (Klein 1969:89). Three other sites show a 

definite pattern, although to the best of my knowledge no detailed 

quantitative data have been pUblished. 
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Ripiceni-Izvor on the Soviet-Rumanian border is an open air site 

with five Mousterian horizons in which mammoths make up 80 to 90% of the 

remains (P~unescu 1965:7). Many of these were concentrated in "com

plexes;' of bone, tusk, rock, flint, and excavated features that Paunescu 

(1965:16-18) first interpreted as ritual features but later, partly 

because of the evidence from Molodova, as habitation structures (indem. 

1978). The lowest level showed signs of the use of bone for fuel (indem. 

Pttunescu 1965:9). G'bori (1976:98) assigns the Ripiceni-Izvor material 

to the Micoquian sensu 1ato. 

Molodova I and V, two open air sites on the Dnester, show a 

similar pattern (Klein 1969:81-89). Moldova I contains five Mousterian 

horizons, in all of which mammoths were the most frequent species. The 

richest level, level IV, showed a similarity to Ripiceni-Izvor. In 

addition to the hearths, there was a large oval of mammoth bones (per

haps the remains of a structure) enclosing a huge number of artifacts 

and debris. Mo1odova V is similar, with eight levels of Mousterian, 

including one (horizon XI, the rishest of these) with two concentrations 

of mammoth bones that may be the remains of structures. As at Molodova 

I, mammoths dominate the animal remains. Gabori (1976:110) classes the 

Mo1odova industries as a type of eastern Levallois. 

All three of these sites appear, pending a more detailed study 

of animal use, to be the camps of people engaged primarily in the hunt

ing of mammoth8~ 

The Crimea 

The Crimea is unusually well known in terms of the number of 

sitee in a relatively restricted area, and for several of these 
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quantitative faunal data are available. Of these, Kosh-Koba, Kiik-Koba, 

and Shaitan-Koba show a generalized pattern of exploitation by species 

(Table 35). By contrast, Starosel'e is a specialized site by any 

reckoning, with ass comprising over 98% of the total individuals repre-

sented. 

Another specialized site is Chokurcha, a cave dominated by 

saiga remains (MUller-Karpe 1966:322; Kerndl 1963:1}6), but where, in 

one concentration, there were a huge number of mammoth skull, pelvis, 

and leg bones (Raniar 1937:56-58). This may well mean that there was 

at least one episode of specialized mammoth hunting during the occupa-
. r 

tion of the site. The accumulation covered 18 square meters and repre-

sented a minimum of 20 individuals. Almost all the bones had cut or 

scraping marks. 

Gabori (1976:129) classifies Kosh Koba as a mixture of Eastern 

European Micoquian and Eastern Micromousterian; Shaitan Koba, as (typi-

cal) Eastern Levallois~ouste~ian (Gabori 1976:130-131); and Kiik-Koba, 

as E~stern Tayacian in the lower level and a rather special Micro-

mousterian in the upper (G~bori 1976:127). 

Volgograd and Il'skaya 

Two widely separated open air sites east of the Crimea show a 

striking specialization in bison: Volgograd, on the edge of the Volga 

Plateau, and Il'skaya. between the Caucuses and the Black Sea (Table 

}6). Here it is rather less likely that mammoth outweighed the most 

common species. Gabori (1976:121, 137) aRsigns the industries of hoth 

sites to the Eastern European Micoquian. 



Table 35. Numbers of remains and of individuals (MNI) and percentages of all large mammals and of 
large non-carnivores from four Crimean sites (from Klein 1969:82). 

Kosh Koba Kiik-Koba Shaitan Koba Starose1'e 
to II) to II) 

to ., III cv to cv to cv 
cv M cv M cv M cv M r:: r-i 0 r:: r-i 0 s:: ~ 0 r:: ~ 0 
0 III I > 0 III I > 0 I > 0 I > 

I%l ~ r:: • .,. ~ ~ r:: • .,. I%l ~ s:: .... I%l ~ S:: • .,. 
0 o r:: 0 o r:: 0 o s:: 0 o r:: • H Eo< :z::; M • H E-< Z J.. • H E-< z~ • H Eo< z~ 0 z: III 0 z: as 0 z: 0 z: z: ::E * ~o z: ::E * *0 z: ::E ~ ~. 0 z: ::E * ~o 

Hyena (Crocuta spe1aea) 68 4 9.8 10 1 3.0 3.3 2 1 4.0 25 5 1.4 
Lion (Panthera spe1aea) 2 1 4.0 
Wolf (Canis lupua) 1 1 2.4 3 1 3.0 3.3 1 1 4.0 32 6 1.6 
Brown bear (Ursua 2 1 3.0 3.3 

~-~ 

arctoa) 
Cave bear CU. ape1aeua) 2 1 2.4 1 1 0.3 0.3 
Mammoth (Mammuthua 5 1 2.4 2.9 43 3 9.1 10.0 1 1 4.0 1+.5 88 8 2.2 2.3 

,rimi niua) 
Rhinoceros Co1e1odonta 19 

antiquitatis5 
3 7.3 8.6 5 1 3.0 3.3 19 4 1.1 1.1 

Horae (Equua cabal1us) 86 6 14.6 17.1 103 6 18.2 20.0 11 1 4.0 4.5 134 16 4.4 4.5 
Ass (fquua asinus) 37 3 7.3 8.6 3 2 6.1 6.7 50 5 20.0 22.7 58qo9 287 78.6 81.3 
Boar Sus scrofa5 13 4 9.8 11.4 1 1 0.3 0.3 
Red deer (cervua 26 8 19.5 22.9 16 1 3.0 3.3 7 1 4.0 4.5 67 7 1.9 2.0 

e1aphus) 
Roe deer (c)preo1ua 3 1 3.0 3.3 

capreo1ua 
Giant deer (Megaceros 8 2 4.9 5.7 232 8 24.2 26.7 170 8 32.0 36.4 6 2 0.5 0.6 

eur ceroa) 
Reindeer Rangifer 

tarandua) 
6 2 4.9 5.7 5 1 3.0 3.3 35 5 1.4 1.4 

Saiga (Saiga tatarica) 116 5 12.2 14.3 144 5 15.2 16.7 177 5 20.0 22.7 350 14 3.8 4.0 
Sheep (avis sp.) 1 1 3.0 3.3 
Aurochs/wisent 2 1 2.9 12 1 3.0 3.3 2 1 4.0 4.5 138 9 2.5 2.5 

(Bos or Biaon) N ..... 
VI 



Table 36. Number of remains or of individuals (MNI) and percentage 
of total from Volgograd (Klein 1969:82) and Il'skaya 
(Gabori 1979:245). 

No. of 
Volgograd Bones % Ii'skaya MNI % 

Wolf (Canis lUpus) 1 0.2 Mammoth 3 7.0 

Mammoth (Mammuthus 51 10.9 Equidae 6 14.0 
Erimi~enius 

Cervidae 4 . 9.3 
Horse (Equus caballus) present 

Bison 30 69.8 
Red deer (Cervus 15 3.2 

elaEhus) 

Saiga (Sai~a 36 7.7 
tatarica 

Wisent (Bison Eriscus) 366 78.0 
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Uzbekistan 

Although they are not, properly speaking, in Europe, two sites 

in Uzbekistan 'are worth noting. The Cave of Teshik Tash is distin

guished by a very strong specialization (easily understandable i~ light 

of its environment) in mountain goat hunting (Table 37). Likewise, the 

site of Aman Kutan shows a similar emphasis upon another Alpine species, 

the oriental mouf1on (Ovis orientalis); but in terms of numbers (but 

not weight) that species is rivaled by the steppe tortoise (Testudo 

horsfie1di) (Table 37). Such an emphasis upon non-mammals is unusual 

for the Middle Paleolithic, at least in western Eurasia. G~bori (1976: 

153-154) assigns Teshik Tash to the Middle Mousterian of Central Asia; 

Aman Kutan, to the Moustero-Soanian. 

Discussion 

While it is clear that in terms of numbers of individuals there 

are many sites that are highly specialized in terms of species prefer

ence, it is also clear'that at many of these sites the quantity of meat 

represented by the proboacideans and rhinoceri (especially mammoths) is 

most important. However, it is perhaps less safe to assume that the 

carcasses of such large animals were completely consumes (whether at one 

or several places). These animals were so large that it would require 

(a) a large population, (b) more or less constant freezing temperatures, 

of (c) some other meane of preservation for Middle Paleolithic hunters 

to have been able to utilize the entire carcass. Moreover, the bones 

of such large animals are so heavy that their significance in a site is 

different from that of other mammals. While it may be desirable to 
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Table 37. Numbers of remains and of individuals (MNI) of large 
mammals and reptiles and percentages of total and of 
ungulates from Aman Kutan (Kernd1 1963:172-173) and 
Teshik Tash (Movius 1953:48). 

OJ 
Q) 

~ ~ If.) 
0 III , Q) 

.c ~ ~ s... 
0 o 0 

'H 8 Z ::-
0 .r-! 

'H 'H ~ 
• H 0 o s... 

0 z ro z ::E: ~ ~(J 

Aman Kutan 

Hyena (Hyena crocuta spe1aea) 7 2.4 
Brown bear (Ursus arctos) 39 13.6 
Red deer (Cervus e1aphus) 10 3.5 7.4 
Roe deer (Capreo1us pygargus) 5 1.7 3.7 
Mountain goat (Capra sibirica) 5 1.7 3.7 
Mouf1on (avis oriental is) 116 40.4 85.3 
steppe tortoise (Testudo horsfie1di) 105 36.6 

Teshik Tash 

Hyena (Byaena sp.) 1 1 2.2 
Panther (Felis pardus) 2 2 4.4 
Brown bear (Ursus arctos) 2 2 4.4 
Horse (Equus cabal1us) 2 1 2.2 2.5 
Deer (Cervus sp.) 1 1 2.2 2.5 
Mountain goat (Capra sibirica) 760 38 84.4 95~0 
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lighten a bison carcass for transport by removing parts with a high 

ratio of bone to meat, it would probably be desirable to carry ~ mam

moth bone away from'the kill site. Klein (1973:53) has suggested that 

in the Ukraine most mammoth bones may have been there as a result not of 

hunting but rather of scavenging for building mat'erials and fuel. The 

evidence of butchering on the mammoth bones from Chokurcha, however, 

indicate that they may in fact have been brought to the site for the 

meat and marrow associated with them. Until a detailed study of mammoth 

remains has been done, in terms of butchering marks, distributions of 

bones and associated artifacts, and relative frequencies of elements, 

no definite answers will be possible. 

However, one thing is clear. Whatever their status relative to 

mammoths and rhinoceri in terms of their importance as a food resource, 

the high frequencies of individuals of certain species at some of the 

sites discussed indicates a purposeful emphasis upon these species. 

There can be little question that definite cultural (by which I do not 

mean ethnic7) decisions, conscious or unconscious, were determining 

economic behavior. That is, economic adaptations did not consist of 

random, reflexive, and unthinking reactions to the environment, but 

were patterned culturally, so that a given species was exploited in a 

given place at a given time. I will return to this point in the next 

chapter. 

G~bori (1979:197-206, 1976:246-247) Bees a gradual evolution in 

Middle Paleolithic hunting in Central and Eastern Europe, first to 

7By "culture" I mean a set of learned and shared concepts, values, and 
rules that mediate between environment and behavior (see Goodenough 
1971). 
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"active" and then to specialized hunting. His interest in hunting is 

somewhat different from the focus of this paper, in that he emphasizes 

hunting technology more than animal utilization. By active hunting he 

seems to mean the purposeful pur sui t of mobile game. It is my own 
" " 

feeling that until we know more about Middle Paleolithic hunting tech-

niques, based on empirical evidence beyond what we know about the 

animals hunted, it is perhaps premature to draw conclusions about Middle 

Paleolithic hunting technologies. Moreover, I do not believe that a 

generalized faunal assemblage necessarily implies that the hunting 

methods of its inhabitants were not active in any sense of the word, 

although this might be implied if all assemblages in a region were 

generalized. 

Whatever happened in terms of hunting technology, from the point 

of view of animal utilization, I do not see any good evidence for evo-

lutionary change on the basis of the sites discussed above. I have 

perhaps been overcautious in rejecting sites that might have been in-

eluded, either because there are no numerical (as opposed to verbal) 

quantitative data available (e.g., Kholodnaya Balka LRlein 1969:8~), 

because samples were small (e.g., Tata LRretzoi 1964:l05-l0~ or Raj 

~owalski 1972:~), because quantitative data were reported for the 

entire site rather than for each level" (e.g., Krapina )Malcz 1970:48-

4~, or because materials had been redeposited (e.g., Kodak and 

Vykhvatintsy LRlein 19697). 

Figure 34 summarizes the sites discussed here. The character-

izations of the industries are taken from G~bori (1976) unless otherwise 

indicated. Specialization is indicated where 50% of all non-carnivore 
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individuals are represented by one species. For these sites, and for 

this definition of specializatiun, it is clear that there is little 

clear evidence for any evolutionary trend. 
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G~bori makes two other observations worth noting. First, he 

points out that Yhile specialized sites are located in both cav~ and 

open air sites, specialization was greater at open air and mountain 

sites. Figure 34 shows that, in fact, all the open air sites discu~sed 

were specialized. G~bori (1976:205, 1979:247) attributes this to the 

"circumstances of the birth of specialization" and notes that "also the 

isolation of the industries and their differentiation could be rath0r 

promoted in the mountainG than in the plain." It seems probable, how

ever, that open air sites (and, for that matter, mountain sites) are 

more likely to be specialized hunting sites, while shelters and caves 

may have been located less close to procurement activities and may have 

served more often as generalized base camps. 

Second, G~bori (1976:206-208, 1979:247-248) is unable to find 

any relationship between fauna and industry. In this respect, Central 

and Eastern Europe appear to reflect the same pattern as Western Europe. 



CONCLUSION 

The foregoing discussion demonstrates how incomplete our knowl

edge of Middle Paleolithic subsistence really is. In the first place, 

in very few instances has the relevant information been analyzed in 

detail. In many sites, especially those excavated some time ago, the 

necessary evidence was not collected. In the second place, archaeology 

and geology still have not solved many critical problems related to 

natural destruction, dating, and correlation to a high degree of pre

cision. Until these problems are solved, any reconstruction of any 

specific Mousterian economy will remain highly tentative. 

However, the evidence available does give a good picture of the 

general nature of Middle Paleolithic subsistence •. It is clear that the 

Mousterian peoples of Europe were not simply opportunistic hunters 

wandering at random about the landscape killing whatever came to hand 

and consuming the carcass at or near the kill spot, then moving on to 

repeat the pattern elsewhere. If this were the case, then every assem

blage would look the same, differing only in conjunction with climate 

and topography. Rather, the archaeological evidence indicates that 

these populations evidently engaged in purposeful, premeditated hunting. 

The evidence falls into two categories. 

The first category of evidence involves choice of species. 

Some sites show a ~nera1ized hunting pattern in the sense that no one 
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species or type of animal dominates the assemblage. This is true of 

Combe Grenal, Lezetxiki level VII, Cueva Morin (all of these in terms 
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of numbers but not necessarily of weight), as well as at San Agostino, 

the red-brown level at Repolust, most levels at Bockstienschmiede, 

Schaftstall, Kiik-Koba, and Kosh-Koba. Others, however, are specialized: 

the grey sandy level of Repolust, Bockstein V, Heidenschmiede, Kogel

stienklufte, Vogelnerd, Erd, Ripiceni-Izvor, Molodova, Chokurcha, 

Starosel'e, Volgograd, Il'skaya, and Teshik-Tash. 

Emphasis u~on a single species may result from one of two causes. 

The first is a heavy full-time dependence by a people upon a single 

species. This is a commonly accepted description of late Paleolithic 

cultures of Western and Central Europe, where at least some terminal 

Pleistocene populations probably scheduled their entire year's activi

ties and geared their entire SUbsistence cycle primarily to the rein

deerl (see, for example, Sturdy 1972) or red deer (see Davidson 1980). 

It is possible that given more data from future excavations, evidence 

for such a pattern may emerge in certain local areas in the Middle 

Paleolithic (most likely, among the mammoth hunters of the Dnester and 

Prut basins). 

In r,eneral, however, and especially in Western Europe, there is 

little evidence to support such a model of Middle Paleolithic subsis-

tence. Such an emphasis upon one species is rare. Moreover, there is 

none of the uniformity of emphasis upon the same species from site to 

site that is documented for the Up~er Paleolithic (e.g., Mellars 1973: 

260-264). In the upper Danube basin, there is a dominance of horse at 

lsee Table 4 for scientifi~ names of species mentioned. 
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Heidenschmiede and Salzgitter-Lebenstedt. In the Crimea, Chokurcha is 

characterized by an emphasis upon saiga; Starocel'e, on ass. Moreover, 

nearby Il'skaya has 60% bison. 

As convincing as the differences among specialized sites is the 

frequency of sites with no particular emphasis upon one species: Kosh

Koba, Kiik-Koba, and Shaitan-Koba in the Crimea, and at Gopfelstein and 

Bocksteinschmiede in the upper Danube. 

In Western Europe only Hauteroche, Mauran, and Hortus show any 

strong degree of specialization; most sites are quite unspecialized. 

The existence of sites with high percentages of one species is 

thus more consistent with another model of behavior. It seems almost 

certain that the general Middle Paleolithic pattern of subsistence in

volved a cycle of changing resource use depending upon time and place. 

The clearest evidence for this pattern at a single site is Erd, where 

the site was used at one season for hunting cave bear, at another, for 

horse and rhinoceros. The second category of evidence for this model 

of Mousterian SUbsistence involves the utilization of carcasses. At 

Combe Grenal, where there is very little emphasis upon a single species, 

it is clear that the site was nevertheless part of a pattern of exploi

tation involving other sites. This is especially conclusive if red 

deer and reindeer were processed there for consumption at other sites. 

At both Combe Grenal and San Agostino, moreover, we see clear evidence 

of different uses of carcasses of different species in the same level 

(although not necessarily during the same season). At Hortus, we see 

the site being used sometimes as a butchering site, sometimes for brief 



stops during hunting trips, and sometimes as a more permanent camp. 

All 'of these imply other sites with other functions. 
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Thus, we may imagine Mousterian hunters following a purposeful 

round of activities, going to certain places at certain times in order 

to procure certain resources, sometimes consuming those resources there 

and sometimes processing them for use elsewhere, and then moving on to 

another location (or back to a base camp) to exploit other resources or 

to perform other tasks. Such a pattern of subsistence would fit per

fectly well with the archaeological record. Assemblages would be 

expected to differ from each other in terms of both the resources ex

ploited and the specific treatment of each resource 9 depending upon a 

site's place in the SUbsistence cycle. One would expect to find some 

sites with a heavy emphasis upon one species, some with a very general

ized resource base, and others (such as Erd and perhaps Schaftstall, 

Heidenschmiede, and Aman Kutan) with a dual emphasis indicative of two 

seasonal occupations with different patterns of use. One would also 

expect to find the kinds of differences in carcass treatment evident at 

Combe Grenal, San Agostino, and Erd. 

One might object to the above discussion on the grounds that 

the sites analyzed are widely scattered in both time and space, and 

that it is therefore probable that no two assemblages came from the 

same particular SUbsistence system (in the sense defined in Chapter 6). 

It may be argued that even within sites, material from different levels, 

or even from the same level, may have come from unrelated SUbsistence 

systems; and that therefore each assemblage can be taken as evidence 



only for its own system. Following this reasoning, "e can conclude 

nothing, at least directly, about Mousterian subsistence as a whole. 
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If valid, this argument would have two possible implications for 

the conclusions I have drawn: my rejection of a random, opportunistic 

pattern may be wrong, and my rejection of a year-round dependence upon 

a single specias may be invalid. However, the presence of spp.cialized 

sites and the evidence concerning carcass use at Hortus and Combe 

Grenal indicates that at least for these sites rejection of the model 

of random opportunism is valid. By the same token, the presence of 

sites with a wide range of fauna provides a like basis for rejecting 

the latter model. 

There remains the possibility that some Mousterian subsistence 

systems fit the picture that I have presented, while others were oppor

tunistic and generalized and yet others were overwhelmingly dependent 

upon a single species. While this is a possibility, there are reasons 

for believing otherwise. At the only generalized sites whose patterns 

of carcass treatment are known (Combe Grenal and San Agostino), the 

data Five good indications that carcass consumption did not fit the 

pattern of random and opportunistic SUbsistence. Certainly the presence 

of a wide range of species is not per ~ evidence of such behavior. I 

have already mentioned the absence of any uniformity of specialization 

among sites such as Mellars found in even the early Upper Paleolithic. 

Although it is possible that there were local systems conforming to 

either of these models, the evidence that is currently available 

strongly implies that the usual Mousterian pattern was one of purpose

ful but eclectic hunting. 
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There is another aspect of the archaeological record that is 

rather striking. The exploitation of species and the treatment of car

casses appear to be independent not only of one another bat also of 

most of the other variables one might expect to influence them: climate, 

stone tool industry, and time (at least in an evolutionary sense). 

Clearly, animal utilization was not entirely independent of 

environment. Generally, sites with a steppic environment contain a 

higher percentage of steppe species than those with a more humid, tem

perate environment (although it must be remembered that often environ

ment has been reconstructed largely or even solely on the basis of 

medium and large mammals present). At Combe Grenal, the high freauency 

of red deer and large bovids in the Wurm I and of the horses and rein

deer in the Wurm II can be attributed to a change from milder to more 

severe conditions; and at Hortus, the predominance of ibex is undoubt

edly due in large part to the topo~aphy. However, beyond this gross 

level, it is clear from the record at Combe Grenal that there is no 

correspondence between the relative frequencies of different species 

and the minor fluctuations of climate that might be expected to in

fluence the use of a site. 

This is not based primarily on the failure of the iaunal assem

blages to match perfectly paleoenvironments reconstructed from paly

nology, sedimentology, etc. Given the evidence that Mousterian 

occupations represent specialized activities, on~ would not expect such 

a correlation. Rather, changes in climate would be accompanied by 

changes in the overall seasonal round, and these changes would be re

flected differently at different sites, so that the correlation between 
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climate and game might not be apparent. However, the long trends of 

carcass use and species preference at Combe Grenal indicate that its use 

remained constant through changes, some of them quite dramatic, in "the 

climate of the region. It is this persistence of behavior that indi

cates an independence between climate and animal exploitation. 

