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Levels of theory and social practice in the Reduction Sequence
and Chaine Opératoire methods of lithic analysis

by G. B. Tostevin

There are more areas of overlap as well as distinction between the Reduction Sequence and
Chaine Opératoire methods of archaeological analysis than the current debate recognizes.
While methodological differences have been acknowledged, high-level theory differs to a greater
degree than is currently appreciated, partly due to the social practice of archaeology in different
contexts. The distinction between an emic decision hierarchy and an etic production hierarchy
is used to elucidate how the practitioners of both methods can more successfully integrate their
approaches. An alternative to both methods is offered to demonstrate how common
epistemological problems can be resolved.

INTRODUCTION

The increasingly multinational discipline of lithic analysis is currently undergoing a
“culture contact” event between competing scientific traditions of studying the evolution of
human behavior through the remains of stone tools. This academic culture contact has not been
as productive as it should, as researchers advocating an American processual “reduction
sequence” approach react with more resistance than interest to the growth in popularity of the
French “chaine opératoire” approach among Europeans and other nationalities around the globe.
Equally, chaine opératoire advocates have seemingly turned a deaf ear to requests for
improvements in the epistemological rigor of their method. The present SAA symposium is
designed to provide a venue and context for improving the nature of the discourse between
proponents of both brands of analysis. This symposium offers an opportunity to be explicit
about the epistemology of our low-level and middle-level theory (sensu Thomas 1998:66-94) and
forthright about our analytical goals as reflected in the use of high-level theory. In particular, it
is an apt time to discuss how these differences may relate to the institutional structures in which
lithic analysts are trained and work, be they cultural resource management corporations,
university teaching positions with research responsibilities, or the research-driven CNRS.
Equally important is the necessity to prevent the current nature of the reduction sequence vs.
chaine opératoire debate from polarizing the discipline into only two ways of conducting lithic
analysis. That being said, lithic analysts are participants in roughly the same scientific enterprise
regardless of nationality and so need to agree on what constitutes replicable low-level theory,
i.e., data gathering techniques and documentation in published research, as well as sound
epistemology in middle-level theory. Yet lithic analysts also need to be flexible in accepting the
use of observations of lithic data in the pursuit of different high-level theory goals. In this, lithic
analysis as a discipline can benefit from the theoretical diversity of anthropology as a whole.

The present paper attempts to outline the major issues which stimulated the need for this
symposium; resolving the issues, however, depends upon the output of the symposium. The
paper proceeds in four stages. First, the issue of the nature of the discourse is discussed with the
purpose of both identifying areas requiring more exploration as well as emphasizing the
difficulty of intercultural dialogues. Second, the dialogue is broadened beyond the issue of
methodological critiques to an examination of how a difference in high-level theories shapes
each approaches’ use of low- and middle-level theory. In the course of this discussion,
differences in the institutional context of the social practice of lithic analysis are shown to have
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ramifications on these differences in levels of theory. Third, the epistemological difficulties
faced by both the reduction sequence and chaine opératoire methodologies are discussed as
subjects around which analysts from both methodologies should rally. Fourth, a sample analysis
is presented to illustrate one methodological attempt at avoiding these common epistemological
problems. The Upper Paleolithic sequence of Ahmarian and Levantine Aurignacian assemblages
from Kebara Cave, Israel, is used to exemplify this behavioral approach.

THE NATURE OF THE DISCOURSE

An intellectual debate is usually characterized by the alternation of scholarly articles
written by two or more individuals positioning and repositioning the debate through time,
hopefully coming to a productive consensus or clearer understanding of the multiplicity of views.
Such debates can be very productive and enlightening, for example, the style debate between
Binford (1965), Sackett (1977, 1982, 1985, 1986a,b, 1990), and Wiessner (1982, 1983, 1984,
1985, 1990) or the evolutionary archaeology debate between Dunnell (1980), Moore (1994),
O’Brien (O’Brien & Holland 1995; O’Brien & Lyman 2000), Boone & Smith (1998), Shennan
(2000), and Bamforth (2002). In contrast, the reduction sequence vs. chaine opératoire debate
has been so one-sided as barely to deserve the label. In the two years since the publication of
Shott’s (2003) article in Lithic Technology, 1 know of no direct response from chaine opératoire
proponents. This could be understood as an offended silence. Or it could be understood as
indifference, a more likely reaction given the decade without a response to Dibble’s (1995) very
polite critique and reanalysis of Boéda’s (1988) interpretation of the collection from Biache
Saint-Vaast. This is particularly telling since Dibble’s paper in the Levallois Conference volume
(Dibble & Bar-Yosef 1995) offers the opportunity to be self-reflective about the epistemology of
different methods of gathering basic observations and measurements (low-level theory) and
making inferences on technological process (middle-level theory). In the contrast between a
quantitative attribute analysis and the gestalt of a technological reading or lecture, there is much
to discuss and the fact that the dialogue has not occurred indicates that a new form of
engagement is required.

Part of the lack of progress in the debate comes from its exclusive focus on
methodological issues. Specifically, the methodological critiques have been presented as
divorced from the context of the articulation of high-, middle-, and low-level theory in the social
practice of lithic analysis in different national contexts. Despite Bleed’s (2001) admirable
exception, the absence of a discussion of the theoretical differences between the approaches has
made the methodological differences appear to be errors of naiveté rather than intentional low-
and middle-level techniques consistent with the high-level theory espoused by different cultural
perspectives on the goals of lithic analysis. To remedy this situation, the debate needs to
recognize that, in addition to the mutual heritage of western European intellectual thought, there
are differences in disciplinary orientation as well as institutional baggage that amount to different
academic, not to mention popular, cultures among lithic analysts. These differences also make
the cross-cultural communication within the debate more fragile (Leone & Preucel 1992).

The means of achieving this recognition of the role of analysts’ cultures is through a
closer engagement of the literature at all levels of theory and practice. This type of “culture
contact” is gradually occurring at multiple levels of academic effort between reduction sequence
and chaine opératoire proponents, as examples of different approaches are read in both contexts
and students are cross-trained by each group. While individuals trained in both theoretical
literatures may not be able to act as culture brokers in Geertz’ sense (1960), their ability to
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contextualize the theoretical differences in relation to the methodological differences may allow
useful aspects of both disciplinary inheritances to be reworked in order to move the debate in a
new direction. In fact, many examples can be cited that blur the lines between the approaches
(Baumler 1988; Van Peer 1992; Henry 1995; Hovers 1998; Hovers & Raveh 2000; Wurz 2002;
Wurz et al. 2003; Tostevin 2003b; Adler et al. 2004; Tostevin & Skrdla 2006). Providing a
venue for such studies to be read by proponents of each approach is one of the goals of this
symposium.

THE SCOPE OF THE APPROACHES

Before one can address the theoretical perspectives taken by advocates of each method
under debate, it is necessary to compare the scope of the approaches, in terms of types of
material culture studied, in order to provide a context for the differences in theory and practice.
This is particularly important since the scope of each approach differently situates it in relation to
other fields within academia.

Shott (2003) has argued that the American reduction sequence approach and the chaine
opératoire approach are fundamentally the same thing. To the extent that Shott summarizes
examples of /ithic analysts working in both approaches, I agree with him, although I do see both
high-level and middle-level theory differences in lithics that deserve attention (see below). The
different scope of the approaches beyond their application to lithic technology, however,
undermines any simple equation between them. The reduction sequence approach is specific to
the study of stone tool technology, past or present. Chaine opératoire, however, covers all
material culture behavior, past or present. While initially put in practice by a Paleolithic
archaeologist (Leroi-Gourhan 1964), the chaine opératoire approach has since been applied to a
broad spectrum of material culture through the work of ethnographers and historians of science
as well as archaeologists. The diversity of material culture studies inspired by the chaine
opératoire approach includes ethnographic contexts of ceramic production (Mahias 1993; van
der Leeuw 1993; Stark 1995; Dietler & Herbich 1998), medieval waterwheels (Cresswell 1993),
prehistoric ceramics (Pétrequin 1993; Stark et al. 1995; Stark 1998), ethnographic ground stone
celt production (Pétrequin & Pétrequin 1994), prehistoric celt hafting (Pétrequin 1993),
ethnographic and prehistoric organic projectile technology (Lemonnier 1989, 1992; Knecht
1991, 1992), Early Upper Paleolithic bead technologies (White 1992), textiles (Cardon 1991),
domestic architecture (Lemonnier 1992), harness technology (Haudricourt 1987), industrial
aeronautics (Lemonnier 1989, 1992), Renaissance engineering (Gille 1964), irrigation
technology (Bédoucha 1993), salt production (Lemonnier 1980), blacksmithing (Brouwer 1990),
wine making (Guille-Escuret 1993), and modern cuisine (Schlanger 1990a). A wider survey of
the diversity of subjects in the journal, Techniques et Culture, would demonstrate an even larger
breadth of anthropological subjects covered. Its analytical scope is thus enormously larger than
that of reduction sequence. Arguing that chaine opératoire should be called “reduction
sequence” because of the earlier work of Holmes (1894, 1897) is thus analogous to arguing that
modern physics should be called “optics” because of Newton.'

! Despite the aptness of this analogy for the analytical scope and the antecedent argument, the analogy with physics
does not hold up for the differences in theoretical scope between the chaine opératoire and reduction sequence
approaches. The theoretical questions being asked of the wider range of subjects studied by chaine opératoire
practitioners are currently quite limited in number compared to the possible list of questions which derive from high-
level theory across archacology and anthropology.
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Rather than being an antecedent, it is possible to see the reduction sequence approach in
American lithic studies as representing one of many sequence study approaches in archaeology,
as Bleed (2001:119) has usefully illustrated. Among Americanist sequence study approaches,
the analytical subject and scope of the chaine opératoire approach is far more analogous to
Schiffer’s Behavioral Archaeology program (Reid et al. 1975; Schiffer 1976; McGuire &
Schiffer 1983; Schiffer & Skibo 1987, 1997) than it is to the reduction sequence approach in
lithics, to the extent that some roughly equate one with the other (Clark 2005:381). While there
are notable differences in theory and practice between Schiffer’s behavioral chain analysis and
the chaine opératoire approach, the similarities are profound and the differences mostly
complementary (Tostevin in press2). The study of technical decisions in the sequence of
production and use of material culture, contextualized against performance characteristics and
social filtering of options, shows the commonality between the approaches, at all levels of
theory. We should not be surprised at the convergence of independent innovations in the study
of objects in action, as even earlier, although not necessarily ancestral, examples have yet to be
acknowledged by archaeologists (although see Bleed 2001:123). For instance, Frederick W.
Taylor’s time & motion studies begun in 1881 remain pivotal in the field of engineering (Niebel
1988) and are analogous in many ways to the analytical scope of both the chaine opératoire
approach and the Behavioral Archaeology approach.

Shott (2003) is correct that the early theoretical works of Mauss (1935) and Leroi-
Gourhan (1943, 1945, 1964) are not without their problems as antecedents to the modern study
of lithic technology. Mauss (1935) reads today like a casual stereotyping of how the British
walk and the Turks eat, and Leroi-Gourhan’s reconstructions of the past are indeed dated.
Importantly, however, the direction in which ethnographers and historians of science have taken
the body technique and artifact chaine opératoire studies is no where else as holistic and
inclusive of anthropological questions. While studies of chaine opératoire in lithics have not yet
demonstrated a diversity of theoretical perspectives (but see below), the potential of chaine
opératoire within anthropological research is immense. Conversely, there is only so far one can
take lithics alone in understanding the world of human behavior. One does a grave disservice to
the potential of the chaine opératoire approach if Middle Paleolithic archaeology alone is the
basis of understanding its analytical scope. For this reason, I choose to cite Mauss, Leroi-
Gourhan, Lemonnier, Mabhias, etc. alongside reduction sequence studies as a way to exemplify
the broader anthropological context of technological sequence studies. Shott presents this very
differently:

“Anglophone archaeologists have also embraced chaine opératoire, often

enthusiastically. But this repetition seems tactical rather than analytical, a way to

register intellectual pedigree more than an operational method. There is nothing

in their use of chaine opératoire that could not be accomplished as easily and

plainly with reduction sequence” (2003:103).

In one sense Shott is correct that the use of either label should suffice for the presentation of data
and interpretations, since replicable observation and characterization of operational sequences
(low- and middle-level theory) should be the same between the approaches. But perhaps if lithic
analysts were more tactical (or perhaps strategic is a more apt term) in how we demonstrate the
innumerable connections between our inanimate stone tools and the dynamics of human behavior
beyond the Stone Age, then we would not have as much trouble justifying our existence within
anthropology programs to the numerically dominant sub-discipline, namely social anthropology.
In the context of American academia in which anthropology departments are ripping themselves
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apart along sub-disciplinary boundaries, strategic attempts to position lithic analysis within the
larger context of anthropological subjects and questions has an important role. Chaine
opératoire and the Behavioral Archaeology program do this far more effectively than reduction
sequence. Even with the use of the terms “reduction sequence” vs. “operational sequence,” the
latter reflects the broader context of technological sequence studies beyond the specific process
in lithics. In this sense, there is a benefit to embracing the wider analytical scope of one label
rather than the other.

