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Abstract

An Evolutiorary Approach to Archaeological Inference:
Aspects of Architectural Variation
in the 17th-Century Chesapeake
Fraser Duff Neiman
Yale University
1990
The current preoccupation of archaeologists who still embrace the goals of the
New Archaeolcgy with "middie-range theory” is a hindrance to the development of a
progressive, scientific research program. What is required is renewed emphasis on the
development of fundamental theory. Neo-Darwinian theory offers a promising starting
point. However, neo-Darwinian processes and models do not offer a causally or

dynamically sufficient account of behavioral dynamics for species among whose members

social learning is an important determinant of phenotypic variation.

Explicit (mathematical) models of cultural transmission recently developed by
Cavalﬁ-Sfom and Feldman and especially Boyd and Richerson are crucial to inferring
the causal mechanisms responsible for variability in the archaeological record.
Mechanisms may be divided among those that introduce variability into populations
(guided variation, random variation, migration, indirect transmission), those that sort it
in a deterministic fashion (selection, direct bias, indirect bias), and those that sort it
stochastically (drift). Linking the models to a picture of site formation as a time-
averaging process, allows the derivation of contrasting expectations for patterns of
behavioral change under different forces that can be rendered in terms of patterns
manifest at the assemblage level in the archaeological record. Evolutionary mechanisms

that cause deterministic sorting are the basis for inference of behavior from artifacts.
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Just how an evolutionary approach works in practice is illustrated in a case study
of change in house plans and site structure found on English plantation sites in the
Chesapeake Bay region in the 17th and early 18th centuries. An examination of temporal
variation in house plans reveals deterministic sorting of variant means of organizing
plantation production in the region as a whole. Delineation of temporal trajectories of
stylistic and functional variants in the archaeological record of The Clifts Plantation Site
(44WM33) helps isolate its causes. Multivariate analyses of assemblage composition
through time and of intrasite artifact distributions in space identify stylistic and/or
wealth-related differences between successive occupants and correlated differences in the
layout and use of architectural space. The pattern of change indicates economic failure
and consequent replacement of an original group of occupants by individuals practicing
new organizational strategies that minimized costs associated with provisioning,
maintaining, and monitoring plantation workers. Architectural changes were the outcome
of a mechanistic process in which individuals practicing different strategies of production
organization were subject to different rates of economic failure and thus contributed
organizational prescriptions to social learning networks at characteristically different
rates. As a consequence, certain plan forms and associated production strategies

disappeared from the Chesapeake cultural repertoire during the late 17th century.
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Thomas E. Bass, IIT (USN, Ret.) was an unflagging source of practical help and good
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grateful to Mrs. Wiliiam Hunter de Butts, Mrs. Landon Carter Wellford, and Mrs. Leslie

Cheek for their great personal kindness, while suffering my assaults on their historical
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Introduction

Over a decade ago, Robert Dunnell raised the possibility that Darwinian
evolutionary theory might prove to be the foundation for a progressive research program
in archaeology (1978, 1980). However, at a time when the archaeological literature is
increasingly filled with programmatic statements advocating a wide variety approaches to
the archaeological record, expressions of interest in an evolutionary archaeology remain
sporadic at best. While the reasons for this are complex, prominent contributing factors
are surely the following. First, most archaeologists either ignore or misconstrue the
importance of the development of explicit theory to their enterprise. Second, even for
those who sense the importance of theory, just why an evolutionary approach should be
preferred over any other is obscure. Finally, it is not altogether clear just what an
evolutionary archaeology will really look like in practice. Just how can an evolutionary
approach be implemented and how is it different from other ways of making sense of the

archaeological record? This dissertation offers one set of answers to these questions.

There is a great deal of ground to be covered so a map of the terrain may be
helpful. In Chapter 1 I suggest, contrary to the modal archaeological opinion, that
fundamental theoretical issues are crucial to further progress in the discipline. Current
archaeological preoccupation with "middle-range” theory is counterproductive. The goal
of middle-range theory, inferring the behavioral significance of artifacts, requires
fundamental theory about the causal processes behind human history. I outline some of
the consequences of choosing a mechanistic, evolutionary approach to fundamental

theory deveiopment over more traditional perspectives on human behavior.
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Chapter 2 offers an outline of the structure of evolutionary theory drawn from
neo-Darwinism. It suggests that the ills of "middle-range" theory are the predictable
consequence of archaeology’s inattention to the mechanisms that cause variability in
human behavior. I then move on to a consideration of sociobiology as a candidate
fundamental theory for archaeology. I argue that accounts of human behavior based on
unadulterated neo-Darwinism are deficient since they exclude explicit consideration of
two mechanisms --individual and social learning -- that are important in phenotype
determination of a wide variety of organisms, not just people. I argue that a dual-
inheritance approach, that acknowledges the origins of learning in the natural selection
of genetic variation but also offers explicit accounts of the novel dynamics introduced by
learning, especially cultural transmission, is currently the most promising approach to the
problem. The fundamental theory that archaeology requires is to be found in explicit
mathematical models of evolutionary forces that cause the differential persistence of

cultural information in time and space.

Chapter 3 offers some very simple versions of the requisite models for cultural
transmission originally developed by Cavalli-Sforza and Feldman (1981) and especially by
Boyd and Richerson (1985). The exposition proceeds like a population genetics text,
reviewing models of the operation of different evolutionary forces that yield explicit

expectations concerning the temporal patterns in variant frequency generated by each.

Chapter 4 describes how these models can be useful in making inferences about

the causes of empirically documented temporal patterning in cultural variants. It
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provides a framework in which theoretical expectations concerning variation in cultural
repertoires under different forces can be rendered in terms of the archaeological record.
The models also make it possible to suggest in a more precise manner just what
evolutionary processes are being invoked when archaeologists make inferences about
behavior from artifacts. Finaliy, I suggest how two characteristics of complex societies --
social stratification and functional differentiation -- are likely to affect the operation of
certain evolutionary forces. Coverage of this topic is necessary because the case study
that comprises the rest of the work is drawn from just such a social context: the English

colonization of 17th-century Virginia and Maryland.

Chapter S introduces this subject by outlining how English adaptive strategies in
the Chesapeake were affected by environmental variation from iwo sources. First,
physical-environmental variation encountered by English colonists as they invaded the
region caused deterministic sorting of settlement strategies. The outcome can be
monitored indirectly in variation in rates of settlement spread. I offer a tentative account
of the evolutionary mechanisms behind the process. Second, variation in the greater
Atlantic economy, incinding the demand for tobacco and the availability of labor, caused
deterministic sorting of house plans and, I argue, variable means of organizing plantation
production of which they were a part. In this case the availability of archaeological data
makes it possible not merely to frame hypotheses about the causes of sorting, but also to

test them by examining patterns of variation in the archaeological record.

A review of previous work on the topic suggests two hypotheses for the causes of

sorting. Both invoke social-learning rules, the product of a prior history of natural
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selection, that cause the differential persistence of culturally transmitted means of
organizing plantation production. Under the first, individuals use a learning rule to
evaluate directly variant production arrangements on the basis of the extent to which
they necessitate contact with a threatening and unfamiliar labor force. Here house-plan
changes were a result of plantation owners’ attempts to minimize contact with a labor
force whose ranks were increasingly dominated by Irish and poor English indentured
servants and finally by enslaved Africans. Under the second, social learning is guided by
a more general-purpose rule that instructs owners to learn preferentially from other
individuals who are economically prosperous. Under this hypothesis, architecturai change
is caused by variation among plans in economic efficiency, in the context of falling
tobacco prices and rising labor costs. The final two chapters offer a test of the two
hypotheses, based on archaeological evidence from The Clifts Plantation Site, a tobacco
farm on the south shore of the Potomac River. The theoretical framework developed in
the first four chapters makes it possible to infer the processes behind major alterations
in the architectural fabric of The Clifts that occurred at the end of the 17th century. The
evidence from The Clifts suggest that outmoded means of organizing production
disappeared at this site, because plantation owners using them suffered adverse

economic consequences.
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Chapter i

The Importance of Theory

1 Introduction

It has been more than more than twenty years since the New Archaeology set for
itself the goal of transforming archaeology into a science. We have yet to see the
apotheosis of a scientific archaeology. However, over the past two decades there has
emerged a consensus, among those who still embrace the scientific goals of the New
Archaeology, on the means by which the transformation is to be wrought and scientific
knowledge about the past produced. This consensus suggests that the production of
archaeological knowledge is a two-step process involving two distinct sorts of theory.
Following traditional usage, I will refer to these successive operations as inference and
explanation. In the first step, a reconstruction of behavioral transactions or system
dynamics is inferred from the static archaeological record. The theoretical means to
build reconstructions are called variously "behavioral archaeology” and "middle-range
theory”. They are comprised of general principles linking material remains to behavior.
In the second step, an explanation of the reconstruction is offered. Reconstructions in

turn are explained using general or high-level theory, that is general principles linking

behavior to the determinants of history.

In this chapter I examine the ways in which this position is articulated in the
writings of its two most energetic proponents, Michael Schiffer and Lewis Binford.
Although both men go to great lengths to stress the differences between their positions

on the proper means of handling middle-range theory (Schiffer 1585, Binford 1981a),

5
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their positions share important characteristics. Both emphasize middle-range theory at
the expense of general theory, as does most of the recent theoretical literature. After an
examination of the kinds of theory employed in archaeological inference, I argue that
this ranking of priorities for the development of archaeclogical theory is unfortunate and
that the distinction between middle-range and general theory on which it is based is
fundamentally misleading. If it persists, it will guarantee that the scientific apotheosis of
archaeology will never occur. Archaeologists still interested in the pursuit of that goal,
glimpsed by the New Archaeology in the 196(’s, need to redirect their efforts toward the
development of general theory. Finally, I suggest some of the characteristics of a
theoretical framework that might lead to the advent of a progressive scientific research

program for archaeology.

1.1 Behavioral Archaeology

For Schiffer, archaeology must concern itself "first and foremost with devising
principles and methods for reconstructing past behavior from archaeological remains”
(1976:2), that is with inference. His program for the creation of the means for inference
is behavioral archaeology. He is careful to suggest that its pursuit does not mean that
attempts to explain the past should cease. However, it is clear where the priority lies.
The principles that behavioral archaeology will develop to make possible archaeological
inference fall into two major groups: principles governing the relationship between
artifacts and behavior, called by Schiffer "behavioral correlates,” and principles governing
site-formation processes or "transforms.” Behavioral correlates are principles or laws
about the manner in which artifacts participate in a behavioral system, in other words

how things were made and used. They "relate behavioral variables to variables of
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material objects or spatial relations" (1976:13). Behavioral correlates allow the inference
of behavior from artifacts in Pompeii-like settings, where artifacts are not altered in

condition and location from the "systemic context” in which they were originally used.

Site fcrmation processes are alterations of the condition and location of artifacts
from their original context of use. Schiffer distinguishes two classes of formation
processes, cultural and non-cultural, governed by two distinct bodies of theory, c-
transforms and n-transforms respectively. The distinction turns on whether the
alterations in artifact context are caused by human or non-human agents, for example by
cleaning house or by erosion. As a result of site formation processes, the archaeological
record is a "transformed and distorted view of artifacts as they once participated in a
behavioral system” (Schiffer 1983:677, see also 1976:12, 1972:156). The second aim of
behavioral archaeology is therefore the construction of cultural and non-cultural
transforms to identify and model the processes that brought together the artifacts found
in a particular archaeological deposit. In the best of circumstances, the ultimate goal is
the inference of the locations and conditions that formerly characterized those artifacts
in their original context of use. In practice, the result is more often the identification of
which deposits are transformed and distorted sufficiently so that their contents can no
longer serve as the basis for inferences about behavior (e.g. Schiffer 1983:694-696). In
either case, one wants to infer the character of the alterations in condition and location
between the time they ceased being used by ancient people and were recovered
archaeologically.
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It should be noted in passing that Schiffe:’s original adumbration of formation
processes was in a context in which there was no question that humans had been
ultimately responsible for the genesis of the deposits under consideration. More recently,
influenced by the independent emergence of taphonomy in geology and paleontology, the
notion that formation processes are of interest only in the context of correcting
distortions of evidence for human behavior has receded (Behrensmeyer 1984, Gifford
1981). In paleoanthropology, the demonstration that hominids created clusters of bones

and stones has emerged as a major focus (Binford 1981b, Potts and Shipman 1981).

Thus archaeological inference is for Schiffer a two-stage process. Each stage has
its own, unique set of principles. In stage one the principles governing site-formation
processes are used to transform a distorted archaeological record into Pompeii or, failing
that, to identify distorted deposits, which are subsequently eliminated from further
consideration. In stage two behavioral correlates are employed to transform Pompeii into
"behavioral and cultural variables” (1976:43). Taken together, these are the means by
which "the explanation of archaeological observations is achieved" (1976:17). To Schiffer
the resulting behavioral reconstructions are "explanations” of archaeological facts in a
proximate sense only, that is within the framework of problems set by behavioral
archaeology. In other words, they are inferences in the sense discussed above. In a larger
context, which in his terms is not an archaeologicai one, behavioral reconstructions are
simply descriptions, "documentation of the behavioral and organizational properties of
past cultural system functions” (1976:2). They therefore are themselves the objects of
further explanation.
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Schiffer has essentially nothing to say about the manner in which explanation, the
second aspect of the production of knowledge about the past, is to be undertaken. This
silence is a consequence of Schiffer’s belief that successful archaeological inference is a
necessary condition for the introduction of explanatory arguments. Commenting on case-
specific targets of inference like the Pueblo IV population aggregation, he suggests that
"the explanation of systemic phenomenon (sic) ... is contingent upon the prior or
concomitant explanation of the facts of the archaeological record" (1976:3). More
generally he believes that "archaeologists cannot test high-level theories about culture
change until the reliability of inferences is improved" (1985:193). In other words, the
means for archaeological inference can be, indeed must be, fashioned before the
development of theory for the explanation of historical processes is undertaken.
Schiffer’s silence on the question of what high-level theory ought to look like is an
obvious weakness in his position that his critics, principally Lewis Binford, have

exploited.

12 Middle-range Theory

Binford has gone to great polemical lengths to distinguish middle-range theory
from Schiffer’s behavioral archaeology (e.g. 1981a, 1986). However, by his own admission
(1981b:25), the two have fundamentally similar goals. Binford sees middle-range theory
as the means by which we convert the "static facts of the archaeological record to
statements o dynamics" concerning cultural systems in the past (1977:6). The
development of middle-range theory is supposed to provide "accurate means of
identification, and good instruments of measuring specified properties of past cultural

systems” (1981b:25). In other words, although Binford eschews the distinctions, middle-
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range theory covers what Schiffer calls correlates and cultural and non-cultural

transforms. All are supposed to solve the same kinds of problems.