Moreover, some of the differences in species use seem to be 

related to gross geographical differences. Thus cave bear, while pres

ent and at least occasionally butchered in Western Europe, appears to 

have been a major resource only in Central Europe. Rhinoceros and 

mammoth seem to have been hunted in large numbers or with any consis

tency only east of the Alps. Ibex are almost continuously present in 

the Combe Grenal sequence above level 38, yet they are scarce in the 

Mousterian of Cantabrian Spain, even where the topography is more 

suitable to alpine forms. 

In this regard, it should be noted that all the Western European 

sites for which I have found good data are (with the exception of 

Mauran) either caves or shelters. Given that for the sample from Europe 

as a whole all open air sites are specialized, and that all unspecial

ized assemblages come from caves or shelters, it is probable that the 

apparently low number of specialized sites in Western Europe may be due 

to that cause, especially in view of the fact that Mauran is highly 

specialized. We may well have more base camps related to a large number 

of resources and fewer camps for the exploitation of only a few re

sources. This discrepancy, due to poor bone preservation in the open 

air sites, could well mean that the full pattern of Western European 

Mousterian animal exploitation was quite different from what we can see 
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in the archaeological record today; i.e., much more similar to what we 

see in Central and Eastern Europe. 

By the same token, changes in carcass utilization appear to be 

independent of climate. This is especially striking at Combe Grenal, 

where the treatment of red deer and reindeer carcasses remains essen

tially unchanged through an entire stadial, perhaps through the subse

quent interstadial, and then through half of. a much colder stadial. 

There is no question that changes in animal exploitation occur 

through time, but these changes generally appear to be fluctuations 

rather than unidirectional developments. Certainly this is the case at 

Combe Grenal, in terms of both species preference and carcass treatment. 

At Hortus the site was evidently occupied for progressively longer 

periods of time; but there is no evidence that its inhabitants occupied 

other sites in their yearly round for longer periods. Even at San 

Agostino there is very little evidence of any linear change through 

time. While there may have been some evolution of hunting techniques 

through time as Gabori has argued, there is little evidence for any 

increasing specialization in sUbsistence base even in Central and 

Eastern Europe. 

The model of a purposeful seasonal subsistence cycle discussed 

above is entirely consistent with Binford's (1966) view of Mousterian 

subsistence as expressed in his debate with Bordes over the sources of 

variability in Mousterian stone tool assemblages. However, there is 

little eyidence for any causal relationship between 8tone tool assem

blages (at least on a typological level) and faunal exploitation. We 
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have already mentioned the evidence for this statement from Combe Grenal, 

from Erd, and from Central and Eastern Europe. 

In a senae, this lack of correlation is not surprising. Cutting 

of skin, muscle, tendon, and cartilage and the breaking of bone require 

very little in the way of specialized tools, and most butchering con

sists of just these operationa, no matter what animal is being butchered 

or what parts of the carcass are to be used. Only the butchering of 

proboscideans or rhinoceri, a heavy emphasis on the scraping of skins, 

and perhaps scraping bones to remove the periosteum before breaking 

them might be expected to require significant numbers of specialized 

tools. Thus one might expect to find that patterns of faunal use have 

little effect on the typological composition of stone tool assemblages; 

these could be the result of either cultural practices or other activi

ties such as the proeessing of plant remains. 

The nature of the associations between denticulates and notches 

and equids and scrapers and cervids at Combe Grena! reinforces more than 

it weakens this conclusion. The correlation is not invariable -- in 

fact it seems to be invalid in the lower levels; and in level 20 a 

denticulate assemblage has essentially the same percentage of cervids 

and equids as the Quina levels above and below it. It makes more sense 

to look for a third factor, such as the exploitation of a certain plant 

resource, PS the key variable in explaining the co-occurrence of equids 

and denticulates, realizing that there may be a certain correlation 

between this third factor and the aVailability of equids in the vicinity 

of the site. 
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In addition, there appears to be little correlation between 

species preference and carcass utilization. This is abundantly clear 

at Combe Grenal. It also appears that at Erd the same species was used 

in different ways at different times. Ibex remained the dominant 

species at Hortus through two changes in site use and carcass treat

ment. Only at San Agostino is there a hint of a relationship, and it 

is probably not meaningful. 

Finally, there appears to be a remarkable degree of conservatism 

in subsistence practices. This is true not only in a general sense, but 

also in very specific ways. The most remarkable example of this is of 

course the persistence of a single way of treating red deer carcasses 

from the beginning of the Warm I well into the WUrm II~ However, the 

persistence of the same basic hunting pattern at Erd through several 

changes in sedimentary environment and the rough similarity of different 

levels at San Agostino hint at the same thing. Given the few times that 

Combe Grenal must have been visited, given the amount of time elapsed 

(and even admitting that only a small portion of the site has been ex

cavated), even such "short-term" trends as the treatment of car~asses 

from level 25 through level 20, or the predominance of reindeer from 

level 15 through level 12 are remarkable, especially since they cannot 

be accounted for by similarity of climate. 

This last point emphasizes the purposeful nature of Mousterian 

subsistence. Decisions about faunal exploitation clearly could be made 

in part on the basis of factors other than the simple availability of 

game. What these factors were is impossible to say, given the present 

state of our knowledge. However, it would be interesting to see if 
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other sites in the Dordogne show the same pattern ~f exploitation as 

does Combe Grenal. Given the very long temporal durations of some of 

the patterns of behavior identified there, it is impossible to imagine 

that there was any tradition indicating the use of that particular site. 

It is more likely that the decisions leading to these long-term regu

larities involved an area or a region rather than a site. One would 

thus expect nearby sites, such as Pech de l'Az~, to show patterns 

similar to those at Combe Grenal. 

However the hunters at Combe Grenal made their decisions, the 

independence of all the variables examined implies considerable freedom 

of SUbsistence behavior. That is, the environment and relative avail

ability of different species of game animals were not strictly deter

mining factors in subsistence behavior. In fact, a given pattern of 

behavior could persist in spite of changes in the environment. More

over, the independence of the relative frequencies of species hunted 

and carcass utilization shows that some behavior patterns could persist 

even when others changed. Pure economic efficiency could be, at least 

to some extent, sacrificed to other purposes. What these purposes vere 

is unclear. The very long-term persistence of specific behavior pat

terns implies a remarkable degree of cultural conservatism. But the 

independence of behavior from environment also implies that the Middle 

Paleolithic populations of Europe enjoyed a certain economic security 

one might not expect from the technology we see in the archaeological 

record; and there is every reason to believe that this economic security 

was based upon an eclectic, internally diversified round of complemen

tary SUbsistence activities. 



APPENDIX A 

THE ABRI PATAUD 

The Abri Pataud in Les Eyzies-de-Tayac, Dordogne, provides 

excellent comparative material from the Upper Paleolithic of the same 

region. The site is a shelter on the Vezere River only 30 km. from Combe 

Grena1, in the same topographic and geologic region. Excellent faunal 

data are available for the site due to the work of Bouchud (1975) and 

Spiess (1979). 

Spiess (1979:216-217) provides detailed data on MNIs from 

different levels of the Abri Pataud o These are reproduced in Tabl~ Al 

and, in graphic form, in Figure Al. MNIs have also been multiplied by 

the carcass weights (these are the same weights used in the analysis of 

Combe Grenal). 

Although the number of levels with good data are fewer than at 

Combe Grenal, there are certain conclusions that can be drawn. Ignor

ing levels 8 through 10, which have small samples, we see the same 

kinds of fluctuation we saw at Combe Grenalj a fluctuation that here 

too seems to "be independent of stone tool industry, and that appears to 

be non-directional as well. 

Of the levels with more than six total MNI, six our of eight 

have more than 50% of the total ungulate weight represented by large 

bovids. 
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Table A2 shows the mean percentage of MNI by level for each of 

the four main taxa for both the Abri Pataud and Combe Grenal. Clearly, 

at the Abri Pataud, reindeer are disproportionately common, at the 

expense of all three of the other taxa. Moreover, this is true as well 

in terms of weight rather than numbers (Table A3). Standard deviations, 

however, are high. As was already pointed out for Combe Grenal, this 

is because animal utilization patterns at both sites, far from being 

constant, fluctuated greatly. 

In spite of the greater frequency of reindeer at the Abri 

Pataud, however, it is not clear that the hunters at the Abri Pataud 

were si~nificantly more specialized in the sense of being more reliant 

upon one or another species than were the hunters of Combe Grenal. 

Table A4 shows that the differences in the mean percentages of MNI or 

weight of the predominant taxon, whichever it iS t for each level of 

Combe Grenal ver~~s the Abri Pataud were not significantly different 

in a statistical sense. 

Bouchud (1975:72-73) provides data on the frequencies of ana

tomic elements of reindeer that permit examination of patterns of car

cass utilization. These data are presented in Tables A5 through Al5 

and Figures A2 through A4. These tables and figures are comparable to 

those provided for Combe Grenal t except that I had no data on alveoli 

from the Abri Pataud. Standardized frequencies for either occipital 

condyles or petrous bones (whichever was higher) and for mandibles were 

used instead in preparing the graphs. 

While there is considerable variability within the patterns of 

carcass utilization t there are some broad categories of patterns 
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observable. The first, and by far the most common, is characterized by 

a great predominance of distal hind limb. The units of the forelimb 

most likely to be present are the scapula and metacarpal; and the most 

frequent post-crani~l axial unit is, with a single exception, the rib. 

Ribs, cranial units, scapulae, and metacarpals are roughly equivalent 

in standardized frequency; phalanges, except in one care, are rare. 

This pattern is found with the Noaillian and Perigordian IV. 

The second pattern is marked by a great predominance of ribs, 

scapulae, metacarpals, femora, and metatarsals, with other units rela

tively low in frequency. Moreover, ribs and the most common fore limb 

elements are more frequent than the hind limb elements. This pattern 

characterizes the Noaillian of eboulis 3/4 and the Aurignacian of level 

11. The pattern for the Perigordian VI resembles this one, but with 

marked differences. 

Finally, two other levels are similar in that crania, axial 

skeletons, fore limbs, and hind limbs are all roughly equally repre

sented. Within most of these categories, however, there are consider

able discrepancies between the samples. This pattern is found in the 

Upper Perigordian IV and the Aurignacian of level 14. 

Thus it is clear that at the Abri Pataud as at Combe Grenal 

there is no clear relationship between stone tool industry and pattern 

of carcass utilization. Each industry is associated with more than 

one such pattern; and each pattern (when it occurs more than once), 

with more than one industry. 

Spiess's (1979:292-294) description of butchering techniques 

(as opposed to carCaSS utilization), depends heavily upon smashing as 
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a technique of disarticulation. He bases his conclusions largely upon 

his own experiences butchering reindeer with steel tools (Spiess 1979: 

289-292). Our own experiences with butchering sheep with stone tools 

indicate that most of the joints that Spiess feels would have been 

difficult to disarticulate by cutting with stone tools (e.g., the hip) 

are considerably easier to cut than they would be to smash with, for 

example, a hammerstone. In general, I suspect that Spiess overesti

mates the need for twisting and prying with the cutting instrument in 

butchering, and that most of the smashing he describes is due to either 

mar~ow extraction or to carnivore activity_ Since he gives no infor

mation about cut marks, it is hard to tell if any of the joints were 

cut. However, it is possible that reindeer are sufficiently tougher

jointed than sheep so that smashing would be a more attractive alterna

tive method of disarticulation. However. as we have seen, there is 

good evidence that the reindeer at Combe Grenal were disarticulated by 

cutting rather than by smashing. 
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Table A1. Numbers of individuals (MNI), weight of meat represented by 
MNI. and percentages for ungulates from th~ Abri Pataud. --
MNIs taken from Spiess (1979:215). Weights calculated as 
for Combe Grenal. See Table 2 for common names of species. 
·One fetal individual listed by Spiess was not included in 
order to make the data comparable to those from Combe 
Grenal (Table Bl). 

Level Taxon MNI Percent Weight Percent 

3: main Eguus caballus 3 6 579 11 
!. hydrantinus 1 2 143 3 
Cervus elaphus 4 8 648 13 
RanSier tarandus 39- 77 2106 42 
Capra .!E!!.. 1 2 22 <1 
~apra rupicapra 1 2 19 <1 

2 4 1540 31 Bas ison· 

4: 0-2 Eqll"U'i caballuB 3 9 579 20 
Cervus elaphus 1 3 162 6 
Ransifer tarandus 26 79 1404 48 
Capra ~ .1 3 22 <1 
~~pra rupicapra 1 3 19 <1 

1 3 770 26 Bas lson 

6: upper Cervus elaphus 1 17 162 15 
Ransifer tarandUB 3 50 162 15 
cap?: ibex 1 17 22 2 
Bos ison 1 17 770 69 

7 1 13 193 13 
1 13 41 3 
2 25 324 22 
2 25 108 7 
1 13 19 1 
1 13 770 53 

8: upper Eguus caballus 1 25 193 19 
Rangifer taranduB 1 25 54 5 
~~pra rupicapra 1 25 19 2 

1 25 770 74 Bas lson 

8: middle Equus caba11us 1 33 ·193 19 
Ran ifer taranduB 1 33 54 5 

1 33 770 76 

8: lower Equus cabal1uB 1 100 193 100 

9 Eguus cabal1us 1 50 193 78 
Ran5ifer tarandus 1 50 54 22 
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Table Al -- continued 

Level Taxon MNI Percent Weight Percent 

10 Eguus caballus 1 50 193 78 
Rangifer tarandus 1 50 54 22 

11 3 14 579 24 
1 5 41 2 
1 5 162 7 

15 68 810 34 
1 5 19 <1 
1 5 770 32 

12 Equus caball us 2 22 386 26 
~fer tarandus 6 67 324 21 

1 11 770 52 Bos ison 

13 Rangifer tarandus 6 100 324 100 

14 Eguus caballus 1 5 193 9 
Cervus elaphuB 2 9 324 15 
Rangifer tarandu~ 16 73 864 39 
Capra ibex 1 5 22 1 
Ru ica ra rupicapra 1 5 19 <1 
BOB ison 1 5 770 35 
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Table A2. Means and standard deviations of percentage of total MNI of 
ungulates for Combe Grena1 Wllrm II and Abri Pataud. -- Based 
only on levels where total ungulate MNI ~ 6. 

Aurochs/Wisent 

Combe Grenal 13.7! 11.4 

Abri Pataud 8.0 ! 5.35 

Equus 

+ 22.9 - 13.5 
+ 10.0 - 7.1 

Red Deer Reindeer 

+ 20.2 - 10.5 + 29.1 - 13.3 

9.4! 8.7 62.6 ! 19.1 

Table A3. Means and standard deviations of percentage of total weight 
of ungulates for Combe Grenal WUrm II (baaed on MNI) and 
from Abri Pataud. -- Based only on levels where total 
ungulate MNI ~ 6. 

Combe Grenal 

Abri Pataud 

42.9 ! 17.2 
+ 37.2 - 20.9 

24.6 : 15.0 
+ 13.3 - 10.0 

19.2 :!: 10.8 

9.6! 7.9 

10.0:!: 6.9 

38.3 :!: 28.6 

Table A4. Means and standard deviations of percentage of MNI and of 
weight (based on MNI) of dominant species from each level of 
Combe Grenal and the Abri Pataud. -- Only levels with 2 6 
MNI of ungulates were used. Value of t and probability that 
differences between the sites was due to chance are also 
shown. 

Combe Grenal 

Abri Pataud 

t 
Probability 

MNI 

40.0! 8.9 

67.2 ! 22.1 

3.38 

>0.10 

Weight 

+ 50.1 - 15.3 
. 54.6 ! 21.2 

2.08 

>0.20 
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Table A5. Observed, weighted, and standardized frequencies of reindeer 
skeletal units from the Proto-Magdalenian. 

Unit f1bserved Welllhted Standardized 
freQuency frequency freQuency 

Petrous Ie 5.00 1031 
Upper teeth 1 Q3 14.65 3.90 
lower te et h 234 11 .70 3.07 
Vertebrae 1 0.04 0.01 
Ribs 15 0.54 0.14 
Scapulae 10 5.00 1.31 
Pr ox. J"lu IT'E' r i 1 0.50 0.13 
0; st. humeri 2 1 .00 0.26 
lllf'ae 6 3.00 0.79 
Prox. r ad i i 7 3 .50 0.92 
Dis t • r a d i i '3 1.50 o .39 
Podlels 13 ~.59 0.16 
Pr ox. IT'etacarpais 6 3.00 0.79 
Dis t • IT'etacarpa's 12 6 .00 1.5g 
Accessory rretapodi al 5 1 0.04 0.01 
Pelves 2 1.00 0.26 
Prox. femora 4 2.00 0.53 
Dest. f e mo r ~ 2 1 .00 0.26 
Patellae 2 1.00 ').26 
Pro)t. tibiae (I ~ .00 0.00 
Dis t • t I b 1 ae 1 0.50 0.13 
Prox. metetarsats 35 11.50 4.60 
Oest. If'etatarsat s 8 4.00 1.05 
Sesarrolds C- 0.00 0.00 
Phalanges 1~ 0.50 0.13 

Total obsery~d 590 
Mean weighted freouency 3.81 



Table A6. Observed, weighted, and standardized frequencies of reindeer 
skeletal units from the Perigordian VI. 

Unit Observed Weighted Standardized 
frequency frequency frequency 

Petrous 3 1 .50 0.31 
Upper teet!"' 15f 12.15 2.48 
lower tepth 207 10.35 2.11 
Vertebrae 30 1 .11 0.23 
R I rs 224 8.00 1.63 
Scapul ae 17 p..~0 1.73 
Prox. hurreri C 0.00 0.00 
Dis t • hUll'eri ~ 4 .50. 0.92 
L' I n3 e 13 6.50 1.32 
Prox. r ad i i 7 3 .50 0.71 
Dist. ract; i 2 1 .00 0.20 
Podic!ls 50 2.27 0.46 
Prox. rretacarpals ~ 1. CO 0.20 
Dis t • metacarpals 3F 19.00 3.r:q 
~ccessory metapo1i al s 53 2.21 0.45 
Pelves 4 2.00 0.41 
Prox. felT'ora , 3.00 0.61 
Dis t ~ femora 1 o .!l0 0.10 
Patellae 5 2.50 0.51 
Prox. tlb~ae 0 0.00 0.00 
Dis t. tibiae 6 3.00 0.61 
Prox. metatarsals 2 1 .00 0.20 
Dis t • rretatarsals 14 7.00 1.43 
Se~amolcts 2C o • e 1 0.17 
Phalarges 15f 6058 1.34 

Tot a I observed lO3e 
Mean weighted freQue ney 4 • <;1 
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Table A7. Observed, weighted, and standardized frequencies of reindeer 
skeletal units from the Noaillian (eboulis 3/4). 

Unit Observed Weighted Standardized 
frequer"lcy frequency frequency 

Petrcus C 0.00 0.00 
Up per teeth 46 3.,4 0.96 
lo .... er te et h 96 4 • ~() 1.30 
Vertetrae 24 o oe ':1 0.24 
Ribs 433 15.46 4.18 
Scapu1 se 29 14.50 3.92 
Pr 0 lC. hUlIlefi 2 1.00 ').~7 

Dis t • humeri 5 2.50 0.68 
L;lnae 4 2.00 0.54 
ProlC. r ad i i 3 1 .50 0.41 
Dist. r a d I i 4 2.00 ).54 
Podlals 33 1 .50 0.41 
P r ox • lTletacarpal s 1 C.50 0.14 
Dist. 11et acaro e Is 12 " .00 1.62 
Accessory IT'etapodi al 5 12 0.50 0.14 
Pelv~s 4 2.00 0.54 
Pr ox. femoril 15 7.50 2.03 
Dis t. femora 1 o .50 0.14 
Patellae 5 2.50 I) .68 
Pro)'. tibiae a 0.00 0.00 
Dis t • tibiae 4 2.00 0.54 
Pro)(. metat~rsals a o .OC 0.00 
Dis t • IT'e t C' tar 5 a I s Ie ~.OO 2.43 
Ses81T'oids 2 0.06 0.02 
Phalanges 29 1.21 o .33 

Total obser'led 782 
Mean weigrted frequency 3.70 
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Table AB. Observed, weighted, and standardized frequencies of reindeer 
skeletal units from the Noaillian (superieur). 

Unit Observed Weigt"lted ~tandardized 
fr eque ncy freauen cy frequency 

Petrous 17 8.50 0.48 
Upper teet h 332 25 .54 1.44 
Lower teet'" 4 Be 24.40 1.37 
Vertebrae 35 1.30 0.07 
Ribs ·922 32 .93 1.85 
Scapulae 46 23.00 1 .29 
Prox. humpri 5 2.50 0.14 
Dist. hu me r i 23 1l .50 0."5 
Ul n ae 0 0.00 0.00 
Pro)( • r ad i i 9 It. 50 0.25 
Dist. r ad i i 28 14.00 0.79 
Pod I ell s 7P 3.55 0.20 
Prox. met~carpt:l's e !t .00 0.23 
Di st. 1Tl"! t a car p a's 63 31.50 1.11 
tccessory rretar::odials 1~ 0.79 0.04 
Pelves 14 7.00 o .39 
Prox. femora 29 14 .50 0.82 
Di st. felTlora 16 8. CO ').45 
Pate" ae 2t 13.00 0.73 
Prox. t i b i a e 22 1l.00 0.62 
Dis t • tit-i~e 47 23.50 1.32 
Prox. metc-t;jrsals 14 '5 12. ~O 4.08 
Dis t • metatHsals 99 49.00 2.76 
Sesarro.ds 5 0.16 0.01 
Phalanges 9C; 4 .13 0.23 

Total observed 2574 
Mean welghtE'd frequency 17.76 
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Table A9. Observed, weighted, and standardized frequencies of reindeer 
skeletal units from the Noaillian (moyen). 