LEVELS OF THEORY

One reason for the absence of a discussion of the theoretical differences between the
approaches in the present debate is the fact that the explicit espousal of high-level theory is
considerably different in each context (Bleed 2001). Archaeological theory is not conceived of
exactly the same way by proponents of the two approaches. This frequently results in explicit
statements of theoretical orientation by American reduction sequence proponents and implicit
orientations within methodological discussions by chaine opératoire proponents. The request for
participants in the present symposium to be explicit about epistemological issues was an effort to
remedy this situation. For the present discussion, therefore, I will be explicit about the
terminology of different levels of archaeological theory in the hope that it will improve the
understanding of the relationship between theoretical goals and analytical practice in both
approaches.

Following Thomas (1998:66-94), archaeological theory can be usefully conceptualized at
three levels of operation. Low-level theories include observations obtained in archaeological
fieldwork, what are usually termed “data.” These include the products of measurement
techniques, lecture gestalts, statistical representations of counts and attributes, and published
artifact illustrations. Middle-level (or middle-range, sensu Binford 1977) theories connect
observations to patterns of human behavior through experimental archaeology,
ethnoarchaeology, and other types of research designed to recognize causal relationships
between the processes of human behavior and their resultant effect on the formation of the
archaeological record. High-level theories provide the reasons for asking certain questions of the
archaeological record, usually from a specific orientation to explaining reality, be it scientific or
not. The chaine opératoire and reduction sequence approaches differ to some degree in their use
of theory at all of these levels.

Within middle-level theory, there is much overlap between the approaches, as
exemplified by the common task of understanding how human behavior is reflected in the
dynamic processes of lithic technology. As both Bleed (2001) and Shott (2003) note, there are
clear similarities in the use of a stage approach to characterize an assemblage as capturing certain
portions, as opposed to other portions, of the reduction sequence from raw material acquisition to
discard of the exhausted retouched tool (Holmes 1894, 1897; Callahan 1979; Geneste
1985,1988). Similarly, both approaches use ethnoarchaeology (Pétrequin & Pétrequin 1994; Bril
et al. 2005; Stout 2002; Shott & Sillitoe 2004; Sillitoe & Hardy 2003; Weedman 2002) as well as
experimental replication (Geneste & Plisson 1990; Pelegrin 1995, 2000; Amick & Mauldin
1989; Bradbury & Carr 1999; Shott et al. 2000) to shape their middle-level theory. Despite this
overlap, the differences which do result from the practices in each approach are most apparent in
low- and middle-level theory, as discussed by Dibble (1995) and Shott (2003). In my view, this
is not because they originate at these levels of archaeological practice but because of the
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pervasiveness of differences in high-level theory as well as the manner in which theory is
discussed by chaine opératoire practitioners. This point requires further clarification.

Chaine opératoire studies rarely acknowledge a specific high-level theory perspective,
apart from chaine opératoire itself, for the origin of the questions they ask of the archaeological
record. This is in contrast to the frequency with which reduction sequence studies utilize the
organization of technology approach (i.e., middle-level theory developed by Binford 1979, 1980,
1982; Shott 1986; Bleed 1986; Bamforth 1986; Kelly 1988; Torrence 1989; Nelson 1991; Carr
1994; Andrefsky 1994) to pursue questions of high-level theory from evolutionary ecology
(Krebs 1978; Smith 1983; Smith & Winterhalder 1992; Foley 1985; Winterhalder 1986, 1997;
O’Connell 1995; Kelly 1995; Shennan 2002; for a comprehensive overview, see Krebs & Davies
1997). Despite the fact that chaine opératoire practitioners investigate very similar questions of
diachronic behavioral change in raw material economy (Tixier 1980; Geneste 1985, 1988;
Féblot-Augustins 1993, 1997) and hunting technology (Plisson & Geneste 1989; Geneste &
Plisson 1990), they do not situate the method or results in the context of a high-level theory such
as evolutionary ecology. This is the result of two factors. First, they view chaine opératoire
itself as a high-level theory that provides both its own questions of the archaeological record and
its own analytical methods (Pelegrin 1990; Audouze 1999). Second, chaine opératoire
practitioners tend to be more explicit about middle- than high-level theory. As Audouze
comments (1999:168, footnote 1), theories are often expressed in French literature as “concepts”
embedded in discussions of methodology and so are often not as distinguishable as, or perhaps
even intended to be, theories as in other literature. French prehistorians also tend not to engage
theory for the sake of theory itself unless it is central to an issue of data (Sackett 1991).
Audouze’s argument (1991:171, footnote 3) for the switch from the dominance of Bordes’
method to the chaine opératoire method supports Sackett’s conclusion.

THE ORIGINS OF CHAINE OPERATOIRE AS AN ETHNOLOGICAL APPROACH

In applying the levels of theory distinction to the literature of chaine opératoire, one
high-level theory goal stands out as a central theme: the desire to reconstruct the emic-level
decisions of prehistoric artisans. The epitome of the chaine opératoire approach is the
understanding of the cognitive plan of the prehistoric artisan that guided the execution of a
technological system (Bleed 2001:105). This goal of emic interpretation originates in Leroi-
Gourhan’s development of the concept of chaine opératoire from Mauss’ (1935) techniques du
corps. While Mauss’ technique consisted of energy utilized through the action of the body,
Leroi-Gourhan (1943, 1945, 1964) turned the body into a tool through which energy is applied to
the physical world, thereby incorporating both material culture with the body as the tool or
means of action as well as bringing the product of the action itself, physical or otherwise, within
the domain of study. Only by conceiving of /e geste or gesture as the articulation and unifying
principle between the means and the energy of action was Leroi-Gourhan able to bring material
culture under Mauss’ conception of technique (Schlanger 1990b). As a result, for Leroi-
Gourhan, no tool is complete without the gesture used to put the tool into action. This concept of
a technical act as both participating in the social world of technical plans as well as the physical
world of gestures in action has profound ramifications for the utility of the chaine opératoire
concept beyond its current use by chaine opératoire lithic scholars. These uses include a model
for the study of social archaeology in the Paleolithic, as eloquently proposed by Gamble (1999:1-
97), the situating of technological studies within the social anthropological practice theories of
Bourdieu and Giddens (Bourdieu 1977, 1980; Giddens 1979, 1984; see Dietler & Herbich 1998;
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Hegmon 1998; Stark et al. 1995; Stark 1998), and the application of sequence studies to cultural
transmission theory and acculturation modeling (Tostevin in press1). In contrast to the negative
ramifications of the emic goal discussed below, these new uses of Leroi-Gourhan’s concept by
non-chaine opératoire practitioners represent a positive consequence of the ethnological content
of chaine opératoire theory.

Having developed his chaine opératoire concept from the point of view of an
ethnological approach to material culture, Leroi-Gourhan put it into practice archaeologically
within the context of palethnologie, “the ethnographic comprehension of the past” (Masset
1988:804, translation by Tostevin; see also Leroi-Gourhan 1970, 1983; White 1993:xvi). The
timing of the growth of the palethnologie school of archaeology is interestingly parallel to the
growth of the processual agenda in Americanist archaeology. In particular, palethnologie’s
“ethnographic comprehension” and Binford’s (1962) espousal of Willey and Phillips’
“archaeology is anthropology or it is nothing” (1958:2) were somewhat analogous. Leroi-
Gourhan advanced the palethnologie approach in direct opposition to his view of the exclusive
preoccupation of prehistorians with diachronic change (Masset 1988). The processual agenda’s
focus on culture process as well as the human adaptation within a synchronic, ecological and
systemic context was equally advanced in opposition to a simplistic approach to diachronic
culture historical change (Tschauner 1994). Where the two approaches diverged almost
immediately was in Leroi-Gourhan’s emic-level goal to behavioral reconstruction, which utilized
inductive and inferential reasoning appropriate in ethnology compared to the etic and deductive
approach of Binford’s processual agenda.

What is more significant is the effect of personality on the development of the two
approaches. Binford argued that archaeology must develop its own epistemological orientation
to middle-level theory through the scientific tradition of literature debates on theory as applied to
data in practice (1965, 1977). In contrast, Leroi-Gourhan put an explicit ban on epistemological
discussions of his theory (see Audouze 1999:168-169) so that archaeologists of his school were
limited to innovating low-level theory methods of technological reconstruction, such as refitting,
décapage excavation, and lectures (e.g., Pigeot 1987; Tixier 1980; Boéda et al. 1990). The
further development of what has come to be the dominant middle- and high-level theory in
chaine opératoire practice was thus left in the hands of ethnographers and historians (e.g., Gille
1964; Haudricourt 1987; Lemonnier 1992) who never challenged the emic-level goals on
epistemological grounds. Had there been more willingness to challenge the epistemological
validity of the emic approach at the beginning of the history of chaine opératoire, despite the
personal authority exercised by Leroi-Gourhan as the head of his own intellectual approach, the
current reduction sequence vs. chaine opératoire debate would be quite different. This is one
example of how the institutional cultures of lithic analysis shape the multinational practice of the
discipline.

There are two important ramifications of Leroi-Gourhan’s situating chaine opératoire
within the context of an ethnological approach to both the ethnographic present and prehistory.
One ramification is positive, as noted above. The other has been more negative. Recognizing
these consequences of high-level theory goals is vital to making progress in the debate between
reduction sequence and chaine opératoire practitioners in lithic analysis.

THE TYRANNY OF THE EMIC GOAL IN CHAINE OPERATOIRE MIDDLE-LEVEL
THEORY
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For current ethnographers of the chaine opératoire approach (e.g., Lemonnier 1992,
1993), the social world is seen as directly affecting the choice of technical options at decision
points in technological procedures. Through the documentation of such socially-informed
choices, the immaterial world can be reconstructed from the material world. As a result, for
practitioners such as Lemonnier (1986; 1992:85-103; 1993), Mahias (1993), and Pétrequin &
Pétrequin (1994), a choice between two options in a technological process or chaine opératoire
is only of interest to the researcher if it can be demonstrated that the individuals involved in the
technology knew of each potential option. Thus, a choice is only informative of the social realm
if the choice is emic, i.e., recognized by the artisan as a choice.

For ethnographic research, this restricted view of the technological process is
epistemologically valid, as an artisan can be questioned as to whether or not an alternative option
at a given step is known within that group. The perspective, however, is not epistemologically
valid in the study of prehistory, as there is no one to provide a true emic viewpoint, a critique
made frequently by reduction sequence practitioners (Clark & Lindly 1991:578; Dibble abstract
for present symposium). Nor is the ethnographic perspective justified in and of itself, as it fails
to recognize the validity of the evolutionary ramifications of the use of one technological
possibility versus another, regardless of whether or not it was a conscious choice. The historical
contingency of technological knowledge, as exemplified for instance by the isochrestic view of
material culture variability through time (Sackett 1990), is thus lost with this emic requirement.
As a result, this restricted view arbitrarily and unnecessarily limits the etic understanding of
technological processes and artifact variability in cultural evolution.

Yet archaeological practitioners of chaine opératoire working in the palethnologie
approach retain the emic requirement in their study of prehistoric technology in many ways. For
instance, Pétrequin (1993) uses convoluted scenarios to argue that a technical option was
emically known to a given group of Neolithic artisans, despite the absence of its use within that
group, because of the group’s familiarity with another group which happened to use that
technical option. While possible, this type of argument is only necessary if the variation in use
of technical options is assumed to be conscious, active style, i.e. the intentional signaling of
identity with that technical option (Wobst 1977). Wiessner (1983), however, has shown in
ethnographic contexts that active, emblemic style is often unconscious, unintentional, and only
etically recognized: San artisans were not conscious of making arrows whose style was
diagnostic (emblemic) of their language group. Nevertheless, they could select out their own
arrowheads from a pool of several groups’ arrows. More importantly, they reacted with fear and
suspicion to the style of an unfamiliar group’s arrows, clearly evidencing the past action of
emblemic style in boundary maintenance. This example shows how the emic focus at the
middle-theory level overlooks meaningful behavior and thus can be counterproductive in the
study of cultural evolution.

The emic focus of chaine opératoire high-level theory is responsible for significant
differences in low- and middle-level theories in comparison with the reduction sequence
approach. For instance, it explains why the emic concept of stages of reduction continues in
chaine opératoire studies while the reduction sequence approach is moving toward continuum
modeling (Ingbar et al. 1989; Shott 1996; Bradbury & Carr 1999; Bradbury & Carr 2001; present
symposium contributions from Carr & Bradbury as well as Shott et al.) and thus away from
treating reduction stages as anything but poor analytical constructs. It also explains the
inferential and emic basis of chaine opératoire experimental knapping; compare for example,
Carr & Bradury (2001) with Pelegrin (2000). This emic bias may also be responsible for robbing
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chaine opératoire replication experiments of the great potential of deductive etic approaches,
such as aggregate analysis and small-scale debitage analysis currently growing in American
lithic studies (Baumler & Davis 2000; Hall & Larson 2004).