Binford is more explicit than Schiffer about general theory and its relationship to
middle-range theory. General theory comprises the means by which archaeologists
explain the characteristics of cultural systems past and present, "our theories regarding
the processes responsible for past events, patterns of change or stability." It is theory
"about the nature of man and the causes of history” (1981b:24). For Binford, Schiffer’s
failure to consider the relationship of general theory to middle-range fheory is one of the
most objectionable features of his program. The objection includes the following line of
reasoning. Without explicit prior consideration of general theory, there is no guarantee
that any particular behavioral description generated by behavioral archaeology will be
sufficient when judged in terms of that theory. Behavioral descriptions inferred from the
archaeological record may simply turn out to be irrelevant to the best means at one’s
disposal for the explanation of behavior. The description may not refer to any
phenomena thﬁt theory demands be measured. If theoretically salient phenomena are
monitored in the description, it may be in ways that confound variables that theory
demands be treated separately. This aippears of be at least one aspect of the substance
behind Binford’s pejorative characterization of Schiffer’s program as empiricist, and the
charge that it fails to offer a means "of evaluating our archaeological culture or seeking
to understand what we want to know in new ways" (Binford 1986:462). Two aspects of
this critique are noteworthy. First, it is premised on acceptance of the dichotomy

between inference and explanation. Second, and an expectable consequence of the first,
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despite the fact that it stresses the priority of general theory, it is unaccompanied by any

systematic attempt to outline what that theory ought to look like.

The importance and perhaps the ultimate justification of the dichotomy between
inference and explanation for Binford is evident in his explicit insistence that "our
middle-range theory must be intellectually independent of our generai theory". This
independence is necessary if giving meaning to the archaeological record is not to
become a tautologous exercise (1981b:29, see also Sabloff, et al. 1987:206). Behind this
assertion lies the observation that one cannot reason to conclusions that contradict the
premises with which one starts. If the premises used in the inference of dynamics from
archaeological statics are derived from the same principles that are invoked in the
explanation of dynamics, then according to Binford there can be no testing of evaluation
of explanations. "Quite literally all our reasoning is 'locked in’ by our original premises
and observation language” (1981:29). If that observation language is a product of theories
about processes responsible for past events and patterns of change, statements about the
record become tautologies. An independently developed middle-range theory is supposed
to allow archaeology to escape from this circular reasoning. As we shall see below, this

position, while superficially plausible, is in fact profoundly misleading.

13 Reconstructionism

From this cursory overview, it should be plain that at the heart of both
behavioral archaeology and middle-range theory lies the dichotomy between inference
and explanation and the attendant notion that behavioral reconstructions are first

inferred from the record and then explained. I will refer to this position as
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reconstructionism. The division of archaeological inference from explanation arises from
the fundamental premise of reconstructionism: the theoretical tools one brings to the
first part of this enterprise are different from those that are employed in the second. I
argue below that there is a grain of truth in this notion. There is a sense in which two
different sorts of theory are involved in the production of knowledge from the
archaeological record. However, reconstructionist categories confound the distinctions

that are necessary for its apprehension.

The reader should note that reconstructionism has been employed elsewhere in
the literature to refer to a variety of alleged intellectual sins. Robert Dunnell originally
used it to denote, and condemn as scientifically unproductive, any attempt to make
inferences about the kinds of past dynamic processes or behavior in which artifacts once
participated (1978a, 1978b). Binford uses it to characterize what to him seem
objectionable aspects of the work of Schiffer and Richard Gould, in particular the
empiricist position that archaeological inference should produce ethnographic
descriptions from which laws of human behavior will emerge as empirical generalizations
(1986:464). Paradoxically, a careful reading of Dunnell’s original formulation makes it
clear that it included Binford’s position. Despite the potential for confusion, I use the
term in a third sense here because it nicely describes the intermediate product of the
two-step approach, behavioral reconstructions. In addition my guess is that problems
arising from the fundamental premise of reconstructionism, lie behind the disquiet

created by "anthropological® archaeology for Dunnell and by Schiffer’s work for Binford.
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The problems with reconstructionism are effectively exposed in the more precise
terminological framework offered by Schiffer. Hence the discussion below is cast in
terms of Schiffer’s distinction between correlates and transforms, but includes examples
intended as contributions to the Binfordian program. I will argue that behavioral
archaeology and middle-range theory confound two fundamentally different approaches
to the inferential enterprise. These two approaches, which I shall call archaeometry and
functional morphology, are each governed by distinct bodies of theory. The
archaeometric approach to inference is grounded in the theoretical systems of the
natural sciences. The functional morphological approach makes use of these same
systems but in addition necessarily involves presumptions or principles, usually hidden,
concerning the determinants of human nature and history. In other words, what
archaeologists refer to as general theory is a crucial part of archaeological inference
based on functional morphology. I therefore devote more of the discussion below to

functional morphology.

I hope to show that both archaeometry and functional morphology provide the
foundations for behavioral inference; hence both are sources of Schiffer’s behavioral
correlates. Similarly, both archaeometry and functional morphology underlie inferences
concerning site formation processes. Both are sources of Schiffer’s transforms. This
implies that the distinction between middle-range and general theory and between
inference and explanation is a red herring. The development of general theory is
necessary if archaeologists are to solve the inferential problems currently discussed under
the middle-range theory and behavioral-archaeology rubrics. A second implication is that

Schiffer’s correlates and transforms are not distinct sets of principles, but are derived
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from the same two bodies of theory. From a theoretical perspective, the distinction

between the two is groundless.

The following discussion illustrates by example how archaeometric and functional
morphological principles serve as sources for behavioral correlates and site formation
transforms. It will prove useful first to recall a contrast noted by some archaeologists
over the past two decades between two sorts of general principles (e.g. Dunnell 1971:3C-
42, Binford 1978, Gould and Watson 1982). The principles traditionally referred to as
empirical generalizations, are based on contemporary observation of phenomena, in this
case the conjunction of static, material patterns that potentially may be observed
archaeologically, and dynamics, the forces in operation that create patterns. Empirical
generalizations are abstract descriptions of correlations between stacics and dynamics
that have been found to characterize some finite sampie of observations. The contrasting
class of principles are theoretical laws, deductively derived imaginary constructs, that
purport to isolate causal connections between classes of phenomena. The two sets of
principles that I am calling archaeometry and functional morphology include both

empirical generalizations and laws.

13.1 Archaeometry and Behavioral Correlates

Archaeometry is an important source of principles that serve as behaviorai
correlates. The archacometric approach to inference deals with the physical and chemical
traces left on artifacts or other modified objects by their interactions with certain aspects
of the environment in the past. The goal is to infer something of the character of those

interactions or the environment in which they took place. The principles that govern the
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relationships between traces and the forces that produced them, and that make inference

possible, range from laws to empirical generalizations.

Where laws are involved, they are derived more or less unaltered from the
theoretical systems of the natural sciences. From them in turn are derived models of
basic physical, chemical and biological processes that allow links of causal necessity to be
forged between physical traces and the processes that produced them. For the most part,
applications based on such models are what have traditionally been thought of as
archaeometry, largely because until recently the investigators responsible for them have
been card-carrying physical scientists. Prominent recent examples of the approach
include studies of relict chemical traces in skeletal tissue that, relying upon models
developed from isotope chemistry and molecular biology, make possible inferences about
components of diet and more generally the kinds of substances ingested by ancient

peoples (e.g. Van der Merwe 1982, Aufderheide et al. 1981).

Analogous models of past processes can also be derived from empirical
generalizations. Empirically-based models are intended to do the same kinds of things as
the law-based models, provide links between statics and dynamics. In general applications
based on such models tend to be thought of as archaeology, because the people doing
them are trained as archaeologists. Recent examples in this genre include studies of "use
wear" patterns on lithics (e.g. Keeley 1980) or patterns of surface damage on bone (e.g.
Potts and Shipman 1981) aimed at inferring the kinds of materials with which study

objects came in contact in the past and the kinds of motions involved.
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Law-based models are clearly preferable. Inferences based upon empirical
generalizations are more likely to be wrong. This does not mean, as some archaeologists
appear to think (e.g. Gould in Gould and Watson 1982), that inferences grounded in law-
derived models are guaranteed to be empirically correct. Both approaches generate
disagreement, although empirically based approaches probably generate more of it. It is
the contrasting nature of the controversy that is telling. Law-based models generate
disagreement over conclusions. However the participants join in a dialogue. For example,
Sealy and van der Merwe recently attempted, by examining stable carbon isotope ratios
in human bone, to evaluate Parkington’s hypothesis that prehistoric groups in the
Southwestern Cape, South Africa, wintered on the Atlantic coast and summered in the
mountains inland. Food resources available in the two areas are isotopically different. So
too, it turns out, are isotope ratios in skeletons from the two regions, suggesting that
different populations are being sampled and casting doubt on Parkington’s hypothesis.
From the resulting exchange (Sealy and van der Merwe 1986, Parkington 1987), there
emerges a consensus on areas of ignorance, that is the aspects of the real world that are
too poorly kndwn to be included in the model on which inference is based, in this case
the need for a better understanding of the biochemical mechanisms by which carbon in
food is transformed into carbon in bone collagen where it is measured. There is also
agreement on the identification of variables whose causal significance is currently
understood angd of potential relevance to the model and the inferences arising from it,
but whose values are currently unknown. Here the proportion of meat in the diet may
affect bone isotope values in bone, confounding differences due to the rest of the diet.
Both parties agree on the need and means to control this variable: measure strontium

isotope ratios. The controversy is moved forward and participants glimpse the means by
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which the substantive issues might be resolved. This result is a consequence of the

control over variables that theoretical knowledge of causal relationships uniquely offers.

When models are driven by empirical generalizations, the results are less
progressive, witness the current controversy over the role of polishes in lithic use wear
analysis. Keeley (1980), using an entirely inductive approach, has claimed that contact
between flint and different kinds of worked materiai produces different kinds of polish
on the tool’s surface. The resulting techniques have been employed to determine stone
tool uses. However, the results of a series of blind tests, in which tools used on known
materials were analyzed by workers trained in Keeley’s approach, suggest that polishes
are of nn discriminatory significance (Newcomer et al. 1986). In the ensuing exchange
(Bamforth 1988, Hurcombe 1988, Newcomer et al. 1988), the parties simply talk past one
another. The participants have different notions of what "polish” refers to. This lack of
consensus on a framework in which to conduct the discussion is a direct result of the
lack of consideration on all sides of the causal mechanisms that might be at work to
produce surface modifications. As a result the exchange is largely a restatement of

positions colored by rhetorical posturing.

Models based on empirical generalizations sometimes prepare the way for their
replacement by law-based inferences. The study of lithic technology in archaeology began
with the observation of correlations between the properties of fractures on rocks and the
nature of the forces that created them (Grayson 1986). Empirical generalizations about
conchoidal fracture have since been superceded by models of fracture mechanics

borrowed from physics. Similar deductive models for other kinds of fractures common on
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working edges of stone tool§ may eventually replace some of the empirically based
models that currently dominate use-wear studies (e.g. Cotterell and Kamminga 1987).
Note that the accuracy of empirical generalizations, and the accuracy of the inferences
they make possible, rests on their potential conformity with the theoretical systems of
the natural sciences. It is on the basis of their potential reliance on models derived from
the hard sciences that empirically based models are usefully grouped along with them as

part of an archaeometric approach to behavioral correlates.

1.3.2 Functional Morphology and Behavioral Correlates

The functional morphological approach to behavioral correlates attempts to use
what as a first approximation I will call the "designed” attributes of artifacts to make
inferences about the manner in which they participated in matter-energy flows in past
cultural systems. Behavioral correlates may be developed for artifacts at a variety of
scales, from discrete objects to assemblages to settlement patterns. Here it is not the
actual physical traces of motion or interaction with the environment that are considered
as indicators of past dynamics, but rather the characteristics or morphology of artifacts

that affect their potential for motion or interaction with the environment during use by

humans.

Here too one can distinguish models that serve as behavioral correlates that are
based on laws from those generated from empirical generalizations. The empirical
generalizations are simply abstract descriptions of ethnographic cases from human
groups that happen to be available at present. The descriptions purport to document

covariation along a dimension of artifact form and a dimension of behavior. Naroll’s
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(1962) attempt to establish a relationship between floor area and household size, along
with later refinements (Watson 1979), are well known members of the genre. Recent
work, cast as a contribution to middle-range theory, on the pithouse-to-pueblo transition
in the Southwest offers a more current example. Gilman (1987) finds that among
ethnographically sampled groups both pithouses and pueblos are cold-season habitations
in a seasonally variable settlement pattern, with pueblos found in groups with more ‘
intensive agricultural systems. She uses this generalization to argue that agricultural
intensification lies behind the use of pueblos in the Southwest. The inference, like
empirically based inferences in the archaeometric approach, is especially suspect for the
same reasons. The point is apparently recogrized by Gilman since she is at pains to offer

independent evidence that intensification in the Southwest actually occurred.

However, as was the case for archaeometry, empirical generalizations can be
construed in a more positive light as the starting point for the develbpment of models
specifying the causal interactions that underlie ethnographically documented trends and
that in turn can be used more reliably in archaeological inference (e.g. Gilman 1987:540,
Sabloff et al. 1987:207). Such models typically specify the effects or consequences of the
attributes of artifacts that make them more suitable or "adaptive" than others when
paired with certain behaviors or uses in certain environmental contexts. It is the
specification of those behaviors or uses that is the end result of the inference. Inferred
uses are those for which the artifact morphology, given its consequences, is most suited.
In other words, the behavior, among a range of alternatives, inferred to have taken place
is the one that, in conjunction with the artifact form, generates optimal consequences.

Thus when grounded in functional morphology, behavioral correlates are models that

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



20
purport to exhibit the causal links between artifact form and behavior via performance
characteristics of the former. These models often rely on theory from the natural
sciences to specify the performance characteristics of artifact form in different behavioral
contexts. However, as I argue below, this does not exhaust their need for theoretical

underpinning. Two examples may help clarify matters.

In the pithouse-to-pueblo case, one proposed significant morphological dimension
of variation is the number of rooms in each sort of structure. Pithouses have single
rooms while pueblos have multiple rooms. The parallel behavioral dimension is the
number of activities that are performed simultaneously within each sort of structure. The
salient consequence that arises from this form-behavior combination is the amount of
interference among activities generated by their simultaneous performance (Gilman
1987:557). Multiple-room structures mean less interference and therefore are more
suitable for the simultaneous performance of many activities than single-room ones. The
latter is one aspect of the behavior inferred to have accompanied the use of multiple-

room structures.

Consider a second exampie. Braun (1983) has recently documented a trend
toward decreased thickness in the bodies of ceramic vessels from Illinois during the late
Woodland. Using experimental evidence, backed by models derived from mechanics, he
demonstrates that ceramics with thinner bodies, other things being equal, tend to have
higher resistance to thermal shock and highe: thermal conductivity. Given these
performance characteristics, thin-bodied ceramics are better suited to cooking methods

that involve longer exposure to higher temperatures. When food preparation requires
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prolonged heating, thinner-walled ceramics fail less frequently and cook more efficiently.
Given these use-related consequences for thin-walled ceramics, it is inferred that cooking

methods were becoming more intensive during the period.