Unit Observed Weighted Standardized 
frequency freauency frequency 

Petrous 12 t .0 () 0.75 
Uppeor teeth 1 7~ 13.54 1.69 
Lower teeth 240 12 .00 1.50 
Vertebr ae 39 1 .44 0.18 
Pibs 34!t 12. ?9 1.53_ 
S c a.pu' ae 1R 9.00 1.12 
Prox. "u lIlef I 7 3.50 0.44 
Dis t • hu Iller i 5 .2.50 0.31 
Ulnae 8 4.00 0.50 
Prox. r ad J t 4 2.00 0.25 
Dis t • r a ci I I 9 4.50 0.56 
Podi el s 53 2 .41 0.30 
Prox. lIletacarpal s 3 1.50 0.19 
Dist. metacarpals 22 11 .00 1.37 
A cc e s s or y rretapodia1s Ie; 0.79 0.10 
Pelvl's 3 1 .50 O.lQ 
Pro'( • felllora 14 7.03 0.87 
D. st. felllora 2 1.00 0.12 
Patellae 12 6.00 0.75 
Prox. tiblce 2 1 .00 0.12 
Cis t. t i b i a e 43 21.50 2 .~ 8 
Prox. lIletatarsals 39 19.50 2.44 
OJ st. n:e tat a r sa's 60 30.00 3.75 
Sesarroids 0 0.00 0.00 
Pha'ar"ges 53 2.21 0.~8 

Total observed 11A7 
~l'en weighte~ freauer"cy 8 .01 



Table AlO. Observed, weighted, and standardized frequencies of rein
deer skeletal units from the Noaillian (inferieur). 

Unit Observed Weighted Standardized 
frequency frequency frequency 

Petrous 6 3 .J) 0.52 
UDPer teeth ll~ 9.92 1.55 
Lo~er teet!' 203 10.15 1.76 
Vertebrae 20 0.74 0.13 
Ribs 202 7 .21 1.25 
Scapulae 14 7.00 1 .22 
Pro x. humeri 2 1.00 0.17 
o t st. hu rre r I 3 1.50 0.26 
Ulnae 1 0.50 0.09 
P r 0)( • r ad i i 3 1.50 0.~6 
Dist. r ad i I 3 1 .50 0.26 
Poelals 33 1.50 0.26 
Prox. metacarpals 1 0.50 0.09 
Dis t • metacarp al s 20 IO.CO 1.74 
Accessory rretapodlats 15 0.63 0.11 
Pet v es 1 0.50 0.09 
Pr 0 x. femora ~ 1 .50 0.26 
Dis t • ff>fTlora 6 3.00 0.52 
Patellae 7 3.50 0.61 
Pro)( • t I b i ae 1 0.50 0.09 
Dis t. tibiae 12 6.00 1.04 
p r 0)( • rre tat a r sat s 55 28. CO 4 .86 
Dis t. I1Ietatarsals 51 25.50 4.43 
Sesamolds 3 0.09 0.02 
Phat anges f:O 2.50 0.43 

Total observed ~ 42 
Mean weighted freque~cy 5.76 

244 
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Table All. Observed, weighted, and standardized frequencies of reindeer 
skeletal units from the Perigordian IV (superieur). 

Unit Observed WeighteCl Standardized 
freouencv frequency frequency 

Petrous 40 20.00 1.97 
Up Der t~~th 13.6 10.62 1 .05 
lower teeth 32, 16.25 1.':10 
Vertebr ae 35 1 .30 0.13 
R, "S 4 57 16.32 1.61 
Scapull'le 20 10.00 0.99 
Proxe hUrTleri 20 10.00 0.99 
Dis t • hUrTleri 15 7.50 0.74 
l!ln~e 18 ~.OO 0.A9 
Prox. r ad i i 3 1 .50 0.15 
Dlst. r a d I i 7 3.50 0.35 
Podlals 2 3~ 10. E2 1.07 
Prox. lI1e t a car pal s 5 2.50 0.25 
Dis t • FI' eta car pal's 35 17.50 1 0 73 
~cc es s or y lTetapod~a's 3!:> 1.50 o .15 
Pelves 5 2 .50 0.25 
Pro)(. ferr(lra 21 1('.50 1.')4 
D. st. femora 11 5.50 0.54 
Patellae 36 18.00 1.78 
Pro)(. tibi~e a o .CO 0.00 
Dist. tibiae 13 6.50 0.64 
Prox. rTletatarsals 6 3.00 0.30 
Dis t. Ire tat a r 5 a' s 3f 19.00 1.e6 
Sesarroids 78 2 .44 0.24 
Phalanges 412 17.17 1.~9 

To t~ I observed 2012 
Mean wef grted fre1Uency 10.13 

_ ..... -_ .. - ..... 
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Table A12. Observed, weighted, and standardized frequencies of reindeer 
skeletal units from the Perigordian IV (inferieur). 

Unit Observed Weighted Standardized 
freQuency frequency freQuency 

Petrous 21 10.50 0.5A 
Upper teet" 204 15. t~ 0.86 
lowe r teeth 673 33 .65 1.85 
Vertebr ae 30 1 .11 0.06 
R i t-s 596 21.29 1.17 
Scapulae 26 13.00 0.71 
Pr ex • hu lI1e r I 53 26.50 1.45 
Dis t. humHi 41 20.50 1.13 
Ulnae 4 2.00 0.11 
Pro)C. r ad i I 19 9.50 0.52 
Oi st. f acH i 29 14.50 o .80 
Podipts 46f: 21 .1 P 1.16 
P r oy • me t a car p a 1 <; ? 1.00 0.05 
Dis t • metacarpals 40 2:) .00 1.10 
/I cee s s Of Y lI1etapodi al s 171 7.13 0.39 
Pet ves 15 1 .;0 0.41 
Prol(. femora 2e 14.00 0.77 
Dis t • femora 39 19.00 1.04 
Pate Ilae C;? 46.00 2 .52 
Prox. tibipe 12 6.00 0.33 
r i st. t i b i ~e 31 15.50 o • €l5 
Prox. rr.etatars;!ls 2 1.00 0.05 
Dist. metatarsals 107 53.50 2.94 
SesRmoids 111 3 .47 0.19 
Pha la"ges 415 17.79 0.95 

Total observed 322t 
Mean weighted fl"eQuel"cy 18.2~ 
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Table A13. Observed, weighted, and standardized frequencies of reindeer 
skeletal units from the Perigordian (extension 2). 

Unit Observed Weightet4 Standardized 
freauency frequency frequency 

Petrous 5 2.50 0.43 
Upper teett"l 4~ 3.54 0.60 
Lower teeH, 1 23 6.15 1.05 
Vertet>rac:> 14 o .52 0.09 
Ribs 90 3.21 0.55 
Scaoulae 11 5.50 0.94 
Pr ox. hu filer i <1 4.50 0.77 
Of st. humeri e 3.00 0.51 
Ulpae 3 1.50 :).26 
Prox. r a d I i 7 3 .50 0.60 
Dis t • r ad i i ? 4.00 0.68 
Podia's 1 25 5 .6ll 0.97 
Prox. me t a car P ::I! S 11 5.50 o .94 
Dis t • l1'etacarpals 19 9.50 1.62 
Accessory lTetapojiats 39 1.63 0.28 
Pelves 1 0.50 0.09 
Prole • femora 5 2. ~I) 0.43 
Dis t • femora 11 5.50 0.94 
Patellae 6 3.00 0.51 
Prox. tlbi2e 4 2.00 0.34 
Dis t • tibiae 14 7.00 1.19 
Prox. metatarsals 41 20.50 3.50 
Dis t. metatarsals 36 ltl.OO 3.07 
SesalT'oids 43 1 .34 0.?3 
Pt'lalanges 202. 8.42 1.44 

Tota' observed 879 
Mean wE'i g~t eel freouency 5 .86 
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Table A14. Observed, weighted, and standardized frequencies of reindeer 
skeletal units from the Aurignacian (couche 11). 

Unit Observed Weighted Standardized 
freQuency frequency frequency 

Petrous 1 0.5') 0.31 
Upper teeth 23 1.77 1 .08 
l 0 ",e r teeth It ::l .8') 0.49 
Vertebrae 6 :) .2"2 0.14 
Ribs 171 6.11 3.73 
Scapuls p 7 3.51) 2.14 
Prox. humeri 3 1.~0 0.92 
Dis t • hUl1'erl 1 ).50 0.31 
Ulrae ° O.GO 0.00 
Prox. r ~d i i a ::I .00 0.00 
Oi st. radi I 1 0.50 o .31 
Podials ~ ::>.23 0.14 .I 

P r ex. metacarpals 4 2.00 1.22 
Dist. ",et~carpals ~ 4 .00 2.45 
A cces s or y rr.etaoo':ij ~ Is ~ e.25 1).15 
Pelves C 3.00 1.83 
Pr ox. femora 5 2.50 1.53 
Dis t • fef110ra ~ 2.5J 1 .53 
Patellap. 4 2.00 1.22 
Prox. tibIae 0 0.00 0.00 
[lIst. tibiae 1 0.50 0.31 
Prox. met2tarsals 0 ::I .00 0.00 
Dist. metatarsals 4 2.0J 1.22 
Sesal1'olds 2 0.06 0.04 
Phalanges 37 1.54 a .94 

Total observed 31t 
t-Iean weigt'lted frequeflcy 1.64 
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Table A15. Observed, weighted, and standardized frequencies of reindeer 
skeletal units from the Aurignacian (couche 14). 

Unit Observed Weighted Standardized 
freQuency fre~uel"'tcy frequency 

Petrous 5 2.50 1.07 
Uor: er teet" 1 f 1 .39 0.59 
LOlooer teet h 6C 3 .00 1.29 
Vertebrae 20 :).74 0.32 
Rits 97 3.46 1.48 
SC8Puiae 19 9.50 4.07 
P r ox. hu me r i 7 3. 5') 1.50 
Dis t • hUll'erl " 2.50 .1.07 .; 

Llnae 2 1.00 0.43 
Prox. r adi i 0 0.00 0.00 
Dist. r ad i i 0 0.00 0.00 
Podia's '3 :).36 0.16 
Pr ox. me t a car p a I s 5 2.50 1 .07 
Dis t • metacaroals 8 4.00 1.71 
Access or y m'=!taoo,1j al s 20 0.83 0.36 
Pelves '2 1.00 0.43 
Prox. fell'cra 2 1.00 0.43 
Dist. femora 4 2 .00 0.86 
Patell2<;! 0 C.OO 0.00 
Prox. tibi~e 5 2.50 1.07 
Dis t • tibiae 2 1.00 0.43 
Pr 0 x. metatarsals 3 1 .5C> 0.64 
(list. Il'etatarsals 5 2.50 1.07 
Sesall'oids 27 o .84 0.36 
Phalanges 89 3.71 1.59 

Total observed 41? 
Me an weighted freClUency 2.33 

-- "-'" ----- .. ---- - ._--
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Table Bl. Numbers of bones and bone fragments, minimum numbers of individuals (MNl), minimum esti-
mated numbers of individuals (MENl) for each taxon for each level. -- Weights of meat 
represented and percentages of total have been calculated for all ungulates. See text 
(PP. ) for methods of calculating MNI, MENI, and weight. Notes: (1) See Table 
for common names; (2) Most of the carnivore bones listed by Bordes an~ Prat (1965) vere 
not available when I studied the collection; (3) Bones positiv~ly identified as Rangifer, 
those tentatively so identified, and MNle and MENls if both categorie~ are combined; 
(4) Levels 17-19 and 42-43 include bones from each individual level std from proveniences 
vhere the specific level is not known. Weights and percentages have 'een calculated 
only for the combined levels. I 

~ 

Taxon1 No. of 
Level Bonee MNl % rlt. % MENl % Wt. % 

4 Equus 2 1 25 193 16 1 17 193 14 
Cervus elaphus 4 1 25 162 14 2 33 325 23 
~fer tarandus 12 1 25 54 5 2 33 107 8 
Bos ison 3 1 25 770 65 1 17 770 55 

5 Equus Sp. 1 1 25 193 45 1 25 193 45 
Cerws e1aphus 4 1 25 162 38 -1 25 162 38 
Rangifer tarandus 1 1 25 54 13 1 25 54 13 
Capra ibex 2 1 25 22 5 1 25 22 5 

6 Equus 2 1 20 193 16 1 14 193 14 
Cervus elaphus 13 1 20 162 13 2 .29 325 23 
cf.~ 1 1 1 
Rangifer tarandus 23 1 20 54 4 2 29 107 8 
cap% ibex 7 1 20 22 2 1 14 22 2 
Bos ison 4 1 20 770 64 1 14 770 54 

7 Equus 1 1 13 193 13 1 9 193 
Cervus e1aphus 14 2 25 325 22 2 18 325 
Rangifer tarandus 33 3 38 161 11 4 36 214 

ca7: i!!!! 3 1 13 22 1 2 18 44 
BOB ieon 4 1 13 770 52 2 18 5540 N 

\J1 .... 



Table B1 -- continued 

1 No. of 
Level Taxon Bones MNI % 

8 Equus 2 1 25 
Cervus e1aphus 8 1 25 
~fer tarandus 8 1 25 
Bos ison 4 1 25 

11 Equus 29 3 25 
Cervus e1aphus 11 1 8 
Rangifer tarandus 33 2 17 
ca7R~ 14 2 17 
Bos ison 64 4 33 

12 Equus 28 3 38 
Cervus e1aphus 4 2 25 
~fer tarandus 8 1 13 
Bos ison 33 2 25 

13 Equus 96 10 48 
Cervus e1aphus 12 2 10 
Rangifer tarandus 28 4 19 
cap7B~ 7 3 14 
Bos ison 22 2 10 

14 Equus 277 20 56 
Cervus e1aphus 24 4 11 
Rangifer tarandus 66 6 17 
Capra ibex 11 1 3 
Rupicapra rupicapra 4 1 3 
BoS/Bison 37 4 11 

Wt. % MENI 

193 16 1 
162 14 2 

54 5 2 
770 65 1 

578 15 4 
162 4 2 
107 3 3 

44 1 2 
30Bo 76 4 

578 23 4 
325 13 2 

54 2 1 
1540 62 3 

1925 47 10 
325 8 4 
214 5 6 
66 2 3 

1540 38 3 

3850 48 21 
649 8 4 
321 4 6 
22 <1 2 
19 <1 1 

3080 39 4 

% \oft. 

17 193 
33 325 
33 107 
17 770 

27 770 
13 325 
20 161 
13 44 
27 30Bo 

40 770 
20 325 
10 54 
30 2310 

38 1925 
15 649 
23 321 
12 66 
12 2310 

55 4042 
11 649 
16 321 

5 44 
3 19 

11 3080 

% 

14 
23 
8 

55 
18 
7 
4 
1 

70 

22 
9 
2 

67 

37 
12 

6 
1 

44 

50 
8 
4 

<1 
<1 
38 

I\.l 
\J1 
I\.l 



Table B1 -- continued 

Taxon1 No. of 
Level Bones MN! % Wt. % MEN! % Wt. % 

15 Canis 1uPus2 
9 1 1 

Eguus 56 6 1155 52 6 1155 49 
Cervus e1aphus 2 1 162 7 1 162 7 
Rangifer tarandus 20 2 107 5 4 214 9 
Capra ibex 1 1 22 1 1 22 <1 
Ru ica ra rupicapra 1 1 19 <1 1 19 <1 
Bos ison 3 1 ?70 34 1 ??O 33 

I? Rangifer turandus 2 1 2 

18 Eguus 8 1 1 
Cervus e1aphus 8 1 1 
Rangifer tarandus 8 1 1 
Capra~ 8 1 1 

19 Eguus 15 2 2 
Cervus e1aphus 3 1 1 
cf. Capreo1us capreo1us 1 1 1 
Ran'1fer tarandus 6 1 1 

tentative) 3 3 ~ 
(combined) 3 3 

cf. Capra lli!. 4 1 1 
Rupicapra rupicapra 1 1 1 

N 

~ 



Table B1 -- continued 

1 No. of 
Level Taxon Bones MNI % Wt. % MEN I % Wt. % 

17-19; Equus ; 20 578 20 ; 17 578 19 
Cervus elaphua 29; 20 486 17 4 23 648 21 
cf. Dama dama 1 1 1 
CapreolUs-capreo1us 2 1 7 20 <1 1 6 20 <1 
Rangifer tarandUB 62; 20 162 6 5 28 270 9 

(tentative) 5 5 
(combined) 5 5 

Capra ~ 10 2 13 44 2 2 11 44 1 
Ru~apra rupicapra 1 1 7 19 <1 1 6 19 <1 
Bo ison 4 2 13 1540 54 2 11 1540 49 

20 Equus 31 2 15 385 19 2 12 385 17 
Cervus e1aphus ;5 4 31 649 32 4 24 649 29 
Rangifer tarandUB 95 4 ;1 214 10 8 47 428 19 
Capra ~ 7 1 8 22 1 1 6 22 <1 
Rupicapra rupicapra 2 1 8 19 <1 1 6 19 <1 
Bos/Bison 16 1 8 770 37 1 6 770 34 

21 Equus 39 3 23 578 42 4 25 770 47 
Cervus elaphus 24 3 23 487;5 4 25 487 30 
Rangifer tarandus 85 5 38 268 19 6 38 321 20 
Capra ~ 13 2 15 44 3 2 13 44 3 

22 Crocuta 2 1 1 
Equus 256 11 23 2118 3; 14 27 2695 38 
Cervus e1aphus 29 3 6 487 8 3 6 487 7 
Capreo1us capreo1u6 1 1 2 20 <1 1 2 20 <1 
Rangifer tarandus 600 28 58 1498 23 29 56 1551 22 
caP)B ibex 38 2 4 44 <1 2 4 44 <1 
Bos is'O'il 30 3 6 2;10 36 3 6. 2310 32 
Lepus 1 1 1 

I\) 

':G-



Table B1 -- continued 

1 No. of 
Level Taxon Bones MNI % wt. % MENI % Wt. % 

23 Ursua ap. 1 1 1 
Equus 218 13 28 2503 49 14 25 2695 46 
Cervus e1aphus 28 3 7 487 9 3 5 487 8 
Rangifer tarandus 760 24 52 1284 25 32 57 1715 30 
Capra~ 25 4 9 88 2 5 9 110 2 
~apra rupicapra 2 1 2 19 <1 1 2 19 <1 

13 1 2 770 15 1 2 770 13 Bos ison 
Le;E!s 4 1 1 

24 Eguus 42 3 21 578 27 4 24 770 . 31 
Cervus e1aphus 41 3 21 487 22 3 18 487 20 
Rangifer tarandus 197 6 43 321 15 8 47 428 17 
caP/B~ 2 1 7 22 1 1 6 22 1 
Bos ison 5 1 7 770 35 1 6 770 31 
Lepus 2 1 1 

25 Vulpes 2 1 1 
Equus 18 3 578 22 3 13 578 15 
Cervus e1aphus 62 5 811 31 7 30 1136 30 
Capreo1us capreo1us 1 1 20 <1 1 4 20 <1 
Rangifer tarandus 158 8 428 16 9 39 428 13 
Ca-pra ibex 1 1 22 <1 1 4 22 <1 

(tentative) 7 2 2 
(combined) 2 2 

cf. Rupicapra rupicapra 1 1 1 
1!2!!IBison 6 1 770 29 2 8 1540 41 

26 Canis lupus 1 1 1 
Equus 13 2 20 385 22 2 17 385 21 
Cervus e1aphus 8 2 20 325 19 2 17 325 18 
Rangifer 62 4 40 214 12 5 42 268 15 
eapn ibex 14 1 10 22 1 2 17 44 2 N 

\J1 Bos ison 6 1 10 770 45 1 8 770 43 \J1 



Table B1 -- continued 

1 No. of 
Level Taxon Bones MNI % 'fit. % MENI % 'lito % 

27 Canis lupus 1 1 1 
Eguus 39 5 23 963 31 5 963 28 
Cervus elaphuB 81 5 23 R11 26 6 974 29 
Capreo1uB capreo1us 1 1 5 20 <1 1 20 <1 
Rangifer tarandus 164 9 41 482 16 12 642 19 
ca7B~ 3 1 5 22 <1 1 22 <1 
BOB ison 6 1 5 770 25 1 770 23 
LeEus 4 2 2 

28 Canis 1uEuS 1 1 1 
Eguus 6 1 8 193 9 2 385 10 
Cervus e1aphus 42 5 38 811 39 7 1136 31 
Rangi fer tarandUB 65 5 38 268 13 11 589 16 
ca7:~ 3 1 8 22 1 1 22 <1 
Bos iBon 3 1 8 770 37 2 1540 42 

29 Eguus 9 2 13 385 17 3 578 16 
Cervus elaEhus 80 5 31 811 35 6 974 27 
Capreolus caEreo1us 7 2 13 40 2 2 40 1 
Rangifer tarandus 88 5 31 268 12 9 482 13 
ca7:~ 2 1 6 22 <1 1 22 <1 
BOB ison 47 1 6 770 34 2 1540 42 

30 Equus 2 1 9 193 8 1 193 5 
Cervus elaphus 24 4 36 649 26 6 974 26 
CaEreolus caEreolus 1 1 9 20 <1 1 20 <1 
Rangifer tarandus 13 2 18 107 4 3 161 4 
capffi ibex 1 1 9 22 <1 1 22 <1 
BOB ison 17 2 18 1540 1 3 2310 63 

N 

~ 
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Table B1 -- continued 

1 No. of 
Level Taxon Bones MNI % Wt. % MENI % lilt. % 

32 Canis lupus 1 1 1 
Eguus hydrantinus 1 1 7 143 3 1 143 2 
Cervus elaphus 30 4 29 649 16 6 974 13 
Rangifer tarandus 48 4 29 214 5 6 321 4 
cf. Capra ~ 1 1 1 
Ru ica ra rupicapra 3 1 7 19 <1 1 19 <1 
Bos ison 51 4 29 3080 75 8 6160 81 

33 Eguus 4 1 13 193 6 1 10 193 4 
Cervua elaphus 17 1 13 162 5 3 27 487 11 
Capreo1us capreo1us 1 1 13 20 <1 1 10 20 <1 
Ran~fer tarandua 5 1 13 54 2 1 10 54 1 

34 4 50 30Bo 88 5 45 3850 84 

34 Canis lupus 1 1 1 
Equus 3 1 17 193 14 1 17 193 14 
Cervus elaphus 9 2 33 325 24 2 33 325 24 
Rangifer tarandua 20 1 17 54 4 1 17 54 4 
caPIB~ 1 1 17 22 2 1 17 22 2 
Bos ison 1 1 17 770 56 1 17 770 56 -