Understanding the implications of the emic bias is complex but there are significant clues
to its effects. Without informants to interview, the emic perspective to technological processes
becomes a set of abstractions or gestalts derived by the archaeologist from the specifics of the
archaeological record. This is what Bleed (2001:121) called the “teleological model” of
sequence studies. Pelegrin best explains the logic behind the use of emic-level abstractions in
the characterization of a reduction sequence:

“Such undertakings [flintknapping]—based on raw material which is never

standard, and with gestures of percussion which are never perfectly delivered—

cannot be reduced to an elementary repetition of gestures, or to the application of

immutable sequences (as a machine would do). On the contrary, the realisation of

elaborate knapping activities necessitates a critical monitoring of the situation and

of the decisions adopted all through the process. If this is the case, then the

capacity to mentally evoke the precise desired product is necessary for successful

knapping, but it is not sufficient. The knapper has in mind successive goals, that

is, a series of intermediary stages and geometric ‘cues.’ It is in respecting these,

and with experience, that the anticipated result may be reached. These

intermediary stages form a chain of intentions organized in a ‘conceptual schema

opératoire’. They are defined through certain geometric parameters, and they

may represent the moment when a particular operation or technique changes to

another (Pelegrin 1985, 1988a [sic, 1993]). Between these stages, the actual and

the real situation is compared with the corresponding concept and diverse action

modalities are evoked in order to correct a given state or to progress in the chaine

opératoire. Using experience, the knapper chooses the (most) adapted action

modality—the one which is both possible and desirable (Pelegrin 1990:117).

For Pelegrin, therefore, the emic understanding of a prehistoric flintknapping event must be
described in the abstract terms of desired end-products, or, alternatively, cues for the pursuit of
the reduction for such end-products despite the vagaries of knapping performance. In so doing,
chaine opératoire practitioners strive to see beyond the haphazard aspects of reduction to the
artisan’s intentions.

The presentation of the abstract schema opératoire described by Pelegrin most often
takes the form of schematic drawings (sensu Inizan et al. 1999:126-127) as emic principles for
the pursuit of desired end-products. In contexts in which numerous, contemporaneous refitting
sequences exist, drawings and photographs of the refits of specific core reductions accompany
the schematic drawings to support the abstractions (e.g., Valentin et al. 2004). For example,
such refits have supported the analysis of differential learning and performance skills in episodes
of apprenticeship in Magdalenian campsites (Pigeot 1987, 1990; Ploux & Karlin 1993).
Utilizing the refitting sequences, these analyses are fairly comparable in low-level and middle-
level theory with quantitative reduction sequence studies (e.g., Whittaker & Kaldahl 2001).

In contexts without extensive refitting sequences, however, the emic focus has led to the
construction of abstract cognitive or volumetric rules, such as Boéda’s (1993, 1994, 1995)
criteria for the production of Levallois and other flaking technologies, but without the evidential
support normally associated with other aspects of low-level and middle-level theory in
archaeology. Without traditional artifact drawings of debitage and cores (sensu Addington 1986
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or Inizan et al. 1999:101-125) accompanied by attribute studies of the dynamic aspects of
reduction to substantiate the abstract schematic drawings (e.g., Baumler 1988; Henry 1989;
Dibble 1987; Kuhn 1990), there is little evidence independent of the researcher’s gestalt for other
archaeologists to use to evaluate the validity of the emic interpretations. This critique of Boéda
has in fact been made by Van Peer (1992), himself a chaine opératoire proponent (see also Van
Peer & Wurz present symposium; Bar-Yosef & Van Peer submitted). The absence of standard
reporting of data produces a scientifically unconvincing argument beyond the appeal to
authority. Given the disagreements over how the reduction sequences themselves are
reconstructed via lectures or attribute analyses (i.e., Boéda 1988 vs. Dibble 1995), the appeal to
authority fails to be effective. The difference in the willingness to rely on appeals to authority
between French and American archaeologists further complicates the issue.

Reduction sequence practitioners are clearly skeptical of such abstractions given their
reservations about inferential research as well as the epistemological risk involved in
reconstructing prehistoric thought (Dibble 1989, also present symposium abstract). The emic
approach has long been debatable in Americanist archaeology for a number of reasons. First,
Native Americans are not the evolutionary “other” and so emic reconstructions, usable for the
study of cognitive evolution, are not of interest. Second, the Ford (1952, 1954) vs. Spaulding
(1953) debate remains an unresolved theoretical problem for the validity of reconstructions of
emic types and meanings in prehistoric artifacts. Therefore, whether or not the issues raised by
the Ford-Spaulding debate are addressed will determine to what extent the reduction sequence
vs. chaine opératoire debate will be changed by recent innovations in chaine opératoire
methods. I am thinking here specifically of Wurz et al.’s (2003) use of novel multivariate
statistics to document desired end-products in a way reminiscent as much of Spaulding as it is of
the chaine opératoire approach.

PUTTING THE EMIC APPROACH IN ITS PROPER CONTEXT

Bleed (2001:120-121) describes the emic approach to characterizing archaeological
assemblages through the discovery of a predetermined process as the teleological model of
sequence studies. He opposes this to the evolutionary model which presents technological
sequences as reactions to situations encountered in the sequence of production, use, and discard
as part of tasks conducted in the environment. This is a useful distinction for many reasons,
including the fact that examples of the teleological and evolutionary approaches can be found
among scholars on both sides of the chaine opératoire and reduction sequence divide.

It is also a useful distinction because of Bleed’s arguments for the utility of both
approaches to sequence studies, whether targeting lithic technology or not. I agree that there is a
place for using an archaeologist’s understanding of the emic view of a technological process to
provide etic understanding of culture change. Beyond the principle that free-hand knapping
experiments aid archaeologists’ inferences and hypothesis formation (Whittaker 1994), the
constraints of technological processes as witnessed from the artisan’s point of view can be
informative for understanding where technological variation can occur. Christopher Carr’s
“Unified Theory of Artifact Design” (Carr 1995; and other papers in Carr & Neitzel 1995)
provides a context for understanding how the emic approach of most chaine opératoire research
can be complementary to the etic perspective of the reduction sequence approach. Carr (1995)
presents a body of middle-level theory for predicting which utilitarian, technological, and social
processes can affect the design of specific physical attributes of an artifact by modeling how the
attributes are made in the technological process and how visible they are in their social context of
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production and use. Specifically, he sets up a middle-range theory procedure for evaluating the
potential list of processes affecting different attributes according to the attributes’ position in
three hierarchies: the decision sequence hierarchy, the production sequence hierarchy, and the
visibility hierarchy. The decision sequence hierarchy is the order with which you must decide
the attributes of the artifact you want to make, before any manufacture takes place. The
teleological abstractions preferred by chaine opératoire practitioners, such as desired end-
products or Boeda’s five technological rules for Levallois production, are analogous to a decision
hierarchy. The production sequence hierarchy is the order in which you must create the physical
attributes of the final product. This is the classic reduction sequence, although without the
landscape specificity of the organization of technology approach (Nelson 1991). The third and
most important hierarchy for Carr is the visibility hierarchy, the ranking of attributes by how
visible they are both physically at different distances and relatively in different social contexts.
What social processes can be manifested in an attribute are determined according to Carr’s
ethnographic data by the attribute’s contextual visibility. The ramifications of the visibility
hierarchy are beyond the present paper, although they are instrumental in uniting various aspects
of style theory, the organization of technology, and culture transmission theory as pursued
elsewhere (Tostevin in press1, Tostevin in press2).

The importance of recognizing the distinction between a production sequence hierarchy
and a decision hierarchy is that the former is used as an abstraction to understand the constraints
and sources of variation in the latter. In some ways, this is analogous to Pelegrin’s (1990, 1993)
very productive distinction between savoir-faire (know-how) and connaissance (knowledge), or
alternatively the difference between tactical and strategic knowledge of a given flintknapping
method that explains the adaptable and haphazard aspects of reduction. Yet Carr’s distinction
forces us to keep the levels of analysis separate: a production sequence hierarchy should be the
actual process executed in the past, demonstrable with quantitative data in the form of attribute
analyses or refitted sequences, while the decision hierarchy is an abstract theoretical set of
principles which inform our understanding of the constraints seen in the actual data. While
abstracted from the pattern in the data, decision hierarchies in Carr’s middle-level theory are not
assumed to have any validity as true emic representations or “mental templates” of prehistoric
artisans (sensu Deetz 1967:43).

This distinction is already understood by many chaine opératoire practitioners. For
example, Julien and Julien (1994) note, “The reconstruction of certain chaine opératoire allows
us to rediscover the process involved in techniques of production and, beyond that, the
conceptual patterns from which they sprang” (1994:15, emphasis added). Further, Pelegrin’s
reasoning (1990:117) given above articulates why a decision hierarchy is an abstraction but it
does not require that the documentation of the existence of the production sequence in the
archaeological record be abstract. In my view, this requirement is more a result of the influence
of the ethnological origins of chaine opératoire high-level theory than it is a result of sound
archaeological epistemology. Following Carr’s artifact design theory, therefore, the actual
pattern of flintknapping behaviors in an assemblage should be presented from a purely etic
perspective, after which the emic-level abstractions of the decision hierarchy can be derived from
the data to inform our understanding of the processual constraints. To accomplish this change in
the use of abstraction in lithic studies, however, requires abandoning the typological
characterizations of sequences and assemblages which are too readily seen as emic entities.
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EPISTEMOLOGICAL PROBLEMS WITH SEQUENCE-LEVEL TYPOLOGY: A
RALLYING POINT IN THE DEBATE

In viewing the research of both approaches as potentially complementary, the recognition
of shared epistemological problems can serve as rallying points for a more positive international
discourse on lithic analysis. For instance, both approaches suffer from one significant
methodological problem: there is a strong tendency to “type” technological processes. Whether
typing methods for producing flakes or typing an assemblage of prehistoric artifacts as belonging
to a given industrial complex, giving a typological structure to archaecological data unfortunately
results in the presentation of interpretations as data-free labels in the literature rather than
comparable descriptions of the assemblages in question that others can use themselves to
evaluate the validity of the interpretative conclusion (Clark 1993). As Shott notes (2003:100):

“Contemporary archaeologists champion culture-specific reduction

sequences of chaine opératoire, rejecting Bordes’ culture-specific

assemblage types just as Bordes rejected an earlier generation’s culture-

specific tool types. If the latter were invalid index fossils, then Bordes’

concept reduced [these] to index communities in a biological sense,

Boéda’s to index technologies (or ontogenies, to pursue the biological

metaphor). French Paleolithic archaeology progressed from essential tools

to essential ways to make tools. All have invoked the index concept of

essences bounded in time and space that mark traditions, whether they be

phylogenies or cultures.”

I cannot agree more with this comment, as [ have been at pains to state elsewhere (Tostevin
2003a:56-57). Chaine opératoire is just as much typology in an epistemological sense (Adams
& Adams 1991) as Bordes’ type-list. The chaine opératoire emphasis on emic abstractions
partly explains the tendency to continue the index concept despite the change in analytical focus
from retouched tools to core technology.

American scholars, however, also typologize the reduction sequence concept. Both
experimental studies and adaptive explanations in American lithic technology frequently
typologize the diversity of technical acts into technological types (Bleed 2001:121-122). For
instance, the investigation of the adaptive difference in the amount of cutting edge per unit
volume produced experimentally (e.g., Rasic & Andrefsky 2001) as well as the powerful
methods of identifying “reduction types” in an assemblage through statistical formulae
(Bradbury & Carr 1999; Carr & Bradbury 2001) all treat “bifacial reduction”, “blade reduction”,
and “core reduction” as immutable experimental species. Almost none of these studies,
following the early precedents in Amick & Mauldin (1989), define what is meant behaviorally
by categories such as “flake technology,” “biface technology,” etc. There are dozens of methods
of reducing a core into blades or flakes or bifaces, any of which could produce serious
differences in efficacy from an organization of technology view point. Yet how these categories
were produced in explicit behavioral detail is rarely reported. What central tendency and
dispersion were used for platform thickness in making the experimental assemblage? What was
the variability in the exterior platform angle? How was the volume of the core reduced by each
flake removal in terms of its width/thickness ratio? What directionality of reduction was used
and how did this relate to platform rejuvenation techniques? All of these issues have been
connected with potential raw material conservation and tool longevity issues (Dibble 1997;
Marks 1988) which would directly affect the questions being asked by these experiments. The
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deductive approach of such replication experiments loses much of its applicability when the
initial conditions of the experiments remain undefined.

While Americanist approaches to experimental flintknapping have failed to recognize the
diversity of reduction sequence possibilities within their “types” of reduction, it must be said that
they at least use the types in asking meaningful processual (high-level theory) questions about
differences between the types. In contrast, until relatively recent papers by Delagnes and
Meignen (2002, 2006), chaine opératoire advocates have done little with the diversity of
assemblages “typed” to one schema opératoire or another. In part, they have been waiting for
sufficient data to begin to understand the meaning of the temporal and environmental patterning
of these technologies in the past. Rather than immediately testing hypotheses derived from
specific high-level theories, they remain cautious. This patience may in fact be a byproduct of
the inferential science of prehistory in parts of Europe, where scholars are much more loathe to
be wrong in print than are Americans who can blame deductive reasoning and the publish-or-
perish job market for their published mistakes. For France in particular, the ability of chaine
opératoire researchers to progress slowly in applying their data to synthetic explanation as well
as to engage in labor intensive data gathering techniques such as refitting can be seen in the job
security afforded them by the institutional structure of the CNRS. American archaeologists, in
contrast, face multiple career-ending challenges, i.e., the tenure review process and the corporate
nature of CRM research, that encourage both fast publication and labor-saving innovations such
as aggregate analysis (Ahler 1989a,b; Hall & Larson 2004). In this way, the institutional
structure of the social practice of archaeology in different national contexts contributes
significantly to how lithic analysis is pursued.