It is instructive to explore the

Morphology
common structure of these two e
examples in a more general c + .
Behavior
framework portrayed schematically in d ) )

Table 1.1. In each case the dimension

of morphological variation can be Table 1.1. Evaluation of consequences arising

from different combinations of behavior and

thought of as a dichotomous variable morphology.

taking one of two mutually exclusive

values (e and f), multiple or single-room dwellings in the first example and thin or thick-
walled ceramics in the second. Similarly, the dimension of behavioral variation can be
represented by a dichotomous variable whose values (¢ and d) represent the
simultaneous performance of many or few activities and intensive or non-intensive
cooking. In both cases a model is developed that specifies the consequences, the extent
of activity interference and thermal shock resistance, that arise from combinations of
behavior and artifact form. The modeled consequences are evaluated or ranked in terms
of suitability or goodness. The final step in the argument depends on the covert assertion
that this evaluation will lead to the prevalence of the form-behavior combination in the

group under study.
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This formalization suggests that two accounts are possible, one synchronic the
other diachronic, of the development of consequences and their evaluation on which this
approach to inference depends. They are not mutually exclusive. On the synchronic
account, the goal is to determine the behavioral significance of the value of the
morphological variable, given that a population is known to be characterized by that
value. This would require developing the physical consequences of the two alternative
behaviors (c and d), for a single value of the morphological variable (e). In the ceramics
example, this approach calls for showing why intensive cooking in thin-walled ceramics
was better than non-intensive cooking in thin-walled ceramics. In fact, both the ceramic
and architectural arguments are structured in the opposite direction, that is they are
based on evaluation of consequences associated with the two values of the morphological

variable (e and f) in a single behavioral context (c).

In the diachronic account the goal is to infer the behavioral significance of a
change from one value of the morphological variable (f) to the alternative (e). This
depends upon.the development and evaluation of consequences for all four of the
possible form-behavior combinations and presumes that one of them, ce in this case,
produces the most beneficial consequences (Table 1.1). Both the cases under
consideration have a diachronic component. Both involve an archaeologically
documented change from one value of the morphological variable to the other: thick to
thin ceramic walls and pithouses to pueblos. However, as we have seen, an explicit
treatment of half of the necessary evaluations is missing (denoted by parentheses in
Table 1.1). In their stead, both studies offer marginal evaluations of behavioral variable

values unlinked to artifact morphology. Thus intensive cooking and multiple activity
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performance (c) are evaluated positively regardless of the artifacts with which they are
accomplished. Given these marginal inequalities for behavior and the inequality arising
from the evaluation of morphological variation in a single behavioral context, the
superiority of a single behavior-form combination (ce) may be deduced. The evaluation
of behavioral variability is a function of the wider environmental context. In both studies

the relevant contextual change is the emergence of agricultural intensification and high

population densities.

We need to examine more closely the kinds of theoretical principles from whicn
a model of the causal links between form and beh#vior, given the evaluation of
consequences in terms of either the synchronic or diachronic accounts sketched above.
As we have seen, part of the theory that informs our knowledge of the relationship
between form and behavior is borrowed from the natural sciences. In general, as in the
examples above, knowledge of the effects of artifact morphology in particular behavioral
contexts can be generated from physical principles, but this is only a part of the story.
We also require theory that governs the links between the possible consequences of a
particular form-behavior combination and the production of its presence in the
popuiation under study. By themselves, physical consequences like thermal conductivity
or activity interference have absolutely no implications for artifact morphology. What is
required is theory that makes possible the ranking of consequences and allows modeling

the manner in which this ranking is in turn translated into behavior.

Braun points to the missing link when he writes that form "can be analyzed as a

response to the need for a means of effective transmission of forces, an acceptably low
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cost of manufacture and an acceptably low risk of mechanical failure during use”
(1983:111). Considerations of matters like "need” and "acceptability” necessarily involve
modelling people and the means by which it is determined what are acceptable effects
and what are not. If the differing performance characteristics associated with values of
the morphological variable are to have any consequences for the value of the behavioral
variable, those characteristics must be in some sense registered and evaluated against
some criterion by or for people. The evaluation must in turn lead to adjustments in the
value of the morphological variable. Inference therefore requires theory to model the
mechanisms involved in evaluation and consequent adjustments. and the manner in
which the entire process is set in motion by changes in salient aspects of the
environment. The principles from which such models are built are not the laws of
physics. Rather they must be laws governing the construction and behavior of organisms.
Such principles are precisely the laws of human nature and history that comprise what
reconstructionism refers to as general theory. The central dogma of reconstructionism is
the proposition that general theory must not be a part of archaeological inference. Yet

clearly general theory is crucial to the morphological approach to inference.

133 Archaeometry and Formation Processes

Just as behavioral correlates allegedly permit the inference of motion or behavior
from artifacts, in the Schifferian model, the principles governing formation processcs, n-
transforms and c-transforms, make possible inferences concerning the dynamics
responsible for the formation of deposits that constitute the archaeological record and
the depositional histories of their constituents. As we have seen, these processes must be

reconstructed with an eye to either removing the distortions they caused or, where that
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is not possible, eliminating the deposits themselves from further consideration as
evidence of human behavior. Inferences concerning site formation processes can be
grouped under the same two approaches that emerged from our consideration of
behavioral correlates. One can distinguish an archaeometric approach based, in the last
analysis, upon the theoretical systems of the natural sciences, and a functional

morphological approach based upon both natural science and principles governing the

behavior of humans.

The archaeometric approach to site formation transforms focuses on the physical
and chemical traces left on deposits or their contents by the forces that created them.
The goal is to infer the character of those forces and the contexts in which they
operated. Again, models derived from laws and empirical generalizations may be
distinguished. Characteristic of law-grounded inferences of non-cultural formation
processes is the use of grain size and structural attributes of sediments, in conjunction
with physical principles organized in sedimentology and hydrology, as a key to the
manner in which they were deposited (e.g. Stein 1985). Thus for example by such means
fine-grained sediments that exhibit laminations may be inferred to have been deposited
by slow-moving water. Archaeometric approaches can also be based on empirical
generalizations, for example Binford’s (1981b:249-278) arguments that Olduvai Gorge
faunal assemblages are transported and ravaged by carnivores, based on similarities in

anatomical part frequencies to assemblages accumulated by modern carnivores.

Archaeometric inferences of cultural formation processes often proceed via an

argument by subtraction (e.g. Stein 1985, Binford 1981b:246), where an attempt is made
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to account for characteristics of a deposit entirely in terms of non-cultural formation
processes, after which the residuum is attributed to human behavior. Although they are
seldom made explicit (but see Meltzer 1984), similar kinds of arguments lie behind the
inference that humans removed materials from their places of natural occurrence in the
environment, which have been identified through the use of techniques iike trace
element analysis or petrography. Archaeometric models lead not only to the
identification of hominids as the agents of deposition but also potentially to more
detailed inferences about the character of human behavior. For example fracture
mechanics guaraniee that flakes and the cores from which they were struck or ceramic
sherds originally from the same vessel can be uniquely reassembled, making possible

inferences about the movements the fragments underwent before final deposition (e.g.

Schiffer 1987:285).

13.4 Functional Morphology and Formation Processes

A functional morphological approach to the development of principles governing
site formation processes attempts to use the attributes of deposits and their contents as
evidence for the manner or behavioral context in which they were created. Paralleling
the morphological approach to behavioral correlates, interest focuses on the
characteristics of deposits or deposited artifacts, that is refuse, that potentisiiy affect
matter-energy flows in human social systems. Once again models employed as cultural
transforms may be based on empirical generalizations or laws. Empirical generalizations
describing ethnographically observed correlations between artifact morphology and
disposal behavior cbmprise much of the body of theory Schiffer refers to as c-transforms.

The following are typical. As site size increases, more artifacts will be deposited as
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secondary refuse, that is away from its location of use (Schiffer 1972:162, 1987:22).
Primary refuse, that is artifacts that enter the archaeological record at their place of use,

will be comprised of small objects (Schiffer 1983:679).

As was the case with behavioral correlates, generalizations can be viewed
charitably as starting points for the elaboration of causal principles that might underlie
them. Functional morphological models for cultural formation processes that are derived
from theoretical principles have the same two-part logical form we have seen in our
consideration of behavioral correlates. First a model of the effects or consequences of
the attributes of refuse in a range of behavioral contexts is developed. Then assumptions
about human nature are imported into the analysis, usually in a covert fashion, that allow
the ranking of consequences generated. This yields a predicted association between form

and behavior. The inferential argument proceeds as before.

Binford’s attempts to build middle-range theory for the behavioral contexts
responsible for the differential disposal of anatomical parts can be seen in this light
(1987:452-455). Binford wants to infer the kinds of behavioral contexts among hunter-
gatherers in which disposal of faunal remains results in an assemblage dominated by
heads and feet. Unsatisfied with simple empirical generalization to the effect that such
assemblages come from hunting camps, he seeks to elucidate the causal interactions
involved.The proposed model includes a range of behaviors described in two dimensions,
the variable distances that meat must be transported from the kill site to residential
camp and the removal of the heads and feet. The corresponding set of consequences,

measured in terms of energy expenditure, scales with these behavioral possibilities.
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Energy savings are greatest when distance is great and anatomical parts with high bone-
meat ratios are discarded before transport. If less energy expenditure is better, then the
optimum context of behavior is to remove the heads and feet when the kill site is far
from the residential camp. That is the inferred behavior. Although the consequences can
be generated and elaborated with an elementary knowledge of mammal anatomy and
energetics, no attention is paid to the theory underpinning the ranking of the
consequences and the manner in which these in turn influence human behavior. Once
again there is a crucial role for general theory concerning the behavior of humans in
what for Binford is an exercise in middle-range theory and for Schiffer would be the

development of c-transforms.

1.4 The Defects of Reconstructionism

At the outset of the discussion of reconstructionism, I noted that there is a sense
in which the two different kinds of theory are involved in the production of knowledge
from the archaeological record. It should now be evident just what that sense is. On the
one hand, thel;e are principles of the physical sciences that power archaeometry and
make possible the inference of object-environment interactions from their physical
traces. On the other hand, there is a set of principles that governs the construction and
behavior of humans. This is general theory that can be used, often in conjunction with
models drawn from the physical sciences of the effects of artifact form and behavior in
certain environmental contexts, to infer behavior patterns. These distinctions offer the
basis for a more concise summary of just how the reconstructionist account of the
production of archaeological knowledge is defective. I begin with Schiffer’s version of

reconstructionism and then turn to Binford’s. Binford’s position proves somewhat less
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problematic than Schiffer’s. Portions of the Binfordian critique of Schiffer’s position do

point to real defects. However their significance is misconstrued because of Binford’s

own brand of reconstructionism.

A first problematic aspect of Schiffer’s account is the distinction between ¢ and n-
transforms and the attendant notion that these separate bodies of theory make possible
inference concerning cultural and natural formation processes respectively. While the
theoretical systems of the natural sciences uniquely ground inferences concerning natural
formation processes, they also figure importantly in inferences concerning cultural ones.
The point has recently been recognized by Stein regarding inferences concerning the
agents responsible for deposits (1987:3/5). The above discussion demonstrates the more

general applicability of the archaeometric approach to cultural formation processes.

The higher-level distinction between behavioral correlates and c-transforms is
equally problematic and for similar reasons. The same two bodies of theory are used in
the construction of both correlates and transforms. Models linking the characteristics of
artifacts on the one hand and refuse on the other to behavior draw on both the
theoretical systems of the natural sciences (archaeometry) and principles concerning
human behavior (functional morphology). The notion that correlates and c-transforms
are constructed on separate theoretical foundations is false. This result should not be
surprising. After all, refuse and the deposits in which it occurs are themselves merely
one sort of artifact. Thus transforms, when used to infer cultural formation processes,
are revealed as merely a subset of behavioral correlates, behavioral correlates for one

type of artifact: garbage. This same observation, that deposits created by humans and
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refuse are themselves artifacts, lies behind Binford’s objection (e.g. 1981a:200) to
Schiffer’s insistence that the archaeological record offers a view of behavior-artifact
interactions in on-going social systems that has been distorted by cultural formation

processes.

Schiffer’s position on distortion is merely a symptom of the misleading correlate-
transform dichotomy, that is where the real 'theoretical defect lies. It is true that
explaining the archaeclcgical record requires models of behavior-artifact interactions
before and after artifacts have become refuse. In other words, it is helpful to make a
distinction between artifact use and disposal, and to insist that production of
archaeological knowledge requires modelling both. But the distinction is a
phenomenological one. That Schiffer has mistaken it for a theoretical one is in large part
due to his empiricist approach to theory construction. For Schiffer, theory is comprised
of empirical generalizations, abstract descriptions of phenomena (e.g. 1983:670, 1987:22).
Under this view, what unites theory into a coherent whole is the kind of phenomenon
being described. It is as if Newton had decided it necessary to craft separate bodies of

theory governing falling apples and falling cannon balls.

Schiffer’s attachment to empirical generalizations also leads him to lump the
archaeometric and functional morphological approaches to inference in the same
package, and point to the former as paradigm cases (e.g. 1976:13). This allows him to
discuss the size sorting of sediments in fluid media and size-sorting of artifacts during
their disposal by people in the same framework, as if the causal principles behind each

were the same (1983). Reconstructionism’s failure to distinguish archacometry from
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functional morphology hinders recognition of the central role of general theory in the
functional-morphological approach to archaeological inference.

The issue of empirical generalizations surfaces in Binford’s critique of Schiffer as
well. Binford tries to contrast his version of middle-range theory, which allegedly seeks
the organizational framework within which behavior is executed, with behavioral
archaeology’s search for correlates of discrete aspects of behavior (1981a:201, 1987:452-
453). Judging from his examples, at the heart of the contrast is Binford’s realization that
the link between behavior and material remains, especially when discussed in the rubric
of functional morphology, is context sensitive. The point emphasizes the extent to which
accurate inference depends upon understanding the interactions between variables in a
causal framework. Returning to the anatomical parts discussed earlier, a faunal
assemblage dominated by heads and feet does not invariably guarantee a hunting camp.
The inference depends among other things on the distance of the kill site from a
residential camp. If the two are close, there may be no point in severing the heads and
feet before returning home. Indeed Binford in this example has gone a bit further to
elucidating the causal variables involved in leaving the heads and feet behind. But not far
enough. As we have seen there is no attempt to offer a causal treatment of the ranking

of energetic consequences of behavioral variation and the adoption of one variant on the

basis of that ranking,

Yet the intuition remains that "well supported conclusions about past phenomena
are requisites for attempts at explanation”, that "one does not try to explain something

unless it has occurred” (Sullivan 1978:184-185). These statements, on which
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reconstructionism is an elaboration, are trivially true. Hence the attraction of
reconstructionism. But they are also profoundly misleading. They are true once one has
specified a frame of reference or theoretical system within which phenomena can be
individuated and classified. Without that specification they are nonsense. An example
from evolutionary biology is instructive. It is clear that an explanation of differences in
speciation rates between two monophyletic groups presupposes that speciation events
occurred and the rates of occurrence were actually different (Vrba 1983). On the other
hand, before 1859 speciation was a non-event for most biologists, and it has only been
with renewed interest in macro-evolutionary theory over the past decade that differences
in speciation rates between monophyletic groups have become "facts” available for
observation. What is missing from the reconstructionist position is an appreciation of the
fact that the theoretical system in terms of which an explanation is cast is also the

theoretical system that allows the individuation of phenomena in the first placa.

