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Human behavioral ecology and dual inheritance theory are related theoretical approaches with
obvious applicability to the problems that occupy lithic analysts. While each has its strengths,
neither satisfactorily replaces the elegant, though decidedly less formalized cultural ecology of
Steward. In order to use the methodological advances of lithic analysis to understand prehistoric
human behavior, a perspective incorporating technology as well as behavior, history, and process
is necessary. Examples of lithic technological change from the California archaeological record
are used to illustrate how current and past evolutionary theory can inform models of lithic

technology.



“Tradition makes the man, by circumscribing his behaviour within certain bounds; but it is

equally true that man makes the traditions (Childe 1936: 238).”

Evolutionary and optimization approaches to archaeology, and to lithic technology
specifically, are a positive, if not novel, development (Beck, et al. 2002; Bettinger and Eerkens
1999; Bettinger, et al. 2006; Elston 1992; Hughes 1998; Isaac 1972; Jeske 1992; Kuhn 1994;
O'Brien, et al. 2001; Pitt-Rivers 1906 [1875]; Torrence 1983, 1989; Ugan, et al. 2003; Wright
1994). The application of evolutionary concepts has varied widely in these studies, alternately
including ideas traceable to Darwin, Marx, or Spencer, as well as other biological and social
theorists (Bettinger 1991; Dunnell 1980). Currently, most archaeological applications of
evolutionary theory align themselves with either human behavioral ecology (HBE) (Bird and
O'Connell 2006; Smith and Winterhalder 1992a; Winterhalder and Smith 2000) or dual
inheritance theory (DIT) (Boyd and Richerson 1985; Cavalli-Sforza and Feldman 1981; Henrich
and McElreath 2008) which are rooted variously in economics, evolutionary ecology, and
population genetics. Somehow, the contributions of Julian Steward (Steward 1936, 1938, 1955)
to the understanding of both evolution and ecology as applied to humans have been almost
forgotten in the enthusiasm for these productive approaches. I will briefly discuss why Steward’s
concept of cultural ecology is still relevant and how it may be incorporated into current

evolutionary approaches in anthropology.

Cultural Ecology and Current Evolutionary Approaches
Steward’s development of cultural ecology was a reaction to what he saw as competing,

but equally flawed, visions of how cultures change stemming from environmental determinism



and historical particularism (Steward 1955:35). Rather than attributing recurrent cultural patterns
solely to environmental setting or to culture history, Steward’s solution was to treat the
interaction of the two as a third, uniquely creative force (Steward 1955:34). This force was
mediated by what Steward called the “culture core,” which continues to be one of the most
appealing and confounding aspects of cultural ecology as developed by Steward. While Steward
never rigorously defined the culture core, he did suggest it would consist of “...the constellation
of features which are most closely related to subsistence activities and economic arrangements
(Steward 1955:37).” And that, “Cultural ecology pays primary attention to those features which
empirical analysis shows to be most closely involved in the utilization of environment in
culturally prescribed ways (Steward 1955:37).”

In Steward’s (1955) formulation, the culture core includes aspects of a culture that
influence how people interact with the environment, but importantly, it is not seen as determined
by the environment. Instead it is inherited historically along with many other aspects of culture
that characterize a region. In this way, Steward wisely separated the vagaries of the environment
from the inner workings of a culture that occupied a given environment. Viewed over the long
term, this means that environment and culture are on more or less separate evolutionary tracks
and that the ability of one to influence the other is dependent on how each is structured.

Two problems with cultural ecology that contributed to the development of current
evolutionary approaches are 1) the ambiguous concept of the “culture core” (Harris 1968; Kelly
1995; Moran 1984), and 2) explicit or implicit appeal to adaptation and selection at the group
level to explain patterns (Bettinger 1991:50; Smith 1984). Within HBE, the concept of culture
core has been replaced by the belief that behaviors most affecting fitness (e.g., subsistence

behavior) are of primary importance (Smith 2000), and the modeling of how individual decisions



influence group-level outcomes has replaced group selection (Smith and Winterhalder 1992b)(at
least of the Wynne-Edwards (1962) variety). Researchers employing DIT emphasize how
cultural evolution can produce both adaptive and maladaptive behaviors but also maintain that
the propensity for culture itself is the product of natural selection (Henrich and McElreath 2003).
Also, DIT has found ways to model how cultural group selection could work (e.g., Soltis, et al.
1995).

