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ABSTRACT 

This study looks at quantitative differences and 

similarities in diversity of archaeological finds (stone 

tools and animal bone) at two categories of Western European 

Middle Paleolithic sites: open-air suid cave/rockshelters. 

Specifically, it tests the null hypothesis that there are no 

differences in 1) artifact diversity as measured using the 

Hordes typology; 2) faunal diversity as measured by number 

of taxa; and 3) the percentages of stone tools that fall 

into the categories of either denticulates/notches or 

intensively retouched pieces. All analyses are based on 

regressions of diversity against assemblage size. 

For lithic assemblages, the Hq of no differences in 

find diversity between site types is rejected for lithics 

when the full Bordes typology is employed, but not when 

retouched-only pieces are analyzed (excluding Bordes' types 

1-3, 5, 38, and 45-50) . Faunal data are equivocal. The Hq 

is also rejected for the dimension of percentages of 

heavily-retouched tools, but not for denticulates/notches. 
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The purpose of this study is to explore the 

relationship between open-air and cave/rockshelter sites for 

the Western European Middle Paleolithic in a quantitative 

fashion, by comparing indices of find diversity (i.e., 

richness) for both lithic and faunal data from 65 sites. 

Differences in diversity are measured by comparing 

regression equations derived by plotting assemblage richness 

(numbers of types) against assemblage size for both data 

classes. The Hq that there is no difference between open-

air and enclosed sites for the dimension of find diversity 

is tested. 

IV. INTRODUCTION: 

Much of what is known about the Western European Middle 

Paleolithic, which spans the time period from ca. 200,000 to 

35,000 years ago, is based upon excavations of deeply-

stratified and artifact-rich deposits found in limestone 

solution caves and rockshelters of the major river valleys 

and coastlines of southwestern France, northern Spain, and 

Italy. There are several reasons for this bias. One is 

that these enclosed spaces provide a potentially ideal 

environment for the preservation of human and animal fossil 

remains, as well as for more durable stone tools. They also 
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represent spatially delimited settings to which human groups 

returned repeatedly over the course of hundreds or thousands 

of years, making these remnants of human activities easier 

to locate and recover by present-day researchers. 

Another reason for this emphasis on cave and 

rockshelter deposits is more historical in nature, 

reflecting the research goals of scientists beginning in the 

middle of the last century. In the mid- to late-1800s, 

prehistorians and what we would today call paleo-

anthropologists, were primarily concerned with establishing 

the antiquity of humanity--a goal that could be accomplished 

by locating hominid remains or stone tools associated with 

fossils of extinct animals. This goal was most efficiently 

realized by excavating cave deposits (Sackett 1978; Rigaud 

and Simek 1987; Mellars 1996; Trinkaus and Shipman 1993). 

Subsequently, from the turn of the 19th century until 1950 

or so, the main focus of Paleolithic prehistory was the 

establishment of a basic archaeological sequence for the 

late Pleistocene. These time-space systematics could be 

established only by exposing series of superimposed strata 

and searching for 'diagnostic' artifacts, the sort of 

fossiles directeurs, or type fossils, that had proven so 

successful for paleontologists of the time. 'Cultural 

evolution' was tracked by the presence or absence of these 

diagnostic artifacts in sequences of archaeological strata. 
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Again, deeply-stratified caves and rockshelters were ideal 

sources of information to answer these kinds of research 

questions. 

By the 1950s, the shortcomings of this approach--the 

use of arbitrary stratigraphic units, the discard of most 

'non-diagnostic' finds, the equation of culture complexes 

with *natural kinds' such as biological species--became 

increasingly apparent, and it was replaced with a system 

developed by Francois Bordes (1961). In this typology, all 

tools, that is all lithic pieces showing deliberate retouch 

or particular features of technological production (e.g., 

Levallois), were assigned to one of 63 types, the so-called 

banalization of artifact classification (Sackett 1978). 

This descriptive typology is still in use today as 

standardized language via which Middle Paleolithic 

researchers can communicate. At the same time in the 1950s, 

excavation techniques were improving dramatically, 

incorporating geological and paleoenvironmental sources of 

information to more accurately dissect stratigraphic 

profiles, and efforts were made to systematically record 

exact provenience data for all finds (e.g., Bordes 1972; 

Laville et al. 1980). During this same time period, 

however, most faunal remains continued to be very sketchily 

reported--usually just the presence/absence of taxonomic 

groups (genus or species), with some researchers including 
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vague categories such as 'abxindant', 'somewhat sdDundant', 

and 'rare'. 

Using the new system of lithic classification, Bordes 

and other researchers were able to detect patterning in the 

Middle Paleolithic archaeological record that seemed to 

point to the interdigitation of five different facies of the 

Mousterian (the name usually assigned to European lithic 

assemblages for the time period between 200 kya to 35 kya, 

dominated by tools made on flakes and prepared-core 

technology). Bordes based his assignment of an assemblage 

to one of these facies on the relative frequencies of the 

various tool types that comprise the typology (various 

points, scrapers or racloirs, bifaces, notched and toothed 

tools), rather than on the presence/absence of some 

diagnostic, and usually rare, fossile directeur. In this 

way, the entire assemblage contributed to its own 

characterization and classification (Bordes 1961; Bordes and 

de Sonneville-Bordes 1970). 

While this taxonomy of Mousterian facies has held up to 

over thirty years of more rigorous multivariate statistical 

tests (Doran and Hodson 1966; Mellars 1967; Callow and Webb 

1977, 1981; all cited in Mellars 1996), interpretation of 

this variability in the Middle Paleolithic continues to 

generate controversy. Bordes himself saw the existence of 

these facies as representing the cultural repertoires of 



different Mousterian tribes (Bordes and de Sonneville-Bordes 

1970) occupying caves and rockshelters, and occasionally 

open-air sites, sequentially over many hundreds of years. 

Others (Binford and Binford 1966; Binford 1973) have 

interpreted this variation as representing the traces of 

different activities or complexes of activities, such as 

seasonal variation in site use, or the carrying-out of 

specialized activities such as butchery or tool-manufacture 

(as opposed to generalized home-base activities). 

More recent workers have questioned some of the basic 

assumptions inherent in the preceding interpretations, that 

is, 1) that lithic tools found in the archaeological record 

are a representative sample' of the tools conceptualized and 

used by prehistoric people, and not merely examples of what 

was considered no longer useful, and therefore discarded; 

and that 2) the types into which tools are categorized are 

discrete and natural entities in some real sense, and not 

merely constructs of the modem researcher. Harold Dibble 

and Nicholas Rolland in particular (Dibble 1987, 1988; 

Rolland 1981; Rolland and Dibble 1990; see also Barton 1990) 

have posited that in fact the variability in Middle 

Paleolithic tool forms is continuous, reflecting in large 

part, simply degrees of reduction intensity-- i.e., they 

form a continuum from unretouched to heavily-retouched. 

While this would seem to obviate the utility of Bordes' 



typology, these workers maintain that it can still be used 

to gauge the intensity of reduction of an assemblage, which 

in turn can reflect intensity of occupation of a site, 

accessibility of lithic raw materials, mobility, climatic 

fluctuations, or other factors (Holland and Dibble 1990) . 

It seems clear from the preceding discussion that one 

trend in the study of Middle Paleolithic archaeology since 

the 1960s has been an increasing focus on behavioral 

questions--questions on seasonality of occupation, hunting 

vs. scavenging subsistence strategies, reconstruction of 

population mobility patterns, etc. Perhaps now that time-

space systematics have been roughed out to a certain degree, 

prehistorians are free to pursue more fine-grained questions 

about the nature and long-term patterning of cultural 

change. In addition, new scientific and statistical 

methodologies (or new applications of old ones) make 

questions that were unanswerable twenty years ago at least 

approachable today. 