The point is especially easy to forget in an archaeological context because
behavioral transactions do seem somehow non-problematic, at least in comparison to the
archaeological record. The illusion that behavior is transparent derives from the fact that
there already exist conceptual frameworks that can make sense out of it. Two related,
ready-made frameworks are available to archaeologists, "common sense”, that is the
cultural conventions that we use to navigate our own world, and sociocultural
anthropology, an elaboration of common sense to make sense of strangers (Dunnell
1982). There is no common sense or anthropology about the archaeological record, and
there is very little about the relationship between artifact morphology and behavior. Thus

the challenge appears to be to wring behavior from artifacts. Once tkis has been
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accomplished, artifacts cease to be puzzling. It therefore appears that the only task for

archaeological theory is the reconstruction of behavior.

This situation has lead to bizarre conclusions. Among them is Binford’s
requirement that the observation language used for the archaeological record must be
independent of theory about past events and processes of change. This is simply a
restatement in an archaeological context of outdated positivist epistemology. It may be
the contrast between the meaningfulness of behavioral transactions and the muteness of
the archaeological record that lends superficial plausibility to this resurrection of a long
discredited philosophical position. There can be no theory-free observation language, a
notion that Binford himself accepts in other contexts (e.g. 1982). There simply is no
escape from the epistemological situation that Binford fears will render interpretations
of the archaeological record tautologies. Richard Lewontin has described the dilemma as

follows.

It is not always appreciated that the problem of theory building is a
constant interaction between constructing laws and finding an appropriate
set of descriptive state variables such that laws can be constructed. We
cannot go out and describe the world in any old way and sit back and
demand an explanatory and predictive. theory be built on that description
(Lewontin 1974a:8).

The "circularity" from which Binford hopes middle range theory will allow escape is

unavoidable.

Reconstructionism will hinder the development of a successful scientific
archaeology. Its denial that general theory is an integral part of the inference of
behavioral reconstructions made under functional morphology has two principle

consequences. First, it insures that the principles that necessarily are employed in
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reconstructions remain covert and renders them immune from explicit testing and
evaluation. Thus reconstructionism precludes the theoretical development that is crucial
to scientific progress. The second consequence is equally damaging. The neglect of
theory means that models for inference will remain fundamentally incomplete. The
mechanisms that are hypothesized to be at work in a given situation will be only partially
explicated. This precludes the full development of model consequences on the basis of
which models may be evaluated. It therefore handicaps efforts to determine whether

hypotheses are wrong.

So far I have treated the archaeometric and functional morphological
approaches to inference as co-equal. It is now time to abandon this expository fiction
and recognize that general theory sets the agenda for archaeometry. Archaeology is
fundamentally about the description and explanation of human history from material
remains. It is not merely "artifact physics” (DeBoer and Lathrap 1979). Artifacts possess
a very large number of properties that might be grist for the archaeometric mill by virtue
of being traces of past dynamics of one sort or another. However, not all past dynamics
are relevant to the inference of historical processes. General theory provides the basic
assumptions about how human history works that determine which aspects of the past
are considered historically important a-nd therefore about which it is worth making or

testing inferences in an archaeometric framework.
From this wider perspective, archaeological inference is 2 much larger enterprise.

Theory specifies entities, their salient properties and the processes in which they figure.

From theory models are constructed that attempt to work out the relations between
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phenomena that might be anticipated on the basis of various assumptions about the
theoretical processes at work in a given case. When models are matched against facts
cast in theoretically appropriate terms, one can then infer something about the causal
mechanisms that produced them. This is the more general sense in which inference is
understood in the rest of science (e.g. Platt 1964, Lewontin 1980). In other words,

inference is explanation.

1.5 Toward a Framework for General Theory

In the preceding section I have argued that what archaeologists know as
fundamental or general theory is crucial to the production of archaeological knowledge.
It remains to be seen what sort of general theory archaeologists should attempt to
develop. The answer depends upon what sort of knowledge one wants archaeology to
produce. Within a scholarly setting, two options can be distinguished empirically, on the

basis of contrasting patterning in the temporal distribution of their knowledge products.

The first, natural-scientific knowledge, is cumulative and progressive at both an
empirical and theoretical level. At an empirical level, progress consists of increases in the
ability to make predictions that, when matched against measurements of phenomena, will
not surprise us (Hesse 1978, Dunnell 1978, 1982). Increases in the quantity and quality
of this pragmatic knowledge are to some extent independent of the theoretical systems in
which it is embedded. Rockets reach the moon whether their courses are computed in a
Newtonian or relativistic framework. Although Newtonian trajectories are less accurate,

they work.
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At a theoretical level, progress results from testing theoretical systems over the
long term using what Hesse calls the "pragmatic criterion" and Dunnell refers to as
"performance standards”: new theoretical complexes are adopted if they increase
pragmatic knowledge. Especially noteworthy is the character of the resulting relationship
between older theoretical systems and the pragmatically superior systems that replace
them. Once a successful scientific tradition has been developed, when theoretical
renovation becomes necessary, older frameworks often turn out to be special cases of
new ones. Seen in the light of its successor, older theory still offers an acceptable
account of some subset the phenomena covered by new theory. The subset is defined in
terms of a limited range of parameter values or levels of organization (e.g. Wimsatt
1981). Current theoretical upheavals in evolutionary biology offer a case in point. It is
argued by some that natural selection may operate at many levels in the biological
hierarchy, that is on genes, organisms, populations and species, and not just at the level
of individual organisms, as insisted by the New Synthesis (e.g. Vrba and Eldredge 1984).
From the emerging perspective, the Synthesis of the 1930’s offered a useful and
essentially correct theoretical account of selection within populations, but erred in
ignoring other levels of organization. The Synthesis emerges as incomplete and

overextended, but it is not wholly repudiated.

The temporal patterning in the empirical and theoretical products of a second
kind of knowledge, typically produced by the social sciences, offers a stark contrast. At
the empirical level, successive conceptual frameworks do not appear to result in
increased control of the phenomena studied (Gergen 1986). When theoretical

renovations occur, they are traumatic episodes, characterized by the rejection of the
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earlier theoretical system and its replacement by an incompatible new one. It is
paradoxical that this characterization of temporal patterning in the products of social
science resembles Kuhn's (1972) portrayal of "revolutions" in natural science. That
Kuhn’s work is more applicable to the former case than the latter is suggested by the
enormous popularity it enjoys in the social sciences (e.g. Fiske and Schweder 1986:379-
384) and in archaeology (reviewed in Meltzer 1979). Thus the successive replacement of
one incommensurate theoretical paradigm by another ought to be familiar to
archaeologists. Sociocultural anthropology offers a prime example of it. The field is
littered with incompatible frameworks, some wholly abandoned, others still vying for
hegemony. In fact, since the failure of the New Archaeology to deliver a progressive
scientific research program, the very same intellectual fads that compete for dominance
in sociocultural anthropology have begun to appear in archaeology where they are
collectively labeled "post-processual archaeology". Prominent examples include a variety
of marxisms, most conspicuous among them structural marxism (e.g. Miller and Tilley
1984) and critical theory ( e.g. Leone et al. 1987), along with less diluted symbolic
approaches (e.g. Hodder 1986).

If one finds the prospect of archaeology’s transformation into a progressive
producer of knowledge on the natural science model appealing, archaeological theory
should be cast in the natural science mold. In the furtherance of that goal, it would be
helpful to know just what it is about natural-science theory that renders the research
traditions that it underpins progressive, and conversely what it is about social-science

theory that renders its products ephemeral.
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1.5.1 The Manifest and Scientific Images

I begin with a distinction borrowed from philosopher Wilfrid Sellars (1963).
Sellars describes two different metaphysical frameworks in which the world, including the
people in it, may be understood: the manifest image and' the scientific image. In the
manifest image, phenomena are understood under the category of persons. Processes are
conceived as the actions of persons behind which lie motivations and intentions. These,
in turn, are interpreted expressions of character or essence. Causation is therefore
teleological: things happen according to a plan, for a purpose, to achieve a goal. This is
the metaphysical framework in which people the world over have understood themselves
and metaphorically much of the world around them. In other words, it is the framework

of common sense, what sociocultural anthropologists refer to as "culture”.

The scientific image of the world has abandoned the language of person
description as an acceptable account of the kinds of entities and processes that exist in
the world. Instead phenomena are to be understood as complex physical systems.
Processes are sequénces of effects and antecedent causes. Causation is therefore not
teleological, but mechanistic. Relative to the manifest image, the scientific image is a
recent development, dating to the sixteenth century. Since then the scientific image has
become the foundation for successful natural-science research programs in physics,

chemistry and biology.
Despite the fact that the name suggests otherwise, social science is built on the

metaphysics of the manifest image. Social-science theories variously understand

indiv.. «als or historical processes in terms of character and purpose. Even frameworks
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that minimize the importance of individual persons’ intentions use the manifest image as
a key to understanding their alleged determinants (Rosenburg 1980). Different social-
science theories can be distinguished by the fact that each privileges one or a small
number of characterizations of human nature chosen from those found in the common

culture of their practitioners.

One can distinguish two classes of social-science theory by the manner in which
they incorporate the manifest image. The first is based on some characterization of
human nature, a small set of dispositions or behavioral goals alieged to underlie human
behavior in all times and places. Marvin Harris’ cultural materialism is grounded in this
way (1979). His list of four "bio-psychological” constants includes the needs for affection,
food and sex, along with the propensity to achieve these goal states with minimum
energy expenditure. Other authors offer sharply contrasting dispositions or goals, for
example the tendency to conserve order and meaning in cultural experience (e.g. Sahlins
1976). The second approach recognizes that human goals and dispositions may be
historically variable among individuals, that is human nature may vary. However, to
explain this variability, it relocates plans and goals in history itself. History is rendered as
a set of societal or economic types, each determining the dispositions of member
individuals. Neo-evolutionism’s bands, tribes, chiefdoms and states are one obvious
example (Dunnell 1980:40-46, Leonard and Jones 1987). Marxism’s lineage, Asiatic,
feudal and capitalist modes of production offer another (Wenke 1981:92-99, Bloch
1983:32-43). The societal types are linked together in a pseudo-historical sequence
leading to the realization of a class, societal or historical goal, for example social

complexity, efficiency of energy capture, or dialectical synthesis.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



40

The differences outlined above between temporal patterning in the knowledge
products of social science and natural science can be attributed to the fact that social
science theories are grounded in the manifest image. This use of the manifest image
helps insure that the results of social science will appear empirically inadequate and
theoretically inconsistent when tracked over time. Empirical inadequacy is evident in the
difficulties social science theories have handling change. Theories that trade in an
invariant human nature are necessarily static. They are premised on denial of what has
undoubtedly occurred: the referents of the dispositions invoked as part of human nature
have changed over historical time. Hominid species have evolved both genetically and
culturally. Attempts to accommodate the possibility of change in the nature of human
individuals rely on programed development through a series of stages, often guided by a
final cause. Use of the manifest image thus leads to a mystical interpretation of causality
in order to accommodate change. The assumptions on which social-science theory is built
appear to lead positions about historical causality that we have good reason, based in

natural sciencé, to suspect are false.

Theoretical inconsistercy over time arises from the fact that both common sense
and social-science theory are derived from the manifest image. They are metaphysically
compatible. As a result, social-science theories are particularly liable to be influenced by
the contents of common s2nse. Common sense is historically and socially variable. This is
the lesson of anthropology. Since the characterizations of human nature employed by
social science are derived from common sense, they are historically variable too. When

culture changes so will its social science theories. As might be expected on this account,
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the primary temporal trend in anthropology over the past twenty years has been an
increase in the number of competing interpretive schools as scholars have been drawn
from more diverse cultural backgrounds. The connection with common sense insures that
social-science theory is retained or discarded for reasons other than Hesse’s performance
criterion, because it coheres with a popular order of values, or because it is compatible
with culturally sanctioned images of the good (Hesse 1978:12, Gergen 1986:151).
Natural-science theory is relatively insulated against similar effects. It is developed in a
tradition that is independent of common sense. This independence is fostered by the fact
that it rejects the person-based metaphysics of the manifest image in favor of a
mechanistic view of process. As a result, empirical utility has less competition from other

means of sorting among theoretical notions.

The theoretical notions comprising common sense are innumerable, largely
implicit, unanalyzed, and contradictory. The causes of their existence are obscure, buried
in an largely undocumented past. On the other hand, natural-science theory is comprised
of self-contained sets of explicitly posited entities, their characteristics and sets of laws
governing their interactions. All three are organized into inferential complexes, in such a
way that their logical connections are explicit (Dunnell 1982, Hull 1983, Quine 1960:22).
The limited and explicit nature cf natural-science theory renders it susceptible to
evaluation. When a recalcitrant experience or apparent falsification of an hypothesis
occurs there is a reasonable possibility that, over the long term, the research community
will be able to determine what aspects of theory, assumptions, or measurements that
went into it are incorrect. Social science theories do admit a certain amount of

independent axiomatic elaboration. However, since their terms cannot be divorced from
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the rest of common sense, the possibilities in this direction are limited. Discourse is
always at risk of being dragged back into the larger contradictory repertoire of person
descriptions from which the local characterization of human nature was derived. Hence
when recalcitrant experiences occur in social science, it is nearly impossible to isolate

which theoretical component of an hypothesis is wanting.

Despite the fact that competing social-science theories can be seen as the
outcome of attempts to privilege and organize different subsets of common sense,
common sense remains the more powerful sense-making system (Dunnell 1982, Symons
1987). This is because individuals use common sense to navigate the world arou..d them.
Over the short term, common sense allows individuals to predict and hence cope with a
wide variety of phenomena in the natural and social environment. It therefore has
empirical consequences, consequences that can involve the survival and reproduction of

its users. Social-science theory operates under no such constraints.

152 Essentialism

Dunnell (1982) has recently offered a similar appraisal of the knowledge products
of social science, although his diagnosis of the factors responsible for it differs. It is
worth briefly considering a portion of his argument because it will help pinpoint a final
metaphysical infirmity in the manifest image. Following Mayr (1959), Dunnell suggests
that there are two kinds of science: historical and non-historical science. The paradigm
cases of non-historical science are physics and chemistry. There is only one successful
historical science: evolutionary biology. The two kinds of science each have their own

metaphysical foundations. Essentialism underpins non-historical science, along with
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common sense and social science. Essentialist approaches work where the phenomena
under study do not change. "Population thinking", on the other hand, provides the
foundation of evolutionary biology. It uniquely can handle change. Mayr argued that a
necessary condition for the existence of a scientific biology was abandonment of
essentialism, and the substitution of population thinking in its place. Darwin was the
architect of this change. Under Darwin’s theory variation was no longer seen as the
result of forces interfering with the expression of a species essence, but as a thing in
itself that, along with natural selection, is the cause of evolution (cf. Lewontin 1974b:5).
In a similar vein, Dunnell sees the essentialism of common sense and social science as
the source of their incompatibility with a scientific archaeology. The abandonment of the
essentialist metaphysic is a necessary condition for the creation of a scientific

archaeology. An appreciation of the issue requires understanding just what is meant by

essentialism.