Despite these changes, the materialist underpinnings and general subject matter of both
HBE and DIT, especially as applied to archaeological problems, are not far off the mark from
what Steward advocated. Unfortunately, while many of Steward’s insights into the nature of
human-environment interactions have been retained in modern evolutionary approaches, his
emphasis on technology and on the social organization of work has faded. In fact, at their
extremes, HBE and DIT often resemble environmental determinism and historical particularism,
respectively, with HBE frequently relying on external factors such as climate change to explain
cultural change, and DIT emphasizing the potential for disconnects between culture and fitness.
Are we once again in need of a theoretical middle ground and are the ideas of Steward a good

place to go looking for it?

Individual Behavior, Work Organization, and Technological Tradition

While it could be argued that evolutionary theory as applied to lithic technology is just
another case of archaeologists discovering a fruitful research avenue late in the game, such
studies hold great potential for providing the wider anthropological community with empirical
data on long term culture-environment interactions. Anthropologists have long noted that certain

items of material culture are highly conserved across space and time while others change



frequently. Materialists among us might explain this as a function of the articulation of base and
superstructure (Harris 1968), core and noncore (Steward 1955), technomic and ideo-technic
(Binford 1962), or fitness-related (functional) and neutral (stylistic) traits (Dunnell 1978). In
each case, the result is the same: material culture related to subsistence activities is often
redundant over space and time while material culture related to other “softer” aspects of life
varies more widely.

More recently, this dichotomy has been explored by anthropologists and archaeologists
applying phylogenetic approaches to cultural change (see Borgerhoff Mulder 2001; Cavalli-
Sforza, et al. 1992; Guglielmino, et al. 1995; Lipo, et al. 2006; Mace and Holden 2005; O'Brien,
et al. 2001). Studies investigating the degree of vertical versus horizontal transmission of
ethnographic traits (e.g., Jordan and Shennan 2003, 2009; Moylan, et al. 2006; Tehrani and
Collard 2009) have attempted to identify “core traditions” (see Boyd, et al. 1997) made up of
traits that tend to agglomerate and are less affected by outside influences (e.g., descent and
marriage).

Perhaps the core traditions of the phylogeneticists and Steward’s culture core bear more
than superficial similarity. Rather than thinking of the culture core as static, I suggest a more
appropriate definition is that the culture core, like all culture, changes, but that it changes more
slowly than other, more peripheral, aspects of culture (presumably because it is tied to fitness).
Lithic technology changes slowly, is closely connected with work organization, and seems to be
largely (but by no means exclusively) vertically inherited. Therefore, more than other types of
archaeological data, studying lithic technology, and its organization, may provide important
insights into how human adaptations are structured. Among lithic technologies, those that are

most closely related to subsistence practices, and that characterize large regions of otherwise



culturally distinctive populations seem good candidates for core traditions that may resist rapid
change due to connections with fitness and work organization.

The relationship of technology to work organization brings up a potentially important
point to those of us that are interested in formal models of human behavior. Current evolutionary
approaches are concerned with modeling individual decisions, but the types of tools used by a
culture may affect the fit of such models because the behavioral options of individuals were
likely limited to varying degrees by different types of technologies.' As technological traditions
evolved, the tools available to an individual at any point in time would constrain his or her
behavior into culturally agreed-upon task-tool combinations.

Steward asked why human adaptations looked as they did in a given environment with a
given technology. More specifically, he was also concerned with how much behavioral latitude
was possible given a particular environment and technology (Steward 1955:36). Considering
these questions with some time depth, one might also ask, “In a changing environment, how
much does work organization have to change to produce an archaeologically detectable change
in technology?” Given the proposed relationships between technology and work organization,
the answer is that it probably depends on the technology.

If potential behavioral strategies are conditioned by both the available tools and the social
and environmental context of the work (see Schiffer and Skibo 1997), the behavioral repertoire
of any individual should be related to: 1) the tools in the technological tradition, and 2) the
culturally-learned ways to use those tools to exploit the local environment. Likewise, the tools in
the technological tradition must also be influenced by the tool-use decisions of individuals over
time (see Figure 1). In this way, lithic technology can be seen as reflecting the intersection

between individual behavior, work organization, and cultural tradition.



The glib contention that people will make new tools if necessary or that new technologies
are always available through borrowing or invention does not square with the reality that over
the short term, procurement and manufacturing of tools is often embedded within, and dependent
on, the coordinated activities of others (Binford 1979). Over the long term, making changes to
existing technologies, and developing or adopting new technologies is as much a social problem
as it is an engineering problem (Bettinger 1999; Fitzhugh 2001; Richerson and Boyd 2001;
Rosenberg 1994). In Steward’s language, the configuration of the culture core might prevent new
technologies from being adopted or developed. In other words, interdependencies between
technological tradition, work organization, and individual behavior may restrict both short-term
and long-term behavioral options. Even minor changes to lithic technologies may therefore

reflect important behavioral changes.