Advances in oxygen-isotope correlations and other 

techniques are improving dating accuracy; chipped stone re

fitting techniques are helping in some cases to establish 

the integrity of stratigraphic and occupational layers, and 

point to possible specialized activity areas (Villa 1982, 

1991) ; new ways of analyzing faunal remains are being used 

to demonstrate varying subsistence strategies (Stiner 1994); 
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and studies of raw material sources and transport are being 

employed to reconstruct patterns of group mobility and 

intensity of site use (Kuhn 1995; Feblot-Augustins 1993), 

among others. 

One of the biggest problems facing researchers pursuing 

behavioral inferences about the Middle Paleolithic of 

western Europe is the source of the data itself: as earlier 

stated, most come from caves and rockshelters, and as such 

represent palimpsests of repeated occupations, not only by 

humans, but often by other bone-collecting predators as 

well. In addition, the imposed spatial constriction of 

these enclosed spaces has certainly constrained and 

distorted any proclivity hominid groups may have had to 

organize their living spaces into activity areas. 

There are other complicating factors influencing the 

interpretation of cave and rockshelter deposits. It is not 

presently possible to accurately determine how long 

archaeologically-recognized strata take to form--what has 

been referred to as "the discordsuice between the minimal 

stratigraphic unit we can identify analytically, and 

behaviorally-relevant units" (Rigaud and Simek 1987:54)--

surely an important aspect of sorting out the range of 

behaviors that contributed to a stratum's accumulation. 

Holland and Dibble (1990:483) have observed: 
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"Givsn tils snoinnity of tinis coXlspssd. into 0xcsvatsd. 

assemblages, it is not very realistic to assume that 

behaviors involved in their formation, whether 

stylistically or functionally related, were constant." 

While offering ideal preservation conditions and 

discovery opportunities, rich archaeological deposits from 

enclosed spaces may not be the best sources of information 

from which to attempt the formulation of behavioral 

inferences. Dense concentrations of archaeological 

material, such as those in caves and rockshelters, can be 

the result of several combinations of factors: 1) repeated 

use of the site for similar sets of activities over varying 

lengths of time; 2) repeated use for different sets of 

activities; 3) or traces of diffuse episodes of occupation 

aggregated by natural agencies, such as movement of water or 

sediments (Binford 1987). These deposits are the result of 

combinations of formation processes, yielding archaeological 

assemblages that are low in both integrity (variety of 

agents involved) and resolution (homogeneity of events and 

behavior)(Gamble 1986). The coarse-grained nature of most 

cave and rockshelter assemblages makes the process of 

drawing certain types of behavioral inferences a risky 

business--that is, those based on association in space. 
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Tilsirs is, iiov/svs2r, sn incirsasiiig body of dats. gsthsrsd 

from open-air sites in western Europe. The vast majority of 

these are single component, i.e., with no superposition of 

archaeological strata, (although multiple-component open-air 

sites do exist), and as such are thought to represent a 

single visit to a site, or at most a few repeated visits by 

human groups (Mellars 1996:254; Conard 1992:6; Bordes and de 

Sonneville-Bordes 1970). We therefore have a much better 

chance of recovering evidence for discrete episodes of 

behavior. Not only should it be easier to sort out series 

of human activities as represented by stone tool and animal 

bone debris, but also a simpler matter to attribute bone 

accumulations to human activity, rather than to the complex 

interdigitation of the activities of a variety of bone-

collecting agents. For example, no open-air site has been 

proposed as a denning site for other social carnivores, such 

as hyenas or wolves, as is the case for a great many cave 

and rockshelter sites. 

The relative simplicity of open-air sites should make 

the formulation of behavioral inferences from the data they 

yield less difficult to sort out. If so, behavioral 

inferences made based on materials excavated from open-air 

sites may be used to help unravel the complex nature of 

deposits from enclosed sites. It is possible, however, that 

a different range of activities took place at open-air sites 
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than in enclosed sites, v/hich would limit cur ability to 

generalize from conclusions based on data from open-air 

sites. 

The present study aims to explore the relationship 

between open-air and cave sites by comparing levels of 

diversity, specifically richness, for the two types of 

sites, using both faunal and lithic data from 65 Middle 

Paleolithic sites in western Europe. It seeks to answer the 

question "Do assemblages from open-air sites represent 

thinner slices of the cave/rockshelter layer cake, or are 

they qualitatively different?". Can inferences drawn from 

open-air assemblages be used to help unravel the complexity 

of cave deposits? This may be the case if the two types of 

sites are comparable in find diversity. However, 

differences in find diversity may point to qualitative 

differences between the two categories of sites. 

If, as many researchers imply (Sireix and Bordes 

1972:324/ Conard 1992; Rolland 1981:22; Mellars 1996:268; 

Holland and Dibble:484), a narrower range of activities took 

place at open-air sites, either because of the short 

durations of occupation, or because of site specialization, 

we should expect there to be a lower diversity (richness) of 

both tool types and faunal species at these sites. If there 

is no significant difference in find diversity between the 
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two sits types, can v/e assunie tiiat tiie same iran^e of 

activities took place at each, and that inferences based on 

data from one can be generalized to the other? 

One other aspect of this question is also explored. 

While the Bordes typology, upon which the lithic aspect of 

this study is based, has been criticized as creating 

discrete categories out of continuous data (see above), many 

researchers view Mousterian lithics as divisible into two 

main groups: a scraper {racloir) group and a denticulate/ 

notch group, based on distinct differences in edge shape 

(Rolland 1981; Dibble 1988; Jelinek 1988; Barton 1990; Villa 

1990; Mellars 1996). The vast majority of scrapers have 

convex edges, while notches and denticulates by definition 

have concave working-edges; this bimodality is seen as 

unique in an otherwise-normal distribution of morphological 

attributes (Barton 1990) , with denticulates/notches and 

highly-reduced scrapers at opposite ends of a continuum 

(Rolland 1981). There are also differences in raw material 

and blank-size selection for these two classes of tools, and 

there are numerous instances of spatial segregation within 

sites (Holland and Dibble 1990). In addition, denticulates/ 

notches are often seen as expedient tools, made quickly on 

the spot, and not a part of a curated tool kit which is 

repeatedly resharpened and reused, comprised of heavily-

retouched pieces. 
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It is implied in the literature that there is a 

difference in the proportions of these two main categories 

of Mousterian stone tools in open-air and enclosed sites--

specifically, that there is, or should be, a higher 

incidence of highly-reduced scrapers in enclosed sites, 

and/or a higher incidence of denticulates and notches at 

open-air sites (Holland and Dibble 1990:488; Binford 

1979:263; Kuhn 1995:153; Rolland 1981:22). As there are 

often functional interpretations attached to these 

observations (denticulates used for woodworking and plant 

procurement; scrapers used in maintenance and processing 

activities such as slicing meat and scraping hides), it 

seems a relevant avenue to explore using the data collected 

for this study. One of my primary motivations in this study 

was to find ways to utilize existing published data, 

collected perhaps with other goals in mind, to answer 

questions of interest to archaeologists in the 1990s. 

If the null hypothesis is correct, there should be no 

differences between open-air and caves sites for either 

artifact or faunal species diversity, reflecting a similar 

range of activities at both categories of sites. 
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IV. Methods: 

Study Area: 

The study area includes sites in virtually all areas of 

France, Cantabrian (NE) Spain, southwestern (coastal) Italy, 

west-central Germcmy, and Portugal (Fig. 1). This 

distribution is a fiinction of the manner in which the data 

were collected. Most of the data were extracted from 

archaeological journals and monographs in the collections of 

the University of Arizona and the University of California 

at Berkeley (Kroeber Library), in English, French, Spanish, 

Italian, and Portuguese. Some data sets were provided by 

Dominique Armand at I'Institut du Quatemaire, University of 

Bordeaux; others came from the private library of Dr. Steven 

Kuhn. Prof. Lewis Binford graciously approved the use of 

his unpublished lithic data from Combe Grenal. 

NOTE: Refer to the Key to Sites (Appendix A) for 

identification of site numbers in the study area map. 