35 Crocuta 1 1 1 
Canis lupus 9 2 2 
Vulpes 4 1 1 
Equua 44 11 32 2118 28 12 27 2310 25 
Sos Bcrofa 1 1 3 41 <1 1 2 41 <1 
cervus e1aphua 87 7 21 1136 15 10 23 1623 18 
Rangifer tarandus 67 6 18 321 4 9 20 482 5 
Capra .!!!!! 25 3 9 66 <1 5 11 110 1 
~~pra rupicapra l' 1 3 19 <1 1 2 19 <1 

37 5 15 3850 1 6 14 4620 50 Bos 180n 
I\) 
\11 
~ 



Table Bl -- continued 

1 Noo of 
Level Taxon Bones MNI % lit. % MENI % lit. % 

37 Equus 19 1 17 193 13 2 25 385 15 
34 4 67 487 34 4 50 649 25 
7 1 17 770 53 2 2~ 1540 60 

38 Equus hydrantinus 5 1 17 193 15 1 13 193 9 
Cervus e1aphus 31 2 33 325 24 3 38 487 22 
Capreo1us capreo1us 1 1 17 20 2 1 13 20 <1 
Capra ibex 2 1 17 22 2 1 13 22 <1 
Bos/Bieon 20 1 17 770 58 2 25 1540 68 

41 Equus 9 2 2 
E. cabal1us 1 17 193 13 1 13 193 11 
!. hydrantinus 1 17 .. 43 10 1 13 143 8 

Cervus elaphus 32 2 33 325 22 4 25 649 37 
~apra rupicapra 4 1 17 20 1 1 13 20 1 
Bos ison 10 1 17 770 53 1 13 770 43 

42 Cervus e1aphus 2 1 1 

43 Canis lupus 1 1 1 
Eguus 1 1 1 
Sos scrofa 2 2 2 
C9'"rvus e1aphus 9 1 3 
Ca reo1us capreo1us 9 1 1 
Bos Bison 1 1 1 

42-33 Canis lupus 1 1 1 
Eguus 5 2 18 385 19 4 24 770 21 
Sos scrofa 4 2 18 82 4 3 18 123 3 
~vus e1aphus 61 5 45 811 39 7 41 1136 32 
Capreo1us capreo1us 23 1 9 20 <1 1 6 20 <1 
BoS/Bison 4 1 9 770 37 2 12 1540 43 

N 
VI 
00 



Table B1 -- continued 

1 No. of 
Level Taxon BoneB MNI % 

50A Eguus 36 4 29 
CerVUB e1aphus 257 7 50 
Capreo1us capreo1uB 3 1 7 
=~ceroB 3 1 7 

16 1 7 Bos 1Bon 

50 EquuB 84 4 13 
CerVUB elaphuB 791 22 73 
cr. Capreo1us capreo1uB 1 1 
Meruaceros 4 2 7 

30 2 7 

52 Rhinoceros 1 1 
EquUB 69 4 14 
CerYU8 elaphus 649 15 52 
Capreolus capreo1uB 34 3 10 
MegalaceroB 4 1 3 
Rangifer taranduB 3 1 3 
cf. Capr.a ~ 3 1 
~apra rupicapra 34 3 10 

29 2 7 Bos iBon 

54 Equus 34 2 14 
222 8 57 

7 1 7 
3 1 7 
1 1 7 
4 1 7 

Wt. % MENI 

770 26 4 
1136 38 8 

20 <1 1 
265 9 1 
770 26 1 

963 12 8 
3570 56 25 

1 
530 8 2 

1540 24 4 

1 
770 15 6 

2434 47 20 
60 1 5 

265 5 2 
54 1 1 

1 
60 1 5 

1540 30 2 

385 14 3 
1298 47 11 

20 <1 1 
265 10 1 
19 <1 1 

770 2R 1 

% wt. 

27 770 
53 1298 
7 20 
7 265 
7 770 

21 1540 
64 4060 

5 530 
10 3080 

15 1155 
49 3245 
12 100 

5 530 
2 54 

12 100 
5 1540 

17 578 
61 1785 
6 20 
6 265 
6 19 
6 770 

% 

25 
42 
<1 
8 

25 

17 
44 

6 
33 

17 
49 . 
2 
8 

<1 

2 
23 

17 
52 
<1 

8 
<1 
22 

N 
\11 
\l) 
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Table B2. Observed, weighted, and standardized frequencies of skeletal 
units of reindeer from the Denticulate Mousterian. 

unit 

Petrous 
iJ p iJ ~ r tee t tl 
Lower teetn 
vuteorae 
KIDS 
~cc1pulae 

r'rox. n."ilT,erl 
Oist. nJmerl 
Jlnae 
';rox. raai I 

.)1 st. raal i 
Car;:>als 
Prox. metacar~al$ 
Dlst. metacarpals 
Pi;I.,es 
ProJ<. femor.;! 
J i sr. feiTlora 
?atellae 
Prox. rloia\;! 
UI.:it. Tioiae 
fib u I d res (e )( t. Irl i:I I leo Ii) 
Tarsals 
~rox. metatars~15 
Uist. metatarsals 
Ses3moids 
Pro(. 1st pndlan~es 
Uist. lst pnalan~es 
Prox. 2na pnalan~cs 
Disr. 2no pnalanJ2s 
3r a ona J .HI,,~S 

JppCH alveJl1 
LOojer alveoli 

ut;st:rVdO 
trequency 

(, 

:;.1 
lob 

j 

o 
't 

1 
1 
o 
't 
;) 

J 

1 
1 
U 

2 
1 
.1. 
u 
!:I 
\J 

4 
2 
.;) 

J.l 
.LO 

7 

LiZ 

!Jist. meta~OJia.s (Inoct.) 1 

Total ooservea 
Mean weighteJ frequency 

weignteJ 
frequency 

O.JO 
:'.~t:. 
17. j 0 
v.ll 
0.00 
2.u0 
0.:)0 
(,.:J,) 

0.00 
2.v0 
(, • .JO 
U.'t~ 

0.:;0 
0.,0 
0.00 
1.00 
0.,0 
0 • .>0 
U.O'J 
2.jO 
('.00 
0.03 
1..JO 
l.~\j 

O.J'1 
1.36 
2.00 
(J.db 
0.b3 
0.38 

lo.ll 

~tanaarolzeo 

frequency 

u.vJ 
.;).)'1 

b. If") 

0 • .l..i 
0.00 
1. bl 
J.4:;; 
O.'t:;; 
0.00 
.l..~1 
v.i.J..; 

0.,jo 
0.4, 
0.4:1 
O.uu 
J.'11J 
0.", 
li • .,;) 
O.Ou 
2.~o 

\J.u0 
O.;,v 
.l..dl 
O.~J 

o.u~ 

1.24 
1.61 
0.7.., 
J.::>o 
0 • .;)4 
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Table B3. Observed, weighted, and standardized frequencies of skeletal 
units of reindeer from the Ferrassie Mousterian. 

Unit 

tll:!trous 
iJpper teeth 
LCJ ... er tet::!th 
lIertt:urae: 
r(IU;i 

.)ca,Julae 
ProJ(. numerl 
Ol~t. numerl 
Jlncle 
Prox. racil 
uist. ra011 
Carpals 
ProJ(. metdcarp31~ 

uist. metacarpals 
Pel>'::!$ 
? r v l(. f c If, (j r a 
Dist. femura 
~atellae 

ProJ(. Tloiae 
lJlst. Tic.dde 
~ • u J I arE: S (e x t • If. a I I e (I I i J 
Tarsals 
ProJ(. metaLdr~als 
Dist. metatclrsdls 
Se:.amoids 
ProJ(. 1st pnalanges 
Dist. 1st phalanges 
ProJ(. Zna pn~lan~~s 

Dist. ~nc pnalan~es 

3ra pnalanilc:!s 

Upper alveull 
Lower alveoli 

ULserveo 
tre-juency 

v 
o ( 

l~'i 

1 
o 
i 
v 
1 

i 
1 
;) 

:3 
t:. 

1 
u 
J, 

v 
o 
c 
G 

12 

.:l 

2 
2 

~jst. metapodliils (inaet.) u 

Total ODserveo 
Medn ~ejwnteo frequ~ncy 

WeiyhteJ 
freGuency 

(;, • oj v 
0.",9 
tJ.4J 
0.04 
O.vO 
l.vu 
0.uO 
(". :.H) 
l.uu 
1.vu 
0.50 
O.'t~ 

1. ;; U 
1.VU 
v.:i() 
0.00 
0.50 
u.OG 
O.()O 
:;.00 
u.uO 
1.:'0 
~.50 

l.uu 
(,I.OU 
ij.7, 
v.oj 
O.3d 
0.2, 
0.25 

Standardlzeo 
trequt-.ncy 

U.0U 
b.'tJ 

c.17 
0.(,4 
0.v0 
v.'10 

v.00 
0.4d 
0.90 
0.;0 
J.40 
0 • .,0 

1.'t4 
0.'-10 
u.4o 
0.00 
O.'tb 
v.vv 
0.00 
2.d/ 
U.LU 
1.'t-1 
2.j'1 
0."10 
1.1.\.;0 

0.72 
O.tlLl 
O.jv 
0.21; 
(;.c:..f 
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Table B4. Observed, weighted, and standardized frequencies of skeletal 
units of reindeer from the Quina Mousterian. 

Jnit 

t'etroi.Js 
J~per te~tn 

L o.., 2 r t e c t ri 
vertebrae 
!(.aos 
)CC:JPulde 
?rox. numeri 
Di st. humeri 
Uln~e 

Pre.<. raJi a 
Di.st. rad1 • 
Car.Jals 
P r ;; x • .n e t a c a r p a I s 
Dist. ~etC:JC4rpals 
Pt:aves 
Pro.~~.. fernvrd 
J i s t • f >i! n ~ o r a 
Patellae 
Prox. faoaae 
D1st. f1oide 
Fto~l~res (ext. malieotj) 
Tarsals 
Prox. metatarsals 
Dist. metatarsdls 
Ses.a:no1Js 
Pro)(. lst phatan~es 
uist. lst pnaldn~es 
?rox. 2nd phal dnges 
Oast. 2na pnalanJes 
3ro pnatan~es 

Upper atveoli 
lower alveoli 

Ot.servt::d 
frt::Quency 

b 
3 I:.; 
o:Jl 

32 
47 
3c 

l 
19 
19 
3t; 
l.b 
5.1. 
1'1 
.;)"t 

3 
Ll 
J.1 

"' d 

"tj 

li 
lb 
) -_j 

29 
~c 

.):) 
60 
00 
:;j 

14 

b7 
2-.7 

uist. metapudtdiS (•naet.) ~ 

Totaj observed 
Mean wet~hteu frequency 

Ill e i whted Stanoaraizeo 
trequency frequency 

4.00 J.:..z 
28.d5 3.0~ 

:J2..j5 ~.43 

l.J.~ 0.12 
1.6() O.lb 

18.00 1.'1J 
(.).j() o.v'J 
9.50 l.vv 
9.:;0 l.CJ 

19.00 2.00 
c.vu Oeb'T 
4.~5 Ue'tJ 
9.50 1.0(; 

lt.CO l. -,9 
le:JU 0.16 

10.50 1 • l. l 
!;,.50 o.;;c 
4.:;;,0 0.47 
4.()() O.'t2 

i1.;)J z."l 
b.uu o.o.:> 
'-1.7':; 1.0.:) 

lleJ\.1 l.~.l. 
l4eJV 1.:~3 

G.ob u.J~ 

6.o8 0. I 2. 
7.5(; (). ,. ;, 
6.25 0.8i 
o.o3 u. 7 (j 

1. 7 ';) O.lo 

:;.lj o.~~ 
l~.J';) 1 • .:>0 
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Table B5. Observed, weighted, and standardized frequencies of skeletal 
units of reindeer from the Typical Mousterian. 

Unit 

Petrous 
Upper teetn 
L.Jl'4er teeth 
v~rteorac;: 

,i, i () S 

Scapulae 
Prox. numeri 
DIS t. h \oJ nl e r I 
..J I n·H: 

Prox. radl i 
:.JISt. raoll 
CarpalS 
Pru(. metdcorpals 
Gist. ~etacarpals 

P~I"es 
~rox. temora 
:Jist. femora 
Patellae 
Prox. TibiCle 
Uist. Tit,j,H~ 

filJulare:i text. mdlleclii) 
Tar:ials 
~ro)(. metatarsals 
Dist. m~totarscds 

Sesamoiu~ 

Prox. 1st pnalan~t!s 

Jist. 1st ~nalan~es 
Prox. 2na ~halan~es 
Oist. lnu pnal"nges 
3rll pnalanyes 

UlJlJer alveoli 
LOlolcr dlveol i 

Ub:ierved 
fre'PJency 

~ 
60 

lJ.b 

.1. 

.i. 

o 
o 
! 
U 
U 
1 

1'
,j 

2 
1 
i.. 
J. 

o 
o 
t::. 

c 
1 
3 
2 
't ., 
j 

j 

.L 
2 

Llist •. 1letapoCllals (inoet.) J. 

Total ooserveu 
Mean welghteJ freGuency 

Wei!.llltea 
trequency 

0.00 
4.62 
'.bO 
(;.04 
llO 04 
li.v\) 

O.O() 
G.~O 

0.00 
u.00 
li.;O 
l.uu 
1.jO 
J...i)0 

u.j0 
1.Ou 
0.50 
u.Ou 
0.00 
1..Ju 
O.UO 
0.13 
1.;(; 
1.vu 
O.1J 
0.:10 
0.30 
G.3o 
v.13 
(;.lj 

Stanaardizea 
trequency 

(J.OO 
b.!.:} 

7.70 
0.uj 
u.L:.; 
(J.Ov 
0.00 
0.67 
G.('J 
O.U,J 

0.07 
1.~'t 
i..oJl 
1 •. H 
O.tJI 
l • .:i-t 
0.07 
u.l.J 
O.GO 
l..~ .. 
u.~u 

In 17 
2.lJ.1. 
l.J't 
0.17 
0.07 
O.;u 
u.,o 
v.17 
O • .:i4 

,-------------------------------------
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Table B6. Observed, weighted, and standardized frequencies of skeletal 
units of red deer from the D~nticulate Mousterian. 

unit 

~etr.)us 

Up~ar teetn 
LOrH~r teetn 
Verteorae 
r<itii 
5Cft;lUlae 
P r ox. numeri 
Disl. n uln e r i 
ulnae: 
?roll.. r aa i I 
Jist. r a a I I 
Carpals 
tlrox. metoc.i1rpals 

. 0 1St. metacarpals 
Pelves 
ProJ(. femor ... 
D,st. femora 
Pdt~llde 

?rox. T,c, i d i;! 

~ist. TIDia~ 

FioJldre~ (c x t • malleolt> 
larsals 
i>rox. iTietatars,1I s 
:) I :.t .• netal.arsals 
;) ~ s clln 0 i u ~ 
t'rox. j,st phaldnwes 
Dist. lit pnalan~cs 
ProJ(. 2nd pnalanges 
u.st. 2na pndlan;jes 
3rd pnalon~e:) 

Jp~er alveuli 
LowtH al'lt!(Ji i 

CJtJserv~d 

frequency 

2 
~iJ 
d'i 
v 
0 
G 
() 

0 
1 
.3 
1.1 

1 
0 
t:. 

v 
iJ 

0 
v 
U 

0 
0 
.I. 

0 
4 
i. 
l. 
1 
1 
4 
2 

:Jist. m~tapoJidls (.nuet.) 4 

TOtdl OO.:ierllea 13:;) 
M~an "e.~htea fr~quen~y 

wei !ihtea 
frequtlncy 

l.Ou 
",.,4 
4."t 5 
0.Uu 
a.uo 
v.vO 
CI.vO 
u.OO 
(;.::10 

1.5u 
O.uO 
0.06 
v.ua 
1.Ju 
0.00 
li.OO 
u.u0 
0.00 
O.UG 
0.00 
u.vi; 
0 • .1.3 
1j.00 
2.00 
u.Oo 
u.2~ 

0.13 
Oolj 
O.!lC 
0.2!;) 

StandaraizeO 
frequency 

Z.2t. 
~.4c.;. 

9.60 
u.bu 
v.00 
CI.uu 
CI.Ov 
0.00 
1 • .I.i 
~.3.:l 

lJ.0li 
0019 
0.00 
2..t.2 
0.00 
0.v0 
0.00 
u.vJ 
u.JJ 
O.UO 
0.0J 
0.20 
0.0v 
4.4., 
u014 
0.,6 
,j.~o 

O.Lo 
1.11 
0.:)0 

v.cd 
3.(.01.) 
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Table B7. Observed, weighted, and standardized frequencies of skeletal 
units of red deer from the Ferrassie Mousterian. 

un It 

Petrous 
UPiJer tE:etn 
lower teetn 
Verteorae 
r<ics 
Scapulae 
? r 0 x. hun, E: r I 

ulst. numerl 
ulndt; 
i'rox. raoi I 

Dist. raclli 
Carools 
Prox. met&Cdrpdls 
~ist. metbcarpals 
Pel" es 
Pro.<. femora 
uist. femora 
i-'atelldt: 
Pro)(. Tlolbe 
Dist. Tibiae 
FIDular~5 (ext. malltclI) 
Tesrsals 
Prox. metatarsdls 
D15t. metdtarsals 
St:s::imvias 
~ro.<. 1st pnaldnyes 
Olst. 4St pnaldnges 
PrOAl 2nJ ?nalanJes 
Ulst. 2nd pndldn~es 
~ra ptlalan~e5 

u~pt!r alveoli 
l.o~er alveoli 

OLSerVti!J 
frequency 

U 
10 

1;7 
o 
o 
u 
U 
.1. 

~ 

2. 
(, 

.1. 
(. 

u 
1 
G 
o 
i 
() 

o 
1 
2 
o 
:I 

1 
6 
) 

I 
:} 

Dist. me~a~oaials (inoe:t.) 0 

Total ooser~eJ 27b 
M~an "ei~ntea frequency 

welgnteo 
frequency 

",.00 
b.OO 
7.89 
0.00 
u.vO 
1.I.I,jO 

v.OO 
0.,0 
1.51.1 
1.00 
v.UO 
U.Qb 
1.Ou 
u.vv 
0.JU 
0.;0 
V.Ou 
\. ... 0 C; 

1.vO 
0.00 
u.vO 
O.l~ 

1.1.10 
O.ou 
0.19 
0.13 
0.7':1 
O.3d 
o.aa 
(..03 

St&naarUlzt!c 
frequency 

u.liG 
7.65 

i0.U, 
0.1.10 
v.vO 
0.01.1 
v.uu 
0.04 
.1..91 
1.27 
0.01.1 
U.ll 
1.21 
0.00 
1.1.01.1 
O.o~ 

U.uu 
U.vv 
4.2.7 
0.00 
(.t • .;;) 

0.16 
1 .2. 7 
0.0J 
O.~-t 

v.l:.:
\.i.';;; 

0.'10 
1.12 
O.c,) 
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Table B8. Observed, weighted, and standardized frequencies of skeletal 
units of red deer from the Quina Mousterian. 

Un it 

Petrous 
UrJlJer tc-:!tn 
Low ~ r tee t r; 
Vertebrae 
KID:; 
Jc.aoulae 
Pro)(. nulTlerl 
UISt. h.Jrilerl 
uln:l«: 
Pru.<. r:3ull 
i)i~t. raall 
':arp)als 
Pro.<. metacarpals 
Dist. metacarpals 
':>el"f:!s 
Prc.l(. femord 
j I So t. f e In 0 r a 
;:'otellde 
I>roll.o fltlcH: 
Jist. flolae 
t= i b U I are S (e " t. 111 a I leo I I ) 
Tars,ds 
~rox. metatarsal~ 

Jist. metatdrials 
.5 e 5 a ,no i J S 

?ro.<. 1st pndldnges 
uist. l~t pnalanges 
Prox. 2niJ pnalanges 
Uist. Znu pnalanges 
.:;Ira pnalan;,cs 

LJpper alveoli 
LOl'lt!r al veul i 

ut,serveo 
frE:::j .... ency 

j, 

b2 
1'1'1 

i,,) 

j 

j 

(; 

1 
1 
U 
\) 

2 
1 
1 
2 
J 
o 
.L 

\i 

3 
2. 

~ 

2 
1 
't 

11 
2. 

.~ 

7 

Dist. metapoulals (inoet.) 0 

lotal ooserveo 
Mean ~el~hteu tre~uenc) 

weiwnteQ 
frequency 

O.ju 
.,.77 
9.~; 

0.00 
0.12 
1.~u 

v.uo 
O.;jC" 
0.,0 
('.OU 
(,.UU 
(j.17 
0.;0 
v.,0 
1.00 
(".iJU 
v.Ou 
U.;,v 
v.vO 
1 • :'n,) 

1.Uu 
0.6.; 
.::.50 
1.UO 
0.03 
0.;).) 

1.36 
v.Z, 
0.2~ 

0.db 

:>tanoar a i ZcH. 
frequency 

o • of ~ 
.,.71 
9.tl2 
u.iJ~ 

0.11 
1.'to 
u.U0 
O.4'i 
0.'t"l 
0.00 
O.uO 
u.i;) 
0 ... .., 
u.4~ 

G.~-i 

J.I.Jv 
O.i).) 

().4Q 
u.(;i.; 

1.40 
0.'1'1 
0.02 
~.47 
0.'1~ 

O • .i,j 
J.4'1 
1.JO 
0.2.:1 
v.2.!;1 
U.Oo 
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Table B9. Observed, weighted, and standardized frequencies of skeletal 
units of red deer from the Typical Mousterian. 

unit 

P.::trous 
upper teetn 
L 0 .. t! r tee t r. 
verteorae 
~lb5 

~c.otJJlae 

~rox. nume:r I 
Dist. hJrnerl 
Ulnae 
~rox. rda;. 
ui~t. rayil 
Caroals 
Pro~. netacarpals 
Uist. m~t&corpdls 

Pelve~ 

.Jro~. temcra 
Jist. femora 
f-ott:1 lese 
t'ro~. Ti[)iae 
Oist. Tioiae 
floulare~ (~xt. molle",li) 
TcSr:ials 
Prox. metctarsals 
DI~t. ~etatarsals 

$E.:SdffiOlcls 
~ro~. 1st phalanges 
Dist. 1st pndlanges 
Pro~. 2na ~nalan~es 
Gist. 2no phalan~<:s 

jriJ pnalcsnses 

Upper al 'ie,,1 i 
Lower al'iec.l. 