And yet, even after two decades of chaine opératoire research, these technologies are still
being treated as immutable species. How is one to gauge the degree of similarity or difference
(whether in adaptation or shared cultural learning) between an assemblage with a unidirectional
recurrent Levallois system, say, and that with a discoide system (Boéda 1993)? Despite the
praise afforded them by Audouze (1999), the phylogenetic arguments of Boéda for how one
schema opératoire can evolve into another are far too abstract to be replicable beyond that of a
type.

Both the chaine opératoire and the reduction sequence approaches need to utilize a
method for describing each assemblage’s technology according to standardized units of analysis
that are comparable between assemblages. For instance, to use the analogy of French wine, a
type of material culture close to the hearts of many lithic analysts, the current chaine opératoire
and reduction sequence systems would type three archaeological assemblages as three different
red wines according to a defining label, say Chateau Pétrus, Chateau Mouton-Rothschild, and
Chateau Gazin. Using such labels, neither approach can tell you how similar the wines really are
to each other. The requirement to report comparable units within each label, however, would
lead an analyst using an improved system to note categorical or continuous attribute variables
within each wine, such as the grape varieties used in the production of the wine. While cépage
or “grape varietal” as a variable does not encapsulate all of the variation between wines, it is one
of the variables that does satisfy the needs of the new system; each wine varies quantitatively in
this variable and the variable is comparable between wines. Thus, Chateau Gazin is a mixture of
80% Merlot, 15% Cabernet franc, and 5% Cabernet sauvignon; Chateau Pétrus is recognized as
an ensemble of 95% Merlot and 5% Cabernet franc; and Chateau Mouton-Rothschild is an
ensemble of 85% Cabernet sauvignon, 10% Cabernet franc, and 5% Merlot (Stevenson
1997:80,116). With these more suitable units of analysis, it is then possible to state
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quantitatively that Chateau Pétrus is more similar to Chateau Gazin than to Chateau Mouton-
Rothschild based on this variable. Lithic analysts need something analogous to such units.”
Such variables would allow archaeologists to treat assemblages, however defined (McPherron et
al. 2005; Tostevin & Skrdla 2006), as the largest unit of analysis and thus avoid reifying
analytical categories while endeavoring to study diachronic change in behavioral variability, a
task impossible with typological reasoning (Clark 1993; Straus 2003).

ABANDONING THE TYPOLOGICAL APPROACH TO THE CHARACTERIZATION OF
TECHNOLOGICAL SEQUENCES AND INDUSTRIAL COMPLEXES

Avoiding the epistemological problems of typology at the experimental sequence and
archaeological assemblage level thus requires an evolutionary model of sequence study that
“present[s] the behavioral variability encompassed within past technological processes” (Bleed
2001:122) for comparison between example sequences or assemblages. Such a model of
sequence study, however, cannot be truly represented as situational responses to environmental
tasks or constraints, the other half of Bleed’s definition of the evolutionary model. Studies
following the situational approach recognize responses at nodes or stages of reduction which
may or may not be comparable between different reductions because different situational
constraints and tasks may be present in each case. While very useful for the study of reactions
within the cultural context of one assemblage, the situational approach tends to produce
uncomparable results in the same way that the typological end-product concept of the
teleological model does. A different concept of node or sequenced behavior is required that
utilizes the artisan’s view of constraints in the technological process but documents them in etic
observations comparable between assemblages.

I have endeavored to define and demonstrate the use of such sequenced behaviors
through my own method (see Tostevin 2000a,b, 2003a,b; Skrdla & Tostevin 2005; Tostevin &
Skrdla 2006; Tostevin in press1) of studying reduction sequences according to a behavioral
approach (sensu Schiffer 1976, 1996). In using comparative behavioral units of analysis within
each archaeological assemblage, my approach to resolving the typological problems of studying
technology is thus different in specifics from both the reduction sequence and chaine opératoire
schools and yet has much in common with each. Following the etic and evolutionary model
approach, individual flintknapping behaviors among the technical acts represented by an
assemblage are measured as central tendencies and dispersions within the assemblage, rather
than as anecdotal refits or overly abstract typological constructs of archaeologists, such as
“Levallois,” “desired end-products,” and “industrial types.” Following the social archacology
approach of utilizing the social significance of technical acts (Gamble 1999; Tostevin in pressl),
each assemblage is defined as the association of flintknapping behaviors enacted at that spot on
the landscape within the given time range of the assemblage’s palimpsest (see Tostevin & Skrdla
2006 for the development of this argument). In other words, each assemblage represents one
enculturating environment (sensu Donald 1991, 1998; Boesch & Tomasello 1998) created by all
of the hominids who have contributed material culture to its palimpsest. This definition is both
epistemologically justifiable given Pleistocene site formation processes and analytically
appropriate for the study of the evolution of specific technical acts between Paleolithic
populations represented by individual assemblages. This is also the structure of the low- and

2 This analogy should not be pushed further, i.e., to treat grape varietals as raw materials and then adopt the domaine
contrélée system as another reason to focus at the level of industrial variability. This would again lead to the
typological problem.
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middle-level theory needed to answer questions of technological diffusion, acculturation, and the
historical contingency of learned behavior in the Paleolithic (Tostevin in pressl, in press2).
These questions derive from the high-level theory goals of cultural transmission theory (Boyd
and Richerson 1985, 1996, Cavalli-Sforza and Feldman 1981, Durham 1991; Shennan & Steele
1999) and the archaeological study of Paleolithic societies (Gamble 1999). These are of course
the high-level theory questions I am intrigued by and are not necessarily those of interest to all
lithic analysts. Nor should they be: lithic analysis should embrace the diversity of
archaeological and anthropological questions as long as the low- and middle-level theory is
replicable internationally.

A characterization of “what artifact makers actually did” (Bleed 2001:121) needs to
capture central tendency and variance in practice for different behaviors within the technological
process. The recognition of which behaviors within the process to compare between
assemblages also needs to avoid abstractions or “stages” in each assemblage that might not be
comparable. Therefore, in designing a behavioral approach, I begin with asking, “what do we
know all flintknappers must do that would be directly visible to archaeologists on artifacts in
each assemblage in a comparison?” Asking the question in this way forces one to maintain
comparability, utilizes the anthropological significance of the emic viewpoint in the process, and
focuses the study on etic and replicable observations. At the largest level, this produces a two
part comparison within a sequence study in an Old World Late Pleistocene context, 1) the
production of flake blanks through the reduction of nodules as cores; and 2) the production of the
curated retouched tool kit through the selection of blanks from the pool of debitage and
subsequent retouch for edge shape and maintenance. The choice of behavioral units within each
of these comparisons then proceeds according to what free-hand knapping experiments and
controlled experiments have identified as specific choices a flintknapper must make in each task,
i.e., blank production and tool kit selection.

For blank production, these choices can be understood as being made in temporal clusters
during the process of flintknapping, with some clusters of choices being made on a flake-by-
flake basis while others are made once or twice per core reduction. These clusters of knapping
choices, represented by artifact measurements and characterizations, have been termed
flintknapping domains (Tostevin 2000b, 2003a,b) and serve to structure the analysis of learned
flintknapping behaviors since these are the physical acts used by an observer to learn a knapping
method, with or without spoken language instruction (Ohnuma et al. 1997). The behaviors
within the flake-by-flake domains are either consciously chosen or unconsciously determined
through the knapper’s body performance at the same instant by the blow of the percussor for
each flake in the assemblage. These domains include platform maintenance, which determines
platform thickness, exterior platform angle, and platform surface preparation; and the dorsal
surface convexity, which determines the attributes of flake shape chosen by the knapper through
the choice of where to strike the core relative to the morphology of the dorsal surface (see Pelcin
1997). In addition to the two flake-by-flake domains, two clusters of decisions are made once or
twice during a given core reduction. Unfortunately, controlled flintknapping experiments have
only studied the production of individual flakes rather than whole core reductions, with the result
that the choices by reduction are less quantifiable. They are treated therefore as qualitative,
discrete variables. Of the stage related choices, two temporal/functional clusters of choices are
recognized here: the core modification domain, which includes the choice of orientation of the
raw material as a core and specific methods of repairing and maintaining convexities, and
direction of core exploitation, which includes the dominant directions of debitage removal

Tostevin in press, p.16



during both the early and late stages of core exploitation. The latter domain is based on the
analysis of debitage, not unrepresentative core morphologies at discard as stated in Marks
(2003).

The twelve variables within the four flintknapping domains described above (and listed in
the left-hand column of Table 2) represent the behavior by behavior approach to quantifying the
evaluation of the degree of similarity and dissimilarity in blank production between assemblages.
The characterization of an assemblage’s tool kit constitutes its own domain of choices enacted
during selection of blanks for inclusion into the tool kit, including those pieces traditionally
labeled as such despite a lack of retouch, e.g., Levallois products. The variables used to
characterize tool kit choices reflect physical features of the tool shapes which are visible from a
distance (Carr 1995) and likely to affect the efficacy of the cutting edge (see Tostevin & Skrdla
2006; Tostevin in pressl).

The definition of each variable’s measurement is provided elsewhere (Tostevin 2000b,
2003Db), as is the explicit discussion of the middle-level theory connecting these observations to
high-level theory questions of social archaeology (Tostevin in press1). It remains to point out
that the simultaneity of the variables within a temporal cluster or analytical domain makes it
advisable to scale the weight within each cluster when testing for the similarity and dissimilarity
between two assemblages. These tests are conducted on a variable by variable basis, with t-tests
and G likelihood ratio tests (approximating the chi-square distribution) for quantitative variables
where appropriate, and with qualitative judgments for nominal variables. Significantly different
variables are summed within domains and then divided by the number of variables within each
domain in order to account for the simultaneity of the knappers choices within each domain. The
maximum difference in blank production between two assemblages is thus the number of
domains, 4.0, with only 1.0 for the maximum difference between two tool kit morphologies (see
Tostevin in press1). This scaling of the significance of each test by the number of tests within
the analytical domain is also useful for removing the potential interaction among variables within
each domain. Galton’s Problem concerning the interdependence of variables (Thomas 1986,
448) is quite small in this case, however, as the statistical evaluations of the variables’
interactions reveal miniscule levels of correlation (Tostevin in press2).

AN EXAMPLE FROM KEBARA CAVE, ISRAEL

Given the above arguments concerning low-, middle-, and high-level theory, the Upper
Paleolithic sequence of Ahmarian and Levantine Aurignacian assemblages from Kebara Cave,
Israel, provides an ideal scenario to test the strength of behavioral approach against the
traditional industrial labels. The following is not a critique of Bar-Yosef et al.’s (1996)
presentation of the assemblages according to the typologically-defined industrial complexes,
since such labels constitute the traditional method and standard of archaeological reporting. It is
an opportunity, however, to evidence the degree of information lost through the typological
categorization, compared to the new information which can be derived from a non-typological
approach.

Four assemblages from the Upper Paleolithic sequence at Kebara Cave are compared
pair-wise and stratigraphically through time, following the example of pair-wise comparisons in
Tostevin & Skrdla (2006) rather than the three-way comparisons in Tostevin (in press1). The
collections used for the present study were acquired during the excavations of Bar-Y osef,
Vandermeersch, Meignen, and Belfer-Cohen between 1982 and 1990 at Kebara Cave (Bar-Yosef
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et al. 1992; Bar-Yosef et al. 1996). Bar-Yosef et al. (1996) describes the four assemblages
presented here as follows:

“The lower assemblages (III and IV) would fall under the general category of a

blade industry and would fit the description of what Turville-Petre designated as

layer E. This type of assemblage was originally called “Early Antelian” by Garrod

(1957) and could be attributed now to the Early Ahmarian (Gilead, 1991). The

definition of the Ahmarian industry is based upon technological attributes such as

the dominance of blades in the debitage, and typologically by the high frequencies

of blade tools (i.e. retouched blades and points). It is lacking the typical

Aurignacian tools such as carinated and nosed scrapers... The industry of Units

IV-III resembles the assemblages of Ksar Akil, layers XIX—XV (Ohnuma, 1988);

it distinctly lacks carinated scrapers, and is essentially the same as published by

Ziffer (1978) from the Stekelis excavations. While the earlier units lack

Aurignacian attributes, retouched bladelets and are richer in blades, the upper

units present Aurignacian characteristics...” (Bar-Yosef et al. 1996:302-303).

Table 1 presents the sampling data, radiometric dates, and industrial affiliations as defined by
Bar-Yosef et al. (1996:302-303). All four assemblages are comparable in terms of the respective
portions of the reduction sequence, from raw material acquisition to tool discard, captured by the
site formation processes in each stratigraphic layer (see Tostevin in press2 for the methods and
evidence used for evaluating the comparability of tool kits as well as blank production data for
these assemblages).