Figure 1: Study Area 
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Data Collection: 

A. Lithics: 

Only those lithic assemblages that were reported in the 

form of the Bordes typology (Bordes 1961) were included in 

the study, for reasons of standardization and comparability. 

See Table 1. 

Bordes developed the typology in the late 1950s in a 

reaction against the use of fossiles directeurs, or 

putatively diagnostic artifact types, to classify 

archaeological assemblages in the same ways that type 

fossils had successfully been used to characterize fossil 

paleontological assemblages in the 19th century. This 

methodology had caused researchers to disregard, and 

discard, all but those few supposedly-diagnostic stone 

tools. Bordes developed a typology of 63 categories of 

lithic artifacts that included all retouched pieces (i.e., 

those with tiny chips deliberately removed along one or more 

edges of the tool, for the purpose of resharpening or 

shaping), as well as some unretouched pieces that reflect 

features of manufacture, such as flakes produced using the 

distinctive Levallois technique. Pieces are assigned to 

particular categories or types based upon 1) the position of 

the retouch relative to the main axis of flaking (lateral, 

transverse, dejete), 2) the shape of the retouched edge 

(straight, convex, concave), the number of retouched edges 
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(single or double), 3) the orientation of retouched edges to 

each other (convergent, doxible convergent) , 4) the location 

of retouch on the dorsal or ventral surface, as well as some 

distinctive kinds of retouch (Quina, backed knives, 

truncations, denticulates, notches, burins). 

Table 1: 
Hordes Typology of Lower and Middle Paleolithic Flake Tools 

1. Levallois flake - typical 32. 
2. Levallois flake - at^ical 33. 
3. Levallois point 34. 
4. Retouched Levallois point 35. 
5. Pseudo-Levallois point 36. 
6. Mousterian point 37. 
7. Elongated Mousterian point 38. 
8. Limace 39. 
9. Racloir - single-edged, straight 40. 

10. Racloir - single-edged, convex 41. 
11. Racloir-single-edged, concave 42. 
12. Racloir - double-edged, straight 43. 
13. Racloir - double-edged, straight/convex 44. 
14. Racloir - double-edged, straight/concave 45. 

46-
48-
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 

15. Racloir - double-edged, biconvex 
16. Racloir - double-edged, biconcave 
17. Racloir - double-edged, convex/concave 
18. Convergent racloir, straight 
19. Convergent racloir, convex 
20. Convergent racloir, concave 
21. Dejete racloir 
22. Transverse racloir, straight 
23. Transverse racloir, convex 
24. Transverse racloir, concave 
25. Racloir on bulbar face 
26. Racloir with abrupt retouch 
27. Racloir with thinned back 
28. Racloir with bifacial retouch 
29. Racloir with alternate retouch 
30. End-scraper - typical 
31. End-scraper - at^ical 

Burin - typical 
Burin - at^ical 
Piercer - typical 
Piercer - atjqjical 
Backed knife - typical 
Backed knife - at^ical 
Natural backed knife 
Raclette 
Truncated flake 
Mousterian tranchet 
Notch 
Denticulate 
'Bee burinante alteme' 
Retouch on bulbar surface 

•7. Abrupt, thick, alternate retouch 
•9. Abrupt, thin, alternate retouch 
Bifacial retouch 
Tayac point 
Notched triangle 
Pseudo-microburin 
End notch 
Hachoir 
Plane 
Tanged point 
Tanged tool 
Chopper 
Chopper - inverse 
Chopping tool 
Diverse 
Bifacial leaf point 

from Mellars 1996:170, after Hordes 1972. 
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There have been many criticisms of the Bordes typology, 

including those of Dibble, Holland, Barton and others 

(Dibble 1987, 1988; Holland 1981; Holland and Dibble 1990; 

Barton 1990), discussed above, for its rendering of 

continuous variation into discrete categories. However, 

this line of argument has not been entirely persuasive. 

While the reduction sequence argument--that is, that most, 

if not all, of the variability in Mousterian tool forms can 

be explained as tool discard along a single continuum of 

resharpening and reuse--certainly has some merit, most 

workers have not accepted it as the explanation for all 

variability in Middle Paleolithic stone tools (e.g., Kuhn 

1995; Mellars 1996) . 

Other criticisms of the Bordes typology are the use of 

inconsistent criteria: morphological and technological 

criteria used independently, and the inclusion of 

unretouched pieces (Levallois flakes and points), and pieces 

that may not have deliberate retouch (types 45-50, which are 

most likely chipped post-depositionally by climatic and 

geological processes, such as gelifraction or solifluction). 

This latter set of categories was apparently created by 

Bordes because of his lack of faith in other workers to 

accurately distinguish between deliberate retouch and post-

depositional edge damage. 
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In addition, Hordes has been criticized for being too 

much of * splitter'-- i.e., the typology has been criticized 

for its artificial inflation of scraper types (25 of the 63 

types), while the other major subset of tools, denticulates 

and notches, receives only two categories. Thus, any 

scraper-rich assemblage will seem artificially rich in 

artifact types overall. 

Despite these criticisms, the Bordes typology remains 

the lingua franca for workers in the western European Middle 

Paleolithic, at least as a descriptive device. As such, it 

offers an avenue by which to approach and use data gathered 

by a wide variety of researchers over the last four decades. 

It is a relative methodological constant. 

The impact of the inclusion of non-retouched pieces in 

Bordes' original 63-type typology, and the classification of 

some pieces based on technological rather tham morphological 

criteria, has hopefully been reduced in the present study by 

the creation of categories for the counts and percentages of 

retouched pieces only {'essentiel' counts, in the French 

terminology). Specifically, types 1-3, cuid 5 (types of 

Levallois flakes), type 38 (naturally-backed knives), and 

types 45-50 (types of unretouched, damaged flakes) were 

excluded in the 'essentiel' counts, although the analyses of 

diversity were done using both 'essentiel' and *reel' (real 

or complete) counts. 



26 

B. Fauna: 

Only numbers of identif icUale specimens (NISP) , or bone 

elements, for medium and large herbivores were included in 

this study {Table 2). This is because the presence of small 

mammal, bird, and reptile remains in archaeological deposits 

may or may not be the result of human activity; these 

animals may have lived in the caves, been brought in by 

other predators, or burrowed into the deposits at a later 

date (Stiner 1991, 1994). The presence of carnivore bones 

in cave deposits is equally problematic, since many of these 

animals are known to inhabit enclosed sites for regular and 

prolonged periods (Stiner 1994). However, it is certain 

that mammoths, horses, elk, deer, and other ungulates did 

not live, or die natural deaths, in caves. The close 

spatial association of these bones with Mousterian chipped 

stone tools in Middle Paleolithic deposits presupposes the 

use of these species of animals as food sources by human 

groups, whether in enclosed sites or at open-air sites, 

although the contribution of carnivores to any faunal 

assemblage must be considered. 
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Table 2: 

Faxinal Taxa Included in the Study 

Proboscidea 
elephant 
mammoth 

Perissodactyla 
horse 
wild ass 
rhinoceros 
wooly rhinoceros 

Artiodactyla 
fallow deer 
roe deer 
red deer 
giant deer 
reindeer 
aurochs 
bison 
musk ox 
chamois 
ibex 
moxintain goat 
wild boar 
hippo 

Elaphus cintiquus 
Maimuthus primagenius 

Equus sp. 
Equus hydruntinus 

Dicerorhinus/Rhinceros sp. 
Coelodonta antiquitatis 

Dama dama 
Capreolus capreola 

Cervus elaphus 
Megaceros sp. 