One can distinguish two brands of essentialism. The first is Aristotle’s "Natural
State Model". It supplies a means of handling diversity among phenomena. Aristotle
made a fundamental distinction between those states that are natural to an object and
those that are not. Non-natural states are produced by subjecting the object in question
to an interfering force (Sober 1980:360-361). Variation is therefore rendered as
deviation from what is natural. Typical examples are drawn from physics. In Aristotle’s
physics, the natural state of sublunar objects was to be loccated at the center of the earth.
In Newtonian physics, the natural state of all objects is to continue to remain at rest or

in uniform motion.
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A weaker form of essentialism is implied by the notion that objects have
necessary properties -- essences -- that cause them to be the way they are or to behave
in certain ways (Sober 1984:164). The periodic table of elements familiar from high-
school chemistry offers an example. The fact that nitrogen has atomic number 14 is a
necessary property of the element that causes it to have certain kinds of interactions
with other elements. Similar conceptions are found in physics. All bodies have a mass.
All electrons have negative charges. Essences in this sense, whether conceived as
continuously or discretely varying, are timeless properties that figure in scientific laws

governing the behavior of phenomena.

If either kind of essentialism is to be scientifically successful, then one must
correctly specify the kinds of objects that have essences and what their essences are.
Neither task is trivial. Aristotle and Newton agreed that physical objects had essences on
the natural state model, but not on what they were. The first progressive research
program in chemistry was founded on correct identification of what kinds of things have
essences of the weaker sort: the realization that individual elements (e.g. oxygen,

nitrogen) do, but "air" does not.

I argue that what was crucial to the Darwinian revolution was not the
abandonment of essentialism, but a re-identification of the kind of phenomena to which
it was to be applied (Sober 1980, 1984:155-169). Evolutionary theory has abandoned the
notion that individual organisms have a species essence that is unchanging. The notion of
a "human nature” is merely a special case. Essential, causally efficacious properties are

now conceived to belong to a different sort of object: populations of organisms sharing
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genetic information in time and space. At this new level, essentialism of both sorts is
alive and well in evolutionary theory. The Hardy-Weinberg law describes what happens
to gene and genotype frequencies in a panmictic Mendelian populations when no forces
interfere. It offers a natural state model of Mendelian populations. The weaker form of
essentialism can be found in the terms of other evolutionary laws. Evolutionary theory is
about necessary properties of objects that cause them to behave in certain ways.
Populations are predators or prey, specialists or generalists, r or k-selected and so forth.
When the essential properties of other kinds of objects are considered, it is always in
terms of the dynamics of populations. Genes, genotypes and phenotypes are selectively
advantageous, disadvantageous or neutral, characteristics only conceivable in a
population context. The selection coefficients attached to them are formally analogous to

the mass attached to a Newtonian body.

On this construction, our single example of an historical science proves to be
essentialist. This would suggest that in fact there is only one kind of science. This result
shouid hardly be surprising. The entities, their properties and the processes in which they
participate, postulated in natural-science theory are universal. Theory applies to all
phenomena of a specified sort, without spatio-temporal specification. It can be expected
to work irrespective of time or place. Evolutionary theory is no different. What Mayr
and Dunnell deride as essentialism is the outcome of incorrect identification of what
kinds of objects have eternal properties. The problem with "essentialist approaches” to
historical phenomena is not that they are essentialist, but they locate causally efficacious

essences in the wrong place. The triumph of population thinking is its location of these
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properties at the population level, its "commitment to the methodological fruitfulness of

constructing theories whose parameters apply to populations" (Sober 1984:168).

It is here that we glimpse another infirmity of the manifest image, its tendency to
assume that causally important, necessary properties inhere in phenomena that appear to
be discrete objects at the scale of human observation. It may be no accident that a
successful scientific research program was first established in an area where this
condition was most closely approximated: Newtonian mechanics. Thus one suspects that
a final reason for the failure of the social sciences, or any conceptual framework based
in the manifest image, to deliver a progressive research program lies in their failure to
conceive human history in terms of the kinds of objects that are subject to causal

invariances.

1.6 Implications for Archaeology

The description offered above of the epistemological status of social-science
knowledge claims should have a familiar ring to archaeologists. Similar positions
concerning the epistemological status of archaeological inquiry have been developed and
enthusiastically embraced by post-processual archaeologists peddling a variety of trendy
approaches, among them Marxism, structural-Marxism, critical theory, hermeneutics and
mongrel permutations of these. Elements of the post-processual critique are variable.
They range from outright denial that anything that might be called secure, objective
knowledge of the past is possible (Hodder 1986:16,1987) to privileging explanations
derived from a particular teleological view of history (Leone and Palkovich 1983, Wylie

1985). The two positions appear in the same work (Leone et al. 1987). Despite logical
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lapses, post-processual archaeologists agree thai they have buried the notion of a
progressive, scientific archaeology once and for all. I hope that the preceding section
shows in precisely what sense these conclusions are correci. They are correct only if one
accepts the premise of the argument, that all understandings of the human past should
be grounded in a conception of change as meaningful human action, that is in the
n!anifest image. I also hope to have shown that it is not only possible to reject this

premise, but why it might be desirable to do so.

Where can one turn for a theoretical system in the scientific image with which to
begin to make sense of the archaeological record? The answer I attempt to explore in
what follows is evolutionary theory in the Darwinian mold. Evolutionary theory looks
promising for a number of reasons. Some of these will emerge in the next chapter. One
of them is relevant in the context of the preceding discussion. As Mayr and Dunnell have
pointed out, Darwinian theory provided the foundation for the first and only successful
scientific research program for historical phenomena ever developed. It is instructive to
note that the theoretical systems for the history of life that Darwinism replaced were
themselves built from the manifest image. This is true of religious accounts that relied
on the intentions of a creator. It is also true of secular systems like those of Lamark,
Owen and Chambers (Hull i983). Lamarck’s scheme offers a good example because it
incorporated both programmed development and individual motivation. History was
driven by two orthogonal forces. The first was general striving for progress that infused
all organisms, creating greater complexity in successive generations and propelling them
up a predetermined tree of life. The second was the ability of organisms to alter their

habits in small ways in response to their own unique needs, determining which branches
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on the tree were taken (Hull 1982). The person metaphor figures in these constructions.
Its effects were similar to those discussed above in connection with human history. As
long as organisms were conceived in the manifest image, natural historical explanations
rested entirely on a priori notions, driven by common sense, about the intentions of
organisms or their creator or plans for the history of life. In this context, Darwin’s
account of evolution by natural selection was unique. It offered a wholly mechanistic
explanation for the history of life and in so doing altered the kinds of objects that might
have causally efficacious, eternal properties. The success of evolutionary theory in this

context, suggests that it may offer a solution to a similar problem in a related one.
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Chapter 2 -

The Structure of Evolutionary Theory

2 Introduction

I begin this chapter with an outline of the overall structure of neo-Darwinian
theory as it has emerged from the Synthesis during the middle years of this century.
Neo-Darwinian theory is a theory of forces comprised of two sorts of laws, consequence
and source laws, which purport to describe the dynamics of the distribution of genetic
information in time and space and the conditions that bring those dynamics into
existence. The complete evolutionary explanation of biological phenomena requires both.
A necessary condition for the successful application of an evolutionary approach to the
archaeological record is the development of both source and consequence laws for
human behavior. The notion that evolutionary theory is a theory of forces allows a more
precise understanding of the deficits and unhealthy consequences of the current state of
archaeological theorizing. I suggest how some of the current archaeological literature
might be construed as a contribution to the construction of source laws. However, there
is no parallel attempt to develop consequence laws to describe how forces work, which
the example of evolutionary biology suggests are required for the development of a

successful research program.

This raises the question of what a sufficient evolutionary theory of forces for
human behavior might look like. Much of the recent work in human sociobiology is
based on the claim that a complete theory already exists and can be imported without

extensions into the analysis of human behavior. That theory is neo-Darwinism. I examine
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this claim in the light of the structure of evolutionary theory and find it wanting. I argue
that, while neo-Darwinian theory offers an essential starting place for an evolutionary
treatment of human behavior, extensions to it are necessary to accommodate the novel
forces introduced by the ability of individuals to engage in individual and especially
social learning. During the past decade a group of workers with backgrounds in
evolutionary ecology and population genetics have begun the task of supplying the
needed extensions: explicit descriptions of the forces that operate in cultural evolution
and a link between them and neo-Darwinian processes. I think it likely that the resulting
coevolutionary or dual-inheritance approach will provide the foundation for a progressive

evolutionary research program in archaeology.

2.1 Evolutionary Theory as a Theory of Forces

In Chapter 1, I argued that the claim that there are two kinds of science, one
essentialist the other non-essentialist, was, in the last analysis, mistaken. In this section, I
pursue this argument to exhibit the commonalities of structure between neo-Darwinian
evolutionary theory, as it has been developed in biology since the Synthesis, and what
has been taken to be the paradigm case of essentialist theory, physics. The resulting
framework should help clarify the explanatory role of much existing archaeological
theory in an evolutionary context. It will also lead to a more precise identification of the

major lacuna in current theoretical work undertaken by archaeologists.
Elliot Sober (1984) suggests that the key to understanding how neo-Darwinian

theory works is to realize that it is a theory of forces. Physics offers the paradigm case of

a theory of forces and thus offers a good place to begin our examination of what is
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involved. At the foundation of a theory of forces is a law that describes a zero-force
state, that is what happens to the system being modeied when no forces operate upon it.
Zero-force laws are important because they specify precisely what it is that, in the
absence of perturbations, does not change. In Newtonian mechanics, the property of
objects subject to no forces is constant velocity. In Aristotle’s physics the zero-force state
was rest at the center of the earth (Sober 1984:31-32). As this example suggests,
specification of a scientifically fruitful zero-force state is a non-trivial matter. In a world
dominated by gravity, where constant velocity appears to require work, Newton’s zero-
force state is wholly counterintuitive. Zero-force laws play a key role in the individuation
of phenomena, indicating the nature of the system under study, just what it is that needs

to be explained and when forces must be invoked to do the explaining.

Once a zero-force law has been posited, one can proceed to the enumeration of
different forces and description of the processes whereby they operate. Each force
represents a possible cause of system change. Newtonian mechanics recognized a single
force, gravity. Modern physics recognizes four. Sober distinguishes two sorts of laws
about forces: source laws and consequence laws (1984:50-51). Both are crucial to the
conduct of inquiry, but they have different roles. Source laws specify the conditions
under which a force can be expected to come into existence. An example from
Newtonian mechanics is the law of gravitation, stating that when two bodies of a given
mass are separated by a given distance there will be a gravitational force proportional to
the square of the inverse distance between them. Consequence laws, on the other hand,
stipnlate how, once a force exists, it impinges upon the system. They describe the

implications of the operation of the force for system dynamics. Hence consequence laws

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



52
necessarily contain some representation of the manner in which forces work. The
classical example here is "F=ma", which says what happens to an object when it is
subject to a force. Note that no mention is made here of the conditions that produced
the force. Instead the emphasis is on the operation of the force, once it exists, and its
effects on the behavior of a system. Because consequence laws allow predictions about
system dynamics, they make possible inferences concerning the character of forces
operating on a system, based on observation of its dynamic behavior. Finally, a fully
developed theory of forces contains not only single force laws, but also laws that describe
what happens when different forces operate in concert. Source and consequence laws
work together to provide predictions. Source laws tell us what forces we can expect in a
given set of circumstances, and perhaps even permit estimates of their magnitudes.
Consequence laws describe how forces work and thus can be used to predict system

trajectories that result from their operation.

How does neo-Darwinian theory fit into this framework? We can begin with the
zero-force law of evolutionary theory. It posits that, in the absence of forces, there will
be no change in the frequency of genetic variants from one generation to the next within
an infinitely large group of randomly mating organisms. For diploid organisms, this
equilibrium condition is usually described by the Hardy-Weinberg law, which relates gene
to genotype frequencies under random mating using the rules of probability. However, a
more fundamental construction is possible, covering both haploid and diploid genetic
systems. The fact that gene frequencies are stable in the absence of interfering forces
flows ultimately from the facts that genes usually make faithful copies of themselves and

that the copying process is fair (Sober 1984:36, Kimura 1983:7). This conception is
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fundamental to the rest of neo-Darwinian theory since it specifies the manner in which
phenomena are to be conceived: we are studying the differential frequency of genetic
variants transmitted within and among populations distributed in time and space. In a
sense the zero-force law is a kind of fundamental consequence law, describing the basic

building blocks of the system and their conszquences for a system when it is left to itself.

Neo-Darwinian theory includes a number of forces. It offers explicit descriptions
of the processes that constitute the operation of each force. Two kinds of forces may be
distinguished on the basis of whether they act, on the one hand, to generate variation,
introducing new variants into a population, or, on the other, to sort variation that
already exists, perpetuating some variants and not others (Vrba and Eldridge 1984, Vrba
and Gould 1986). Among the forces that are responsible for the introduction of
variation among individuals in a population is mutation, that is alterations in alleles
present in it whose direction is random with respect to the adaptive requirements of
individuals. New variants may also be introduced from outside the population via
migration and subsequent gene flow. Forces that sort variation may in turn be divided
into two groups: those whose operation is deterministic as opposed to random. The
distinction turns on whether or not the trajectory of change in the frequency of variants
over time is in principle logically implied by a set of initial conditions and parameter
values (Sober 1984:110). The precise results of deterministic sorting are predictable in
theory. Those of random sorting are not, although theory does afford statistical
expectations. The primary force resulting in the deterministic sorting of variants is
natural selection, the process whereby differeﬁt variants tend to leave different numbers

of offspring that resemble them in later generations. However, variants may also be

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



54
sorted randomly, as a result of sampling error in the transmission of genes ir finite
populations, causing the frequencies of some variants to drift toward unity and others
toward zero. Other forces affecting the distribution of variants in populations include
inbreeding, non-random (assortauve) mating and bias in the gene replication process
(meiotic drive). Note that this conception of neo-Darwinism as a theory of forces is not
a uniquely philosophical one. It is shared by practicing biologists, as the table of contents

and organization of any population genetics text will attest (e.g. Wilson and Bossert 1971,
Crow 1986).

The consequence laws of neo-Darwinian evolutionary theory are comprised of
descriptions of how these various forces operate that in turn allow deductions concerning
their effects on gene frequencies. Consequence laws may be written in English or in
mathematical formalism. Today they are largely comprised of the equations of
population genetics. Cons~quence laws for natural selection offer a good example.
Models of selection, like other evolutionary consequence laws, contain representations of
the mechanistic processes that constitute the operation of the force. Formal selection
models build on the implications of the zero-force law for parent-offspring resemblance.
To this they add a precise characterization of fitness: the tendency for different variant
parents to leave different numbers of offspring as a consequence of differing survival and
reproductive probabilities. Once the Darwinian fitnesses of different phenotypes and
which genotypes produce them have been specified, these two components can be used
to deduce the trajectory of change in the frequency of genetic variants within a
population. Population genetics also contains consequence laws for other forces,

including migration, mutation, and drift, which specify their effects on the .requency of
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variants in a population over time. Robert Lewontin’s characterization of population
genetics as the automobile mechanics of evolutionary theory is apt here: "the job of
theoretical population genetics is to set up a mathematical machine into which the
various parameters can be dumped, to turn the crank and to produce the kinetics of
evolution” (1982:113). Casting evolutionary consequence laws in mathematical terms has
two advantages. Deductions of system consequences are more likely to be correct. It
becomes possible to compute hypothetical system trajectories expected with the
operation of different forces. Comparison of the results against empirically documented

patterns can help in the identification of the forces that produced them.