The analysis of the flintknapping behaviors within each assemblage is presented in
Tables 2 and 3, for blank production behaviors and tool kit morphologies, respectively. In each
table, the first column from the left lists the behaviors by domain. The second column from the
left presents the observations recorded for Unit IV while the third column presents the data for
Unit III. The results of the statistical tests between Unit IV and III are provided within each cell
in Unit I11. Significant differences (p<0.05 for two-tailed t-tests and G likelihood tests;
qualitative evaluation for nominal variables) between the central tendencies for each variable in
the two assemblages are given in bold. The fourth column from the left lists the data for Unit 11
and the statistical test results from the comparison of Units III and II. The right-hand column in
each table presents the data for Unit I and the statistical results for the comparison of Units I and
I1.

When the results of these low-level theory observations and middle-level theory
statistical tests are presented together as a biplot of the difference in blank production vs. the
difference in tool kit morphology (Figure 1), an interesting pattern emerges. The blank
production comparison between Units IV and III evidence differences in the core modification
domain, the platform maintenance domain, and the dorsal surface convexity domain, totaling
2.10 out of a maximum difference of 4.0. The comparison between Units III and II, however,
evidences fewer differences, with no difference in core modification but a difference in early
debitage exploitation, totaling 1.57 out of 4.0. The comparison between Units II and I is even
lower at 0.20 out of 4.0, the result of only one behavioral tendency in the dorsal surface
convexity domain proving significantly different, the length/width ratio. When all three
comparisons are taken together, the strongest division separates the two Early Ahmarian
assemblages, Units IV and III, with less of a division in blank production behaviors between the
last Ahmarian assemblage and the first Levantine Aurignacian assemblage. These differences in
blank production behaviors are paralleled in the tool kit morphology comparisons, with the two
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Ahmarian assemblages proving more distinct than similar to each other when compared to the
Levantine Aurignacian assemblages.

The wider implications of these results are beyond the context of this paper. What is
significant for the above discussion of levels of theory are the analytical distinctions evidenced
when one avoids a typological approach to assemblage-level sequence studies. The two
chronologically successive Ahmarian assemblages are more different in both blank production
and tool kit morphology than the Ahmarian of Unit III is to the Levantine Aurignacian of Unit II.
This stands in stark contrast to the homogeneity between the assemblages traditionally labeled
Levantine Aurignacian. This indicates that we are missing significant behavioral data on both
functional/adaptive change, as reflected in the tool kit morphology comparison, as well as
alterations in the enculturating environment, as reflected in the blank production comparison,
within the same site through time. As these results serve to stimulate new research hypotheses
about possible culture process changes through time in the area of Kebara Cave, the behavioral
approach provides new data and research potential in a situation in which the traditional
typological approach would put an end to the research endeavor, whether using the reduction
sequence or chaine opératoire approach.

CONCLUSION

Epistemological problems face both reduction sequence and chaine opératoire
practitioners in pursuing sequence studies of prehistoric technology. The debate over the use of
each method in lithic analysis is thus an opportunity to address these epistemological issues
using new methods rather than an excuse to defend the traditionalist core of each approach. In
this context, it is important to recognize both differences between the approaches in analytical
scope as well as the use of low-, middle-, and high-level theory. Specifically, chaine opératoire
provides the wider and more anthropological context in which to study material culture behavior
through time. The reduction sequence approach, however, provides a better example of
epistemological rigor in the use of etic vs. emic observations in prehistoric contexts without
ethnographic informants. It is thus possible to see the complementarity of each approach in
practice as well as through the middle-level theory distinction between a decision hierarchy and a
production sequence hierarchy. The two approaches should not simply be united, however, as
epistemological problems common to both tend to limit our understanding of the past, as shown
in the example of a behavioral approach to the Kebara Cave Upper Paleolithic sequence. This
paper has thus endeavored to demonstrate what might be done in lithic analysis through the use
of archaeologically-appropriate, as opposed to ethnographically-appropriate, low- and middle-
level methods situated within the larger sphere of high-level questions derived from the entirety
of anthropology and beyond.
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Table 1. Sample assemblages from the Upper Paleolithic sequence at Kebara Cave, Israel, 1982-1990 excavations.

Unit Industrial Complex Dates Squares sampled for
debitage & tools
| Levantine Aurignacian 34,510 = 740 (OxA-3974) R16 and Q14 plus tools from

32,300 + 630 (Pta-4268)

Q15,Q16, Q17, R14, R15, and
R17.

1 Levantine Aurignacian 36,000 + 1,600 (OxA-1230)
34,300 + 1,100 (Gif-TAN-90028)

R16, R17, Q14, and Q15 plus
tools from Q16, Q17, R14,
R15, and R18

11 Early Ahmarian 35,600 £ 1,600 (OxA-1567) R16, Q15, and Q18 plus tools
43,500 + 2,200 (OxA-3976) from Q13, Q14, Q16, Q17,
R17, and R18
v Early Ahmarian 42,500 + 1,800 (Pta-5002) R18, R19, R20, R21, Ql16,
42,100 + 2,100 (Pta-4987) Q17,and Q18
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Table 2. Pair-wise comparison of blank production choices for Kebara Cave Units IV-1.

Flintknapping Steps by
Domain

Kebara Cave

UNIt Y

Ahmarian

Kebara Cave
Unit 111
Ahmarian

Kebara Cave
Unit 11
Levantine Aurignacian

Kebara Cave
Unit |
Levantine Aurignacian

DOMAIN 1: CORE MODIFICATION

Core Orientation

Use of one longitudinal
surface

Use of one longitudinal
surface

Use of a Longitudinal
Surface

Use of a Longitudinal
Surface

Core Management

Débordants & frontal
crest

Frontal crest & core
tablets

Frontal crest & core
tablets

Frontal crest & core
tablets

Number of
Differences/2 Steps

1/2=0.5

0/2=0

0/2=0

DOMAIN 2: PLATFORM MAINTENANCE

Platform Treatmen

Unprepared: 59%
Prepared: 41%

Unprepared: 67%
Prepared: 33%

Unprepared: 75%
Prepared: 25%

Unprepared: 76%
Prepared: 24%

n=334 n=439 n=331, n=354,
p=.02, Fisher’s Exact p=.02, Fisher’s Exact p=.72, Fisher’s Exact
External Platform mean: 88.0, mean: 92.0, mean: 85.7, mean: 84.1,
Angle (degrees) s.d.: 14.9, s.d.: 157 s.d.: 14.4, s.d.: 13.7,
n=289 n=355, n=255, n=298,
p=.00, t=-3.28, df=642 p=.00, t=5.02, df=608 p=.19, t=1.31, df=551
Platform Thickness mean: 4.31, mean: 3.91, mean: 3.85, mean: 4.09,
s.d.: 2.56, s.d.: 2.57 s.d.: 2.78, s.d.: 2.93,
n=291 n=357, n=259, n=302,
p=.05, t=1.98, df=646 p=.76, =31, df=614 p=.32, t=-1.00, df=559
Number of 3/3=1.0 2/3=.67 0/3=0
Differences/3 Steps
DOMAIN 3: DIRECTION OF CORE EXPLOITATION
Early Debitage Bidirectional & Bidirectional & Unidirectional Unidirectional
Exploitation Unidirectional Unidirectional
Late Debitage Unidirectional Unidirectional Unidirectional Unidirectional
Exploitation
Number of 0/2=0 1/2=0.5 0/2=0
Differences/2 Steps
DOMAIN 4: DORSAL SURFACE CONVEXITY SYSTEM
Length/Width Ratio mean: 2.17, mean: 2.51, mean: 2.20, mean: 2.39,
s.d.: 1.16, s.d.: 1.24 s.d.: 1.19, s.d.: 1.35,
n=440 n=659, n=442, n=522,

p=.00, t=-4.55, df=982.4

p=.00, t=4.03, df=1099

p=.03, t=-2.13, df=960.4

Lateral Edges

Parallel: 53%
Convergent: 22%
Expanding: 15%
Ovoid: 10%
n=432

Parallel: 58%
Convergent: 22%
Expanding: 14%
Ovoid: 7%

n=633,

p=28, G*=3.86, df=3

Parallel: 55%
Convergent: 21%
Expanding: 14%
Ovoid: 10%

n=415,

p=44, G*=2.68, df=3

Parallel: 57%
Convergent: 22%
Expanding: 13%
Ovoid: 8%
n=472,

p=.81, G*=.98, df=3

Profile

Straight: 58%
Curved: 25%
Twisted: 17%
n=437

Straight: 48%
Curved: 32%
Twisted: 20%

n=644,

p=.01, G*=10.28, df=2

Straight: 49%
Curved: 32%
Twisted: 20%
n=429,

p=.93, G*=.14, df=2

Straight: 53%
Curved: 28%
Twisted: 19%
n=501,

p=.46, G*=1.54, df=2

Cross-Section

Triangular: 45%
Trapezoidal: 47%

Triangular: 42%
Trapezoidal: 47%

Triangular: 42%
Trapezoidal: 52%

Triangular: 42%
Trapezoidal: 53%

Other: 8% Other: 11% Other: 6% Other: 6%
n=434 n=642, n=431, n=493,
p=.37, G>=2.02, df=2 p=.01, G?>=9.13, df=2 p=97, G*=.07, df=2
Width/Thickness Ratio mean: 4.35, mean: 3.87, mean: 4.00, mean: 3.76,
s.d.: 2.11, s.d.: 1.79 s.d.: 1.96, s.d.: 2.00,
n=440 n=659, n=442, n=522,
p=.00, t=3.89, df=832.2 p=.28, t=-1.09, df=1099 p=.06, t=1.88, df=962
Number of Changes/5 3/5=0.6 2/5=0.4 1/5=0.2
Steps
Total Difference: 2.10
Unit IV vs. 111
Total Difference: 157
Unit 111 vs. 11
Total Difference: 0.20
Unit 11 vs. |
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Table 3. Pair-wise comparison of tool kit morphologies for Kebara Cave Units [V-1.

Tool Kit Morphology

Kebara Cave

Kebara Cave

Kebara Cave

Kebara Cave

Variable UNItV Unit 11 Unit Il Unit |
Ahmarian Ahmarian Levantine Aurignacian Levantine Aurignacian

Length/Width Ratio mean: 2.23, mean: 3.09, mean: 2.60, mean: 2.35,

s.d.: 1.12 s.d.: 1.19, s.d.: 1.58 s.d.: 1.50

n=52 n=133, n=47, n=101,

p=.00, t=-4.47, df=183 p=.06, t=1.92, df=65.2 p=.36, t=.93, df=146

Width/Thickness Ratio mean: 4.04, mean: 3.49, mean: 3.20, mean: 3.34,

s.d.: 1.80 s.d.: 1.29, s.d.: 1.17 s.d.: 1.88

n=52 n=133, n=47, n=101,

p=.05, t=2.01, df=72.4

p=17, =1.40, df=178

p=.63, =-49, df=146

Lateral Edges

Parallel: 57%
Convergent: 23%
Expanding: 6%
Ovoid: 14%
n=51

Parallel: 68%
Convergent: 22%
Expanding: 5%
Ovoid: 5%

n=124, (2 low cells)
p=.32, G*=3.48, df=3

Parallel: 67%
Convergent: 12%
Expanding: 9%
Ovoid: 12%

n=33, (2 low cells)
p=.32, G*=3.48, df=3

Parallel: 59%
Convergent:21%
Expanding: 13%
Ovoid: 7%

n=80, (2 low cells)
p=.54, G’=2.15, df=3

Distal Terminus

Blunt: 50%
Pointed: 50%
n=32

Blunt: 24%

Pointed: 76%

n=88,

p=.01, Fisher’s Exact

Blunt: 24%

Pointed: 76%

n=21,

p=99, Fisher’s Exact

Blunt: 40%

Pointed: 60%

n=45,

p=27, Fisher’s Exact

Profile

Straight: 49%
Curved: 24%
Twisted: 27%
n=51

Straight: 33%
Curved: 39%
Twisted: 28%
n=129,

p=.09, G*=4.92, df=2

Straight: 32%
Curved: 39%
Twisted: 30%
n=44,

p=.97, G*=.05, df=2

Straight: 56%
Curved: 27%
Twisted: 17%

n=93,

p=.03, G*=7.21, df=2

Unique Types of
Retouch

Normal retouch

Normal retouch

Carinated retouch

Carinated retouch

Tool Types

UP tools dominate

UP tools dominate

UP tools dominate

UP tools dominate

Number of
DIfferences/7Steps

3/7

1/7

1/7

Total Difference:
Unit IV vs. 111

0.43

Total Difference:
Unit 111 vs. 11

0.14

Total Difference:
Unit 11 vs. |

0.14
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Figure 1. Biplot of differences in blank production and tool kit morphology between stratigraphic pair-wise
comparisons of the Upper Paleolithic sequence at Kebara Cave.

4.0

3.9

3.0+
KeblV-II .