Total ODserVeJ 
Mt:sn wel~htea treqUency 

uoserved 
treqJenc)' 

7 
;'-1't 
')7~ 

jO 
~O 

;Jelghted 
fre~uenc'y 

;:'.:'(; 

41.b' 
20.0!:; 

J. • "t 1 
u.77 
2.:1~ 

0.:10 
,j.JO 
9.00 

J.o.JO 
2.jO 
l.bl 

10.00 
4.0u 
c.::>O 
.1..uv 
1.00 
l..:'v 
l.u,; 
3.,;) 
0.5" 
4.80 

12.:10 
':;.J0 

l'''J 
3.b~ 

6.~j 

.1..00 

3.00 
3.13 

:>tanaarIlIZt:O 
frequency 

C.57 
0.80 
4.70 
O.~3 
0..1.j 

0.41 
O.Ve) 
i.J.49 
l.'tc 
2.02 
0.41 
v.~1 

i.e:' 
O.bO 
1.::H 
0016 
0,.1.0 

v.~, 

O.J.o 
0.:-'7 
u.iJo 
O.ti(, 

~ • (0 

0.4-1 
u .2J 
lie 04 
J..02 
0.';'.1. 

u.b4 
u.:.Jl 
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Table BIO. Observed, wei~hted, and standardized frequencies of skeletal 
units of aurochs/wi sent from the Ferrassie Mousterian. 

Unit llbserved wei gntell Stanaaro iz.ea 
frequency rrequ~ncy frequency 

Petrous u 0.00 O.~.; 
:-lorn cores \) 0.00 u.uJ 
upper te~tn ~8 4.00 b.Ol 
Lower tet:tn :Jd ~ • '10 4.7~ 
lIerteorae u 1..JO (J.v.J 
i<ios 0 v.Ju U.vu 
,jcdPula~ J ~.uo U.uu 
Prox. numerl 0 0.00 v.OO 
Jist. hlJfnerl 2 1.uu 1.0:1 
Ulnae 2 l.ue l.o!;) 
t>rox. r a a i I 0 ~.Uu 4.~o 
uj st. r a a j i 2. 1.J0 1.e' 
~ar':>dls 2 U.17 u.2t1 
Prox. l1etacarpals 0 li.U\; O.U\.l 
DIs t • metdcdrl"aU. J 1..IJ(j 0.u0 
Ptdi=S ", 0.J0 v.cu \,/ 

Pro)(. fe:nor a .1 u.;O O. id 
i)1~t. femora J. \J • :nj U.Cj 
Patellae ~ u.!)u 0.cj 
Prox. TllJiae 2 1.0U i.o:) 
J 1St. TiLliac: .. 2.::10 4 • .I.j J 

FIDulare~ ( ext • 1TC.1i£:oll) v (,..I.J\i 0.(,0,1 
IdrSi:ils 4 0.,0 u.o"; 
Prox. metatar!>als 0 i,;.vO J.0(' 
uist. ,n e t is tar s a I s 0 0.00 u.O'J 
~ {; S a ill 0 i as 2 O.Ob 0.1J 
?ro}l.. l~t pna I i:in~es U 0.00 (;.vJ 
Djst. J. S l pnaldn;,es U 0.00 u.ou 
rrc.x. 2nu ~nalcln,Jes u C.JO oJ.OJ 
Dist. Zno pnalanQes 0 v.OO 0.00,1 
3ra pl1al an~es 1 o .l:~ J.d 

upper a I yeo I j J..1. 0.-12. •• :i;:: 
Lower alvt:oll 1'1 0.0;;:;, .l. 5 I 

U I ~ t. metapooials (inaetd U 

Total QLiSerVeo 137 
Mean ,.e I ~Ijted frequency u.oO 
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Table Bll. Observed, weighted, and standardized frequencies of skeletal 
uni ts of aurochs/wi sent from the Quina MOllsterian. 

unit Observea tleighted Stanoafaizeo 
trequency frequ~ncy trequency 

lJetruus U (".0C li.vv 
tio r n cores tJ O.JO 0.00 
i.Jpper tee:ttl 34 2.C)3 .lv.l.d 
LOfter teeth II U.::>b l.9-1 
lIertebrclt: i (;.04 O • .l" 
-<itJs C: u.Jb u.2.7 
~caCJulde U 0.00 0.00 
~ro ... nurnerl 0 0.vO \.J.e0 
i.ii5t. hume:f I v v • .;0 v.~O 
ulnde j l.;)v 5.3 v 

Pru.<. r ad i i c::. l.Ou 3.~3 
Uist. r :i a i I 1. 0.)0 1. i i 
Cdrpals t- 0.17 ;,;. ':I.~ 

tlrox. rn~tacarpals 0 u.J0 O.vu 
J I ~ t. melacarf)als U 0.uO 0.0J 
Pel .. ,;:s .!. lI.:JU 1. n 
Pro)(. femora v v.0l1 ",.Ot; 
Dist. femora ',j e.vu 0.(:J 
Pcitellile J u.00 0.u0 
t>rOl(. TIDIQ~ 1 0.,0 l.77 
Uist. Tibiae v v.00 0.vv 
Fit;-.llares ( ext. malleoli) (; ~.OO v.v,; 
far:.ol::; -1 0.)0 1.77 
P r 0'(. metatarsals 1 O.;iU 1. n 
Dist. mt!tctusdls 0 O.UO i...uU 
Ses",moias j G.OCi 0.,,3 
Prux. l.st pnaldngeS 0 0.00 0.0J 
Ulst. 1st pnalan\J=s 0 IJ.vu u.uJ 
?rox. 2na pnalQn~es 0 C.00 V.vO 
Uist. 2na phalanyes W L.JO 0.Cu 
.3rJ pnal dnges v 0.1.10 O.uJ 

UPJ.ier alYeol i 1.~ .l.O\:; .j.~3 

Lower a I v ev I i I.. o • .le u • .3, 

wist. metapodlals (inoet., v 

Iota I observea bO 
Me an t'lelynted frequency v.26 
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Table B12. Observed, weighted, and standardized frequencies of skeletal 
units of aurochs/wi sent from the Typical Mousterian. 

unit OLJser~eo wel~htea stanoaraizeo 
fre-luency trequency frequency 

i>etrous ~ 1.\,)v l.01 
Horn cores " 2.00 3.6l 
Up p,e r t~etn 5b 4.6;J b. It. 
LOwer teetn ou 4.01 7.2';; 
VErteordc 1 (;.04 C.O? 
KIC~ .1. C.04 O.JI 
ScapulCiC 1 (.;.,0 i).'1J 

"'rox. humeri i.I v.OO L1.uv 
[Jist. humeri .1. u.:l1.J O."}.; 
UlnaE: 2 1.00 l.bi 
Prox. r ao I I j 0.0u 0.00 
Uist. r a a I I U C.OO lJ.uJ 
":arocils 0 0.00 J.lJJ 
ProlC. ,netacarpal s .1. ",.:;'0 0.'10 
ulst. metacarpals 0 u.Ou 0.(;", 

Pel, eS 0 lJ.uO 0.00 
tJro.<. ferr.ora U ~.vQ ",.vo,,) 
uist. femora (. l.vu lotH 
t>at~tlae 0 0.00 O.uv 
t'r 0 ( • rloiae u u.Ov 0.v0 
uISL. Tioioe l,; u.uv iJ.uJ 
Fit",Jlares (e.<t. malleoli) 1 0.50 O.'1J 
Tarsals 3 0 • .30 O.ot. 
P r 0)(. m~tQtdrs,ils 0 t,.vu u.vJ 
J i 5 t • metCltdrsals U v.00 0.vv 
::,esdmoiOs 4 C • .13 0.L.:) 

i'ro)(. 1st ... naldng~s 1 C.13 O.~,:) 

Dis t • .1st pl1alGn~es .l 0013 0.",3 
Prox. 2no phaldn:Jcs 2 C.2, U.'tj 

uist. 2na pnalan:ies to C.2:;! ",.'1,) 

3ro pnalanges 0 v.Ou U.i).) 

UPiJer a I vee I j v lJ.v0 i).v\) 

LOioler alveoli 1-1 v.l0 1.LO 

Dlst. metdPoOials (inaet.) 0 

Totdl ooservea 167 
Mean riellihted frequency u.:i:> 
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Table B13. Observed, weighted, and standardized frequencies of skeletal 
units of equids from the Denticulate Mousterian. 

unit 

Petrous 
LJPi-',H tt!eth 
LOtNer teetn 
Vertebrae 
i<ios 
SCapulae 
Pro ... nJmerl 
Oist. humeri 
Uln~t: 

Prol(. rdai. 
Uist. rauli 
Carpals 
Prox. metacarpals 
Ulst. m=tccdrpals 
Pel 'I e~ 
Pro..c. femora 
(Jist. femora 
Patellae 
ProiC. Tioia~ 
uisto TioL:lcil 
Tarsals 
Pro..c. metdtarsal~ 

0ist. ~etatarsal5 

~ t! S ~ ID 0 I (j::. 

Prox. l~t ~llalanQes 

Olst. 1st pnalan~cs 
Prox. 2no pnalanges 
Dist. lna pnalanges 
3rd onalanges 

Upper alveoli 
Lo .. er alveoli 

UD .i e r v i:: J 

fre~uency 

\) 

J..07 

4 v't 
o 
v 
\; 

o 
u 

1v 
J 
.3 
1 
1 
(; 

v 
v 
o 
o 
1 
;; 
1 

4 

u 
o 
1 
1 
,j 

of 

DIS t. In e t is p 0 aid I 5 (i n Jet • ) l 

lotal oose:r'leIJ 620 
Mean welghtea frequency 

wc'::l~ntea 

fre~uency 

v.oo 
9.3!;; 

L:(i.4:J 
v.vu 
0.00 
0.00 
0.vO 
0.00 
:..00 
I.I.JO 
1.50 
Ci.Ocs 
v.50 
0.00 
v.vO 
0.00 
O.JO 
C.00 
v.::iC 
v.OO 
0.07 
t::.00 
v.00 
0.00 
C.vO 
O.2j 
O.2!i 
(;.75 
1.01.1 

Stanaar<lizaa 
tre<4uency 

O.UV 
6.:;;0 

14. ~2 
v.v,,; 
0.\;0 
O.Ov 
v.u..; 
u.u ... 
;'.-.0 
C.O:; 
l.vit 
CI.vo 
O.3~ 
0.u,; 
Q.wJ 
l.I.v0 
O.uJ 
O.vu 
0.3:
u.0v 
J.j~ 

1.3~ 

O.uu 
0.00 
O.Ou 
0.11 
(J.ll 
0.:;2 
0.70 
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Table B14. Observed, weighted, and standardized frequencies of skeletal 
units of equids from the Ferrassie Mousterian. 

Unit 

?etrous 
Upper tet!tn 
LOwer teetn 
lIerteorcie 
"ius 
Sca;'>lJlae 
Pro~. humeri 
Olst. n.JlTler. 
ulnae 
?roxo r~all 

Jist. raall 
Car~als 
~ro~. metac~rpals 

Oist. metacarpals 
Pel'les 
Prl,}l(. femora 
ulst. femora 
t>otellae 
t-lrol(. Tibiae 
Jist. Tibiae 
farsals 
?rox. metatdrsals 
)Ist. metatarsals 
Sesamoi"s 
Pro~. 1st pnalan~es 
Oi st. 1st phal an\:jes 
Pro~. 2nd phalan~es 
Olst. ~na ~halanQeS 
3ro pnalan\,E:s 

LJj:Jper alveoli 
Lower alveOli 

Obser~ea weight~d 

tr~quency frequency 

u v.Ov 
J.o L..b2 
00 ~ • .)'-

1 0.03 
(; (;.00 
v ",.Ov 
o 0.00 
() v.Ou 
v ~.vO 
1 U.~O 

u 0.00 
:) v.uO 
\;) ",.00 
C ",.0", 
t. 1.0u 
1 v.!}O 
J. (J.5C 
u (;.00 
o 0.00 
1 0.:ju 
u v.Oti 
1.1 G.uL 
v u.l,)\; 
o (;.0(" 

(" 0.00 
~ ~.50 

o G.Ov 
U (.;.1.10 
o 0.00, 

o u.lJO 
li O.vli 

Dist. mt:tapooials (inaet.) ( 

Total ooservea 
M~&n ~el~~teJ trequ~nc) 

Stanoaruilea 
frequency 

u.UJ 
j.c:2 

11.db 
u.1~ 
u.00 
",.L;J 

O.UJ 
O.Ou 
(;.iJJ 
~. -n 
v.vO 
0.u0 
(.I.uo 
J.vu 
j.'1"t 

1. ~n 
.1.'17 

V.VIJ 

u.Uli 
1.'17 
li.uCJ 
1.1.00 
(i.u.,) 

u.Ct; 
v.UV 
1.97 
0.u0 
u.00 
O.uLl 

v.OO 
C.liu 
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Table B15. Observed, weighted, and standardized frequencies of skeletal 
units of equids from the Quina Mousterian. 

Unit 

Petrous 
U F P ~ r tee t rl 
1.. 0 !OJ ; r t ~ e t tl 
Vertebrae 
Rios 
jcaoulae 
Prox. humeri 
Ulst. holmerl 
Uln:l':: 
Pro<. raall 
01;,1:. rauli 
Carpals 
Pro~. metacaroal~ 
015t. metacarpals 
Pel'leS 
;)rox. temord 
,) 1St. f e ill 0 r d 

P"tellae 
t'ro.(. Tloiac 
:JIst. Tlold€: 
Tar:;als 
?ro<. mctbtdrsals 
0i~t. met~tarsals 

::>esdmoi.:ls 
?rox. 1st Phaldng€s 
Dlst. 1st phdlan~rs 
rro(. ~nu pndlan~es 

Dist. 2n~ pnalan~~s 

3ru pnalanl:les 

upper al 'It:ol i 
LOl'jer al veoll 

lotal ooservea 
~ean ~ei~hteJ frequency 

we ~ e r v e u 
frequt:ncy 

V 
167 
2i4 

.3 
4 
"t 

i.J 

J 

o 
2. 

t:-

.Ll 
2 
o 
o 
1 
3 

{. 

(, 

.I. v 

li 
l.u 

~el goteCl 
frt:quency 

0.00 
"J.3::) 

.l't./O 
~.J~ 
0.11 
~.vo 

u.uO 
2.;)0 
.3.00 
1.0u 
1.vu 
J. .11 
1.,0 
1.0u 
::).')0 

1.00 
O.JO 
(;.\)u 

(;.50 
1.'0 
v.21 
.l.u", 
'-.JC 
0.<33 
l..2:> 
1.00 
o. :Hi 
1.2;) 
0.7';) 

C.QJ 
0.;)0 

~tl:lndar.:lizeo 

frequency 

O.uJ 
;) • .1."t 
b.U';' 

v.i.;5 
O.ve 
•• 10 
u.00 
1.3b 
1.~5 

·.li • !j ;;. 
U.;;.') 

0.6/t 
u.oJ 
O.:J;) 
3.0j V.,, 
u.vu 
O.UU 
0.2:; 
O.b3 
u.l~ 

O.~;) 

v • .)0 
0.'10 
J.o~ 
0.,::) 
0.20 
J.O'1 

0.41 
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Table B16. Observed, weighted, and standardized frequencies of skeletal 
units of equids from the Typical Mousteriana 

Unit 

Petrous 
upper teetn 
LOwer teetn 
lIerceorae 
r{ibs 
Scapulae 
Pro)(. humeri 
Dist. humeri 
Ulnae 
iJrox. raoii 
JI st. rau; i 
Carpals 
Proal ~etac~rpdls 
Dist. metacarpals 
;>el~es 

Prox. femord 
u.st. femora 
Patellae 
Prox. Tio'oe 
Dist. Tiolae 
Tar~c1ls 
~ro •• metatarsals 
Ulst. metslarsals 
Sesamoio~ 

Pro~. 1st pnaldnY2s 
Disc. 1st pnalan~t:s 
Prox. 2no pnalanges 
Dist. 2no pnaldn~Cs 
3rd pnalanges 

Upper a'veol. 
Lo"er al'leoli 

Uoservej 
frElquenc} 

o 
115 
l!tv 

2 
U 

.i.. 
(; 

1 
2 
1 
~ 

1 
o 
o 
o 
Ci 
o 
c 
~ 

2 
u 
o 
U 
3 
o 
U 
u 
o 
u 

Disc. matapoOld'S (inaet.1 0 

Totdl ODserveo 27i 
Mean weagotdd frequency 

welghtea 
freG",ency 

C.ClO 
,;;.77 
7.v\I 
0.00 
0.1.10 
(.;.,0 
0.vu 
0.;)0 
1.0u 
0.;)0 
1. !H" 
(;.vti 

C.OL 
(,.00 
O.uu 
u.OO 
0.00 
lj.u0 
v.vO 
l.uu 
O.JO 
I.i.\)u 
u.IJU 

",.~' 
O.vO 
u.uO 
(J.ue 
",.vu 
U.OO 

0.03 

Stanaaraizea 
frequency 

o.OJ 
~.21 

.11.10 
0 • .10 
0.00 
O.t:l0 
\j.0J 
O.Ou 
1. bU 
U.o.) 
2.40 
0'J..3 
v.00 
u.(';J 
0.,,0 
v.Oi", 
0.00 
0.00 
O.UJ 
1.u0 
O.OJ 
O.Ju 
U.Ul; 
u.4v 
0.L:v 
G.O;) 
0.0U 
C .. J,J 

O.uO 

O.6~ 
u.Jo 
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Table B17. Observed, weighted, and standardized frequencies of skeletal 
units of reindeer from cold dry levels. 

Unit 

Petrous 
upper teetn 
Lower teetn 
v~rteorae 

Rios 
SCd.Juiae 
r'roJ(. hJmerl 
Dist. hJlllerl 
JlnJe 
Pro)(. rdOl1 

Dist. radii 
Cartlal~ 
Pro(. metacarpals 
Jist. illetacarpal~ 

Pel., ~s 
iJrox. temor it 

[) i st. f e In 0 r d 

Patellae 
tlrox. T.uiai;:. 
Jist. Tioiae 
fibJlares (ext. mal leol.) 
Tarsals 
Prox. metGldrsals 
ui~t. metatarsals 
:)eSd'T10I as 
ProJ(. 1st pnalan9~S 
[Jist. 1st ~halanJ~s 
Prox. 2no pnal~nyes 
Dist. 2nu IJhalange:s 
3ru phalanges 

Upper alveoli 
Lower al veol. 

Oeserved 
tr equency 

of 
3l.C 
4a; 

22 
3"; 
2j 

1 
lv 
J..4 
26 

b 
34 
il; 
~0 

J 
1d 
11 

.) 

20 
9 

'it:. 
11 
11 
1b 
17 
l.'i 
2-i 
17 

7 

Uist. mat&pu~l.als (inaet.) 1 

Total ooservea 12bu 
Mean ~e.ghted frequenc} 

wel9htea 
frtquency 

2.00 
23.d~ 

i:!4 .. 2!i 
O.dl 
1.3Ci 

11.5() 
0.50 
~.CO 

7.00 
1.3.(;0 

3.00 
2.03 
J'O;) 

1U.00 
1.,0 
<i.vCi 
5.5u 
2.,0 
l.;v 

iv.CO 
4.;u 
5.2, 
,.50 
&.,0 
(;.,6 

, 2.13 
3.6.:3 
j.oj 

t::. L~ 
v.aS 

b031 
1 U.l ~ 

standardizea 
trequenc,) 

Ii.J.:. 
4.0, 
4..J.1 
0.14 
".'::4 
l.~) 

0.00 
o.a, 
lo1'; 
l..21 
0'J1 
U~4d 

0.~;) 

1.7u 
0.2:1 
1. ~ 3 
O.'1j 
.J.4~ 

v.z; 
1. 71J 
0.70 
O.b-i 
0.43 
i.44 
iJolJ 
0.,)0 
O.b~ 
v.c2 
0.30 
u.15 
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Table B18. Observed, wei~hted, and standardized frequencies of skeletal 
units of reindeer from cold wet levels. 

Unit 

Petrous 
Jpper t~etn 

Lower teeth 
Verteorae 

• K. i os 
)cajlulae 
ilr ox. numer I 

Dist. numerl 
UlnH: 
Pro.<. radii 
Uist. raall 
Carpals 
Prox. metacarpals 
Dist. mec~carpals 
Pt:d"es 
Prox. femora 
Dist. femora 
Patellae 
Pro". Tioiae 
Dist. Tibi&e 
FioIJlare;; (ext. malleoli) 
Tarsals 
Prox. metdlarsals 
Dist. metot~rsals 
St:samol~s 
Prox. 1st pnQlan~es 
uist. 1st phalan~~s 
Pro". 2na pnaldng~s 
Dist. 200 pnalan~es 
3ra phalanwes 

Upper alveoli 
Lower alveol i 

Observeo" 
frequency 

IJ 

143 
3vv 

1 
(; 

L 
o 
L 

2 
i. 
2 

10 
o 
3 
1 
U 
1 
(, 

o 
o 
,. 
v 

13 
o 
4 
4 

11 
.1.2 

o 
4 
4 

~j 

110 

Dist. matapodials (inaat.) v 

Total ooservea 
Mean wei~htea frequency 

w~illnteJ 
trequency 

o.uJ 
11.00 
15.0L 

(J.04 
C.Ou 
1.00 
0.00 
U. :H) 

1.01.1 
1.JU 
1.00 
1.50 
:j.OO 
1 • !:I\J 
0.50 
v.u0 
v.~G 
0.00 
0.00 
4.00 
C.uu 
1.63 
3.1.10 
2.DO 
0.13 
1.jc 
1.~0 

0.7~ 

u.::>u 
v • :/1; 

1.77 
';).50 

1.70 

~tandardizeo 
rrequency 

J.00 
b.~o1 

8.:"1 
iJ.';Z 
J.uv 
oJ." 
C.U,) 
0.20 
0.':17 
0.:,17 
0.';)7 
O.oJ 
l.7u 
o.e, 
0.2d 
O.0u 
v.2e 
i).Ou 
u.oo 
~.i.1 

O.~,J 

G.':;~ 

l.7iJ 
l.lj 
0.07 
u.76 
0.0:;) 
0.1t3 
v.2 d 
u.~o 

1.uiJ " 
3012 
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Table B19. Observed, weighted, and standardized frequencies of skeletal 
units of reindeer from mild wet levels. 