Rangifer tarandus 
Bos primagenius 

Bison sp. 
Ovibos moschatus 

Rupicapra rupicapra 
Capra ibex, Capra pyrenaica 

Hemitragus cedrensis 
Sus scrofa 

Hippopotamus amphibius 

In all, 65 sites are included in this study: 21 open-

air sites, and 44 caves/rock-shelters. Many have multiple 

strata, yielding a total of 172 lithic cases (open-air n = 

31; caves n = 141), and 141 faxinal cases (open-air n = 16; 

caves n =125). Not all sites yielded both published faunal 

and lithic data. See Appendix A (Key to Sites) . For each 

stratigraphic unit or assemblage, the following data were 

collected; 



Table 3: Key to Data Categories 

OA open-air site type 

CA cave or rockshelter site type 

NISP number of identifiable specimens (fauna) 

NTAXA number of tcuca (fauna) 

LAS: 'complete' lithic assemblage size: number of all 
lithic pieces recorded in the Bordes typology 

RET: 'essential' assemblage size, counting only 
retouched pieces: number of retouched pieces 
within the Bordes typology 

TYPES: number of types, using complete Bordes typology 
(max. n = 63) 

RETYP: number of retouched types, excluding unretouched 
Bordes' types 1-3, 5, 38, and 45-50 (msix. n = 42) 

DNX: percentage of retouched pieces in an assemblage 
(RET) classified as denticulates/notches (types 42 
and 43) 

SNX: percentage of retouched pieces in an assemblage 
(RET) exhibiting intensive retouch; i.e., retouch 
on more than one edge, including all double, 
convergent, and dejete scrapers (types 6-8, and 
12-21) 

LOGLAS: log of total assemblage size 

LOGRET: log of essential (retouched only) assemblage size 

LOGNISP: log of faunal assemblage size 

All of the above data were used to test the richness of 

diversity in caves vs. open-air sites. A simple comparison 

of descriptive statistics is followed by regressions of the 



numbers of types against assemblage size, for both essential 

and complete lithic assemblages, and for faunal assemblages. 

An analysis of the slopes, Y-intercepts, and residuals 

generated by the regressions is followed by an assessment of 

the DNX and SNX indices. These are measures of the 

percentages of lithic assemblages that are made up of 

'toothed' implements (denticulates and notches), thought to 

be the least-intensively retouched tools (DNX), and the 

intensively-retouched scrapers (SNX)-- those scrapers with 

multiple or converging retouched edges. These two 

categories of tools are thought to represent opposite ends 

of the reduction continuum (Rolland and Dibble 1990; Mellars 

1996) , and may be used to answer questions sibout occupation 

intensity at the open-air vs. cave sites. 

Statistical Methods: Lithics 

A. Descriptive Statistics, and the Relationship between 

Assemblage Size and Richness: 

In addition to the generation of simple, descriptive 

statistics, the data category of assemblage size (LAS) was 

plotted against number of types (TYPES) for complete 

assemblage, and number of retouched pieces (RET) against 

number of retouched types (RETYP) for essential counts to 

test the well-established phenomenon in both archaeology and 

ecology that sample richness increases with sample size. 
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leveling off as maximum number of types possible is reached 

(Jones et al. 1983; Kintigh 1989). 

B. Regressions: 

Because of the strong relationship between assemblage 

size and richness, (r^ = 0.77 for complete assemblages, and 

r^ = 0.75 for essential assemblages), regression equations 

were derived in order to compare the actual regression 

slopes of the curves generated by plotting assemblage size 

against number of types (LAS x TYPES, and RET x RETYP) for 

both cave amd open-air sites, to see if there is a different 

relationship between sample size and richness for the two 

kinds of sites. In these analyses, logs of assemblage size 

(LOGLAS and LOGRET) were used in place of actual counts, 

generating more linear relationships. Differences in Y-

intercepts and slopes for the regression lines were 

evaluated using both Student-t tests and the overlap of 95% 

confidence intervals for both site-types and both 

assemblage-types. 

C. Residuals: 

An analysis of residuals was also performed, to 

determine if there is higher- or lower-than-expected 

artifact richness for either type of site. Regression 

residuals were converted to binary symbols (+ or -, 

referring to relationship to zero), and tests performed 
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on the results to assess significance. The entire data base 

(both site-types combined) was used to generate expected 

values. 

D. DNX and SNX Indices: 

Differences in DNX and SNX indices were evaluated using 

Mann-Whitney U-tests (data are not normally distributed), to 

test the hypothesis that the values for open-air and cave 

sites could have come from the same population. That is, 

the Mann-Whitney U-tests were used to determine whether 

there were significant differences in the proportions of 

both cave and open-air assemblages that were either 

denticulates/notches (DNX) or heavily-reduced scrapers 

(SNX), testing the expectation that enclosed sites should 

have fewer denticulates and more heavily-reduced scrapers 

than open-air sites. 

Statistical Methods: Faima 

The same sets of Descriptive Statistics, Regressions, 

and Analysis of Residuals that were performed on lithics 

(above) were performed on faunal data as well. Regressions 

of faunal assemblage size (NISP) against diversity (NTAXA, 

number of taxa) were generated for both open-air and closed 

sites, and the analysis of residuals performed to see if 



either type of site shows lower or higher than expected 

diversity. 

All statistical tests were performed using SYSTAT 5.0. 
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V. RESULTS 

A. Descriptive Statistics, and the Relationship Between 

Lithic Assemblage Size (LAS or RET) and Artifact Richness 

(TYPES or RETYP): 

Figures 2-5 illustrate the log-linear relationship 

between assemblage size and richness for both categories of 

sites; i.e., assemblage richness is a function of assemblage 

size. 

NOTE: In the figures throughout this paper, 'double-

hits' will be darker, and indicate multiple cases at the 

same location on the graph. 
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Figure 5: Scatter-plot of retouched-only assemblage x number 
of retouched types for open-air sites 
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Tables 4 and 5 summarize the descriptive statistics for 

the two site-types: 

Table 4: 
Descriptive Statistics for Open-air Sites 

LAS TYPES RET RETYP DNX SNX 

n of cases 31 31 31 31 31 31 

minimum 1 1 1 1 0.00 0.00 

maximum 1643 47 706 39 0.69 0.68 

mean 308.1 21.2 141.0 15.6 
0.28^ 0.10^ 

standard 
deviation 

402.3 13 .6 189.1 11.0 0.20 0.16 

(see notes bei^w^T^'^"^ 

Table 5: 
Descriptive Statistics for Caves/Rockshelters 

LAS TYPES RET RETYP DNX SNX 

n of cases 141 141 134 128 128 128 

minimum 9 5 0 3 O.OO 0.00 

maximum 3388 62 2133 45 0.78 0.63 

mean 323 .3 27.4 183 .9 20.8 0.29^ p. 12 

standard 
deviation 

497.0 11.7 276.4 9.8 0.20 0.11 

notes: ^ in comparison of two site-types, Mann-Whitney 
U statistic = 1923.0, p = 0.79 

^ in comparison of two site-types, Mann-Whitney 
U statistic = 1458.0, p = 0.02 
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It is clear from Figs. 2-5 that there is a strong log-

linear relationship between richness and assemblage size for 

lithic artifacts at both open-air and closed sites for the 

Western European Middle Paleolithic as represented by the 

data presented in this study. Specifically, as assemblage 

size increases, so does assemblage diversity (artifact 

richness), leveling off as maximum number of possible types 

is approached. This relationship holds for both open-air 

and closed sites, and using complete or essential (retouched 

only) assemblages. As the dependence of sample richness on 

sample size has been amply demonstrated elsewhere (Jones et 

al. 1983; Kintigh 1989), this result is not unexpected. 

This relationship between assemblage size and 

assemblage richness obviates the use of univariate 

statistics, such as the t-test results, for this study. In 

other words, simple tests of means are inappropriate 

because of the dependence of richness on assemblage size. 

Any differences in artifact (and faunal species) richness 

must be evaluated using bivariate statistical techniques 

such as regressions, which allow for a determination of the 

exact nature of the relationship between assemblage size and 

richness, and therefore allow for a comparison of those 

relationships for the two types of sites. 
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B. Lithic Regressions: See Figures 6-9 for regression 

plots. 