Darwin’s original formulation of natural selection as the principal cause of
evolution conforms to this structure. It has a zero-force law, an explicit description of the
operation of a force, and a simple deduction of the consequence of the force’s operation
for system change. The first was embodied in the observation that offspring tend to
resemble their parents, that is that variation is heritable. Galton and Pearson offered
both the statistical toois and data to document this observation, although the processes
responsible for it were unknown (Provine 1971). Darwin’s formulation of his favored
force, selection, built on this simple zero-force statement, adding to it the notions that
interactions between the environment and characters for which there was heritable
variation caused variants to have different numbers of offspring (Lewontin 1974b). The
consequence deduced was that the fittest variants would increase in frequency. The
incorporation of Mendelian genetics into Darwinism in the Synthesis offered a far more

accurate and richer portrayal of the mechanisms involved and a mathematically
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sophisticated account of their operation and consequences. It thereby immeasurably

strengthened the research program, but did not alter the basic structure of the theory.

Consequence laws of population genetics say nothing about the kinds of physical
circumstances that cause their parameters - for example, the selection coefficients or
migration rates -- to take on certain values. That is the job of source laws. They detail
the properties of organisms and environments under which we can expect migration,
mutation, selection, drift and so forth to come into play. The development of source
laws, especially source laws for natural selection, is a major component of evolutionary
theory, comprising much of behavioral and evolutionary ecology (e.g. Krebs and Davies
1981). As Sober notes, here lies an important difference between evolutionary theory
and physics (1984:50). The source laws that describe the physical conditions for the
existence of gravity can be stated with complete generality. In contrast, very large
number of physical circumstances can lead to fitness differences among organism’s.
Hence there are many different source laws for selection. However, the resulting
diversity is not wholly chaotic. Two formal or mathematical approaches to the
construction of source laws can be distinguished on the basis of whether or not the
Darwirian fitness of a given variant depends upon the frequency of other variants in the
population. Optimization theory offers source laws for constant fitness. Game th=ory
applies when fitnesses are frequency-dependent, that is when the fitness of one
phenotype depends upon the proportion of individuals characterized by another.
(Maynard Smith 1978, 1982). I briefly consider the interplay between these two

approaches and consequence laws below.
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Source laws are written in terms of phenotypes, while consequence !2ws are
written in terms of genes and genotypes. The link between the two is offered by
developmental genetics. This component of the evolutionary process, the translation of
genotypes into phenotypes, is in practice handled as part of consequence laws. The
fitness of a genotype represents the reproductive chances of the phenotype(s) that it
produces in a specified environment. Hidden behind the assignment of genotypic
fitnesses in population genetic models are hypotheses about the developmental sequence
leading from genotype to phenotype. Such hypotheses must accommodate the possibility
of developmental complications affecting genotypic fitnesses. Developmenta! pathways
may be influenced by external and internal contingencies. The same genotype may
produce different phenotypes in different environments, a phenomenon described by the
genotype’s norm of reaction (Lewontin 1976). Developmental constraints, pleiotropy,
allometry, linkage and'so forth, can affect the fitness values associated with different
phenotypes (Gould and Lewontin 1979). In practice, we often lack detailed knowledge of
these kinds of processes. In its absence, the knowledge that genotypes and phenotypes

are correlated in a certain way may be enough to describe evolutionary trajectories

(Sober 1984:37).

It is important to be clear on the logical relationships that obtain among the
description of an evolutionary force and its source and consequence laws. These have
important implications, described below, for how models of empirical phenomena should
be built and how theory construction should proceed. Both source laws and consequence
laws, including the zero-force state, are necessary for the development of evolutionary

theory and its successful deployment in the explanation of particular phenomena. This
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point is worth pursuing briefly because a casual appraisal of current practice in
evolutionary biology would seem to suggest otherwise. Many empirical studies appear to
trade either in source or consequence laws but not both. Thus it is worth examining the

underlying interdependence of source and consequence laws. I do this below in the

context of models of natural selection.

Consider first the optimality approach to the development of source laws for
selection. Optimality models yield expectations concerning fitness differences among
alternative phenotypes given some set of environmental circumstances and thus allow
specification of which phenotype is the fittest. The analysis begins with the identification
of a currency, units in which costs and benefits may be measured. Sometimes the
currency is a direct measure of fitness, such as lifetime reproductive output. More often
it is an indirect measure such as rate of energy intake that, given the organism’s
constitution and environment, can be argued to cause differences in Darwinian fitness. A
second necessary component is the definition of a set of alternative behavioral or
mo:phologiml'strategies available to the organisms, along with a set of constraints,
aspects of the environment and the organism’s phenotype that, for one reason or
another, are assumed constant. The final ingredient is a function that assigns costs and
benefits to each of the possible strategies. This can be done empirically or theoretically.
Given this information, one computes the strategy that maximizes the measure of fitness,

subject to the constraints (Maynard Smith 1978:32-34).

Once a model has been developed, it can be tested by seeing whether the
hypothesized optimal phenotype is in fact observed in the population under study.
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Usually the goal is to infer the nature of the selective force responsible for the trait in
question. However, whether the deliverances of the model could actually have been
attained by the population under selection, depends crucially on the messy details -- the
auto mechanics — of consequence laws. For a simple single-locus, two-allele system,
where the optimal phenotype is a2 homozygote, the optimal phenotype will be fixed. In
other words, the messy details covered by consequence laws will not confound the
predictions of the optimality argument. However, things are not always so simple. For
example, in a recent discussion of the dynamics of the hemoglobin locus and sickle-cell
trait, Alan Templeton offers an example involving three alleles in which the allele that
produces the fittest phenotype (a homozygote) is eliminated from the population under
selection (1982:16-22, Kitcher 1985:215). More generally, population geneticists have long
recognized that the dynamics of models for more than two alleles at a single locus or for
two or more interacting loci bear no simple correspondence to the rank ordering of the
genotypic fitnesses (e.g. Crow 1986:97-102,106-108). This has important practical
implications for inferences based on optimality models. The hypothesized optimal
phenotype may not be observed because of problems with consequence laws, yet the
temptation for the modeler is to assume source laws have been incorrectly specified and
to fiddle witk the constraints or phenotype-fitness function to bring the predicted
phenotype into conformity with reality. The result of this kind of curve fitting is the
misidentification of the selective forces at work. The problem arises not from essential
defects in the optimization approach, but from the fact that optimality models only cover
a part of the process whereby organisms come to have the phenotypes they do. The
theoretical implication is that both source and consequence laws are required to model

the situation completely and make valid inferences about the causes behind it.
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The same point applies to the use of game-theoretic arguments to make sense of
the selective advantage of characters whose Darwinian fitnesses are frequency-
dependent. Here the importance of consequence laws is less well hidden, thanks to the
theory of Evolutionarily Stable Strategies (ESS) developed by Maynard Smith. ESS
models combine source and consequence laws. ESS theory begins with the game-
theoretic portrayal of the costs and benefits of a set of strategies as a function of the
strategies played against them. As in optimization theory, costs and benefits are assumed
to map directly or indirectly onto fitness values. This portrayal is in turn wedded with a
model of genetic transmission for a single-locus haploid system. The result is a set of
conditions describing the relationships between fitnesses assigned to strategies that must
hold if one strategy, once common in a population, is to resist invasion by an alternative
strategy (Maynard Smith 1982, Kitcher 1985:88-97). Thus ESS models combine source
and very simple consequence laws. This point is not lost on their originator. A
considerable part of Maynard Smith’s exposition of the ESS approach is devoted to
arguing that the genetic basis of behavioral traits in diploid organisms is well

approximated by the simple model used.

This brief description of optimization and ESS approaches to modeling points to
one reason for the mutual dependence between source and consequence laws. If source
laws about selection are to be put to use to make valid inferences about the forces
responsible for some evolutionary phenomenon, they must be coupled with consequence
laws. Selective explanations of temporal or spatial variation that lack this component are

logically incomplete. They cover only part of the process. This incompleteness diminishes
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the chance for increases over the long term in empirical adequacy. When empirical
evidence fails to meet expectations derived from a hypothesis, a significant portion of the
processes operating to produce the recalcitrant result remains hidden from view and thus

immune from correction.

The second noteworthy aspect of the relationships among source and
consequence laws is more fundamental. It resides in the logical dependence of source
laws on descriptions of the processes by which forces operate that are provided by
consequence laws. Some understanding of the way a force works is a necessary
prerequisite to framing generalizations about the conditions under which it might come
into play. Again natural selection offers a good example. Which properties of organisms
and environments render certain strategies advantageous depends on the process by
which advantage accrues. Costs and benefits associated with different strategies might be
identified in a variety of areas, but they are only relevant in the context of selection to
the extent that they can be identified with, or be argued to cause, fitness differences. The
notion of fitness, survival and reproductive probability, is the key to understanding why
costs and benefits matter at all and which costs and benefits matter most. Without a
characterization of the selection process provided by its consequence laws, the notions of
cost and benefit remain vague, ambiguous chstractions. More generally, the identification
of conditions that bring into existence any force depends upon prior explicit notions
about processes that constitute the operation of a force. Consequence laws guide the

development of source laws.
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In this section, I have offered an outline of the structure of neo-Darwinian
evolutionary theory in terms of source and consequence laws and tried to clarify the
relationships between them. I have argued for the primacy in theory building of explicit
description of how a force operates, given formal expression in consequence laws. I have
also pointed to the logical necessity for both source and consequence laws in modeling
empirical phenomena. I now turn to the implications of this argument for an

evolutionary archaeology.

22 Source Laws for Archaeology

The successful application of evolutionary theory in archaeology will require
explicit source and consequence laws describing the forces responsible for human
behavioral variation. Useful contributions to such a research program emerge from a
variety of disciplinary sources. Two are relevant here: archaeology and neo-Darwinian
evolutionary theory. Taken singly neither offers a complete research program, however
they do provide components for one. In addition a group of evolutionary biologists has
recently begun to produce a body of theoretical work that promises to be of special
relevance for the attempt to develop an evolutionary archaeology. Dual-inheritance or
coevolutionary theory, as this approach can be called (Boyd and Richerson 1985:2),
recognizes the central importance of neo-Darwinism to any attempt to understand
human behavior. In addition it takes seriously the need for explicit consideration of the
effects of learning, especially social learning on evolutionary dynamics. In this and the
following section I review briefly contributions from these sources and the manner in

which they might be integrated into a progressive, evolutionary research program for
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archaeology. I try to show how each contribution fits into the structure of evolutionary

theory outlined in the previous section.

Consider first contributions from archaeology. Archaeologists have taken up the
task of building source laws that may prove useful in making inferences about the
archaeological record, although they do not recognize their efforts in this direction for
what they are. In the preceding chapter, I argued the importance of diseatangling two
theoretically distinct approaches to "middle-range” theory. One of them, the functional-
morphological approach, bases its behavioral inferences on models containing three
components. The first predicts the physical consequences of variation in artifact
morphology and behavior. Second, physical consequences of particular form-behavior
combinations are in turn ranked in terms of suitability in a larger environmental context.
Finally the behavior that ranks highest, when paired with the archaeologically
documented form, is inferred to have occurred in the past. The ranking of physical
consequences, a part of any applicaticn of the functional morphological approach, is the
result of an accounting of the costs and benefits associated with alternative behaviors
and artifact forms. As we have seen above, this same kind of accounting is a key
ingredient in optimality models and other source laws for selection. The parallel suggests
that the functional morphological approach tc "middle-range" theory can be construed as
a program to develop source laws for forces like selection that cause deterministic

sorting of variants.

Recall too the critique of functional morphology as an incomplete approach to

inference. Two problems were identified. The first was the lack of any explicit treatment
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of the mechanisms underwriting the ranking of consequences. The second was the failure
to provide any account of the processes that lead to the association of a particular
behavior and artifact form as a result of that ranking. Both deficiencies are a predictable
outcome of middle-range theory’s lack of concern with the causal processes that operate
on human behavior. The first problem is a reflection of the general theoretical
dependence of source laws on force descriptions found in consequence laws. As 1 argued
in the last section, costs and benefits are only identifiable when the mechanism by which
advantage is gained has been specified. A calculus of costs and benefits has no
justification without reference to the processes by which the mechanism operates.
Middle-range theory lacks the consequence laws that might provide such a justification.

Its proponents even deny their necessity.

The second problem with functional morphology is symptomatic of the
requirement, also discussed in the previous section, that logically complete models of
evolutionary phenomena contain both source and consequence components.
Consequence laws for selection supply the links between the initial conditions that cause
fitness differences and the evolutionary trajectory of a system. Inferences based in
middle-range theory will only prove useful to the extent that physical consequences and
their associated cost-benefit differences prove to be part of the initial conditions that
bring into existence forces causing particular form-behavior variants to increase
predictably in frequency in the population under study. Consequence laws allow explicit
treatment of the processes that cause the associations between artifact form and

behavior postulated by functional morphological models. They therefore provide the
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second missing ingredient in behavioral inferences from the functional-morphological

approach.

From an evolutionary perspective, "middle range” theory emerges as a premature
program to develop source laws for deterministic forces that sort behavior-form
combinations. It is premature because it is being carried out without a concurrent
attempt to describe forces and how they operate and to deduce the implications of their
operation for system trajectories. This is the major lacuna in contemporary theoretical
work in archaeology. The same perspective suggests that "general theory” be regarded as
a program to develop force descriptions and their implications for dynamics in
consequence laws. Thus the argument of the previous chapter, that archaeology requires
general theory as a foundation for sound inferences about the past, can be restated in
evolutionary terms. Theoretical progress in archaeology depends on the development of
explicit force descriptions and consequence laws for human behavior.

23 Evolutionary Forces Relevant to Archaeology

What might the forces of an evolutionary theory of human behavior look like?
Until recently the only serious attempt to offer an allegedly complete answer to this
question was to be found in human sociobiology. Sociobiological theory is a direct and
successful extension of neo-Darwinism to the evolution of social behavior (reviews in
Wilson 1975, Krebs and Davies 1981, Trivers 1985). There are at least three competing
accounts of the precise relevance of sociobiological theory to human behavior (Kitcher
1985:15). The first is the program inaugurated by E.O. Wilson (1975) that is widely

regarded as the source of the entire approach. Wilson’s revision and elaboration of this
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program in answer to his critics constitute the second program (Lumsden and Wilson
1981). The third was launched by Richard Alexander (1974, 1979). It is by far the most
influential among anthropologists.