Unit 

PetrOU:i 
Upper teetn 
Luwer teetn 
verteorae 
KIOS 
Scai)ulae 
Pri.i.(. humeri 
Dist. humeri 
uln",e 
Prox. rdoil 
ulSt. raa .. 
Carpal~ 
Pro~. metacarpals 
Jist. ~etacarpals 
r'eloles 
?rQA. femord 
l,Jist. femora 
Pdtellae 
Prox. Tioloe 
Dist. Tibice 
Fioulares (ext. malleo.i) 
Tarsals 
?ro~. metatarsals 
Dist. metatarsals 
SesamoiOs 
~rox. 1st phalanges 
Jist. 1st phdlan~es 
Prox. 2no pnalanges 
uist. 2no phalanges 
3ra phalanQes 

UPtler a'~eoli 
Lower alveull 

Observed 
treqJency 

4 
12~ 
332 

13 
9 

1 7 
1 

.LV 
:; 

16 
lU 
21 
1u 
1b 

1 
7 
2 

5 
2b 

j 

.. 1 
16 
.J.'t 

. '" ~ 
4tl 
43 
... 3 
39 
lC, 

2't 
93 

Dist. metapooials (incet.) .3 

Total ooserved 9J6 
Mean rleiyhtea frequency 

Weighted 
frequency 

2.JiJ 
9.41 

lb.ou 
0.'t8 
0.3i. 
6.:)0 
O. :Hi 
:;,.00 
i:..~v 
(j.U0 
5.00 
1.7!:> 
,.UC 
6.00 
C.~U 
3.50 
1.00 
~.!:JO 

2.:'0 
l't.uC 
1.~0 

!:I.J.~ 
'1.vO 
7.00 
li.'t1 
b.uO 
~.;)8 

:. .3 () 
4.8b 
1.25 

4.77 

')tondaraized 
frequency 

0.42 
1.'-t7 
3.4d 
O.lv 
v.07 
1.70 
O.lv 
1,uJ 
1).52 
1.00 
lo0~ 
0.37 
1.J' 
l.bel 
O.lJ 
0.7:J 
J.2.1 
O.~~ 

0.:'2 
2.-14 
0.3", 
1.00 
l.b-i 
1.47 
v.()-j 

1.2b 
1 • .J.3 

.L .J. 3 
1.02 
O.lo 

o • :B 
0.98 
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Table B20. Observed, ~eighted, and standardized frequencies of skeletal 
units of red deer from cold dry levels. 

Llnit 

Petrous 
U P per tee trl 
Lo~er teeth 
verteorae 
RibS 
Scapulae 
Prox. humt::ri 
Dlst. humeri 
Ulnae 
Prox. raaii 
Dist. racii 
Carpals 
Proxo met~carpals 

Dist. m~tacarpals 
P e II es 
Prox. femora 
(Jist. femora 
Patellae 
Prox. TIt/lese 
Dist. lioiae 
Fibulares (ext. mdlleoli) 
Tarsdls 
Prox. m~tGtarsals 

Dist. metatarsals 
Sesamoids 
Prox. 1st pnalanges 
Dist. 1st phQlan~es 
Prox. 2na phalan~es 
Dist. lno pnalang~s 
3rd phaldnQes 

vpper alveuli 
Lower alveoli 

Dlst. metapodials (inaet.) 

Total ollser'lea 
Mean ~el~ntea frequency 

Observed 
treqIJency 

2. 
.Ll~ 

1 't4 
1 
u 
.3 
,1 
1 
1 
o 
1 
2 
't 
,1 
't 
o 
o 
.I. 
v 
3 
t
o 
o 
b 

3 
b 

1:i 
2 
4 
o 

27 
b7 

364 

weighted 
fr equenc) 

1.00 
~.93 

7.21:1 
('.04 
",.23 
1.!J0 
0.,0 
O.!JO 
u.~iJ 

0.00 
(;.;0 
0.,17 
2.00 
u.:Ju 
2.(,0 
o.Uu 
O.V\.. 
u.5v 
~.OO 

1.~0 

1.uO 
1.0u 
:;'.,)0 

3.00 
1.1.0 Y 
0.75 
1.dtl 
0.207 
li.:Ju 
1.OU 

:itancara,zea 
rrequenc) 

u.73 
7.26 
5.20 
0.03 
0.17 
1.10 
0.37 
0.37 
0037 
0.uu 
u.j7 
0.l.2 
l."'to 
C.j7 
1.'to 
u.u(, 
iJ.u-.; 
..).37 
O.vu 
l.lu 
u • -, j 

0.73 
2019 
2.J.9 
IJ • J 7 
G.5!:; 
ld7 
0.16 
O.j7 
0.73 
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Table B2l. Observed, weighted, and standardized frequencies of skeletal 
units of red deer from cold wet levels. 

Unit 

Petrous 
upper teeth 
Lower teeth 
IJerteorae 
r<I05 

Scapulae 
Pro". numeri 
Oist. humeri 
Ulnae 
?rox. raal i 
(Jist. rauii 
Carp,ds 
Prox. metacarpals 
uist. metacarpals 
Peh'es 
Pro)(. femora 
Dist. temora 
Pdtellae 
Prox. Tioiae 
Dist. T'Diae 
f i tJul are::. l ext. meal leo Ii) 
Tarsals 
Prox. ~etatdrsdls 
UISt. metatarsal~ 

~ e ~ g," \) i JS 
Prox. 1st pnalanges 
JISl. l~t pnalang~s 
Pro(. 2no phalan~es 
Dist. ~na pnalan~es 

3ro phalan~es 

Jpper al~ecli 

Lo .. er alveoli 

UO!aerveo 
frequency 

j 

122 
249 

o 
v 
(j 

o 
1 
:-; 
4 
o 
2 
2 
o 
o 
1 
(, 

J 
2 
(; 

o 
'i 

It 

j2 
106 

Disc. metapodia.s (Inaet.) v 

Total OOSHvea 't37 
~ean "elghted frequency 

wel!;ihted 
frequency 

1.5u 
~. j b 

12.45 
O.OCl 
v.vO 
O.Uv 
O.uO 
0.,0 
1.5lJ 
2.Qu 
0.00 
0..1,7 
l.Ol) 
v.vU 
O.uO 
v.~u 

v.OO 
iJ.uu 
1.0ll 
(;.vO 
u.CiO 
0.'0 
~.iJO 

0.00 
v.lli 
0.38 
.L.5u 
1I.3u 
1.0u 
l.vu 

.)tanaaroizea 
trequency 

1.&.:2 
7. cd. 

10.11 
{J.uc, 
u.uiJ 
J.Uv 
C.vJ 
0.-.1 
1.;;::2 
J..o~ 

O.uJ 
CI.l.'i 

u.bl 
li.u.; 
O.uJ 
0.41 
",.uu 
u.vV 
O.bl 
\J.VO 
u.vU 
0.4l 
1002 
v.Ou 
C.l~ 
O.jU 
1.22 
O.3U 
C.Bl 
O.bl 

30~:'; 

b.74 
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Table B22. Observed, wei~htedt and standardized frequencies of skeletal 
units of red deer from mild wet levels. 

Unit 

Petrous 
Upp~r teetn 
Lower teeth 
Verteorae 
I(IOS 

;:)capulae 
Prox. humeri 
Dist. nUmer. 
Ulna.:: 
Prox. radii 
Dist. rauli 
CClr~als 
Pro~. met~,arpals 

Dist. metacarpals 
Pell/es 
Pro~. femora 
Dist. femora 
Patellae 
ProJ(. Tloiae 
Dist. Titioe 
Fio,Jlares lext. rr,alleolt> 
Tarsals 
Prox. metatarsals 
D.st. metatdrsals 
Sesailloids 
Prox. 1st pnalanyes 
OISt. 1st Phalanges 
PrCJ~. 2no phalan~es 
Jist. lna pnalan~es 
.3ro phalanges 

Upper all/eol. 
Lower all/eol i 

Dist. metapodials tinoet.) 

Total ooserlfed 
Mean ~el~hteo frequency 

Otse:rVE;:Q 
freqyenc, 

J. 
tU 

221 
(; 

(,) 

1 
o 
V 
.1 
3 
o 
J. 

(" 

2 
U 
o 
v 
c 
U 
1 
o 
o 
1 
j 

2 
~ 

l 
t:: ., 
3' 

4 

3.:L3 

weighted 
frequency 

CI.SO 
o.3~ 

11.0J 
o.uu 
u.Ou 
(;.'0 
0.00 
V.OO 
(',:)0 

1.50 
O.Ou 
v.Od 
v.UO 
1.00 
0.00 
0.00 
v.uo 
0.(;0 
0.vv 
0.)0 
u.00 
u.00 
0.~0 
J,.jV 

0.00 
(".2~ 

C.2~ 

0.2!1 
0.50 
",.38 

0.06 

~t&nacHa ize(j 
fre4uency 

O.jO 

7.4:; 
12.<tO 
0.00 
o.uv 
0.5b 
u.00 
O.O\) 
U.!:1o 

1 • "I J 

0.0.) 
0.10 
u,uu 
1. l. 7 
0.00 
O.OU 
0.00 
C.uv 
o.vJ 
0.50 
u.t.Ju 
u.v..J 
u. :';13 
1.7, 
0.07 
0.2'1 
O.~-I 

Od.~ 
0.;,8 
0.44 

4.07 
1";.::10 
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Table B23. Observed, weighted, and standardized frequencies of skeletal 
units of red deer from warm wet levels. 

unit 

~etrous 

Upl-ier te~th 

Lo .. er teetn 
Verteorae 
Kic,s 
Sca"ulae 
Pr ox. humer i 
ulst. hUITlerl 
ulnae 
Prox. rdoii 
i)ist. raaii 
Car;)3ls 
Pro(. ~etacdrp.li 

Jist. metacarpals 
Pel" e s 
P r \) J(. f e In 0 r 3 

Dist. temora 
Patellae 
~rox. Tloiae 
uist. Tluiae 
FioJlareS (ext. m~lleoli) 
T&rSdIS 
Pro(. metatarsals 
Dlst. ~etat.rsals 

;)e.:iaanoiJs 
Prox. 1st phalan~es 
Dlst. 1~t pnalanges 
Prox. 2no phalanges 
0lst. 2no pnalanyes 
3ru phalanyes 

Lljjp~r alveoli 
lower alveoli 

Dt'3er~ea 
frequency 

3 
4~~ 
4j.;.. 

37 
1 , 

4 
o 
b 

.lb 
30 

4 
19 
.l7 

b 
1, 

2 
2-
.3 
2 
b 
1 

34 
21 
~ 

~b 

21 
39 
14 
26 
2.u 

Dist. meta~oaials (.not;t') 3j 

Total oO!atrvea 
Mean welghtec freq~ency 

iJeightea 
trequency 

1.,0 
"~.54 
20.75 
1.37 
U.b~ 
2.uv 
(;.00 
':).00 
9.00 

.1;.00 
~.vo 

1.50 
0.::10 
4.UO 
7.:18 
1.CO 
1.vv 
1.;(, 
l.vu 
j.IJv 
V.;jO 
4.2.; 

H,. jO 
1.UO 
1.1-1 
,:) • .3 0 

4.bb 
1.7~ 
3.5~ 

2.::Ii) 

;)tdndaroJizeo 
frequency 

O.,:)v 
o.4~ 
4.1,+ 
0.27 
0.J..:s 
0.4() 
0.0v 
O.tJU 
l.bi.; 
2.'19 
Q.4() 
0.32 
1.7v 
O.d.; 
1.;0 
O. ~J 
U.20 
u.,j·:) 

v.(:O 
0.00 
O.l\i 
\,i.o, 
~.1v 

0.20 
u.~4 

O.b? 
o.l.n 
u.j~ 

;;.7.; 
D.;u 

0.00 
l.ol 
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Table B24. Observed, weighted, and standardized frequencies of Skeletal 
units of aurochs/wi sent from cold dry levels. 

Unit Observed 
frequency 

Petrous 1 
Horn cores 0 
Upper teeth 2b 
Lower teeth 44 
Vertebrae 1 
Ribs 2 
Scapulae 0 
Prox. humeri 0 
Dist. humeri 0 
Ulnae 2 
Prox. radi i 1 
Dist. radii 0 
Carpals ! 
Prox. metacarpals 0 
Dist. metacarpals 0 
Pelves 1 
Prox. femora 0 
Dist. femora 0 
Patellae 0 
Prox. Tibiae 1 
Dist. TiD'ae 0 
F.bulares (ext. malleoli) 1 
Tarsals 1 
Prox. metatarsals 0 
Dist. metatarsals 0 
Sesamoids 0 
Prox. 1st phalanges 0 
Dist. 1st phalanges 0 
Prox. 2nd pnalanges 0 
Dist. 2na phalan~es 0 
3ra pnalanges 0 

Upper alveo1' 15 
Lower alveoli 9 

Dist. metapodials (indet.) 0 

Total observea 82 
Mean weighted frequency 

wei ghted 
frequency 

0.50 
0.00 
2.17 
Z~22 
0.04 
0.08 
0.00 
0.00 
0.00 
1.00 
0.50 
0.00 
O.Ob 
0.00 
0.00 
0.50 
0.00 
0.00 
0.00 
0.50 
0.00 
0.50 
0.13 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.26 

Standardized 
frequency 

1.89 
0.00 
8.18 
8.39 
0.14 
0.29 
0.00 
0.00 
0.00 
3.18 
1.89 
0.'00 
0.31 
0.00 
0.00 
1.69 
0.00 
0.00 
0.00 
1.89 
O.OJ 
1.89 
0.47 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

4.72 
1.70 



Table B25. Observed, weighted, and etQndardized frequencies of skeletal 
units of aurochs/visent from cold wet levels • 

.. 

Unit Observed 
frequency 

Petrous 0 
Horn cores 3 
Upper teeth 64 
Lower teeth 9~ 
Vertebrae 0 
Ribs 0 
Scapula~ 0 
Pro~. hUmeri 0 
Dlst. humeri 2 
Ulnae l 
Prox. radii 0 

Dist. radii 2 
Carpals 2 
Prox. metacarpals 0 
Dist. metacarpals 0 
Pelves 0 
Prox. femora 1 
Oist. femora j 

Patellae 1 
Prox. Tlolae 2 
Dlst. Tioiae 5 
fibulares (ext. malleoli> 0 
Tarsals 6 
Pro~. metatarsals 0 
Dist. metatarsals 0 
Sesamoids 6 
Prox. 1st pnalanges 0 
Oist. 1st phalanges 0 
Prox. 2no phalanges ~ 

Dist. Zna pnalanges 2 
3rd phalanges 1 

Upper alveoli 11 
Lower alveoli 23 

Dist. metapodials (indet.) 0 

Total observed 2\l9 
Mean weighted frequency 

weighted 
frequency 

0.00 
1.50 
5e33 
4.96 
0.00 
0.00 
0.00 
0.00 
1.00 
1.00 
3.00 
1.00 
0.17 
0.00 
0.00 
0.00 
0.,0 
1.50 
0.50 
1.00 
2.50 
0.00 
0.75 
0.00 
0.00 
0.19 
0.00 
0.00 
0.25 
0.25 
0.13 

0.92 
1.15 

0.82 

StandJrdizea 
frequency 

0.00 
1.82 

.6.48 
6.03 
0.00 
0.00 
0.00 
0.00 
1.21 
1.~1 
3.64 
1.21 
0.20 
0.00 
0.00 
0.00 
0.61 
1.82 
0.61 
1.21 
3.04 
0.00 
0.91 
0.00 
·0.00 
0.23 
0.00 
0.00 
0.30 
0.30 
0.15 

1.11 
1.'t0 
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Table B26. Observed, weighted, and standardized frequencies of skeletal 
units of aurochs/wi sent from mild wet levels. 

Unit Observed Weighted Standardizeo 
frequency frequency frequency 

Petrous 0 0.00 0.00 
Horn cores 1 0.50 0.19 
Upper teetn 91 7.~& 11.~4 
Lower teeth 135 b.7!J .lO.b3 
Vertebrae 1 0.04 O.Ob 
RiDS 3 0.12 0.16 
Scapulae 1 0.50 0.79 
Prox. humeri 0 0.00 O.Ou 
Oist. hum e r I 0 0.00 0.00 
Ulnae 2 1.00 1.!)7 
Prox. ralli i .1. 0.50 0.79 
Dist. r ao I I 1 0~50 0.79 
Carpals 1 0.08 0.13 
Prol(. metacarpals J. 0.50 0.79 
Oist. met acar pa Is 0 0.00 0.00 
Pelves 1 0.50 0.79 
Prol(. femora 0 0.00 0.00 
Oist. temora 0 CJ.OO 0.00 
Patellae 0 0.00 0.00 
Prox. Tibiae 0 0.00 0.00 
Dist. Tioiae C O.QO 0.00 
FiblJlare~ (ext. malleoli) 0 C.OO 0.00 
Tarsa's It O.!JO 0.7'1 
Prox. metatarsals 1 0.;)0 0.79 
Oist. metatarsals 0 0.00 0.00 
SesamQids 4 0.13 v.20 
Prox. Is t phalanges 0 0.00 O.Ou 
o i st. 1st phalanges 0 0.00 0.00 
Prol(. 2nd phala~ges 0 CJ.OO 0.00 
Dist. 2nd phalanges 0 0.00 O.OU 
3rd phalanges 0 0.00 0.00 

Upper alveoli 21 1.75 2.75 
Lower alveoli l5 1.25 1.91 

Dist. metapodials (inllet.) 0 

Total observeo 248 
Mean we'ghted frequency 0.b4 



285 

Table B27. Observed. weighted. and standardized frequencies of skeletal 
units of auroch~/wisent from warm wet levels. 

Unit Observed Weighted Standardizeo 
frequency frequency frequency 

Petrous 1 0.50 2.16 
Horn cores 1 0.50 2.16 
Upper teeth 23 1.92 &.29 
Lower teeth 26 1.30 5.62 
Verteorae .1. 0.04 0.16 
Ribs 1 0.04 0.17 

-Scapulae 1 0.50 2.16 
Prox. humeri 0 0.00 0.00 
Oist. humer i 1 0.50 2.16 
Ulnde 2 1.00 4.33 
P r ox. r a d I i 0 0.00 0.00 
Dist. r ad I i 0 0.00 0.00 
Carpals 0 u.OO 0.00 
Pro)(. met acar pa Is 1 O. jO 2.16 
Dis t. metacarpals 0 0.00 0.00 
Pelves 0 0.00 0.00 
Prox. femora 0 0.00 0.00 
Dist. femora 0 0.00 0.00 
Patellae 0 0.00 0.00 
Prox. Tibiae 0 0.00 0.00 
Dist. TiDiae 0 0.00 0.00 
Fioulares (ext. rna I leo Ii» v 0.00 0.00 
Tarsals 1 0.13 0.54 
Prox. metatarsals 0 0.00 0.00 
Dist. metat.lrsals 0 0.00 0.00 
Sesamoills 0 0.00 O.uO 
P r ox • 1st phal anges i 0.13 0.5~ 

Dis t. 1st phalanges 1 0.13 0.54 
Pr ox. 2no ph a lange's 0 0.00 0.00 
uist. 2na phalanges 0 0.00 0.00 
3r d phalanges 0 0.00 0.00 

Upper alveoli 0 0.00 0.00 
Lower alveoli 4 0.2v 0.tJ7 

Dist. metapodials ( indet.) 0 

Total observed 61 
Me an weighted frequency 0.23 



Table B28. Observed, weighted, and standardized frequencies of skeletal 
units of equide from cold dry levels. 

Unit 

Petrous 
Upper teeth 
Lower teeth 
Vertebrae 
~ibs 
Scapulae 
Prox. humeri 
Oist. humer i 
Ulnae 
Prole. radi i 
Oist. radl. 
CCir pa Is 
PrOle. metacarpals 
Dist. metacarpals 
Pelves 
Prox. femora 
Oi ~t. femora 
Patellae 
Prox. Tibiae 
Dist. Tibiae 
Tarsals 
Prox. metatarsals 
Olst. metatarsals 
Sesamoids 
Prox. 1st phalanQes 
Dist. 1st pnalanges 
Prox. 2no phBlan~es 
Oist. 2no pnalanges 
3rd pnalanwes 

Upper alveoli 
LOher alveoli 

Observed 
frequency 

o 
279 
4J.l. 

3 
o 
3 
o 
3 
1 
1 
1 
6 
o 
2 , 
1 
\) 

o 
o 
o 
o 
2 
o 
o 
.1. 
6 
1 
o 
2 

bb 
7b 

Dist. met8poOi~ls (inOet.) 3 

Total observed 724 
Mean weighted frequency 

weighted 
frequency 

0.00 
13.95 
20.05 
0.09 
0.00 
1.50 
0.00 
1.50 
3.50 
u.50 
0.50 
0.50 
0.00 
1.00 
2.50 
0.50 
0.00 
0.00 
0.00 
0.00 
0.00 
1.00 
0.00 
0.00 
0.25 
1.50 
0.25 
0.00 
0.50 

1.71 

Standard ized 
frequency 

0.00 
8.16 

11.72 
0.05 
0.00 
0.88 
0.00 
0.88 
2.05 
0.29 
0.29 
0.29 
0.1l0 
0.58 
1.46 
0.29 
o.ou 
0.00 
0.00 
0.00 
0.00 
0.:;8 
0.00 
0.00 
0.15 
0.88 
0.15 
0.00 
0.2~ 
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Table B29. Observed, weighted, and standardized frequencies of skeletal 
units of equids from cold wet levels. 