Regressions were nin on richness (numbers of types) 

against log of assemblage size for both complete assemblages 

and retouched-only assemblages; i.e., TYPES were regressed 

against LOGLAS, and RETYP against LOGRET for both site-

types. 
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Figure 6: Regression of log of full assemblage size x number 
of types for open-air sites 
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of types for cave sites 



43 

40 

30 

00 

t- 20 

0 

0 
0 2 3 6 5 7 

LOGRET 

Figure 8: Regression of retouched-only assemblage size x 
number of retouched types for open-air sites 
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Figure 9: Regression of retouched-only assemblage size 
number of retouched types for cave sites 
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Referring to Table 6, the results of the regressions 

show that, while there is no significant difference in Y-

intercept (p>.10) or slope (p>.05) between open-air and 

closed sites when only retouched pieces are included in the 

assemblage, there is a significant difference in the slope 

of the regressions for the two types of sites when the 

entire Bordes typology is employed (Table 6). A Student's 

t-test result of p < 0.02 confinns this result. 

Table 6: 

Regression Statistics for Open-air and Caves/Rockshelters 

Variables Parameter Open-Air 
(95% 
confidence 
interval) 

Caves p value^ 

TYPES 
(dependent) x 
LOGLAS 
(independent) 

Y-intercept -9 .16 
(5.94) 

-17.27 
(4.25) 

p>. 05 TYPES 
(dependent) x 
LOGLAS 
(independent) slope 6.57 

(1.2) 
8 .81 

(0.82) 
p<. 02 

TYPES 
(dependent) x 
LOGLAS 
(independent) 

r^ 0.81 0 .77 

RETYP 
(dependent) x 
LOGRET 
(independent) 

Y-intercept -6.06 
(3.55) 

-10.95 
(3.80) 

p>. 10 RETYP 
(dependent) x 
LOGRET 
(independent) slope 5.70 

(0.84) 
6 .94 

(0.80) 
p>.05 

RETYP 
(dependent) x 
LOGRET 
(independent) 

r^ 0 .86 0 .70 

^ probability of open-air and cave samples being drawn from 
the same population, based on Student's t-test (for LOGLAS, 
t = 1.72 for Y-intercept, t = 2.47 for slope; for LOGRET, t 
= 1.23 for Y-intercept and t = 1.74 for slope; df = 140). 
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The slope for the complete lithic assemblages from 

closed sites is steeper than that for open-air sites (see 

Figs. 6 and 7; Table 6) , indicating that the richness of an 

assemblage (number of types) grows at a faster rate at 

closed sites as assemblage size increases. However, when 

only retouched pieces are considered, there is no difference 

in slope. Since the difference between the regression based 

on total Hordes typology and that based on retouched pieces 

only (which showed no significant differences between site-

types) , hinges on the inclusion of four types of Levallois 

flakes (types 1-3, and 5), naturally-backed knives (type 

38) , and five types of possibly-utilized, possibly-

cryoturbated flakes (types 45-50), we must turn to these 

classes of artifacts for an explanation. 

It may be that cave and rockshelters were more 

intensively used in colder glacial periods, and generated a 

higher percentage of types 45-50, either through 

cryoturbation (which would not effect open-air deposits that 

generally formed during warmer interglacials) or through 

trampling in the confined spaces of closed sites. 

There is also a possible density effect, in that, due 

to spatial constraints, there is generally a much greater 

density of finds in caves and therefore a greater chance for 

trampling or for geological processes to result in the 

collision of lithic pieces, causing in edge damage. This 
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would happen to a much lesser extent in even large open-air 

assemblages for which the distribution of artifacts is more 

extensive and less dense. 

It would be informative to determine which, if any, of 

the missing types accounts for the differences between open-

air and closed site assemblages, but this analysis is beyond 

the scope of the present study. 

For this aspect of the analysis, the Hq is rejected 

when the full Bordes typology is used, but not rejected if 

retouched-only assemblages are used. That is, open-air 

sites have less-diverse lithic assemblages only when the 

full Bordes typology is the basis of testing; controlling 

for assemblage size, caves and open-air sites are equally-

rich in retouched tool types. 

C. Analysis of Residuals: 

For both open-air and cave/rockshelter sites, and for 

regressions based on both complete and essential 

assemblages, residuals (distance on the Y-axis of each data 

point from the regression line) were compiled, so that 

comparisons could be made between the two kinds of sites. 

For this analysis, a regression was run using all sites, of 

both site-types combined. 

Each residual was converted to either a '+' (if its 

value was greater than 0) or a (if its value was less 
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thcin 0) , and a test was done to ascertain the 

significance of any differences between the two categories 

of sites. This method was chosen to reduce the effects of 

outliers, by converting each point to a value connoting a 

position either above or below the regression line. This 

allows us to see whether either of the site types has an 

unequal distribution of data points above or below the 

regression line, demonstrating either more- or less-than-

expected assemblage richness, respectively. See Tables 7 

and 8. 

Also see Figures 10-15 for plots of residuals by 

assemblage-type and site-type. 



Table 7: 
Analysis of Residuals by Site-type 
for Total Lithic Assemblage (LOGLAS) 

Converted 
residual 

Open-Air Caves TOTAL 

+ 11 78 89 

- 20 63 83 

TOTAL 31 141 172 

Pearson = 4.004 df = 1 p = 0.045 

Tcible 
Analysis of Residuals by Site-type 

for Essential Lithic Assemblage (LOGRET) 

Converted 
residual 

Open-air Caves TOTAL 

+ 17 69 86 

- 14 59 73 

TOTAL 31 128 159 

Pearson ̂  = 0.009 df = 1 p = 0.926 
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Figure 10: Plot of full assemblage lithic regression 
residuals for combined site types 
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Figure 11: Plot of full assemblage lithic regression 
residuals for open-air sites 
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Figure 13: Plot of retouched-only assemblage lithic 
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Figure 15: Plot of retouched-only assemblage regression 
residuals for cave sites 
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The analysis of residuals (Tables 7 and 8) confirms the 

preceding regression-based conclusions, that there is a 

significant difference in assemblages from the two site-

types for total lithic assemblage (p = 0.045), with open-air 

sites showing less-than-expected artifact richness--that is, 

there are more negative residual values. However, analysis 

of residuals using the retouched-only assemblages shows no 

significant differences between open-air and closed sites (p 

= 0.926). 

For this aspect of the analysis, the Hq is rejected for 

the complete assemblages, but not rejected for the 

retouched-only assemblages. Once again, open-air and cave 

sites show equivalent artifact richness when retouched-only 

assemblages are used; open-air sites demonstrate less-than-

expected richness if the entire Bordes typology is used. 

D. Differences in DNX and SNX indices: 

Refer to Tables 4 and 5 (Descriptive Statistics) for 

the indices themselves, and the attached Mann-Whitney U-test 

probabilities. Also see Figures 16 and 17 (notched-box 

plots of the indices), 

It may be obvious, but nonetheless worth pointing out, 

that these two indices are based on RET, or retouched-only 

assemblages, since they are by definition percentages of 

retouched pieces that fall into one of two categories. 
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Therefore, any rejection or failure to reject the Ho refers 

to the retouched assemblages only. 

The Mann-Whitney U-test gives p values of 0.79 for DNX 

(the denticulate index) and p = 0.02 for SNX (Tables 4 and 

5; Figs. 16 eind 17) . The box-plots, in particular, 

demonstrate that neither the medians nor distributions of 

DNX ratios differ significantly between the site-types, and 

the 95% confidence intervals (based on two standard errors) 

overlap considerably. (The 'notches' or indentations in the 

boxes, represent 95% confidence intervals for the true 

location of the median value; vertical lines extending out 

of the boxes show the distribution, and asterix and circles 

connote outliers; the box itself represents the middle two 

quartiles of the distribution; where the box is folded back 

on itself, it is demonstrating the difference between the 

upper and lower quartiles of the distribution.) In terms 

of percentage of retouched pieces that are denticulates or 

notches, there is no significant difference between open-air 

and closed sites. Whether denticulates/notches are 

expedient tools, wood-working tools, or something else, for 

the sites and assemblages in this study, people used them 

just as often in caves and rockshelters as they did in open-

air sites. The Hq is not rejected. Caves and rockshelters 

show no differences from open-air sites in percentages of 

denticulates and notches. 
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For SNX (percentage of retouched pieces that show 

intensive retouch, i.e., on multiple edges) however, the 

medians are quite different, the 95% confidence intervals do 

not overlap at all, and the distribution of SNX values is 

different for the two site-types (Fig. 17). Specifically, 

there is, on average, a lower percentage of highly-re touched 

tools for open-air assemblages than for those from caves and 

rockshelters, although not dramatically so. In any case, 

the Hq is rejected for this parameter. 