Lithic Technological Change in California

Evidence for incremental changes in lithic technology is not difficult to come by. The
difficulty is in assigning causality to any particular variable related to technological change.
Equally valid cases can be made for the role of increasing human population pressure, decreasing
mobility, decreasing foraging efficiency, environmental change and other factors. A thorough
consideration of these factors is beyond the scope of this paper, however, it is useful to point out
some salient patterns and their implications for those who apply evolutionary theory to the
archaeological record.

First, a general pattern of fewer multifunctional tools and more specialized tools through

time is evident among flaked stone assemblages from California’s central coast (Figure 2).



Evidence from use-wear analysis shows this pattern as an increasingly steep reduction in the
proportion of multifunctional tools through time, in particular after ca. 3000 BP (Figure 3).

Individual artifact classes from the region also support the idea that tools became more
specialized through time. For example, during the Early (ca. 5000-2500 BP) and Middle (ca.
2500-1000 BP) periods, points of the central coast stemmed series (sensu Jones 1993) are the
dominant projectile point form while after 1000 BP, smaller leaf-shaped points dominate the
projectile class. Morphometric comparisons as well as use-wear data suggest the earlier stemmed
points were multifunctional, exhibiting projectile use in addition to use as knives, while later
small leaf-shaped points exhibit only projectile use (Stevens and Codding 2009). Presumably,
after the adoption of small leaf-shaped points, other tools such as bifacial knives or utilized
flakes stepped in to fulfill cutting tasks for which stemmed points were formerly employed.
Again, the overall pattern is one of decreasing multifunctionality and increasing numbers of
specialized tools.

If the functional latitude of tools narrowed through time, we might expect design changes
reflecting this. Ground stone tools illustrate this progression particularly well due to the fact that
the form of ground stone tools is more plastic and much less constrained by physics when
compared to flaked stone tools. Ground stone tools from the early Holocene consist of
millingslabs and handstones which are thought to have been used to process a wide variety of
vegetal foods including small seeds, fibrous roots, and acorns. Between about 5000 and 3000
years ago, however, the importance of the acorn as a staple foodstuff increased greatly and stone
mortars and pestles first appear in the archaeological record in large numbers (Basgall 1987;

Glassow 1996b). Interestingly, the older millingslab/handstone technology was not abandoned,



but appears to have been retained for use with small seeds and other resources that mortars
cannot process as efficiently (Figure 4).

Changes in form within each ground stone tool class also reflect this shift. Millingslabs
progress from shaped and intensively-used basin forms to flat, less intensively-used forms
sometime after the beginning of the Early period. Similarly, handstones from Millingstone period
contexts (ca. 10,000-5000 BP) are mostly shaped and heavily-used while handstones found in
later contexts are frequently unshaped and only ephemerally-used. The opposite pattern is found
among mortars and pestles, with earlier mortars largely consisting of globular unshaped or
minimally-shaped forms and later forms exhibiting greater degrees of shaping and thinner walls.
Pestles first appear as slightly shaped squat, cylindrical forms and then later evolve into highly-
shaped tapered forms (Glassow 1996b; Stevens, et al. 2004).

It is probably not coincidental that the first millingslabs and first mortars are similar to
each other in form while later versions of each become increasingly differentiated, reflecting
greater functional specialization (see Eerkens and Lipo 2007: 262 for discussion of artifact
divergence). A similar argument has been advanced to account for changes in ground stone tools
in the prehistoric Southwest (Adams 1993; Glassow 1996b; Martin and Plog 1973:216; Mauldin
1993; Plog 1974:139) although, interestingly, it is the forms of millingslabs rather than mortars
that become most specialized, probably reflecting the increasing importance of maize agriculture

and seed grinding, rather than balanophagy and acorn pounding (but see Adams 1999).

Discussion

Human populations along the central California coast underwent several important

changes during the Late Holocene including decreases in mobility (Bamforth 1986; Lebow, et al.
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2007), increasing population (Glassow 1999; Lebow, et al. 2007), and increasing diet breadth
(Glassow 1996a; Jones, et al. 2008). Concurrent environmental changes include the stabilization
of sea level and a cooler and more variable climate (Atwater, et al. 1977; Barron, et al. 2003;
Kennett and Kennett 2000). Human behavioral ecologists might interpret the above technological
patterns as related to declining foraging efficiency, perhaps brought on by environmental change
and/or increased population density, spurring increased investment in more specialized tools
(compare to: Broughton 1994; Broughton 1997; Glassow 1996a; Kennett 2005). A relevant
model incorporating DIT might view environmental change as the catalyst for human population
growth, but consider historically-inherited technology and work organization a limiting factor.
Local populations undergoing social or technological intensification may subsequently alter the
carrying capacity of the local environment and experience further population growth, enabling
them to outcompete other groups in the area (compare to: Bettinger and Baumhoff 1982;
Richerson, et al. 2001). This second model is closer to Steward’s concept of cultural ecology
because the technological tradition is seen as mediating the creative interplay between
environmental changes on one hand, and human behavioral responses on the other. Each of these
perspectives, however, contributes an important piece of our understanding of long-term cultural
change. HBE explains how subsistence changes should look given changes in other variables
while DIT provides a plausible evolutionary mechanism for culture change given certain rules
about how cultural information is inherited. HBE highlights the economic factors conditioning
technological change while DIT helps explain why technological changes might spread even if
specific groups are resistant.