2.0+

' Keblll-II
1.5- *

1.0+

Blank Production Difference

Kebll-I

0.0 2 4 6 8 10

|
-

Tool Kit Difference

Tostevin in press, p.23



References Cited

Adams, William Y., and Ernest W. Adams
1991 Archaeological Typology and Practical Reality: A Dialectical Approach to Artifact Classification and
Sorting. Cambridge University Press, Cambridge.

Addington, Lucile R.
1986 Lithic lllustration: Drawing Flaked Stone Artifacts for Publication. The University of Chicago Press,
Chicago.

Adler, Daniel S., Timothy J. Prindiville, and Nicholas J. Conard
2003 “Patterns of Spatial Organization and Land Use during the Eemian Interglacial in the Rhineland: New Data
from Wallertheim, Germany.” FEurasian Prehistory 1 (2):25-78.

Ahler, S.

1989a  “Experimental knapping with KRF and mid-continent cherts: Overview and applications.” In, D. Amick
and R. Mauldin (eds.), Experiments in Lithic Technology, pp. 199-234. Oxford: British Archaeological
Reports International Series 528.

1989b “Mass Analysis of Flaking Debris: Studying the Forest Rather than the Tree.” In, Donald Henry & George
H. Odell (eds.), Alternative Approaches to Lithic Analysis, 85-118. Archeological Papers of the American
Anthropological Association Number 1.

Amick, Daniel, and Raymond Mauldin (eds.)
1989 Experiments in Lithic Technology. BAR International Series 528, Oxford.

Andrefsky, William Jr.
1994 “Raw-material Availability and the Organization of Technology.” American Antiquity 59(1):21-34.

Audouze, Frangoise
1999 “New Advances in French Prehistory.” Antiquity 73:167-175.

Bamforth, Douglas B.
1986 “Technological Efficiency and Tool Curation.” American Antiquity 51(1):38-50.
2002 “Evidence and Metaphor in Evolutionary Archaeology.” American Antiquity 67(3):435-452.

Bar-Yosef, O., B. Vandermeersch, B. Arensburg, A. Belfer-Cohen, P. Goldberg, H. Laville, L. Meignen, Y. Rak. J.
D. Speth, E. Tchernov, A-M. Tillier, and S. Weiner
1992 “The Excavations in Kebara Cave, Mt. Carmel.” Current Anthropology 33(5):497-550.

Bar-Yosef, O., M. Arnold, N. Mercier, A. Belfer-Cohen, P. Goldberg, R. Housley, H. Laville, L. Meignen, J. C.
Vogel, B. Vandermeersch

1996 “The Dating of the Upper Paleolithic Layers in Kebara Cave, Mt. Carmel.” Journal of Archaeological
Science 23:297-306.

Bar-Yosef, O., and P. Van Peer
Submitted « The chaine opératoire approach in Palaeolithic Archaeology: Does it convey the cognitive capacities
of prehistoric artisans?” Current Anthropology.

Baumler, Mark F.

1988 “Core Reduction, Flake Production, and the Middle Paleolithic Industry of Zobiste (Yugoslavia).” In, H. L.
Dibble and A. Montet-White (eds.), Upper Pleistocene Prehistory of Western Eurasia, pp. 255-274.
University Museum Monograph 54, University Museum Symposium Series 1. Philadelphia: University
Museum, University of Pennsylvania.

Baumler, M. F., and L. B. Davis

Tostevin in press, p.24



2000 “Upon Closer Examination: Paleoindian Behavioral Inferences from a Folsom Feature Lithic Assemblage at
the Indian Creek Occupation Site, West-Central Montana Rockies.” Archaeology in Montana 41(2):17-62.

Bédoucha, Geneviéve

1993 “The Watch and the Waterclock: Technological choices/social choices.” In P. Lemonnier (ed.),
Technological Choices: Transformations in material cultures since the Neolithic. London: Routledge, pp.
77-107.

Binford, L. R.

1962 “Archeology as anthropology.” American Antiquity 28: 217-225.

1965 “Archaeological Systematics and the Study of Culture Process.” American Antiquity 31 (2): 203-210.

1977 “General Introduction,” in For Theory Building in Archaeology: Essays on Faunal Remains, Aquatic
Resources, Spatial Analysis and Systematic Modeling, L. Binford, ed., pp. 1-10. Academic Press, New York.

1979 “Organization and Formation Processes: Looking at Curated Technologies.” Journal of Anthropological
Research 35(3): 255-273.

1980 “Willow smoke and dog’s tails: hunter-gatherer settlement systems and archaeological site formation.”
American Antiquity 45: 4-20.

1982 “The Archaeology of Place.” Journal of Anthropological Archaeology 1:5-31.

Bleed, Peter

1986 “The Optimal Design of Hunting Weapons: Maintainability or Reliability.” American Antiquity 51:547-562.

2001 “Trees or Chains, Links or Branches: Conceptual Alternatives for Consideration of Stone Tool Production and
Other Sequential Activities.” Journal of Archaeological Method and Theory 8(1): 101-127.

Boéda, Eric

1988  “Analyse technologique du débitage du niveau IIA.” In, A. Tuffreau and J. Sommé (eds.), Le Gisement
Paleolithique Moyen de Biache-Saint-Vaast (Pas-de-Calais), vol. 1, pp. 185-214. Mémoires de la Société
Préhistorique Frangaise.

1993 “Le débitage discoide et le débitage levallois récurrent centripéte.” Bulletin de la Société Préhistorique
Frangaise 90 (6): 392-404.

1994 Le concept Levallois: variabilité des méthodes. Monographie du CRA 9. Paris: Centre National de la
Recherche Scientifique.

1995 “Levallois: A Volumetric Construction, Methods, a Technique.” In Harold L. Dibble and Ofer Bar-Yosef
(eds.) The Definition and Interpretation of Levallois Technology, pp. 41-68. Philadelphia: University of
Pennsylvania Press.

Boéda, Eric, Jean-Michel Geneste, and Liliane Meignen
1990 “Identification de chaines opératoires lithiques du Paléolithique ancien et moyen.” Paléo 2: 43-80.

Boesch, C., & M. Tomasello
1998 “Chimpanzee and human cultures.” Current Anthropology 39(5): 591-614.

Boone, James J., and Eric Alden Smith
1998 “Is It Evolution Yet? A Critique of Evolutionary Archaeology.” Current Anthropology
39(Supplement):S141-S173.

Bourdieu, P.
1977 Outline of a Theory of Practice. Cambridge University Press, Cambridge.
1980 Le sens pratique. Les Editions de Minuit, Paris.

Boyd, Robert, and Peter J. Richerson
1985 Culture and the evolutionary process. University of Chicago Press, Chicago.
1996 “Why culture is common but cultural evolution is rare.” Proceedings of the British Academy, 88:77-93.

Bradbury, A., and P. Carr

Tostevin in press, p.25



1999 “Examining Stage and Continuum Models of Flake Debris Analysis: an Experimental Approach.” Journal of
Archaeological Science 26:105-116.

Bril, Blandine, Valentine Roux, and Gilles Dietrich

2005 “Stone Knapping: Khambhat (India), a Unique Opportunity?” in Stone knapping: the necessary conditions
for a uniquely hominin behaviour, Valentine Roux & Blandine Bril, eds., pp. 53-72. McDonald Institute for
Archaeological Research, Cambridge.

Brouwer, Jan
1990 “Material Expression of Thought: Aspects of Ironsmiths in South India.” Techniques et Culture 15: 105-129.

Callahan, Erret
1979 “The Basics of Biface Knapping in the Eastern Fluted Point Tradition: a Manual for Flint Knappers and Lithic
Analysis.” Archaeology of Eastern North America 7:1-180.

Cardon, Dominique
1991 “Textiles Préhistoriques: Synthése et Approches Nouvelles.” Techniques et Culture 17-18:273-297.

Carr, Christopher
1995 “A Unified Middle-Range Theory of Artifact Design,” in Style, Society, and Person: Archaeological and
Ethnological Perspectives, C. Carr & J. Neitzel, eds., pp. 171-258. Plenum Press, New York.

Carr, Christopher, and Jill E. Neitzel
1995 Style, Society, and Person: Archaeological and Ethnological Perspectives. Plenum Press, New York.

Carr, P. J. (editor)
1994 The Organization of North American prehistoric chipped stone tool technologies. International Monograpns
in Prehistory, Ann Arbor, Michigan.

Carr, Philip J., and Andrew P. Bradbury
2001 “Flake Debris Analysis, Levels of Production, and the Organization of Technology,” in Lithic Debitage:
Context, Form, Meaning, William Andrefsky, Jr., ed., pp. 126-146. University of Utah Press, Salt Lake City.

Cavalli-Sforza, Luca L., and Mark W. Feldman.
1981 Cultural transmission and evolution: A quantitative approach. Princeton University Press, Princeton.

Clark, Geoffrey A.

1993 “Paradigms in Science and Archaeology.” Journal of Archaeological Research 1:203-234.

2005 “Modern Approaches to Paleolithic Archaeology in Europe—A Sampler of Research Traditions.” American
Antiquity 70(2):376-384.

Clark, G., and J. M. Lindly
1991 “On Paradigmatic Biases and Paleolithic Research Traditions.” Current Anthropology 32(5): 577-587.

Cresswell, Robert

1993 “Of Mills and Waterwheels: the hidden parameters of technological choice.” In, P. Lemonnier (ed.),
Technological Choices: Transformations in material cultures since the Neolithic, pp. 181-213. London:
Routledge.

Deetz, James
1967 Invitation to Archaeology, The Natural History Press, New York.

Delagnes, Anne, and Liliane Meignen

2002 “Diversity of lithic production systems during the MP in Western Europe: are there any chronological
tendencies?” Paper presented at the 67" Annual Meetings of the Society for American Archaeology, Denver,
CO, March 20-24, 2002.

Tostevin in press, p.26



2006 “Diversity of lithic production systems during the MP in Western Europe: are there any chronological
tendencies?” Transitions Before the Transition: Evolution and Stability in the Middle Paleolithic and Middle
Stone Age, E. Hovers & S. Kuhn, eds., in pp. 85-108. Springer Science+Business Media, New York.

Dibble, Harold L.

1987 “The interpretation of Middle Paleolithic scraper morphology.” American Antiquity 52: 109-117.

1989 “Implications of Stone Tool Types for the Presence of Language During the Lower & Middle Paleolithic.” In,
Paul Mellars & Chris Stringer (eds.), The Human Revolution: Behavioural and Biological Perspectives on the
Origins of Modern Humans, pp. 415-432. Edinburgh: Edinburgh University Press.

1995 “Biache Saint-Vaast, Level IIA: A Comparison of Analytical Approaches.” In, H. L. Dibble & O. Bar-Yosef
(eds.), The Definition and Interpretation of Levallois Variability, pp. 93-116. Madison: Prehistory Press.

1997 “Platform Variability and Flake Morphology: A Comparison of Experimental and Archaeological Data and
Implications for the Interpretating Prehistoric Lithic Technological Strategies.” Lithic Technology 22(2): 150-
170.

Dibble, Harold L., and Ofer Bar-Yosef (eds.)
1995 The Definition and Interpretation of Levallois Variability. Prehistory Press, Madison.

Dietler, Michael, and Ingrid Herbich

1998 “Habitus, Techniques, Style: An Integrated Approach to the Social Understanding of Material Culture and
Boundaries,” in, The Archaeology of Social Boundaries, M. T. Stark (ed.), pp. 232-263. Smithsonian
Institution Press, Washington, D.C..

Donald, M.

1991 Origins of the Human Mind: Three Stages in the Evolution of Culture and Cognition. Harvard University
Press, Cambridge.

1998 “Hominid Enculturation and Cognitive Evolution,” in Cognition and Material Culture: the Archaeology of
Symbolic Storage, C. Renfrew & C. Scarre. eds., pp. 7-18. McDonald Institute Monographs. McDonald
Institute for Archaeological Research, Cambridge.

Dunnell, R. C.
1980 “Evolutionary Theory and Archaeology,” in Advances in Archaeological Method and Theory, Vol. 3, M. B.
Schiffer, ed., pp. 35-99. Academic Press, New York.

Durham, William H
1991 Coevolution: Genes, culture, and human diversity. Stanford University Press, Stanford.

Féblot-Augustins, Jehanne.

1993 Mobility strategies in the late middle palaeolithic of central Europe and western Europe: elements of stability
and variability. Journal of Anthropological Archaeology 12(3): 211-65.

1997 La circulation des matieres premieres au Paléolithique. Liége: ERAUL 75.

Foley, Robert
1985 “Optimality Theory in Anthropology.” Man 20:222-242.

Ford, James A.

1952 “Measurements of Some Prehistoric Design Developments in the Southeastern States.” American Museum of
National History, Anthropological Papers 44 (3): 313-384.

1954 “The type concept revisited.” American Anthropologist 56(1):42-54.

Gamble, Clive
1999 The Palaeolithic Societies of Europe. Cambridge University Press, Cambridge.

Garrod, D. A. E.

1957 “Notes sur le Paléolithique Supérieur du Moyen-Orient.” Bulletin de la Société Préhistorique Frangaise
54:439-445.

Tostevin in press, p.27



Geertz, Clifford
1960 “The Javanese Kijaji: the changing role of a cultural broker.” Comparative Studies in Society & History 2:
228-249.