The principal difference between the early Wilson program and the Alexandrian
one lies in the emphasis that the former gave to limits on human behavior set by neo-
Darwinian processes. Wilson was primarily interested in showing that important aspects
of contemporary human social behavior could not be altered by tinkering with social
environments (Kitcher 1985:126-132, Dawkins 1982:Ch. 2). On the other hand, primary
concern of the Alexandrian school is with analysis of behavioral variation in terms of its
fitness consequences. While Wilson’s efforts were aimed at deriving conclusions about
the impossibility of modifying human behavior, Alexander stressed behavioral flexibility.
Despite the differences in emphasis, the application of sociobiological theory to the
analysis of human behavior in both cases rests on the claim that the forces, and thus
source and consequence laws, governing human behavior are identical to those
comprising neo-Darwinian theory. In other words the dynamics of human behavior are
wholly explicable in terms of the differential transmission of genetic variants in
populations, driven nearly exclusively by natural selection. The Lumsden and Wilson

program represents something of a retreat from this claim (see below).

Over the past decade, the Alexandrian program alone has inspired a significant
body of new empirical research and reinterpretation of older anthropological work on
human behavioral variation (e.g. Chagnon and Irons 1979, Betzig et al. 1988). As a

result, it is here that we find the clearest version of the argument for the sufficiency of
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unalloyed neo-Darwinian theory for the explanation of human behavior. The Alexandrian
program stresses the universality of genetically controlled human behavioral dispositions
(e.g. Alexander 1974, 1979, Irons 1979, Alexander and Flinn 1982). Human behavioral
variation is entirely due to facultative responses to environmental variation. Individuals
who find themselves in different environments are genetically endowed with the ability to
develop behaviors that maximize their inclusive fitness in those environments. The
primary justification for this account can be termed "the argument from natural origins"
(Bovd and Richerson 1985:13). It is that human beings and human behavioral capacities,
loosely referred to in this context as "learning” and "culture”, evolved by the same
Darwinian processes responsible for the evolution of other species. These capacities
must have been favored by natural selection. Hence they must cause humans to behave
in adaptive, fitness-maximizing ways (e.g. Flinn and Alexander 1982:386, Durham
1981:219). The source and consequence laws of neo-Darwinian theory are harnessed to
account for the fixation, deep in evolutionary history, of abilities to make fitness-

maximizing behavioral adjustments.

There is, however, an obvious incongruity between the theoretical justification of
the Alexandrian program and its empirical application. The mismatch suggests why the
forces of neo-Darwinism may not alone provide a dynamically sufficient account of
human behavioral variation. Empirical work inspired by the Alexandrian approach is
largely devoted to arguments that this or that behavior enhances inclusive fitness in
certain ethnographic situations. The machinery of neo-Darwinian theory is used to
explain the existence of particular behaviors. The most sophisticated applications in

terms of method feature optimality models reviewed above (reviewed in Smith 1983,
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1987) or other explicit mathematical treatments (e.g. Kurland 1979) of variation in
Darwinian fitness or its correlates among alternative behaviors. Thus empirical practice
matches what would be appropriate if behavioral variation were caused by genetic
variation, that is if different behaviors were genetically heritable, and if natural selection
were directly sorting heritable behavioral variants. Yet the foundation for the program
denies that this is the case. It insists that selection has created decision-making abilities
that in turn are directly responsible for behavioral variation. The Alexandrian program is
characterized by the absence of any treatment of the causal mechanisms by which
particular behaviors came to be present in the populations studied (Barkow 1984,
Kitcher 1985:282-284). Attempts to model such mechanisms are seen in the Alexandrian
program as irrelevant and dismissed as "mathematical and speculative sociobiology", to
be contrasted with "empirical human sociobiology” (Borgerhoff Mulder 1987:29, Caro
and Borgerhoff Mulder 1987). In considering the relevance of neo-Darwinian models to
human behavior, the crucial question is to what extent do the abilities of organisms to
modify their behavior in response to environmental variation introduce novel

evolutionary forces that are not covered in traditional neo-Darwinian models.

To answer this question it is useful to distinguish two broad categories of
phenotypic flexibility: individual and social learning. Social learning refers to the process
whereby individuals mcdify their behavior by observing others, while individual learning
refers to the processes whereby individuals alter their behavior based on their own
abilities to digest environmental input. If forces generated by individual and social
learning have significant effects on human behavioral variation, a satisfactory

evolutionary theory of human behavior will have to include them by developing the
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relevant source and consequence laws. In the next two sections I review the effects of
individual and social learning on behavioral variation. It will emerge that if causally
adequate accounts of behavioral variation are the goal, then individual learning and
especially social learning require explicit treatment. Symptomatic of this state of affairs is
the fact that both individual and social learning may lead to systematic departures from
predictions grounded in strict neo-Darwinian orthodoxy. Thus accounts of individual and
social learning are essential to a complete theory of human behavior. On the other hand,
since neo-Darwinian forces are responsible in the last analysis for their existence, both
forms of learning must ultimately be understood in a neo-Darwinian evolutionary

framework.

23.1 Individual Learning

Individual learning is phenotypic flexibility generated by individual organisms as
direct response to environmental variation. Individual-learning abilities vary across a
wide continuum of complexity in the cognitive machinery required to carry them out
(Bonner 1980:34). At one end of the continuum lie simple forms of phenotypic flexibility
that rely on programmed responses to phyletically typical environmental variation where
the connection between environmental stimulus and organismic response is invariant
over the lifetime of the organism (Mainardi 1980:227). At the other end are more
complex forms of associative learning made possible by learning organisms’ ability to
associate initially meaningless phenomena with those that are already recognized to be
of importance (Bateson 1983:486). More complex forms of learning make it possible for
an organism to alter the behavioral rules that underlie tiie simpler forms of phenotypic

plasticity.
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Learning is based on acquisition by an individual organism of new information
about the environment, its storage, and later integration into behavior of the organism
(Plotkin and Olding Smee 1982:443). What makes this possible? Learning requires that
the organism bring to experience a great deal of prior information in the form of
cogritive mechanisms or rules for learning. The rules provide a learning organism with
criteria that enable it attend salient characteristics of the environment, to evaluate
different outcomes of interactions with the environment, relate them to initially neutral
or meaningless events, and to choose appropriate courses of action as a result (Bateson

1983, Pulliam and Dunford 1980:12-19, Cosmides and Tooby 1987:286).

Consider the kinds of background information required by an organism engaged
in individual associational learning. First there must be a set of assumptions about the
environment that specifies the conditions under which two events, a neutral event and its
outcome, are likely to be associated. These assumptions include temporal conditions. An
individual must "know" that an outcome that occurs within a certain time after a neutral
event or behavior is likely to be associated with it. Consider an organism that becomes ill
some time after eating novel food. If the interval between ingestion and illness is on the
order of days, the organism is unlikely to associate the two. In addition the organism
must assume that certain kinds of outcomes are likely to be associated with certain kinds
of neutral events. For example, gastric distress is likely to be related to the ingestion of
novel foods and not familiar oncs, but external stress is not. In other words, rules of the
first sort enable organisms to "register” a connection between causes and their effects.

Second, there must be a rule specifying whether the effect, and hence the neutral event
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associated with it via operation of rules of the first sort, is evaluated positively or
negatively. Gastric distress is bad. Third, the organism must possess clues concerning the
manner in which evaluations in certain contexts should map back onto behavior. Given
that the novel food is associated with bad sensations, what should be done about it?
Finally, the organism must be equipped with an initial behavioral disposition that makes
the neutral event neutral and yet permits the individual to be exposed to it. The

organism must be predisposed to try novel foods (Boyd and Richerson 1985:84-87).

The rules not only constrain the course of individual learning, they make it
possible in first place. Because learning ability depends on the prior existence of rules,
any explanation of phenomena in terms of learning must include an hypothesis about the
content of the rules that make learning possible. In turn the rules themselves must be
understood as a product of evolutionary processes. In fact, the taste aversion
experiments from which the above examples are drawn are among the first persuasive
pieces of evidence in favor of the notion that rules for learning can only be understood
as the product of adaptation by natural selection to specific ecological conditions
(Domjan 1980, Johnston 1981). To the extent that those conditions are divergent among
species, the rules will be variable as well, while universal aspects of learning are the
result of ecological factors common to all learners. Thus the argument from natural
origins is essential to understanding the origins of rules for individual learning. In an
environment that is likely to vary in time and space, a individual able to develop the
locally adaptive behavior is clearly at a selective advantage, as long as the costs incurred
in learning that behavior do not outweigh the benefits. We can expect natural selection

to have endowed organisms with abilities to alter their phenotypes in response to
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environmental perturbations. Thus phenotypic flexibility and the rules for individual

learning that underlie it are deductive predictions of neo-Darwinian theory.

However, acceptance of the reievance of the argument from natural origins to
understanding individual learning does not imply that models of genetic transmission are
sufficient for understanding behavioral variation caused by individual learning (Plotkin
and Olding Smee 1982, Cosmides and Tooby 1987). The rules for learning will enhance
fitness via the results of their operation, averaged over the behaviors they generate in
the ecological situations a lineage is likely to encounter. ;['he link between learned
behavioral variation and fitness is mediated by learning rules. Thus if aa exhaustive
delineation of the causal process behind a particular kind of behavior is required, it must
be in terms of the operation of the rules, not in terms of the effects of the behavior on

fitness (Kitcher 1985:329, cf. Smith 1987:228-229).

Two aspects of the outcome of operating with learning rules point to this
requirement. The first is that learning organisms make "mistakes". Precisely because they
are general guides to learning, the rules cannot be expected to lead to the development
of behaviors that enhance Darwinian fitness in all cases. When they do not, the resulting
behavior pattern can be considered a mistake, from the point of view of natural
selection. Mistakes may intrude because the rules may permit associations between
effects and neutral events when the two are in fact unrelated, or because the scale for

evaluating effects may be unreliable in the current environment.
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Recent work on inbreeding avoidance in humans offers an illustration. The
sociobiological version of the Westermarck hypothesis suggests that the human
propensity to avoid sibling incest is underlain by a learning rule that causes individuals of
the opposite sex reared together in early childhood to develop sexual disinterest in one
another in later years (van den Berghe 1983, Bateson 1983). When siblings are reared in
the same household, the result is adaptive. However, when non-siblings are reared
together, the same kind of sexual disinterest develops, a result that does nothing to
enhance fitness and may even reduce it by reducing the size of the pool of potential
mates available to unrelated co-reared individuals. The point here is not the accuracy of
the Westermarck hypothesis, but that behavioral variation cannot be predicted accurately
without taking into account the operation of the rules that are directly responsible for it.
In a given set of environmental circumstances, the rules for learning will not necessarily
favor the same behavioral variants as natural selection. In other words, source laws for
individual learning, specifying what kinds of behavioral variation will be favored by
learning rules in certain kinds of environments, will not necessarily be identical with the
neo-Darwinia.n. source laws for selection. Learning rules create a force that may

systematically favor behavioral variation of neutral or negative selective value.

The second aspect resides in the fact that operation of learning rules creates the
possibility for novel temporal dynamics that cannot be captured in strictly neo-Darwinian
models. Individual learning makes possible systematic change in behavior patterns in
response to altered environments on a time scale orders of magnitude shorter than that
possible when the only mechanism at work is natural selection sorting genetic variants.

The fact that they make possible such rapid, facultative responses to altered
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circumstances is among the primary reasons for the fixation of the rules in the first
place. In addition, individual learning can be expected to have feedback effects on the
dynamics of neo-Darwinian process. It will alter the dynamics of genetic evolution
through the Baldwin effect, in which learned behavioral accommodations set up new
selection pressures that in turn direct long-term phylogenetic change (Bateson 1982).
There is also the possibility that individual learning speeds up genetic evolution through
facilitation of the process by which behaviors become genetically encoded (Maynard
Smith 1987).

Similar arguments can be made for behavior that is the result of more
sophisticated forms of individual learning involving what we think of as "rational
calculation”. The processes behind rational calculation are fundamentally analogous to
individual associative learning. The difference resides in the fact that learning trails are
not confined to organism-environment interactions, but are internally generated. In other
words, individuals must possess sophisticated cognitive abilities that allow them to
rehearse encounters with the environment in their heads (Campbell 1974:41, Boyd and
Richerson 1985:92-94). However, the process is still built on the same kinds of learning
rules discussed above. Here again there is room for error, that is departures from fitness
maximizing outcomes, and the possibility of change in behavior patterns on very short

time scales.
As a result of the above factors, knowledge of learning rules allows accurate

prediction of behavior, while understanding manifest behavior directiy in terms of fitness

allows only approximate prediction (Tooby and Devore 1987:198). However, any attempt
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to suggest the need for explicit treatment of learning rules in accounts of behavioral
variation that is proximately caused by learning runs into an obvious and powerful
objection: the predictions available from analysis of manifest behavior are often
remarkably good. Witness the phenomenal success of behavioral ecology and
sociobiology in accounting for behavioral variation among species for which phenotypic
flexibility based on individual learning is clearly important. Over the past two decades,
field studies have revealed how individual members of a variety of bird and mammal
species are able to alter their behavior in response to variation in environmental
parameters like food abundance and patchiness, fesulting in striking contrasts in social
organization among members of the same species living in adjacent areas (e.g.
Wrangham and Rubenstein 1986). Nor is this success limited to non-hominids. In the
human case, particularly noteworthy are insights into foraging behavior of contemporary

hunter-gatherers based on optimality models (Smith 1987, Hill et al. 1987).

Paradoxically, understanding learning mechanisms is crucial to understanding the
success of a research program that has largely igrored them. An explicit account of the
role of learning rules makes it possible to anticipate conditions under which straight neo-
Darwinian accounts will further our understanding of learned behavior. Predictions based
on the fitness effects of behavioral alternatives that ignore the mediation of learning
rules often prove to be quite good approximations of what is observed for two reasons.
First, as we have seen, it was on the basis of the fitness effects of the behaviors
generated by the rules that the rules were fixed in the first place. Second, and of more
immediate importance, the range of environments in which the rules were fixed does not

differ in significant ways from those faced by the individuals whose behavior is being
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predicted. Environmental continuity insures that the rules still have fitness-enhancing
behavioral effects similar to those responsible for their fixation. If these two conditions
hold, then predictions based on fitness-maximizing criteria should fare quite well. They
will do so because, to a large extent, the causal nexus linking environment, manifest
behavior, learning rules, and selection is still in place. However, as the range of
environments faced by individuals departs from those in which their learning rules were
fixed, we can expect increasingly systematic departures from predictions that do not take
the rules into account. Environments faced by humans living in complex societies over
the past several thousand years are vastly different from those in which our ancestors
spent their evolutionary history during the Pleistocene. As the incest avoidance example
discucsed above suggests, these are precisely the conditions in that attention to

proximate raechanisms becomes important both for accurate prediction and causal

analysis.

Faced with 2iuman behavior from such contexts, the Alexandrian program delivers
post-hoc accommodative interpretations of human behavior based on metaphorical
renderings of neo-Darwinian theory (e.g. Dickemann 1979). The absence of attention to
mechanisms precludes the possibility of building rigorous models. It also prevents use of
a powerful strategy for evolutionary inference, the use of imperfection as evidence that a
feature is the product of a2 mechanism as opposed to an omniscient designer (Gould
1986). The fact that learning mechanisms fail to deliver adaptive results in novel
circumstances offers some of the best evidence that they are the product of a contingent

history of natural selection in past environments.
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The need for explicit treatment of the behavioral rules that underlie simple
phenotypic plasticity has been given formal recognition in the optimality literature.
Workers have attempted to relate optimal strategies derived from theory to the actual
rules of thumb that organisms use to achieve them and in turn to offer optimality
analyses of variable rules of thumb (Krebs et al. 1983). Such models are extensions to
traditional optimality models that take into account proximate mechanisms, delineating,
for example, just how an animal might go aboui learning to forage optimally. From the
perspective on the structure of evolutionary theory developed above, this work may be
regarded as an attempt to develop consequence laws for learning. Theoretical progress in
the evolutionary treatment of behavioral variation caused by individual learning will have

to build on this foundation.