This supports the conventional wisdom (e.g., Rolland 

and Dibble 1990; Sireix and Bordes 1972), which attributes 

this phenomenon to intensity of occupation and re-

use/resharpening of tools in caves and rockshelters. I am 

unaware of any other quantitative support for this 

contention. 
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Figure 16: Notched box-plots of denticulate index, by-
site type 
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Figure 17: Notched box-plots of intensive scraper 
retouch index, by site type 
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F. Fauna.1 R.egT"essiQns and. Analysis of. P.esiduals: 

Regressions were run plotting log of faunal assemblage 

size (LOGNISP) against richness as represented by number of 

taxa (NTAXA), for both open-air and cave/rockshelter sites. 

See Figures 18 and 19, and Table 9. 

Table 9: 

Faunal Regression Statistics for Open-air and Cave Sites 

Variables Parameter Open-Air 
(with 95% 
confidence 
interval) 

Caves p value^ 

NTAXA 
(dependent) x 
LOGNISP 
(independent) 

Y-
intercept 

4.57 
(3.38) 

0.92 
(0.88) 

p< 0.005 NTAXA 
(dependent) x 
LOGNISP 
(independent) slope 0.21 

(0.58) 
1.11 
(0.18) 

p< 0.005 

NTAXA 
(dependent) x 
LOGNISP 
(independent) 

r^ 0.04 0.54 

^ probability of open-air and cave samples being drawn from 
the same population, based on Student's t-test (t = 2.8 for 
Y-intercept, and t = 3.25 for slope, with df = 140). 
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Figure 18: Faunal regression for open-air sites 
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Figure 19: Faunal regression for cave sites 
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It is clear from the p values associated with the 

Student's t-test results of a comparison of both the Y-

intercepts and slopes of the two regression lines generated 

by the relationship of faunal assemblage size to taxon 

richness, that this relationship is quite different for 

open-air sites and cave/rockshelter sites. A look at the 

95% confidence intervals confiirms that there is no overlap 

for either parameter, as does an examination of Figures 18 

and 19. These regressions point to dramatic differences in 

faunal diversity between open-air and cave sites. However, 

the r^ associated with the regression for open air sites is 

0.04; i.e., assemblage size predicts only 4% of the 

variation in taxon richness for these assemblages (r^ for 

caves is a respectable 0.54). This is most likely due to 

the small sample size for open-air sites (n = 16), but may 

also be due the problem of bone preservation in unprotected, 

open settings where thousands of years of rain seeping 

through the deposits have taken their toll on organic 

materials. Most of the open-air sites in the study yielded 

no faunal material at all, and many others contained bone 

too weathered and fragmentary to identify. 

An analysis of the residuals generated by the 

regressions does not shed much light on the problem. See 

Figures 20 and 21, and Table 10. 
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Figure 20: Plot of faunal regression residuals for open-
air sites 
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Figure 21: Plot of faunal regression residuals for cave 
sites 
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Table 10: 
Analysis of Residuals for Faunal Assemblages 

Converted 
residual 

Open-air 
(expected) 

Caves 
(expected) 

TOTAL 

+ 6 (7) 56 (57) 62 

- 10 (9) 69 (70) 79 

TOTAL 16 125 141 
Pearson chi-square =0.3 07 df = 1 p = 0.58 

According to the analysis of residuals, neither site 

type deviates significantly from expected richness; open-air 

sites do not have lower-than-expected species diversity. 

Cave assemblages appear to be equivalent in species richness 

to open-air assemblages. By these data, hominids availed 

themselves of just as many different kinds of animal species 

at open-air sites as at caves. Again, however, this result 

is suspect, since the regression of assemblage size and 

species richness for open-air sites was not significant. 
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VII. DISCUSSION: 

The results of the above analyses demonstrate that when 

the full Bordes typology is used, there are significant 

differences between open-air and cave sites in artifact 

richness, with open-air sites showing less-than-expected 

diversity. If variety of tool types reflects variety of 

tasks carried out, then this data suggest that a wider array 

of activities was carried out at enclosed sites, and that 

open-air sites are in some sense incomparable. However, it 

must be borne in mind that there is no expectation that 

tools will be discarded where they are used. The higher 

artifact richness at cave and rockshelter sites may reflect 

more discard behavior, such as retooling mobile individuals, 

rather than a wider variety of activities. 

In addition, if only retouched tools are considered in 

the lithic analysis, open-air sites have just as much 

diversity or variety of tools as cave/rockshelter sites. 

That is, if unretouched Levallois flakes, naturally-backed 

knives, and pieces without deliberate retouch are dropped 

from the analysis, caves and open-air sites have equivalent 

artifact richness. I feel justified in placing more weight 

on the results of the retouched-only assemblages, and 

dropping the problematic tool categories from the full 
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t^'pclcg^', since the result is a ti^pclcgy v,'ith a more 

consistent application of classification criteria. 

Mean assemblage sizes for the two types of sites are 

quite comparable for the sample of sites used in this study, 

and regression lines generated by plotting retouched lithic 

assemblage size against numbers of retouched types per 

assemblage do not differ in either slope or Y-intercept. By 

these measures, there are no quantitative or qualitative 

differences between open-air and enclosed sites for the 

western European Middle Paleolithic. This appears to be 

contrary to the conclusions of Rolland and Dibble (1990:484) 

in which Perigord open-air assemblages are characterized as 

"...more homogeneous...and with fewer retouched tools...", 

although theirs was a much more restricted sample of sites 

located near raw material sources. 

If variety of tool forms reflects variety of tasks 

performed, that is, if greater variability in edge 

morphology reflects a wider range of activities (Barton 

1990; Rigaud 1978; Sireix and Bordes 1972), we can conclude 

that the same diversity of activities was carried out at 

both open-air and enclosed sites. While one might expect at 

least some open-air sites to be limited-activity sites such 

as kill sites, or specialized procurement or processing 

sites, when open-air assemblages as a whole are examined, 

they seem to represent the same diversity of activities. 
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Since, on average, botii site types also contain tiie satne 

numbers of artifacts, we may be able to assume that, if 

depositional rates are comparable, they represent comparable 

duration and intensity of occupation. On the other hand, 

since assemblage size (numbers of artifacts) is often more a 

reflection of the volume of sediment excavated and the 

density of artifacts (and these data are often not 

reported), the samples used in this study may not really be 

comparable in this respect. Setting this caveat aside, it 

does not appear from the data on retouched tools generated 

by this study that Middle Paleolithic hominids habitually 

chose enclosed sites as home bases, venturing out to open-

air camp sites only on special procurement expeditions. 

While the results of the faunal regressions are 

questionable (with an r^ value of only 0.04 for open-air 

sites, probably due to sampling and preservation problems), 

a comparison of the Y-intercepts and slopes of the 

regressions does point to significant differences between 

open-air and cave sites. 

If one chooses to set aside the problems with the 

regressions, these data seem to support the notion of 

significant differences in the relationship of assemblage 

richness to assemblage size, and therefore qualitative 

differences between the two types of sites. However, an 

analysis of the residuals generated by the faunal 
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regressions does not yield any significant variation from 

expected richness for either site type. Open-air sites do 

not have less-than-expected faunal species diversity when 

data from both site types is used to generate a regression. 