Whichever general explanation is used, the specifics of the observed archaeological

patterns at the assemblage level can be seen as multifunctional tools being partially or
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completely replaced with a specialized tools, thus increasing the number of tool types while at
the same time narrowing the functional latitude of each tool type. The result of this progression
is that the relationship between a given tool type and its intended use becomes stronger over
time. This makes sense in the context of more rigid Holocene land use systems where
increasingly, people found themselves compelled to be in a particular location at a particular
time where a specific activity/tool combination may have precluded other behavioral options.
The effect of this may have been less room for individual learning in tool making and using
decisions and overall less behavioral latitude at the level of the group. This suggests that any
attempt to model individual decision making should consider the context of the task, the
available technology, and work organization.

Additionally, if the fit between tool morphology and tool use is variable over time, then
ideas about performance characteristics and use lives of specific artifact classes are likely not as
straightforward as have been previously portrayed (Bettinger, et al. 2006; Fitzhugh 2001;
O'Brien, et al. 1994; Schiffer and Skibo 1997; Shott and Sillitoe 2004; Ugan, et al. 2003).
Importantly, this could also affect the archaeological visibility of large-scale behavioral changes
if a given group of technologies permitted a wide latitude of behavioral change with minimal or
no tool morphological change or replacement. This sort of behaviorally variable, but
archaeologically subtle adaptation might help explain the apparent lack of culture change
throughout the California Early (ca.11,500-7000 BP) and Middle (ca. 7000-4000 BP) Holocene,
a long interval characterized by considerable climatic variability.

If the relationships between lithic technology, human behavior, environment and the
“culture core” (if such an entity exists), are similar to my broad sketch, then we should not be

surprised that the archaeological record is full of examples of similar environmental or climatic
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events resulting in dissimilar reactions by human populations. This is because the important
relationship is not simply between human behavior and the environment, but how core adaptive
traditions influence this relationship. This was Steward’s key insight and it is one that studies of

lithic technology have the potential to explore further.
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Notes

1) The words “technology” and “tools” are admittedly imprecise, but are used here in the sense
that implements suitable for performing different tasks are variable in time and space as are the
knowledge and materials to make them. Fitzhugh’s (2001:128) definition of technology as
including material, practical, informational, and purposive components is useful here.

2) Sites/components plotted in Figure 3 include: CA-SBA-212 AUs 1 and 2 (McKim, et al.
2007), SBA-246 Locus B (Lebow, et al. 2001), SBA-503 AUs 2 and 3 (Lebow, et al. 2005a),
SBA-530 AUs 3, 4, and 6 (Lebow, et al. 2007), SBA-677 (Lebow, et al. 1998), SBA-755 AUS
(Lebow, et al. 2006), SBA-935 (Harro, et al. 2000), SBA-990 (Lebow, et al. 2005b), SBA-1010
AUs 1-6 (Lebow, et al. 2005¢), SBA-1823 (Harro, et al. 2001), SBA-2696 AU3 (Colten, et al.
1999). “Multifunctional” tools were defined as those that showed evidence of either concurrent
use for multiple actions (e.g., scraping, cutting) and/or multiple contact materials (e.g., bone,
wood), or sequent use (e.g., a core recycled as a plane). Ages of all components plotted are based
on associated radocarbon dates except for SBA-1823, which was plotted at 8000 BP based on
Millingstone period assemblage. If this component is omitted, r* = 0.57, p < 0.001.
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Figure Captions

Figure 1. Proposed relationships between behavior, technology, and tradition. Individual
behavior is both constrained by and influenced by context, available tools, and work
organization. The technological tradition results from these interactions, but also

influences them.

Figure 2. Locations of California Central Coast archaeological sites with use-wear data used to
create Figure 3.

Figure 3. Proportions of multifunctional tools in California Central Coast assemblages” plotted
against calibrated years before present. Log regression r* = 0.61, p < 0.001.

Figure 4. Changes in California Central Coast ground stone technology throughout the Holocene.
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