Geneste, Jean-Michel

1985 Analyse Lithique d’Industries Moustériennes du Périgord: Une Approche Technologique du Comportement
des Groupes Humains au Paléolithique Moyen. Thése a I’Université de Bordeaux I.

1988 “Systemes d’approvisionnement en matiéres premiéres au Paléolithique moyen et au Paléolithique supérieur
en Aquitaine,” in, L ’Homme de Neandertal, Vol 8, La Mutation, J. Kozlowski, ed., pp. 61-70. Etudes et
Recherches Archéologiques de I’Université de Liége 35, Licge.

Geneste, J.-M., and H. Plisson

1990 Technologie fonctionelle des pointes a cran solutréennes: I'apport des nouvelles données de la Grotte de
Combe Sauniére (Dordogne),” in Feuilles de pierre: les industries a pointes foliacées de Paléolithique
supérieur européen, J. Kozlowski, ed., pp. 293-320. Etudes et recherches archéologiques de 1'Université de
Licge ; no. 42. Université de Liege, Liege.

Giddens, A.
1979 Central Problems in Social Theory. Cambridge University Press, Cambridge.
1984 The Constitution of Society: Outline of the Theory of Structuration. University of California Press, Berkeley.

Gilead, I.
1991 “The Upper Palaeolithic in the Levant.” Journal of World Prehistory 5:105-154.

Gille, Bertrand
1964 Les ingénieurs de la Renaissance. Paris: Hermann.

Guille-Escuret, Georges

1993 “Technical Innovation and Cultural Resistance: The social weight of plowing in the vineyards of Les
Corbiéres (Languedoc),” in Technological Choices: Transformations in material cultures since the Neolithic,
P. Lemonnier, ed., pp. 214-226. Routledge, London.

Hall, Christopher T. and Mary Lou Larson (eds.)
2004 Aggregate Analysis in Chipped Stone. University of Utah Press, Salt Lake City.

Haudricourt, André-Georges
1987 La technologie, science humaine: recherches d’histoire et d’ethnologie des techniques. Editions de la Maison
des Sciences de L’Homme, Paris.

Hegmon, M.
1998 “Technology, Style, and Social Practices: Archaeological Approaches,” in, The Archaeology of Social
Boundaries, M. T. Stark (ed.), pp. 264-279. Smithsonian Institution Press, Washington, D.C..

Henry, Donald

1989 “Correlations between Reduction Strategies and Settlement Patterns,” in Alternative Approaches to Lithic
Analysis, Donald Henry & George H. Odell, eds., pp. 139-155. Archeological Papers of the American
Anthropological Association Number 1, Washington D.C.

1995 “The Influence of Mobility Levels on Levallois Point Production , Late Levantine Mousterian, Southern
Jordan,” in The Definition and Interpretation of Levallois Variability, H. L. Dibble & O. Bar-Yosef, eds., pp.
185-200. Prehistory Press, Madison.

Holmes, William Henry

1894 “Natural History of Flaked Stone Implements.” Mémoirs of the International Conference on Anthropology,
edited by C. S. Wake, pp. 120-139. Schulte, Chicago.

Tostevin in press, p.28



1897 Stone Implements of the Potomac-Chesapeake Tidewater Province. Bureau of American Ethnography Annual
Report 15: 13-152.

Hovers, E.

1998 “The Lithic Assemblages of Amud Cave: Implications for Understanding the End of the Mousterian in the
Levant,” in Neandertals and Modern Humans in Western Asia, T. Akazawa, K. Aoki, O. Bar-Yosef, eds., pp.
143-164. Plenum Press, New York.

Hovers, Erella, & Adi Raveh
2000 “The Use of a Multivariate Graphic Display Technique as an Exploratory Tool in the Analysis of Inter-

assemblage Lithic Variability: a Case Study from Qafzeh Cave, Israel.” Journal of Archaeological Science
27:1023-1038.

Ingbar, Eric E., Mary Lou Larson, and Bruce A. Bradley
1989 A Nontypological Approach to Debitage Analysis. In Experiments in Lithic Technology, Daniel Amick and
Raymond Mauldin, eds., pp. 117-135. BAR International Series 528, Oxford.

Inizan, Marie-Louise, Michelle Reduron-Ballinger, Héléne Roche, and Jacques Tixier
1999 Technology and Terminology of Knapped Stone. Préhistoire de la Pierre Taillée, Tome 5. Translated by J.
Féblot-Augustins. Cercle de Recherche d’Etudes Préhistoriques, CNRS, Meudon.

Julien, C. K., and M. Julien
1994 “Prehistoric technology: A cognitive science?” in The Ancient Mind, Elements of Cognitive Archaeology, C.
Renfrew and E. Zubrow, eds., pp.152—163. Cambridge University Press, Cambridge,.

Kelly, R. L.
1988 “The Three Sides of a Biface.” American Antiquity 53:717-734.

1995 The foraging spectrum: Diversity in hunter-gatherer lifeways. Smithsonian Institution Press, Washington,
D.C.

Knecht, H.

1991 “The role of innovation in changing early Upper Paleolithic organic projectile technologies.” Techniques et
Culture 17(8):115-144.

1992 “Splits and wedges: The techniques and technology of early Aurignacian antler working,” in Before Lascaux:
The Complex Record of the Early Upper Paleolithic, H. Knecht, A. Pike-Tay, and R. White, eds., pp. 137—
162. CRC Press, Raton Rouge.

Krebs, J. R.
1978 “Optimal foraging: Decision rules for predators,’’ in Behavioural ecology: An evolutionary approach, J. R.
Krebs & N. B. Davies, eds., pp. 23—63. Blackwell, Oxford.

Krebs, J. R., and N. B. Davies
1997 Behavioral ecology: An evolutionary approach. 4th edition. Blackwell, Oxford.

Kuhn, Steven L.
1990 “A Geometric Index of Reduction for Unifacial Stone Tools.” Journal of Archaeological Science 17: 583-
593.

Lemonnier, Pierre

1980 Les Salines de I’Ouest, logique technique, logique sociale. Paris: Editions de la Maison des Sciences de
I’Homme.

1986 “The Study of Material Culture Today: Towards an Anthropology of Technology.” Journal of
Anthropological Archaeology 5: 147-186.

1989 “Bark Capes, Arrowheads and Concorde: On Social Representations of Technology,” in The Meaning of
Things. Material Culture and Symbolic Expression, 1. Hodder, ed., pp. 156-171. Unwin Hyman, London.

Tostevin in press, p.29



1992 Elements for an Anthropology of Technology. Anthropological Papers, Museum of Anthropology, University
of Michigan No. 88. Ann Arbor: Regents of the University of Michigan.

1993 Technological Choices. Transformation in material cultures since the Neolithic. P. Lemonnier (ed.).
Routledge, London.

Leone, Mark and Robert Preucel

1992 “Archaeology in a Democratic Society: A Critical Theory Perspective,” in Quandaries and Quests: Visions of
Archaeology’s Future, LuAnn Wandsnider, ed., pp. 115-135, Southern Illinois University Occasional Paper
No. 20. Center for Archaeological Investigations, Southern Illinois University, Carbondale.

Leroi-Gourhan, André

1943 Evolution et Techniques: L’Homme et la Matiére. A. Michel, Paris.

1945 Milieu et Techniques. A. Michel, Paris.

1964 Le geste et la parole I & II. Gesture and Speech, translated by Anna Bostock Berger. MIT Press, 1993,
Cambridge.

1970 Legon inaugurale de la chaire de Préhistoire au Collége de France, le 5 décembre 1969. Collége de France,
Paris.

Mahias, Marie-Claude
1993 “Pottery Techniques in India: Technical variants and social choice,” in Technological Choices:
Transformations in material cultures since the Neolithic, P. Lemonnier, ed., pp. 157-180. Routledge, London.

Marks, Anthony E.

1988 “The Middle to Upper Paleolithic transition in the southern Levant: technological change as an adaptation to
increasing mobility,” in L’ Homme de Néandertal, Vol. 8, La Mutation, M. Otte, ed., pp. 109-124. Etudes et
Recherches Archéologiques de 1’Université de Liege 35, Licge.

2003 “Reflections on Levantine Upper Palaeolithic studies: past and present,” in More than Meets the Eye: Studies
on Upper Palaeolithic Diversity in the Near East, A. N. Goring-Morris & A. Belfer-Cohen, eds., pp. 249-64.
Oxbow Press, Oxford.

Masset, C.
1988 “Palethnologie,” in Dictionnaire de la Préhistoire, André Leroi-Gourhan, ed., p. 804. Presses Universitaire de
France, Paris.

Mauss, Marcel
1935 “Les Techniques du Corps.” Journal de Psychologie, Vol. 32 (3-4): 271-293.

McGuire, R., and M. B. Schiffer
1983 “A Theory of Architectural Design.” Journal of Anthropological Archaeology 2:277-303.

McPherron Shannon J. P., H. L Dibble., and P. Goldberg
2005 “Z.” Geoarchaeology: An International Journal 20(3):243-262.

Moore., J. H.

1994 “Putting anthropology back together again: the ethnogenetic critique of cladistic theory.” American
Anthropologist 96(4):925-948.

Nelson, M.

1991 “The Study of Technological Organization.” In, Archaeological Method & Theory Vol. 3, M. Schifter, ed.,
pp- 57-100. University of Arizona Press, Tucson.

Niebel, Benjamin W.
1988 Motion and Time Study, Eighth Edition. IRWIN, Homewood.

O’Brien, Michael J. , and Thomas D. Holland

Tostevin in press, p.30



1995 ““The nature and premise of a selection-based archaeology,’” in Evolutionary archaeology: Methodological
issues, Patrice A. Teltser, ed., pp. 175-200. University of Arizona Press, Tucson.

O’Brien, M. J,, and R. L. Lyman
2000 Applying Evolutionary Archaeology: A Systematic Approach. Kluwer Press, New York.

O’Connell, James
1995 “Ethnoarchaeology needs a general theory of behavior.” Journal of Archaeological Research 3:205-55.

Ohnuma, K.
1988 Ksar Akil, Lebanon: a Technological Study of the Earlier Upper Palaeolithic Levels at Ksar Akil, Vol. 111,
Levels XXV—XIV. Oxford: BAR International Series 426.

Ohnuma, K., K. Aoki, and T. Akazawa
1997 “Transmission of tool-making through verbal and non-verbal communication: preliminary experiments in
Levallois flake production.” Anthropological Science 105:159-168.

Pelcin, Andrew
1997: The Effect of Core Surface Morphology on Flake Attributes: Evidence from a Controlled Experiment.
Journal of Archaeological Science 24: 749-756.

Pelegrin, Jacques

1985 “Réflexions sur le comportement technique, in La signification culturelle des industries lithique, M. Otte, ed.,
pp- 72-91. Studia Prachistorica Belgica 4. British Archaeological Reports S239, Oxford.

1990 “Prehistoric Lithic Technology: Some Aspects of Research.” Archaeological Review from Cambridge 9(1):
116-125.

1993 “A framework for analyzing prehistoric stone tools manufacture and a tentative application to some early
stone industries,” in The Use of Tools by Human and Non-human Primates, A. Berthelet & J. Chavaillon, eds.,
pp- 302-314. Symposiua of the Fyssen Foundation 3. Clarendon Press, Oxford.

1995 Technologie Lithique: Le Chdtelperronien de Roc-de-Combe (Lot) et de La Cote (Dordogne). Cahiers du
Quaternaire No. 20. Paris: Centre National de la Recherche Scientifique.

2000 “Les techniques de debitage laminaire au Tardiglaciaire: critéres de diagnose et quelque réflexions,” in
L’Europe Centrale et Septentrionale au Tardiglaciaire: confrontation des modeéles régionaux de peuplement.
Table ronde de Nemours 13-16 mai, 1997. Mémoires du Musée de Préhistoire d’Ile de France 7, pp. 73-86.

Pétrequin, Pierre

1993 “North Wind, South Wind: Neolithic technical choices in the Jura Mountains, 3700-2400 BC,” in
Technological Choices: Transformation in material cultures since the Neolithic, P. Lemonnier, ed., pp. 36-76.
Routledge, London.

Pétrequin, Pierre and Anne-Marie Pétrequin
1994 Ecologie d’un outil: la hache de pierre en Irian Jaya (Indonésie). Monographie du CRA 12. Paris: Editions
du Centre National de la Recherche Scientifique.

Pigeot, Nicole

1987 Magdaléniens d’Etiolles: Economie de Débitage et Organization Sociale. XXVe Supplément a Gallia
Préhistoire. Paris: Editions du Centre National de la Recherche Scientifique.

1990 “Techniques and Social Actors: Flintknapping Specialists and Apprentices at Magdalenian Etiolles.”
Archaeological Review from Cambridge 9(1):126-141.

Plisson, Hugues, and Jean-Michel Geneste
1989 “Analyse technologique des pointes a cran Solutréennes du Placard (Charente), du Fourneau du Diable, du

Peche de la Boissiere et de Combe Sauniére (Dordogne).” Paléo 1:65-106.