Un h: 

Petrous 
Upper teeth 
LOHer teetn 
VerteDrae 
RiDS 
Scapulae 
Prox. humeri 
Dist. numeri 
Ulnae 
Prox. radii 
Dist. radii 
Carpals 
Prox. metacarpals 
Dist. metacarpals 
Pelves 
Prox. femora 
Dist. femora 
Patellae 
Pro x. T·i 0 I a e 
Gist. TiDiae 
Tarsals 
Prox. metatarsals 
Dist. metatarsals 
)esamoids 
Prox. 1st Phalanges 
Cast. 1st phalanges 
Prox. 2nd phalanges 
Dist. 2nd phalanges 
3ra phalanges 

Upper a I 'leo I i 
LOHer alveoli 

Observecl 
fr eq u en cy 

o 
31 
74 

1 
o 
o 
o 
o 
o 
1 
o 
o 
1 
o 
2 
1 
1 
o 
o 
1 
a 
1 
a 
a 
o 
2 
a 
a 
a 

a 
o 

Dist. metapodials (indet.) a 

Total observed 1J.b 
Meen Hei~hted frequency 

Weighted 
frequency 

0.00 
1.57 
3.72 
0.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.50 
0.00 
0.00 
O.jO 
0.00 
1.00 
0.50 
0.50 
0.00 
0.00 
0.50 
0.00 
0.50 
0.00 
0.00 
o.Uo 
0.50 
0.00 
0.00 
0.00 

0.00 
0.00 

0.34 

Standardized 
frequency 

0.00 
4.b3 

10.98 
0.09 
0.00 
0.00 
0.00 
0.00 
0.00 
1048 
0.00 
0.00 
1.48 
0.00 
2.'1; 
1.4b 
1.48 
0.00 
0.00 
1.48 
0.00 
1.48 
0.00 
0.00 
0.00 
1.ltB 
0.00 
0.00 
0.00 

O.IJO 
O.uO 
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Table B30. Observed, weighted, and standardized frequencies of skeletal 
Units of equids from mild wet levels. 

unit 

Petrous 
Upper teetn 
Lower teeth 
v'ertebrae 
Ribs 
Scapulae 
Prox. humeri 
Dist. humeri 
Ulnae 
Pro". radi i 
Dist. raoll 
Carpals 
Prox. metacarpals 
Oist. metacarpals 
Pelves 
Prox. femora 
Dist. femora 
Patellae 
Prox. TIDiae 
Olst. Tibiae 
Tarsals 
Pro~. metatarsals 
Dist. metatarsals 
Sesamoids 
Prox. 1st phalanges 
Oist. 1st phalanges 
Pro)(. 2na phalanges 
Dist. 2nd phalanges 
3ra phalanyes 

upper alveoli 
Lower alveoli 

Db se r v ed 
fr equency 

a 
195 
3!j4 

1 
4 
2 
a 
2 
9 
2 
3 
9 
3 
o 
6 
1 
o 
o 
2 
3 
3 
3 
a 
5 
4 
5 
1 
3 
5 

" 5 

Olst. metapoalals (indet.) 3 

Total observed 
Mean welyhted frequency 

weiQhtea 
frequency 

0.00 
9.75 

19.20 
0.03 
0.11 
1.00 
0.00 
1.00 
4.50 
1.00 
1.:J a 
0.75 
1.50 
0.00 
3.00 
0.50 
0.00 
0.00 
1.00 
1.~O 
0.21 
1.50 
0.00 
0.42 
1.00 
1.25 
0.25 
0.7~ 
1.2!; 

O.Ou 
0.25 

Standardizea 
frequency 

0.00 
5.34 

Iv.51 
0.02 
0.00 
0.55 
0.00 
0.55 
2.46 
0.55 
0.82 
0.41 
0.82 
0.00 
1.b4 
0.27 
0.00 
0.00 
0.55 
0.b2 
0.12 
0.ti2 
O.Oll 
0.23 
0.55 
0.68 
0.14 
0.41 
O.bti 

u.uO 
0.14 



Table B3l. Observed, weighted, and atandardi~d frequencies of skeletal 
units of equids from warm wet levals. 

Unit 

P etr ous 
Upper teeth 
Lower teeth 
Vertebrae 
Ribs 
Scapulae 
Pro". humeri 
Dis t. nu me r i 
Ulnae 
Prox. radii 

.Dist. radii 
Carpals 
Prox. metacarpals 
Oist. metacarpals 
Pelves 
Prox. femora 
OJ st. femor a 
Patellae 
Prox. Tibiae 
Oist. TiDiae 
Tarsals 
Pro~. metatarsals 
Oist. metatarsals 
Sesamoids 
Prox. 1st phalanges 
Oist. 1st phalanges 
Prox. 2na phalanges 
Oist. 2na phalanges 
3rCl pnalanges 

Upper alveoli 
LOfler alveoli 

Obser~ed 
frequency 

o 
09 

100 
1 
o 
o 
o 
1 
2 
o 
3 
1 
o 
o 
o 
o 
o 
o 
o 
2. 
o 
o 
o 
2. 
o 
o 
o 
o 
o 

10 
30 

Oist. metapodials (inaet.) 0 

Total observed 181 
Mean weignted frequency 

Weighted 
frequency 

0.00 
3.lt5 
5.00 
0.03 
0.00 
0.00 
0.00 
0.50 
1.00 
0.00 
1.50 
0.08 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.00 
0.00 
0000 
0.00 
0.17 
0.00 
0.00 
0.00 
0.00 
0.00 

0.80 
1.50 

Standardized 
frequency 

0.00 
7.80 

11.39 
0.07 
0.00 
0.00 
0.00 
1.11t 
2.28 
0.00 
3.42 
0.19 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
2.28 
0.00 
0.00 
0.00 
0.38 
0.00 
0.00 
0.00 
0.00 
0.00 
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Table B32. Observed, weighted, and standardized frequencies of skeletal 
units of reindeer from levels 11 through 19. 

Unit 

Petrous 
Upper teetn 
Lower teeth 
Vertebrae 
kiDS 
Scapulae 
Prox. humeri 
Dist. humeri 
Ulnae 
Prox. raoi i 
Dist. radii 
Carpals 
Prox. metacarpals 
Jist. metacarpals 
Pel ves 
Prox. femora 
Oist. femora 
Patellae 
Prox. Tibiae 
Llist. Tibiae 
Fibulares (ext. malleoli) 
Tarsals 
Prox. metatarsals 
Dlst. metatarsals 
Sesamoios 
Prox. 1st phalanges 
Dist. 1st phalanges 
Prox. Zno phalanges 
Wist. 2no phalanges 
3ra phalanges 

Upper alveoli 
Lower alveoli 

ObserveCl 
frequency 

o 
38 

112 
1 
a 
3 
1 
a 
o 
5 
o 
3 
1 
1 
o 
1 
1 
1 
o 
3 
o 
3 
2 
1 
1 
b 
9 
1 
a 
o 

~1 

5..L 

Dist. metapodlals (indet.) a 

Total observed 194 
Mean weighted frequency 

weighted 
frequency 

0.00 
~.'12 

5.b1 
0.04 
0.00 
1.50 
0.50 
0.00 
0.00 
2.50 
0.00 
0.25 
0.50 
0.50 
0.00 
0.50 
0.50 
0.50 
0.00 
1.50 
0.00 
0.38 
1.00 
0.50 
0.03 
0.75 
1.13 
0.13 
0.00 
0.00 

2.08 
2.55 

0.71 

Standardized 
frequency 

0.00 
4.13 

.7.93 
0.05 
0.00 
2.12 
0.71 
0.00 
0.00 
3.53 
0.00 
0.35 
0.71 
0.71 
O.ou 
0.71 
0.71 
0.71 
0.1.10 
2.12 
0.00 
0.53 
1.41 
0.71 
0.04 
1.00 
1.5~ 
O • .l.~ 
0.00 
0.00 

2.93 
3.00 
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Table B33. Observed 9 weighted, and standardized frequencies of skeletal 
units of reindeer from levels 20 through 22. 

Unit 

Petrous 
Upper teeth 
L o-wer te e th 
Vertebrae 
RIDS 
Scapulae 
Prox. numer i 
Pist. humeri 
Ulnae 
prox. raai i 
Dist. radii 
Carpals 
Prox. metacarpals 
vist. metacarpcils 
Pelves 
Prox. femora 
Dist. femora 
Patellae 
Prox. TiDiae 
Oist. Tibiae 
fibulares (ext. malleoli) 
Tarsals 
Prox. metatarsa.s / 
Oist. metatarsals 
$esamoias 
Prox. 1st phalanges 
Oist. 1st phalanges 
Prox. 2nd phalanges 
Dist. 2no phalanges 
3rd phalanges 

Upper alveoli 
Lower alveoli 

Observed 
frequency 

4 
91 

206 
13 

ij 

16 
o 

10 
5 

14 
10 
21 

9 
16 

1 
7 
1 
5 
5 

2; 
3 

39 
.!.5 
13 
.1.3 
45 
39 
43 
:39 
10 

2 
00 

Oist. metapodials (incet.) 2 

Total ODserveo 786 
Mean weighted frequency 

weighted 
frequency 

2.00 
7.01 

13.30 
0.48 
0.29 
8.00 
0.00 
5.00 
2.,0 
7.00 
5.00 
1.75 
4.50 
8.00 
v.50 
3.50 
0.50 
2.50 
2.50 

12.50 
1.50 
4.88 
7.50 
0.50 
0.41 
5.63 
4.86 
5.38 
4.88 
1.25 

0.15 
3.00 

4.32 

Stanaardizea 
frequency 

0.46 
1.62 
3.08 
0.11 
0.07 
1.85 
0.00 
1.16 
0.58 
1.62 
1.16 
0.41 
1.04 
1.65 
0.12 
0.131 
0.12 
0.58 
0.56 
2.69 
0.35 
1.13 
1.74 
1.50 
0.09 
1.30 
1.13 
1.24 
l..l3 
0.29 

0.04 
0.69 
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Table B34. Observed, weighted, and standardized frequencies of skeletal 
units of reindeer from levels 23 through 25. 

Unit 

Petrous 
Upper teetn 
LOHer teetn 
Verteorae 
R i tis 
Scapulae 
Prox. humeri 
Dist. numeri 
Ulnae 
Prox. radi i 
Dlst. radii 
Carpals 
Prox. metacarpals 
Dist. metacarpals 
Pelves 
Prox. femora 
Dist. femora 
Patellae 
Prox. Tibiae 
Dist. Tibiae 
Fibulares (ext. malleoli> 
Tarsals 
Prox. metatarsals 
Dist. metatarsals 
Sesamoias 
Prox. 1st pnalanges 
Dist. 1st phalanges 
Prox. 2nd pnalanges 
Dist. 2nd phalan~es 
3rd phalanges 

Upper alveoli 
Lallier alveoli 

Observed 
frequency 

4 
283 
404 

21 
39 
21 

1 
10 
.l.'t 
23 

6 
31 
10 
1~ 

2 
1~ 
10 

4 
3 

20 
9 

41 
10 
17 
17 
14 
24 
28 
17 

6 

5ti 
173 

Jist. metapodials "noet.) 1 

Total observed 112.3 
Mean weighted frequency 

weightea 
frequency 

2.00 
(:b 77 
lO.20 

0.78 
1.39 

10.50 
0.50 
5.00 
7.00 

11.jO 
3.00 
2.5b 
S.OO 
9.50 
1.00 
7.50 
5.00 
2.00 
1.50 

10.00 
4.50 
,.13 
5.00 
8.50 
0.53 
1.75 
3.00 
3.50 
2.13 
0.75 

4.46 
8.65 

standardized 
frequency 

0.31 
4.02 
3.73 
0.14 
0.26 
1.94 
0.09 
0.92 
1.29 
2.12 
0.55 
0.40 
0.92 
1.75 
o eli) 

1.38 
0.92 
0.37 
0.28 
1.ti~ 
0.b3 
0.95 
0.92 
1.j7 
0.10 
0.;;)2 
0.5~ 
0.b5 
0.39 
0.14 
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Table B35. Observed, weighted, and standardi~ed frequencies of skeletal 
units of reindeer from levele 26 through 35. 

Unit 

Petrous 
LIpper teeth 
Lower teeth 
Verteorae 
Ribs 
Scapulae 
Prox. humeri 
Dist. humeri 
Ulnae 
Prox. radi i 
Dist. radii 
Carpals 
Prox. metacarpa!s 
Dist. metac~rpals 

Pel v es 
Pro>:. femora 
Dist. femora 
Patellae 
Prox. Tibiae 
Dist. TiDlae 
Fibulares (ext. malleoli) 
Tarsals 
prox. metatarsals 
Dist. metatarsals 
Sesdmoias 
Prox. 1st pnalanges 
Oist. 1st pnalanges 
Prox. 2nd phalanges 
Oist. 2no phalanges 
3rd pnalan!.les 

Upper alveoli 
Lower alveoli 

Observed 
frequency 

o 
140 
2-14 

1 
o 
2 
o 
1 
2 
2 
2 

lb 
o 
3 
1 
u 
.1. 
o 
o 
a 
o 

13 
6 
4 
4 

.1.1 

.1.2 
6 
4 
4 

23 
1.1.9 

Dist. metapoQlals (indet.) 0 

Total ooservea 
Mean "eighted frequency 

~eignted 
frequency 

0.00 
10.77 
14.70 

0.04 
0.00 
1.00 
0.00 
0.50 
1.00 
1.0(, 
1.UO 
1.50 
3.00 
1.50 
0.50 
0.00 
0.50 
0.00 
0.00 
4.00 
0.00 
1.63 
3.00 
2.00 
0.13 
1dd 
1. ~O, 
0.75 
0.50 
0.50 

1.75 

Standardized 
frequency 

0.00 
6.17 
B.4l 
0.02 
0.00 
0.57 
O.UO 
0.29 
0.51 
0.57 
0.57 
0.06 
1.72 
0.80 
0.29 
0.00 
0.29 
0.00 
0.00 

'Z.c!9 
0.00 
0.93 
.1..72 
1..1.' 
0.07 
0.79 
O.db 
0.43 
0.29 
0.29 

1.U.1. 
3.41 



Table B36. Observed, weighted, and standardized frequencies ot sk~letal 
units ot reindeer from level 22. 

unit 

P e tr 0 us 
Upper teeth 
l:"wer teetn· 
Vertebrae 
Rios 
Sca?ulae 
Prox. hJmer i 
Oist. humeri 
ulnae 
Prox. radi i 
Dist. raail 
Carpals 
Prox. metacarpals 
ulst. metacarpals 
Pel" es 
Prox. femora 
Dist. femora 
Patellae 
Pro)(. Tibiae 
Oist. Tibio~ 

Floulares (ext. malleolI) 
Tarsals 
Pro(. matatarsals 
Dist. matatarsals 
::,esamoids 
·Pro)(. 1st phalanges 
Jist. 1st phalanges 
Prox. 2nd phalanges 
Dtst. 2nd phalanges 
3rd phalanges 

Upper alveoli 
Lower alveoli 

Observed 
frequency 

't 
78 

l:H) 
1J 

8 
15 

o 
9 
5 

13 
.1.0 
18 

9 
1!) 

J. 
o 
o 
4 
5 

2j 
3 

37 
13 
12 
11 
;:)4 

27 
2 I::! 
28 

!) 

.1. 
~4 

Dist. met8po~ials (inaet.) .1. 

Total ooservea 5a7 
Mean wei~hted frequency 

weighted 
frequency 

2.00 
6.00 
7.60 
0.37 
0.29 
7.50 
0.00 
4.50 
2.50 
b.50 
5.00 
1.50 
4.~C 
7.50 
(J.50 
3.00 
0.00 
2.00 
2.,0 

11.50 
1.50 
4.b3 
b.50 

,...,6.00 __ 
u.34 
4.25 
3.38 
3.50 
3.50 
(j.b3 

0.06 
1.20 

3.66 

Standardized 
frequency 

o.!)!) 

1.64 
2.13 
'0.10 
0.06 
2.05 
0.00 
1.23 
O.bo 
1.78 
1.31 
0.41 
1.23 
2.05 
0.14 
0.&2 
0.00 
0.55 
0.68 
3.15 
0.41 
1.27 
1.18 
1.64 
0.09 
1.16 
0.92 
0.90 
0.96 
0.17 

0.02 
Oc33 
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Table B37. Observed, weighted, and standardized fr'equenciee of skeletal 
units of reindeer from level 23. 

Unit 

Petrous 
Upper teetn 
Lower teetn 
Vertebrae 
R j bs 
Scapulae 
Pr 0)(. hum~r i 
Oist. humeri 
Ulnae 
PrOle. raai. 
Oist. radii 
Carpals 
Prole. metacarpals 
Oist. metacarpals 
Pel~es . 
Prox. femora 
Oist. femora 
Patellae 
Prox. Tioiae 
D,st. Tioiae 
F ioul ares (e)(t. malleol.) 
Tarsals 
PrOle. metatarsals 
Dist. metatarsals 
Sesamoids 
Prox. 1st phalanges 
Oist. 1st phalanges 
Prox. 2nd phalanges 
uist. 2nd pnalanges 
3rd phalanyes 

Upper alveoli 
Lower alveoli 

Observed 
frequency 

3 
154 
2!t7 

17 
39 
19 

1 
9 
9 

21 
o 

2 .. 5 
10 
1.9 

2 
14 
iO 

4 
3 

12 
9 

39 
6 

14 
10 

7 
14 
22 
10 
o 

29 
108 

Dist. metapodials (indet.) 0 

Total observed 981 
Mean we.~hted frequency 

weighted 
fr equency 

1.50 
11.85 
12.35 

1J.63 
1.39 
9.50 
0.50 
4.::10 
4.50 

10.50 
3.00 

20.42 
5.00 
9.50 
1.00 
7.00 
5.VO 
~.OO 
1.50 
0.00 
4.50 
4.8d 
3.00 
7.00 
0.31 
0.8d 
1.75 
2.75 
2.00 
0.00 

2.23 
5.40 

4.82 

Standardized 
frequency 

0.31 
2.46 
2.50 
0.13 
0.29 
1.97 
0.10 
0.93 
0.93 
2.18 
0.62 
4.2::S 
1.04 
1.97 
0.21 
1.45 
1.04 
0.41 
0.31 
1.24 
0.93 
1.01 
0.02 
1.45 
0.06 
0.18 
0.30 
0.57 
0.41 
0.00 

0.46 
1.12 
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Table B38. Observed, weighted, and standardized frequencies of skeletal 
units of reindeer from level 27. 

Unit Observed 
frequency 

Petrous 0 
Upper teeth 42 
Lower teeth 113 
Vertebrae 0 
Ribs 0 
Scapulae 0 
Prox. humeri 0 
Dist. humeri 0 
Ulnae 1 
Prox. radji 0 
Djst. radii 0 
Carpals 4 
Prox. metacarpals 1 
Dlst. metacarpals 2 
Pel,es 0 
Prole. femora u 
Dist. femora 0 
Patellae 0 
Prox. Tibiae 0 
O.st. Tibiae 4 
F'ou'ares (ext. malleoli) 0 
Tarsals 4 
Prole. metatarsals 2 
Dist. metatarsals 2 
Sesamoids 0 
Prox. 1st phalanges 4 
Olst. 1st phalanges 3 
Prox. 2nd phalanQes 2 
Oist. Zno pha:anges 1 
3rd phalanges 0 

Up per a I v eo IiI 
Lower alveoli 51 

Oist. metapodials (indet.) 0 

Total observed 185 
Hean weighted frequency 

weighted 
frequency 

0.00 
3.23 
5.b5 
0.00 
0.00 
0.00 
0.00 
0.00 
0.50 
0.00 
0.00 
0.33 
0.50 
1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
2.00 
0.00 
0.50 
1.00 
1.00 
0.00 
0.50 
O.3ti 
0.25 
0.13 
0.00 

O.Ob 
2.55 

0.57 

Standardized 
frequency 

0.00 
5.71 
9.99 

'0.00 
0.00 
0.00 
0.00 
0.00 
0.88 
0.00 
0.00 
0.59 
0.8~ 
1.77 
0.00 
0.00 
0.00 
0.00 
0.00 
3.54 
0.00 
0.86 
1.77 
1.77 
0.00 
0.88 
O.bo 
0.44 
0.22 
0.00 



Table B39. Observed, weighted, and standardized frequencies of skeletal 
units of red deer from levelo 20 through 25. 