This result comes as something of a surprise, since 

many open-air sites were certainly kill-sites where a single 

species dominates, e.g., Mutzig (Sainty et al 1994} or 

Mauran (Farizy et a.1 1994) . However, these sites also 

contain the remains of other species, albeit in very low 

frequencies, pointing to probable extended occupation of the 

sites, and the addition of other animal carcasses to the 

larder. 

While analysis of the full Bordes typology and the 

admittedly-unreliable faunal regressions point to some 

differences between open-air and cave sites, both types of 

sites show equivalent diversity of faunal species and 

retouched tool types. 

Perhaps it is a 20th century human bias to assume that 

prehistoric people would prefer the shelter offered by caves 

and rockshelters to exposure in open places, but this may 

not have been the case. At present, we know little about 

Middle Paleolithic people's ability to or interest in 

constructing temporary shelters, but we do know that they 

evolved from earlier hominids that lived in open spaces for 

millions of years; we cannot assume a priori that 
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Neandertals would prefer enclosed places as home bases. The 

data from this study seem to point to equivalent duration of 

occupation and equivalent variety of tasks performed at 

open-air sites and individual cave/rockshelter stratigraphic 

units. 

The one exception to this conclusion in this study is 

the slightly lower percentage of intensively-retouched 

scrapers at open-air sites (0.10 vs. 0.12 of retouched 

pieces). This may be due to the fact that there is 

flexibility in the selection of a particular open-air site, 

unlike the situation for the choice of caves, and many are 

located near, or directly on top of lithic raw material 

sources (Mellars 1996) . If intensive reduction of stone 

tools is, at least in part, a response to restricted 

availability of lithic raw material, one would expect to 

find fewer highly-reduced pieces in situations of abundant 

supply. Since people seem to have often chosen open-air 

sites because of their proximity to lithic sources, we might 

well expect to find fewer heavily-retouched pieces in these 

sites. [However, Kuhn (19 95) has observed a sometimes high 

intensity of retouch in assemblages formed virtually on top 

of lithic sources in the Pontinian, perhaps reflecting 

retooling as a part of a mobile subsistence strategy.] 

Caves were presumably chosen for other reasons, and 

lithic raw materials had to be carried to them. Even if 



73 

this difference in raw material access plays only a small 

part in the accumulation of highly-retouched pieces, it may 

be enough to explain the 2% difference in mean scraper index 

(SNX) between open-air and enclosed sites in this study. 

Another explanation of these differences may be that 

they reflect different mobility patterns. Binford (1979, 

1987) and Kuhn (1995) have made a distinction between the 

strategies of provisioning individuals and provisioning 

places. In this scenario, a strategy of provisioning mobile 

individuals will result in maintenance of tools and 

retooling before setting out on procurement trips, so that 

discard of used-up tools will take place, not at the site at 

which they were used, but in advance of planned use-

activities. In other words, worn-out tools would be 

replaced at a home base, before setting out on procurement 

trips, and individuals would have selected portable, durable 

tools to carry with them; these portable tool kits would be 

largely comprised of heavily-reworked pieces (Kuhn 1995) . 

Thus, the presence of many heavily-reduced scrapers may 

reflect intensity of occupation; either caves or open-air 

sites that served as home bases with some duration of 

occupation would yield the end results of retooling of 

mobile individuals. 

While some worn out tools might be discarded at special 

activity sites, if curated tools are not generally discarded 
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where they are used, these kinds of sites should not contain 

as many highly-reduced tools, as these would have been 

replaced before setting out; they may yield evidence of 

expedient tools, manufactured on the spot to fill a 

momentary need, and discarded after use. If even a few of 

the open-air sites used in this study were special activity 

sites, this alone may be enough to explain the 2% difference 

in mean intensive-retouch index (SNX). 

In provisioning of places, raw materials are stockpiled 

by people as part of long-term occupation in which 

procurement and reduction of raw materials is embedded in 

everyday subsistence activities. This is contrary to the 

model of recycling and reuse of stone tools generally 

espoused (Holland 1981; Dibble 1987, 1988; Holland and 

Dibble 1990; Barton 1990) in which intensity of occupation, 

i.e., lack of mobility, is believed to entail reduced access 

to raw material, and therefore increased resharpening and 

reuse of tools. The provisioning model, based on 

ethnographic studies (Binford 1979, 1987; Kuhn 1995), 

proposes that people occupying a site for extended periods 

will accumulate ample raw material for tools as part of 

regular foraging and hunting expeditions. One might expect, 

then, less recycling and reshairpening of tools at home bases 

occupied for extended periods, but this may be offset by the 

strategy of maintenance and retooling of toolkits for mobile 
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individuals before procurement expeditions, which v,'ould 

increase the numbers of heavily-retouched pieces entering 

the archaeological record as used-up tools are discarded. 

To recap, the higher intensity of scraper reduction in 

caves and rockshelters may be due to 1) more reuse of lithic 

materials due to limited mobility and access to raw material 

resulting from severe climatic conditions; 2) spatially-

confined occupations where people would likely encoxmter 

discarded artifacts; 3) less-intensive cave occupations 

without lithic stockpiling; or 4) the slighly higher average 

distance from lithic raw materials, in comparison to open-

air sites that were often chosen precisely for their 

proximity to these resources. 

In summary, while the slight differences between open-

air and enclosed sites in the percentages of tools 

exhibiting intense reduction may be explained by access to 

raw material or mobility patterns, in terms of assemblage 

diversity (variety of tools) and occupational intensity (as 

reflected by mean assemblage size), this study shows few 

important differences between these two categories of sites. 

Open-air sites do not appear quantitatively or qualitatively 

different from cave and rockshelter sites, in terms of 

retouched artifact diversity. If variation in artifact 

morphology, as portrayed by the Bordes typology, represents 

at least in part, variation in the range of activities 
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perfoimisci at a.2rcii2.solo5i.csl sitss, thsn. opsn-air* sitss 

exhibit the same diversity of tasks as cave/ 

rockshelter sites. 

All of these conclusions point to an adaptation in the 

Middle Paleolithic in which human groups spent extended 

periods of time in open-air camps, sometimes in periglacial 

conditions, not simply huddling in caves and scrambling out 

for quick hunting or scavenging forays. This is not the 

conventional view of life during the Pleistocene, perhaps 

biased by our modern human love of creature comforts and 

life in enclosed places. On the other hand, if Middle 

Paleolithic people spent as much time outdoors as it seems 

they did, this should reinforce our efforts to detect the 

ephemeral traces of windbreaks and other structures made of 

organic materials; it is interesting to imagine wooden 

precursors to the Upper Paleolithic mammoth bone huts. 

It should be pointed out that there is no expectation 

to find equivalent numbers of open-air and enclosed sites; 

the overwhelming majority of open-air sites has almost 

certainly been destroyed, or deeply buried, by post-

depositional processes. 

The results of this study point to equivalent find 

richness and equivalent mean sample sizes between open-air 

and cave assemblages. Based on these criteria, it can be 

concluded that open-air occupations and cave/rockshelter 
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occu-pstion. SLITS not ^u.cLlit2.tivsly d-iffsrsnt. If this is so, 

the simpler depositional events that result in open-air 

assemblage formation can in fact be used to sort out the 

complexity of cave/rockshelter archaeological deposits, and 

can be used to make finer-grained behavioral inferences. 

The higher resolution and integrity potential offered by 

open-air deposits (i.e., their potential to provide 

assemblages accumulated by limited episodes of activity and 

limited agents of activity), offer a another avenue by which 

to untangle the complex interactions of humans and their 

environments at Middle Paleolithic sites in western Europe. 

Cave and rockshelter deposits still offer the best sources 

of information about diachronic change, as well as questions 

on long-term subsistence strategies and technological 

strategies. Many finer-grained behavioral questions may be 

more easily answered by the study of open-air assemblages, 

which can no longer be seen as representing a limited 

repertoire of human activities. 