Ploux, Sylvie and Claudine Karlin

Tostevin in press, p.31



1993 “Fait technique et degré de sens dans I’analyse d’un processus de débitage Magdalénien.” Techniques et
Culture 21:61-78.

Rasic, Jeffrey, and William Andrefsky, Jr.

2001 “Alaskan Blade Cores as Specialized Components of Mobile Toolkits: Assessing Design Parameters and
Toolkit Organization through Debitage Analysis,” in Lithic Debitage: Context, Form, Meaning, William
Andrefsky, Jr., ed., pp. 61-79. University of Utah Press, Salt Lake City.

Reid, J. J., M. B. Schiffer, and W. L. Rathje
1975 “Behavioral Archaeology: Four Strategies.” American Anthropologist 77:864-869.

Sackett, J. R.

1977 “The Meaning of Style in Archacology: A General Model.” American Antiquity 42(3): 369-380.

1982 “Approaches to Style in Lithic Archaeology.” Journal of Anthropological Archaeology 1(1): 59-112.

1985 “Style and Ethnicity in the Kalahari: A Reply to Wiessner.” American Antiquity 50(1): 154-159.

1986a “Isochrestism and style: A clarification.” Journal of Anthropological Archaeology 5: 266-277.

1986b  “Style, function and artifact variability: a reply to Binford.” American Antiquity 51(3): 628-634.

1990 “Style and Ethnicity in Archaeology: The Case for Isochrestism.” In, Margaret Conkey & Christine Hastorf
(eds.), The Uses of Style in Archaeology, pp. 32-43. Cambridge: Cambridge University Press.

1991 “Straight Archaeology French Style: The Phylogenetic Paradigm in Historic Perspective,” in, Perspectives on
the Past: Theoretical Biases in Mediterranean Hunter-Gatherer Research, G. A. Clark, ed., pp. 109-140.
University of Pennsylvania Press, Philadelphia.

Schiffer, M. B.
1976 Behavioral Archaeology. Academic Press, New York.

Schiffer, M. B., and J. Skibo
1987 “Theory and Experiment in the Study of Technological Change.” Current Anthropology 28:595-622.
1997 “The Explanation of Artifact Variability.” American Antiquity 62:27-50.

Schlanger, Nathan
1990a “The Making of a Soufflé. Practical Knowledge and Social Senses. ” Techniques et Culture 15:29-52.
1990b “Technique as human action: two perspectives.” Archaeological Review from Cambridge 9:18-26.

Shennan, Stephen

1989 “Cultural transmission and cultural change.” In, Sander E. van der Leeuw & Robin Torrence (eds.), What’s
New: A closer look at the process of innovation, pp. 330-346. London: Unwin Hyman.

2000 “Population, Culture History, and the Dynamics of Culture Change.” Current Anthropology 41(5):811-835.

2002 “Archaeology and evolutionary ecology.” World Archaeology 34(1):1-5.

Shennan, Stephen J., and James Steele

1999 “Cultural learning in hominids: a behavioural ecological approach,” in Mammalian Social Learning:
Comparative and Ecological Perspectives, H. O. Box & K. R. Gibson, eds., pp. 367-388. Symposia of the
Zoological Society of London 72. Cambridge University Press, Cambridge.

Shott, Michael

1986 “Technological Organization and Settlement Mobility: An Ethnographic Examination.” Journal of
Anthropological Research 42(1):15-51.

1996 “Stage Versus Continuum in the Debris Assemblage from Production of a Fluted
Biface.” Lithic Technology 21:6-22.

2003 “Chaine Opératoire and Reduction Sequence.” Lithic Technology 28(2): 95-105.

Shott, M. J., and P. Sillitoe

2004 “Modeling Use-Life Distributions in Archaeology Using New Guinea Wola Ethnographic Data.” American
Antiquity 69(2):339-355.

Tostevin in press, p.32



Shott, M. J., A. P. Bradbury, P. J. Carr, and G. H. Odell
2000 “Flake Size from Platform Attributes: Predictive and Empirical Approaches.” Journal of Archaeological
Science 27:877-894.

Sillitoe, P. and K. Hardy
2003 “Living Lithics: ethnoarchaeology in highland New Guinea.” Antiquity 77:555-566.

Skrdla P., and G. Tostevin
2005 “Brno-Bohunice, analyza materialu z vyzkumu v roce 2002. Brno-Bohunice, analysis of the material from the
2002 excavation.” Prehled vyzkumii 46: 35-61. In Czech and English.

Smith, E. A.
1983 “Anthropological Applications of Optimal Foraging Theory: A Critical Review.” Current Anthropology
24(5):625-651.

Smith, E. A., and B. Winterhalder
1992 “Natural selection and decision making: some fundamental principles,” in Evolutionary Ecology and Human
Behavior, E. A. Smith and B. Winterhalder, eds., pp. 25-60. Aldine de Gruyter, New York.

Spaulding, Albert
1953 “Statistical techniques for the discovery of artifact types.” American Antiquity 18:305-313.

Stark, M. T.

1995 “Economic Intensification and Ceramic Specialization in the Philippines: A View from Kalinga.” Research in
Economic Anthropology 16: 179-226.

1998 “Technical Choices and Social Boundaries in Material Culture Patterning: An Introduction,” in, The
Archaeology of Social Boundaries, M. T. Stark, ed., pp. 1-11. Smithsonian Institution Press, Washington,
D.C..

Stark, M. T., J. J. Clark, and M. D. Elson

1995 “Social Boundaries and Cultural Identity in the Tonto Basin, in The Roosevelt Community Development Study:
New Perspectives on Tonto Basin Prehistory, Anthropological Papers 15, M. D. Elson, M. T. Stark, and D. A.
Gregory, eds., pp. 343-368. Center for Desert Archaeology, Tucson.

Stevenson, Tom
1997 The New Sotheby’s Wine Encyclopedia (First Edition). DK Publishers, London.

Stout, D.
2002 “Skill and Cognition in Stone Tool Production: An Ethnographic Case Study from Irian Jaya.” Current
Anthropology 43(5):693-722.

Straus, L. G.

2003 “The Aurignacian”? Some Thoughts,” in The Chronology of the Aurignacian and of the Transitional
Technocomplexes: Dating, Stratigraphies, Cultural Implications, J. Zilhdo and F. d’Errico, eds., pp. 11-18.
Proceedings of the Symposium 6.1 of the XIVth Congress of the UISPP. Trabalhos de Arquelogia 33.
Instituto Portugués de Arqueologia, Lisbon.

Thomas, D. H.

1986 Refiguring Anthropology: First Principles of Probability & Statistics. Waveland Press, Inc., Prospect
Heights.

1998 Archaeology. Third Edition. Harcourt College Publishers, Fort Worth.

Tixier, Jacques (ed.)
1980 Préhistoire et technologie lithique. CNRS, Paris.

Torrence, Robin

Tostevin in press, p.33



1989 “Tools as Optimal Solutions,” in Time, Energy, and Stone Tools, R. Torrence, ed., pp. 1-6. Cambridge
University Press, Cambridge.

Tostevin, Gilbert B.

2000a “The Middle to Upper Paleolithic Transition from the Levant to Central Europe: in situ development or
diffusion?” in Neanderthals Neanderthals and modern humans: discussing the transition. Central and Eastern
Europe from 50,000 — 30,000 BP, Gerd-Christian Weniger & Jorg Orschiedt, eds., pp. 90-109. Neanderthal
Museum, Diisseldorf.

2000b  Behavioral Change and Regional Variation across the Middle to Upper Paleolithic Transition in Central
Europe, Eastern Europe, and the Levant. Ph.D. Dissertation, Department of Anthropology, Harvard
University, Cambridge.

2003a  “A Quest for Antecedents: A Comparison of the Terminal Middle Paleolithic and Early Upper Paleolithic
of the Levant,” in More than Meets the Eye: Studies on Upper Palaeolithic Diversity in the Near East, Nigel
Goring-Morris & Anna Belfer-Cohen, eds., pp. 54-67. Oxbow Press, Oxford.

2003b  “Attribute Analysis of the Lithic Technologies of Stranska skala II-III in their Regional and Inter-regional
Context,” in, Stranska skala: Origins of the Upper Paleolithic in the Brno Basin. Peabody Museum Bulletin,
Jifi Svoboda & Ofer Bar-Yosef, eds., pp. 77-118. Peabody Museum Publications, Harvard University,
Cambridge.

in pressl “Social Intimacy, Artefact Visibility, and Acculturation Models of Neanderthal-Modern Human
Interaction,” in, Rethinking the Human Revolution: New Behavioural and Biological Perspectives on the
Origins and Dispersal of Modern Humans, P. Mellars, O. Bar-Yosef, C. Stringer, & K. Boyle, eds..
MacDonald Institute Research Monograph series. University of Cambridge, Cambridge. Preprint available at:
http://anthropology.umn.edu/people/tostevinPub.php

in press2 Testing for Cultural Transmission in the Pleistocene: the Middle to Upper Paleolithic Transition from the
Near East to Europe. American School of Prehistoric Research Bulletin. Peabody Museum of Archaeology
& Ethnology, Harvard University, Cambridge.

Tostevin, Gilbert B., and Petr Skrdla
2006 “New Excavations at Bohunice and the Question of the Uniqueness of the Type-site for the Bohunician
Industrial Type.” Anthropologie (Brno) XLIV(1):31-48.

Tschauner, H.
1994 “Archaeological systematics and cultural evolution: retrieving the honour of culture history.” Man 29(1):77-
93.

Valentin, Boris, Gérard Fosse, and Cyrille Billard
2004 “Aspects et thymes de 1’ Azilianisation dans le Bassin Parisien: Caractérisation de I’industrie lithique
recueillie au Cornet (locus 33) &8 Ambenay, Eure.” Gallia Préhistoire 46:171-209.

Van der Leeuw, Sander
1993 “Giving the Potter a Choice: Conceptual aspects of pottery techniques,” in Technological Choices:
Transformations in material cultures since the Neolithic, P. Lemonnier, ed., pp. 238-288. Routledge, London.

Van Peer, Philip
1992 The Levallois Reduction Strategy. Monographs in World Prehistory No. 13. Prehistory Press, Madison.

Weedman, Kathryn J.
2002 “On the spur of the moment: effect of age and experience on hafted stone scraper morphology.” American
Antiquity 67(4):731-44.

White, Randall

1992 “Beyond Art: Toward an Understanding of the Origins of Material Representation in Europe.” Annual Review
of Anthropology 21:537-564.

1993 “Introduction: Gesture and speech,” in Gesture and Speech, A. Leroi-Gourhan, pp. xiii-xxii. MIT Press,
Cambridge.

Tostevin in press, p.34



Whittaker, J. C.
1994 Flintknapping: Making and Understanding Stone Tools. University of Texas Press, Austin.

Whittaker, J. C., and E. Kaldahl
2001 “Where the Waste Went: A Knappers’ Dump at Grasshopper Pueblo,” in Lithic Debitage: Context, Form,
Meaning, William Andrefsky, Jr., ed., pp. 32-60. University of Utah Press, Salt Lake City.

Wiessner, P.

1982 “Risk, reciprocity, and social influences on !Kung San economics,” in, Politics and history in band societies,
E. Leacock and R. B. Lee, eds., pp. 61-84. Cambridge University Press, Cambridge.

1983 “Style and social information in Kalahari San projectile points.” American Antiquity 48: 253-276.

1984 “Reconsidering the Behavioral Basis for Style: A Case Study among the Kalahari San.” Journal of
Anthropological Archaeology 3:190-234.

1985 “Style or isochrestic variation? A reply to Sackett.” American Antiquity 50(1):160-166.

1990 “Is There a Unity to Style?” in, The Uses of Style in Archaeology, M. Conkey & C. Hastorf, eds., pp. 105-112.
Cambridge University Press, Cambridge.

Willey, Gordon R., and P. Phillips
1958 Method and Theory in American Archaeology. University of Chicago Press, Chicago.

Winterhalder, B.

1986 “Diet choice, risk, and food sharing in a stochastic environment.” Journal of Anthropological Archaeology
5:369-392.

1997 “Gifts Given, Gifts Taken: The Behavioral Ecology of Nonmarket, Intragroup Exchange.” Journal of
Archaeological Research 5(2):121-168.

Wobst, H. Martin

1977 “Stylistic behavior and information exchange,” in For the Director: Essays in honor of James B. Griffin, C.
Cleland, ed., pp. 317-342. Anthropological Papers of the University of Michigan 61. Regents of the
University of Michigan, Ann Arbor.

Wurz, Sarah
2002 “Variability in the Middle Stone Age Lithic Sequence, 115,000-60,000 Years Ago at Klasies River, South
Africa.” Journal of Archaeological Science 29:1001-1015.

Wurz, Sarah, N.J. le Roux, S. Gardner, H.J. Deacon
2003 “Discriminating between the end products of the earlier Middle Stone Age sub-stages at Klasies River using
biplot methodology” Journal of Archaeological Science 30:1107-1126.

Ziffer, D. A.

1978 “A re-evaluation of the Upper Palaeolithic industries at Kebara Cave and their place in the Aurignacian culture
of the Levant.” Paléorient 4:273-293.

Tostevin in press, p.35