Unit Observed 
freq~ency 

Petrous 1 
Upper teetn 55 
Lower teeth 128 
Vertebrae 0 
Rios 1 
Scapulae 3 
Prox. humeri 0 
Oist. humeri 1 
Ulnae 1 
Pro)(. raeli i 0 
Dist. radii 0 
Carpals 2 
Pro(. metacarpals 1 
Dist. metacarpals 3 
Pelves 2 
Prox. femora 0 
Uist. femora 0 
Patellae 1 
Prox. Tibiae 0 
D.st. Tiolae 3 
Fibulare~ (ext. malleoli) 2 
Tarsals 4 
Prox. metatarsals 4 
Dist. metatarsals 2 
~esamoids 2 
Prox. 1st Phalanges j 

D.st. 1st phalanges 10 
Prox. 2nd phalanges 3 
Dist. 2na phalanges 3 
3rd Phalan~es 7 

Upper alveoli 20 
Lower alveoli bO 

Dist. metapooials (inoet.) 4 

Tota I observed 244 
Mean "sighted frequency 

Weighted 
fr e qu en cy 

0.50 
4.24 
6.41 
0.00 
0.04 
1.50 
0.00 
0.50 
0.50 
0.00 
C.OO 
0.17 
0.50 
1.50 
1.00 
0.00 
0.00 
0.50 
0.00 
1.50 
1.00 
0.50 
2.00 
1.00 
0.06 
0.63 
1.25 
0.38 
0.38 
0.8d 

1.54 
3.00 

Standardized 
frequency 

0.56 
4.72 
7.15 
0.00 
0.04 
1.07 
0.00 
0.56 
0.56 
0.00 
0.00 
0.19 
0.56 
1.67 
1.11 
0.00 
0.00 
0.56 
O.Ou 
1.67 
1.11 
0.56 
2.23 
1.11 
0.07 
0.70 
1.39 
0.42 
0.42 
0.98 

1.7! 
3.34 
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Table B40. Observed, weighted, and standardized frequencies of skeletal 
units of red deer from levels 20 through 30. 

unit Ubs~rved 
frequency 

Petrous 4 
Upper teetn 137 
Lower teeth 243 
Vertebrae 0 
Ribs 1 
Scapulae j 

Prox. hUmeri 0 
Dist. humeri ~ 
Ulnae 1 
ProlC. radi i 2. 
Dist. radii 0 
Carpals 3 
Pro~. metacarpals 2 
Dist. metacarpals ~ 
Pel~es 2 
Prox. femora u 
uist. femora 0 
Patellae 1 
Prox. T'oiae 0 
Dist. Tibiae 3 
Fibulares (ext. malleoli) 2 
Tarsals 7 
Prox. metatarsals 7 
Dist. metatarsals 2 
Sesarnolds 3 
ProlC. 1st phaianges 7 
Oist~ 1st phalan~es 19 
Pro~. 2nd phalan~es 3 
Dist. 2nd phalanges 6 
3rd phalanges 12 

Upper alveoli 39 
lower alveoli 1~7 

Dist. metapodials (indet.) 4 

Total oDserved 474 
Mean weighted frequency 

wei ghted 
frequency 

,.00 
lO.54 
12.1b 

0.00 
0.04 
1.5u 
0.00 
0.50 
0.50 
1.00 
0.00 
(1.25 
1.00 
1.50 
1.00 
0.00 
0.00 
0.:)0 
0.00 
1.51l 
1.00 
(J. tit:! 
3.50 
1.00 
0.09 
0.88 
2.38 
0.38 
0.15 
1.50 

Standardizeo 
frequency 

1.29 
6.82 
7.88 
0.00 
0.02 
0.97 
O.(JO 
0.32 
0.32 
0.b5 
0.00 
0.1b 
0.65 
0.97 
0.05 
0.00 
0.00 
0.32. 
0.00 
0.97 
0.b5 
0.57 
2.2.7 
(j.65 
0.00 
0.57 
1.5't 
0.24 
u.49 
0.97 

J..94 
3.79 



Table B4l. Observed, weighted, and standardized frequencies of skeletal 
units of red deer from levels 26 through 43. 

unit 

Petrous 
Upper teetn 
Lower teeth 
Vertebrae 
iU os 
Scapulae 
ProJ(. humeri 
Dis t. hu me r i 
Ulnae 
Prox. rad. i 
i>ist. racli 
Carpals 
Prox. metacarpals 
Dist. metacarpals 
Pel"es 
Prox. femora 
Oist. femora 
Patellae 
Prox. Tloiae 
Dist. Tibiae 
Fibulares (e)(t. malleoli) 
Tarsals 
Pro(. metatarsals 
Oist. metatarsals 
Sesamoi ds 
Prox. 1st phalanges 
Oist. 1st pnalanges 
Prox. 2nd phalanges 
Dist. 2nd pnalanwes 
3ro phalanges 

Upper alveoli" 
Lower alvEoli 

Ooserved 
frequency 

3 
169 
286 

o 
o 
o 
1 
1 
4 
6 
o 
2 
2 
o 
1 
1 
o 
o 
2 
o 
o 
5 
5 
2 
6 
5 

16 
13 
12 
10 

55 
16ij 

Oist. metapodials (Jncet.) 0 

Tot a I 0 os e rile d 552 
Mean weighted frequency 

Weighted 
frequency 

1.50 
13.00 
14.30 

(j.00 
0.00 
0.00 
0.50 
0.50 
2.00 
3.00 
0.00 
0.17 
1.00 
0.00 
0.50 
0.50 
CI.OO 
0.00 
1.00 
0.00 
0.00 
0.63 
2.~0 
1.uO 
0.19 
0.63 
2.00 
1.63 
1.5u 
1.25 

1.64 

Standardized 
frequency 

0.91 
7.91 
8.71 

" 0.00 
0.00 
0.00 
0.30 
0.30 
1.22 
1.83 
0.00 
0.10 
0.01 
0.00 
0.30 
0.30 
0.00 
0.01) 
0.61 
0.00 
0.00 
0.38 
1.52 
0.61 
0.11 
0.3d 
1.22 
0.99 
0.91 
0.76 

2.56 
5.11 



Table B~2. Observed, weighted, and standardized frequencies of skeletal 
uni ts of red deer from levels SOA through 54. 

Unit 

Petrous 
Upper teeth 
Lower teeth 
vertebrae 
Ribs 
Scapulae 
Prox. humeri 
Dlst. humeri 
Ulnae 
Prox. radi i 
Dist. raOl1 
Carpals 
Prox. metacarpals 
Oast. metacarpals 
Pel'/es 
ProlCa femora 
uist. femora 
Patellae 
Pro)(. Tibiae 
Dist. Tibiae 
F ibul ares (ext. ma Ileol i) 
Tarsals 
Prox. metatarsals 
Dist. metatarsals 
5esamoids 
Prox. 1st phalanges 
Dist. 1st pnalanges 
Prox. 2nd phalanges 
Dlst. 2nd phalanges 
3ro phalanges 

upper al'/eoli 
Lower alveoli 

Observed 
fr equency 

3 
458 
419 

3(; 
20 

!> 
o 
b 

18 
30 
~ 

20 
20 

8 
10 

2 
2 
3 
2 
7 
1 

3~ 

21 
o 

40 
21 
.. 2 
15 
29 
20 

38 
162 

Dist. metapodials (inoet.) 40 

Total ooserved 1318 
Mean weighted frequency 

Weighted 
frequency 

1.50 
35.26 
20.95 

1.41 
0.17 
2.50 
0.00 
3.00 
9.00 

J.5.00 
2.50 
1.67 

10.00 
4.00 
8.00 
1.00 
1.00 
1.50 
1.00 
3.50 
0.50 
4.38 

10.50 
3.00 
1.25 
3.36 
~.25 
1.88 
3.63 
2.50 

2.92 
6.10 

5.33 

Standardized 
frequency 

0.28 
6.b2 
3.93 
0.26 
0.14 
0.41 
0.00 
0.56 
1.69 
2.82 
0.47 
0.31 
1.68 
0.75 
1.50 
0.19 
0.19 
0.26 
0.19 
0.66 
0.09 
0.62 
1.97 
0.!>6 
0.23 
0.63 
0.99 
0.35 
0.68 
0.47 

0.~5 

1.52 
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Table B43. Obaerved, weighted, and standardized frequencies of skeletal 
units of red deer from level 5OA. 

Unit Observed 
frequency 

Petrous 0 
upper teeth ~9 

Lower teetn 45 
Vertebrae 1 
Ribs 2 
Scapulae 0 
Prox. humeri 0 
O.st. humeri 1 
ulnae ~ 
Prox. raoii 3 
Oist. raaii 0 
Carpals 2 
~rox. metacarpals 2 
Dist. metacarpals 3 
Pelves 0 
Prox. femora 0 
Dist. remora 1 
Patellae 0 
Prox. Tiotae 2 
Dist. Tibiae 0 
Fibulares (ext. malleoli) 0 
Tarsals 2 
Prox. metatarsals 3 
Oist. ~etatarsals 0 
Sesamoios 3 
Prox. 1st phalanges 2 
Dist. 1st phalanges b 
Prox. 2nd phalanges 3 
Dist. 2no phelanQes 7 
3ra phalanges 5 

Upper alveoli 2 
Lower alveoli 20 

Dist. metapodials (indet.) 1 

Total ooserved 140 
Mean weighted frequenc) 

~eighted 
frequency 

0.00 
3.77 
2.25 
0.04 
0.08 
v.OO 
0.,00 
0.5 ° 
2.00 
1.50 
0.00 
0.11 
1.00 
1.50 
0.00 
O.vO 
0.50 
0.00 
1.00 
0.00 
0.00 
0.25 
1.50 
0.00 
0.09 
0.25 
0.75 
0.38 
0.68 
0.63 

0.15 
1.00 

0.63 

standardized 
frequency 

0.00 
5.95 
3.55 
0.06 
0.12 
0.00 
O~OO 
0.79 
3.1~ 
2.37 
0.00 
0.26 
1.58 
2.31 
0.00 
0.00 
0.19 
0.00 
1.58 
0.00 
0.00 
0.39 
2.37 
0.00 
0.15 
0.39 
1.18 
O.!'J~ 

Idti 
0.'i9 

0.24 
1.56 
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Table B44. Observed, weighted, and standardized frequ8Dcies of skeletal 
units of red deer from level 50. 

Un it 

Petrous 
Upper teeth 
LONer teeth 
\lertebrae 
RibS 
Scapulae 
Pro)(. humeri 
Dist. humeri 
Ulnae 
ProlC. raaii 
Dist. raaii 
Carpals 
ProlC. ~etacarpals 

Dist. metacarpals 
Pel ~ es 
Prox. femora 
Dist. femora 
Patellae 
ProlC. Tibiae 
Dist. Tibiae 
Fioulares (ext. malleoli) 
Tarsals 
Prox. metatarsals 
Dist. metatarsals 
$esamoids 
Pro)(. 1st phalanges 
Dist. 1st phalanyes 
Prox. 2no phalanges 
Oist. Znd phalanges 
3ra phalanges 

Upper alveoli 
Lower alveoli 

Db served 
fr equency 

o 
204 
174. 

13 
7 
1 
o 
1 
7 
3 
o 
7 
4 
3 
4 
1 
1 
2 
\) 

2 
1 

10 
10 

2 
24t 
15 
15 

5 
14 

9 

26 
&4 

Dist. metepooials (indet.) 15 

Total observed 539 
Mean wei~htea frequency 

weighted 
frequency 

0.00 
15.69 

8.70 
0.48 
0.27 
0.50 
0.00 
0.50 
3.50 
1.50 
0.00 
0.:;;8 
2.00 
1.50 
2.00 
0.50 
0.50 
1.00 
0.00 
1.00 
0.50 
1.25 
5.00 
1.00 
0.75 
1.86 
1.b8 
0.63 
1.75 
1.13 

2.00 
4.20 

1.87 

Stanaardized 
frequency 

0.00 
8.41 
4.66 
'0.26 
0.14 
0.27 
0.00 
0.27 
1.88 
0.60 
0.00 
0.31 
1.07 
O.BO 
1.07 
0.27 
0.27 
0.54 
0.00 
0.54 
0.27 
0.67 
2.ba 
0.54 
0.40 
1.00 
1.00 
0.33 
0.~4 

O.bO 

1.07 
2.25 
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Table B45. Obse~ved, weighted, and standardized frequencies of skeletal 
units of red deer from level 52. 

Unit 

Petrous 
upper teeth 
Lower teeth 
Vertebrae 
RiDS 
Scapulae 
ProlC. humeri 
Uist. humeri 
Ulnae 
Prox. radii 
Dist. raaii 
Carpals 
Prox. m~tacarpals 

Dist. metacarpals 
P e Iv es 
ProJ(. femora 
Dist. femora 
Patellae 
i>rolC. Tibiae 
Dist. Tibiae 
FiblJlares (ext. malleoli) 
Tarsals 
Prox. metatarsals 
Jist. metatarsals 
!>esamolds 
Prox. 1st phalanges 
Dist. 1st pnalanges 
Prox. 2nd phalan~es 
Dlst. lna phalanwes 
3rd phalanges 

Upper alveoli 
Lower alveoli 

Observed 
frequency 

3 
1..1.9 
.l:)1 

23 
8 
3 
o 
4 
7 

24 
4 

10 
11 

2 
11 

l. 

o 
1 
o 
4 
o 

~2 

7 
o 

11 
9 

17 
6 
7 
6 

9 
50 

Dist. metapodials (Inaet.) 19 

Total observed 471 
Mean weighted frequenc) 

Weighted 
tr equency 

1.50 
9.15 
7.5~ 
0.85 
0.31 
1.50 
0.00 
2.00 
3.50 

12.00 
2.00 
0.83 
5.50 
1.00 
5.50 
0.50 
O.uO 
0.50 
0.00 
2.00 
0.00 
2.75 
3.50 
0.00 
0.34 
1.13 
2.13 
0.75 
0.88 
0.75 

0.b9 
2.80 

2.28 

Standardized 
frequency 

0.b6 
4.0.l 
3.31 
0.37 
0.13 
0~66 

0.00 
0.ti8 
1.53 
5.26 
0.88 
0.37 
2.41 
0.44 
2.41 
0.i:2 
0.00 
0.22 
0.00 
O.Bd 
0.00 
1.21 
1.53 
0.00 
0.15 
0.4'; 
0.93 
0.33 
0.38 
0.33 



Table B46. Observed, weighted, and standardized frequencies of skeletal 
units of red deer from level 54. 

Unit Observed 
frequency 

Petrous u 
upper teeth d9 
Lower teeth 49 
Vertebrae 1 
RiDS 3 
Scapulae 1 
Prox. humeri 0 
Dist. humeri 0 
Ulnae 0 
Prox. raa. i 0 
Oist. radii 1 
Carpals ! 
Prox. metacarpals --3 
Dist. metacarpals 0 
Pelves 1 
Prox. femora 0 
Dist. femora 0 
Patellae 0 
Prox. Tibiae 0 
Oist. Tibiae 1 
Fibu.ares (ext. malleoli) 0 
Tarsals 1 
Prox. metatarsals 1 
Oeste metatarsa.s ~ 
Sesamoias 2 
Prox. 1st phalanges 1 
Dlst. 1st phalanges ~ 
Prox. 2no phalanges 1 
Oist. 2na phalanges 1 
3rd phalanges 0 

Upper alveoli 0 
Lower alveoli 3 

Dlst. metapoaia's (inoet.) 5 

Total observec;i 165 
Mean weighted frequency 

~eighted 

frequency 

0,00 
6.~5 
2.45 
0.04 
0.12 
0.50 
0.00 
0.00 
0.00 
0.00 
0.50 
0.08 
1.50 
0.00 
0.50 
0.00 
0.00 
0.00 
0.00 
0.50 
0.00 
0.13 
0.50 
2.00 
0.06 
0.13 
0.,0 
0.13 
0.13 
0.00 

0.00 
0.15 

Standardized 
frequency 

0.00 
12.38 

1t.43 
0.07 
0.21 
0.9J 
0.00 
0.00 
0.00 
0.00 
0.90 
0.1.5 
2.71 
0.00 
0.90 
0.00 
O.uO 
0.00 
0.00 
0.90 
0.00 
0.23 
0.90 
3.62 
0.11 
0.23 
0.90 
0.23 
0.23 
0.00 

0.00 
0.27 
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Table B4? Observed, weighted, and standardized frequencies of skeletal 
units of equids from levels 11 through 19. 

Unit 

Petrous 
Upper teeth 
Lower teeth 
Vertebrae 
R i os 
Scapulae 
Prox. humeri 
Oist. humeri 
Ulnae 
Prox. raai I 

Oist. racHi 
Carpals 
Prox. metacarpals 
Oist. metacarpals 
Pel v es 
Prox. femora 
Dist. femora 
Patellae 
Prox. Tibiae 
Oi:atg TeDiae 
Fioulares (ext. malleoli) 
Tarsals 
Prox~ metatarsals 
Oist. metatarsal~ 
Sesamoias 
Prox. 1st pnalanges 
Dist. 1st phalanges 
Prox. 2no pnalanges 
Oist. 2nd phalanges 

3ro phalan~es 
Upper alveoli 

Lower alveoli 

Total observed 
Mean weighted frequency 

Observed 
frequency 

U 
183 
345 

o 
o 
o 
o 
o 
ti 
o 
2 
1 
1 
o 
o 
u 
o 
o 
o 
o 
1 
3 
o 
o 
o 
1 
1 
1 
o 

o 

weighted 
fr equ ency 

0.00 
9.15 

17.27 
0.00 
0.00 
0.00 
0.00 
0.00 
4.00 
0.00 
1.00 
0.0& 
(i.50 
0.00 
0.00 
(J.OO 
0.00 
0.00 
0.00 
0.00 
0.07 
1.50 
0.00 
0.00 
0.00 
0.25 
0.25 
0.25 
0.00 

2.75 
4.45 

1.18 

stanaardi zed 
frequency 

0.00 
7.73 

14.5~ 
0.00 
0.00 
0.00 
0.00 
U.OO 
3.3b 
0.00 
0.ti4 
0.07 
0.42 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.27 
0.00 
0.00 
0.00 
0.21 
0.21 
0.21 
0.00 



Table B48. Observed, weighted, and standardized frequencies of skeletal 
units of equids from le'Yels 20 through 22. 

Unit 

Petrous 
Upper teetn 
Lo~er teeth 
VE::rtebrae 
Kibs 
Scapulae 
Prol<. humeri 
Dist. humeri 
Ulnae 
Prox. radii 
Olst. radii 
Carpals 
Pro.(. metacarpals 
Oist. metacarpals 
Pelves 
Prole. femora 
Oist. femora 
Patellae 
Prole. Tibiae 
Oist. Tioiae 
Tarsals 
Prox. metatarsals 
Dist. metatarsals 
Sesamoids 
PrOle. 1st phalanges 
Oist. 1st pnalanges 
Prox. 2nd phalanges 
Oist. 2no phalanges 
3ra pnalanges 

Upper alveoli 
Lower alveoli 

Observed 
frequenc) 

o 
77 

174 
1 
4 
2 
o 
2 
o 
2 
1 
8 
2 
o 
o 
1 
U 
o 
1 
~ 
3 
2 
o 
5 
4 
4 
1 
2 
3 

o 
.LO 

Dist. metapodials (inaet.) ~ 

Total observed 314 
Mean weighted frequency 

Weighted 
frequency 

0.00 
3.85 
8.72 
0.03 
0.11 
1.00, 
0.00 
1.00 
3.00 
1.00 
0.50 
0.b7 
1.00 
0.00 
3.00 
0.50 
0.00 
0.00 
0.50 
1.50 
0.21 
1.00 
U.OO 
0.42 
1.00 
1.00 
0.25 
0.50 
0.75 

0.00 
0.50 

1.09 

Standardized 
frequency 

0.00 
3.'4 
8.02 

'0.03 
u.10 
0.92 
0.00 
0.92 
2 •. 70 
0.92 
0.40 
O.bl 
0.92 
0.00 
2..70 
0.40 
0.00 
0.00 
0.40 
1.38 
0.20 
0.92 
0.00 
0.36 
0.92 
0.92 
0.23 
0.4b 
O.b~ 

0.00 
0.40 



307 

Table B~9. Observed, weighted, and standardized frequencies of skeletal 
units of equids from levels 23 through 25. 

Unit 

i'etrous 
Upper teeth 
Lower teeth 
Vertebrae 
R. us . 
S c ap u I ae 
Prox. humer i 
Dist. humeri 
Ulnae 
Prox. raaii 
Dist. radii 
Carpals 
Pro(. metacarpals 
Dist. metacarpals 
Pel ves 
ProJ(. femora 
Dist. femora 
Patellae 
ProJ(. TlbiCie 
Dist. Tibiae 
Tarsals 
ProJ(. metatarsals 
Dlst. metatarsals 
Sesamoias 
ProJ(. 1st phalanges 
Dist. 1st phalanges 
Prox. 2nd phalanges 
Oist. 2no phalanges 
3ro phalanges 

Upper alveoli 
Lower alveoli 

Observed 
frequency 

o 
luS 
133 

2 
o 
2 
o 
.:s 
l 
o 
1 
6 
o 
2 
5 
1 
o 
o 
o 
o 
o 
o 
o 
5 
1 
o 
1 
It 
2 

16 
3 

Dist. metapodia's 'indet.) 3 

Total observed 21& 
Mean weighted frequency 

weighted 
frequency 

0.00 
5.40 
6.65 
0.06 
().OO 
1.00 
0.00 
1.50 
1.00 
0.00 
0.50 
0.50 
0.00 
1.00 
2.'0 
0.50 
0.00 
0.00 
v.OO 
0.00 
0.00 
O.vO 
0.00 
0.1t2 
0.25 
0.00 
0.25 
1.00 
0.50 

0.80 
0.15 

0.79 

Standardized 
frequency 

0.00 
6.80 

. 6.37 
0.01; 
0.00 
1.26 
0.00 
1~1;9 

1.26 
0.00 
0.63 
0.03 
0.00 
1.26 
3.i~ 
0.63 
0.00 
0.00 
0.00 
0.00 
0.00 
O.Ou 
O.UO 
0.'2 
0.31 
0.00 
0.3l 
1.20 
0.63 

1.01 
0.19 



Table B50. Observed, weighted, and standardized frequencies of skeletal 
units of aurochs/wisent from the \fdrm II. 

Unit 

Petrous 
Horn cores 
Upper teeth 
Lower teeth 
Vertebrae 
Ribs 
Scapulae 
Prox. humeri 
Oist. humeri 
Ulnae 
Prox. raai i 
Oist. radii 
Carpals 
Prox. metacarpals 
Oist~ metacarpals 
Pell/es 
Prox. femora 
Dist. femora 
Patellae 
Prox. Tibiae 
Dist. Tibiae 
Flbulares (ext. malleoli) 
Tarsals 
Prox. metatarsals 
Dist. metatarsals 
Sesamoids 
Prox. 1st phalanges 
Dlst. 1st phalanges 
Prox. 2nd phalanges 
Dist. 2na phalanges 
3rd pnalanges 

Upper alveoli 
Lower alveoH 

Db served 
frequency 

1 
4 

1b9 
230 

2 
5 
o 
o 
2 
o 
8 
3 
4 
1 
o 
2 
1 
3 
1 
3 
:;) 

o 
11 

1 
o 

38 
o 
o 
l. 
2 
1 

44 
:}3 

Dist. metapodials (Indet.) 0 

Total obserl/ed 511 
Mean weighted frequency 

Weighted 
frequency 

0.50 
2.00 

14.08 
11.60 

0.07 
0.19 
0.00 
0.00 
1.00 
3.00 
4.00 
1.S0 
0.33 
0.50 
0.00 
1.00 
0.:)0 
1.50 
0.50 
1.!)0 
2.50 
0.00 
1.36 
0.50 
0.00 
.l.19 
0.00 
0.00 
0.25 
0.25 
0.13 

3.b7 
2.05 

1.b2 

Stanaardizea 
frequency 

0.31 
1.24 
8.70 
7.29 
0.05 
0.12 
0.00 
0.00 
0.b2 
l.b!) 
2.47 
0.9.3 
0.21 
0.31 
0.00 
0.b2 
0.31 
0.'13 
0.31 
0.93 
1.5of 
0.00 
0.8:) 
0.31 
0.00 
0.73 
0.00 
0.00 
0.15 
0.15 
O.Od 
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