Studies of the spatial distribution of artifacts in 

open-air sites can be used to make inferences about the 

organization of space by Middle Paleolithic hominids. Are 

there concentrations of artifacts and bones in relation to 

hearths or other features, pointing to activity areas? How 

are lithic cores and refit flakes distributed? Are faunal 

skeletal elements differentially distributed, perhaps 
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pointing to various processing activities? While there is 

no assumption that tools used together (toolkits) will enter 

the archaeological together, due to unequal use-life 

histories, tools found together in undisturbed, single 

component open-air sites were discarded together. We might 

ask questions about discard behavior: were people creating 

secondary depositional contexts (trash dumps), or were tools 

discarded together as part of retooling a mobile individual 

tool kit? 

Answers to these types of questions are at least 

approachable through data derived from open-air sites. By 

comparison, the palimpsest nature of cave and rockshelter 

deposits seems to offer little hope, at least at present, of 

shedding light on these kinds of behavioral questions. The 

recognition of open-air sites as equivalent to caves and 

rockshelters in find diversity, and therefore as 

representing a major component in Middle Paleolithic 

adaptive strategies, will only help to create a broader, 

more comprehensive, and perhaps clearer picture of human 

life in the later Pleistocene. 



APPENDIX A 

Key to Middle Paleolithic Sites in The Study 



KEY TO MIDDLE PALEOLITHIC SITES IN THE STUDY 

Site name level site type location reference 1 
i 
t 
h 
i 
c 

f 
a 
u 
n 
a 

1 Las Alloueres Open-air E.France Huguenin 1985 X 

2 La Mouthe H-5 Cave SW.France de Beaune-Romera 
1984 

X 

3 Grotte Rainaude 11 Cave SE,France Onoratini 1986 X 

4 Nantois Pleneuf Open-air NW.France Monnier 1986 X 

5 Terrier Cave France Sacchi 1978 X 

6 Grotte du Bison I-E Cave C.France Girard 1982 X 

7 Grotte du Renne* XIV-
XI 

Cave NC.France Girard 1980 X 

8 Mont Houy S&I Open-air N.France Vallin Ec 

Prevost-Boure 
1990 

X 

9 Grotte du Rigabe G Cave SE.France Escalon de 
Fonton Sc de 
Lumley 1960 

X 

B-J Bonifay 1960 X 



Site name level site type location reference 1 
i 
t 
h 
i 
c 

f 
a 
U 

n 
a 

10 Moisson 3 & 
6a 

Open-air N.France Lecolle 1982 X 

11 Mantes Open-air N.France Lecolle 1982 X 

12 Gatteville-Phare Open-air NW.France Michel et a l  
1982 

X 

13 Bois-des-Renards Open-air NC.France Degros e t  a l  
1982 

X 

14 Rescoundudou 1 Cave SC.France Jaubert 1983 X 

15 L'abri Pie-
Lombard 

Cave SE.France Texier 1974 X 

16 Rond-Point S&F Open-air N.France Tuffreau & 
Vaillant 1974 

X 

17 Chinchon Open-air SW.France Sireix & Hordes 
1972 

X 

18 Mourmont Open-air N.France Somme et al 1972 X 

19 Courbehera T,S1 
S2 

Open-air N.France Tuffreau 1979 X 

20 Laigny Open-air N.France Mathieu 1972 X 



Site name level site type location reference 1 
i 
t 
h 
i 
c 

f 
a 
u 
n 
a 

21 La Breche de 
Genay 

Open-air WC.France Pautrat 1987; 
Patou 1987 

X X 

22 L'abri du Molare 13 Cave SW.Italy Mallegni & 
Ronchitelli 1987 

X 

23 Grotte du Rond-
du-Barry 

J3 Cave SC.France de Bayles des 
Hermens 1987 

X 

24 Longavesnes Open-air NC.France Ameloot-van der 
Heijden 1993 

X 

25 Grotta Guattari 1,2,4 
,5 

Cave SW.Italy Taschini 1979 X X 

26 Grotta di S. 
Francesco 

Cave SW. Italy Boscato et al 
1991 

X X 

27 L'Erguilliere-
Port-Racine 

sectl Open-air NW.France Cliquet & 
Revillon 1990 

X 

28 El Conde E,D Cave N.Spain Straus 1983 X 

29 Hornos de la 
Pena 

Cave N. Spain Straus 1983 X 

30 El Flecha Cave N.Spain Straus 1983 X 

31 El Castillo b, a Cave N.Spain Straus 1983 X 



Site name level site type location reference 1 
i 
t 
h 
i 
c 

f 
a 
u 
n 
a 

32 El Pendo XVI-
Vllld 

Cave N.Spain Straus 1983; 
Gonzalez 
Echegeray et al 
1980; 

X X 

33 Cueva Morin 17-11 Cave N.Spain Straus 1983; 
Freeman 1989; 
Gonzalez 
Echegeray 1980 

X X 

34 Isturitz P,M Cave SW.France Straus 1983 X 

35 Olha Fi4-1 
Fm 

Cave SW.France Straus 1983 X 

36 La Ferrassie Md2-
Lb2 
PA 

Cave SW.France Delporte 1984 X 

37 Grotte Vaufrey IX-I Cave SW.France Rigaud 1988 X X 

38 Mauran Open-air SW.France Farizy et al 
1994 

X X 

39 Saint-Cesaire EQJP Cave SW.France LSveque et al 
1993 

X 

40 L'abri des 
Canalettes 

2,3 Cave SE.France Meignen X X 



Site name level site type location reference 1 
i 
t 
h 
i 
c 

f 
a 
u 
n 
a 

41 Amalda VII Cave N. Spain Altuna 1989 X 

42 Axlor VIII-
III 

Cave N.Spain Altuna 1989 X 

43 Lezetxiki VI-IV Cave N.Spain Altuna 1989 X 

44 Grotte de Gabasa a-h Cave N.Spain Utrillo & Montes 
1989 

X 

45 Combe Grenal 55-36 Cave SW.France Webb 1989 X 

46 Pech de I'Az^ II 5-2E Cave SW.France Webb 1989 X 

47 Pech de I'Az^ IV Y-H21 Cave SW.France Webb 1989 X 

48 Hortus 31-7 Cave SC.France Webb 1989 X 

49 Abric Roman! H Cave Portugal Vauquero 1992 X 

50 Gerde E Cave SW.France Bahn 1983 X 

51 Gatzarria Crmo-
Cj 

Cave SW.France Bahn 1983 X 

52 Grotte de I'Hydne V-IVa Cave NC.France Girard 1978 X 

53 Grotta dei 
Moscerini 

M1-M6 Cave SW.Italy Stiner 1994 X 



Site name level site type location reference 1 
i 
t 
h 
i 
c 

f 
a 
u 
n 
a 

54 Grotta di Sant' 
Agostino 

SO-SX Cave SW.Italy Stiner 1994 X 

55 Grotta Breuil B3/4 
Br 

Cave SW.Italy Stiner 1994 X 

56 Tonchesberg lA Open-air WC.Germany Conard 1992 X X 

57 Grotta di Gosto Cave Italy Tozzi 1974 X X 

58 Grotta di S. 
Agostino 

A, Ai, 
A2 / A3, 
A41A^ 

Cave Italy Tozzi 1970 X X 

59 Grotta del 
Capriolo 

» 

B3 
Cave Italy Pitti & Tozzi 

1971 
X X 

60 Mutzig 3/4, 
5, 6 

Open-air NE.France Sainty et al 
1994 

X 

61 Combe Grenal 1-15 
17-42 
44-45 
47-52 
54-55 

Cave SW.France Binford, 
unpublished 

X 

62 La Baume de Gigny VII-
XX 

Cave EC.France Campy, Chaline, 
& Vuillemey 1989 

X X 



Site name level site type location reference 1 
i 
t 
h 
i 
c 

f 
a 
u 
n 
a 

63 La Borde Open-air SW.France Jaubert et al 
1990 

X X 

64 La grotte des 
Cedres 

Cave SE.France Delfleur & 
Cr§gut-Bonnoure 
1995 

X X 

65 Biache-Saint-
Vaast 

Open-air N.France Tuffreau & SommS 
1988 

X X 
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