Progress toward the development of a causally and dynamically sufficient
evolutionary theory for behavioral variation in learning species requires explicit
recognition of the forces introduced by individual learning. This in turn necessitates the
development of consequence laws that describe the contents of the rules and allow us to
model the dynamics of individual learning and source laws specifying conditions under
which learning rules operate and the behavioral variants that are favored by them. It is
clear that rules for learning are shaped by neo-Darwinian processes. Hence a successful
research program designed to document human learning rules must have a neo-

Darwinian foundation.
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232 Social Learning

The ability of individuals to engage in social learning presents more severe
complications. To see why requires a precise definition of social learning. In the recent
literature, the term has been loosely associated with a wide range of phenomena, some
of which are better viewed as forms of individual learning discussed above, for example
habitat imprinting (e.g. Galef 1976:82, Cavalli-Sforza and Feldman 1981:7). The salient
difference between individual learning and social learning lies in the origin of novel
behavioral variants. In individual learning they are endogenously generated. In social
learning they are derived from conspecifics. In terms of the argument developed here,
social learning is understood as the transfer by imitation or teaching of information from
one individual to another that results in their sharing behavior patterns in similar
environments. (Plotkin and Olding-Smee 1981:230, Mainardi 1980:229, c.f. Boyd and
Richerson 1985:35). Even with this strict definition, social learning varies in the
complexity of the information transferred and the sophistication of the cognitive

apparatus required to handle it.

At the simple end of the continuum lies what has been called guided learning or
local enhancement, in which subordinate or young organisms follow dominant or older
individuals, thereby exposing themselves to the same external stimuli that engender
similar responses because of common rules for learning (Galef 1976:83-84, Mainardi
1980:229). Here the information acquired from conspecifics concerns the performance of
simple bodily movements. A likely example is the habit of opening milk bottles that
spread from a single place of origin during the 1930’s and 40’s throughout populations of

titmice, scattered across England (Hinde and Fisher 1951, Galef 1976:86). The behavior
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is apparently based on the disposition of individuals to peck at objects at which they
observe conspecifics pecking. Naive individuals acquired from models the tendency to
peck in a certain way at a novel item. Subsequent random variations in performance and
the evaluation of their effects via rules for individual learning resulted in the emergence
of the full behavior. Although individual learning had a role in polishing an individual’s
performance, the process was initiated by the transmission of a very simple behavioral

instruction.

Forms of social learning that lie further along the continuum have been
characterized as "true imitation”. They involve sudden acquisition from another
individual of complex behavioral instructions and their immediate implementation in new
behavior patterns (Mainardi 1980:229). The textbook non-human example is the spread
during the 1950’s and 60’s through an island colony of Japanese macaques of novel food
processing techniques. These were the habits of washing sweet potatoes in the sea to rid
them of sand and of separating wheat from sand by flotation, that is throwing wheat
mixed with sand onto the water and skimming the clean grains from the surface. The
techniques spread fully perfected from their young inventor to her age mates who as

adults would pass them on to their offspring (Nishida 1987, Kawai 1965).

The most complex forms of social learning are, of course, to be found among
modern humans. This complexity is derived in part from the fact that social learning
among humans is often mediated by symbols, in particular by language. Some
anthropologists, the traditional custodians of this domain, and more recently a few

archaeologists have insisted that what humans learn socially is a system of arbitrarily

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



80
meaningful symbolic constructs called culture and that all human behavior is symbolically
mediated (e.g. Schneider 1976, Sahlins 1976, Hodder 1986). For my purposes, this
construction of human social learning is unhelpful. It is not at all clear how much of
human behavior now or in the past is learned through symbols as opposed to direct
copying of behavioral phenotypes. The importance of symbols is doubtless highly variable
in time and space since the advent of modern humans and has surely increased greatly
during hominid evolution. These are points to which archaeologists should be especially
sensitive, given the temporal span of the archaeological record. Symbolically mediated
social learning shares the evolutionary properties of ordinary social learning. In fact,
from an evolutionary perspective, symbols may prove to be merely a means of socially
transmitting complex behavioral information quickly and cheaply. Henceforth I shall use

the terms social learning and cultural transmission synonymously.

Like individual learning, cultural transmission is a capacity that depends upon
rules that both make it possible and place constraints on the kind of behavioral variation
that results. It is useful to distinguish two sorts of rules that govern its operation. Rules
of the first sort specify what can be called the structure of the cultural transmission
system. Rules of the second sort create forces that act upon the transmission system,
given its structure (Boyd and Richerson 1985:2-3). Structural rules in effect identify who
learns from whom using characteristics of organisms that are not themselves culturally
transmitted. Structural rules thus specify for example whether the transmission system is
vertical, oblique or horizontal, that is whether learners should learn from pareats, other
members of their parents’ generation or their peers (Cavalli-Sforza and Feldman

1981:54). Other parameters set by structural rules include the number of models each
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learner encounters before learning and the influence that each model has on what is
eventually learned. Note that non-parental transmission is common not only among
humans: potato washing among macaques was transmitted horizontally at first and then
vertically. Horizontal transmission almost certainly figured in the spread of milk bottle

pecking among titmice.

Rules of the second sort create forces by biasing the transmission process. When
bias rules operate, information transmitted to learners is not a random sample of the
information that exists in the population of models encountered by learners. Bias rules
make it more likely that some forms will be transmitted than others. They may do this in
a number of ways. The most obvious means is through direct bias. Direct biases enable a
learner to decide whether or not to incorporate a given cultural variant, among two or
more to which it has been exposed, into its repertoire, based upon an evaluation of the
variant itself. The exercise of direct bias requires that a learner judge the trait itself,
either through trial and error or rational calculation. The learner must connect effects of
a variant to the variant and evaluate those effects on some scale, either by direct
experiment with the variant or by observation of models’ experience with it. This
requires application of a set of learning rules like those responsible for individual
learning to pre-existing cultural variants (Boyd and Richerson 1985:135). Direct bias has
been noted as an important force affecting cultural transmission under a variety of
terminological guises: cultural selection (Cavalli-Sforza and Feldman 1981:15-16), genetic
mediation (Durham 1982:302), and epigenetic rules (Lumsden and Wilson 1981:7).
Likely examples are to be found in human food preferences. Lactose malabsorption is a

genetically transmitted trait that causes its bearers to become ill after consuminy fresh
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milk. The frequency of the gene is high in Mediterranean populations and low in
northern European ones, and is probably responsible for differences in the socially

learned pattern of raw milk consumption in the two areas (Durham 1982:306).

Other forms of bias may arise in cases where it is difficult or costly in terms of
time and energy for individuals to evaluate variants directly. Indirect bias offers an
example. Indirect bias rules specify the characteristics (indicator traits) of models from
whom individuals should preferentially learn or not learn other traits. If there is a
correlation across models between the indicator trait and any second trait, the value of
the latter associated with the characteristic favored by indirect bias will increase in
frequency in the population as a whole (Boyd and Richerson 1985:252-254). Indirect-
bias rules will likely be fixed when some readily observable characteristic of individuals is

a reliable correlate of fitness in a wide variety of environmental contexts.

The rules for social learning are themselves the product of natural selection. The
function of the rules, the effect that caused their fixation by selection, is to increase the
likelihood that an individual will acquire selectively advantageous behavior in its local
environment from conspecifics. The rules and the capacity for culture that they make
possible are designed by selection to increase the chances that the contents of the
cultural transmission system are fitness enhancing in neo-Darwinian terms. There are
two broad categories of benefits (see below). First, behavioral variants based on
individual learning are confined, at least in the near term, to the single individual with
whom they originated. Cultural transmission makes possible the transfer of variants

acquired via individual learning to others. Individuals do not have o rely on themselves
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to generate new, pdtentially fitness-enhancing behaviors. They are thereby able to avoid
individual learning trials that may be dangerous or costly, consuming time and energy
that might be invested in other activities that increase fitness and yet still reap some of
the benefits in a variable environment afforded by phenotypic flexibility. Second,
individuals may be able to acquire through social learning complex behaviors for which
genetic variation simply does not exist. In other words, social learning may make it
possible to transmit adaptive information that cannot be transmitted genetically. Thus it
turns out that social learning must be understood in terms of the argument from natural
origins. However, as proved to be the case with individual learning, this does not imply
that explicit consideration of social learning rules is unnecessary for the explanation of

cultural variation.

The reasons social learning requires explicit extensions to neo-Darwinian theory
are related to those discussed above in connection with individual learning. The common
elements can be treated briefly here. A causally adequate understanding of the processes
behind behavioral variation driven by social learning requires understanding the rules for
learning, The reasons for this requirement are famiiiar. First, despite the fact that those
rules are designed by selection to enable individuals to learn fitness enhancing behaviors,
there are reasons to suspect that some of the behaviors transmitted under them will not
have this effect. Because of such errors, there will be departures from predictions based
on neo-Darwinian fitness. Second, operation of the rules for social learning clearly has
novel dynamic consequences for the distribution in time and space of behavioral variants.
It is here that the contrasts with neo-Darwinian expectations are even more striking than

was the case with individual learning. Unlike individually learned variants, novel cultural
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variants do not perish along with the individuals with whom they originated. Rather they
may spread directly among individuals, often within a single generation. As a result,
social learning introduces a second inheritance system whose content informs behavioral
phenotypes, in addition to the genetic inheritance system to which it owes its existence.
Because it brings into existence a second inheritance system, social learning, unlike
individual learning, has immediate population-level consequences for behavioral variation

that do not depend on behavioral feedbacks to the genetic system.

These arguments imply that the commonly encountered sociobiological position
that social learning is merely an elaborate form of phenotypic plasticity without
implication for evolutionary dynamics that cannot be handled strictly within the
framework of neo-Darwinism is simply false (e.g. Flinn and Alexander 1982, Harpending
et al. 1987:137). It is important to realize that this is the case even if the assumptions of
the Alexandrian program were true: that nearly all human cultural variation is
determined by genetically conditioned bias rules and that the net effects of the exercise
in bias rules, in concert with structural ones, leave no room for the existence of
transmittable cultural variation. Were these two proposition correct, in the final analysis,
the ultimate causes of cultural evolution would be natural selection, and more broadly
neo-Darwinian processes, acting on genetically transmitted dispositions. Nevertheless,
neo-Darwinian models would still need to be extended to handle individual and social

learning, if the goal is to understand the actual causal processes behind human

behavioral variation.
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Because social learning brings into existence a second inheritance system, these
additions would include a zero-force law to describe the structural rules of the
transmission system and its behavior when no forces intervene. New consequence laws
would describe the operation of various forces, in this case the bias rules, affecting
cultural transmission and their effects on the dynamics of behavioral variation. Finally,
new source laws would be required to indicate the properties of cultural variants, or of

their behavioral expression, that in certain environments are favored by the bias rules.

However, the brief for the explanatory inadequacy of unadorned neo-Darwinism
in coping with social learning does not end there. Additional complications arise from
the existence of transmittable variation in the information pool shared by social learners.
Such variation will exist if the rules for individual learning and the bias rules for cultural
transmission, are not sufficiently error free or strong to eliminate alternative cultural
variants from a population. If there is transmittable or heritable cultural variation, then
there is scope for the operation of a second set of emergent forces -- natural selection

and drift - to sort it directly, unmediated by the operation of bias forces.

The operation of selection on cultural variation will favor variants that increase
the chances that their bearers will become models. The resemblance between it and its
neo-Darwinian analogue will be a function of the extent to which the structure of the
cultural transmission system is "symmetric® with the genetic one. Symmetry refers to the
degree to which the cultural variants of learners are a product of equal contributions by
both biological parents (Boyd and Richardson 1985:11). When the structural rules are

asymmetric, that is when the rules allow learners to use cultural models that are not
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genetic parents, the variants that confer the greatest chances of becoming a cultural
model need not be the same as those conferring the greatest chances of becoming a
biological parent (Boyd and Richerson 1985:173-4). In other words, the natural selection
of cultural information under asymmetric transmission structures, need not favor those
variants v;ith the highest inclusive fitness. The extent of the departures from neo-
Darwinian optima will depend on the extent to which the structure of the transmission
system departs from Mendelian specifications. As a result, the source laws for natural
selection of cultural information will contain systematic departures from their neo-

Darwinian analogues.

A further possible consequence of the existence of heritable cultural variation is
that both structural and bias rules for social learning may be underpinned not by genetic
variation but by cultural variation. In this case, the rules governing learning are cultural
instructions, with their origin in the natural selection of culturally specified variant rules.
The rules will be designed by selection to increase the chances that individuals acquire
cultural variants that will increase their chances of becoming models. If the transmission
system under which the rules were selected is asymmetric, then they can be expected to
favor the acquisition by learners of variants that do not necessarily maximize inclusive
fitness. Here again, when asymmetric transmission is impertant, the source laws
describing which cultural variants are favored by direct bias will probably not resemble

those for learning rules grounded in genetic variation.
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2.4 Toward a Coevolutionary Synthesis

Attempts to explore formally the implications of individual and social learning in
an evolutionary framework and to elaborate the neo-Darwinian theory of forces to take
them into account can be divided into two schools. The first, whose sole representatives
are Lumsden and Wilson (1981), represents Wilson’s attempt to answer critics of his
initial research program for human sociobiology. Lumsden and Wilson profess to be
interested in cffering an analysis of the interactions of culture and genes. However, the
models that they offer of these interactions largely omit any serious treatment of cultural
processes or their effects from the outset. In the cases where these are included initially,
they are often dropped from the models in the interest of analytical tractability
(Maynard Smith and Warren 1982, Kitcher 1985:331-94). Lumsden and Wilson’s
modeling efforts fail to take cultural effects seriously from the beginning, hence it is

hardly surprising that their results appear to minimize their importance.

The second school can be called the co-evolutionary or dual-inheritance approach
(Boyd and Richerson 1985:2). The basic framework for the effort is provided by the
argument from natural origins. Thus the dual-inheritance approach is founded on one of
the core principles of human sociobiology, its insistence that neo-Darwinism is
fundamentally relevant to understanding individual and social learning. The fact that it
delivered this principle is testimony to the success of human sociobiology as a research
program, despite that fact, argued above, that it mistook the precise nature of its
relevance. The argument implies that an integral part of the task of understanding
cultural transmission lies in modeling in a neo-Darwinian framework the conditions

under which cultural transmission arose. The outcome of such theoretical efforts will
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provide the answers to a set of related questions. What kinds of environmental
conditions favor the evolution of rules for social learning? Does the fact that natural
selection of genetically transmitted variants was the means by which social learning
evolved place constraints on the content of the rules? Are different background
conditions and different kinds of environments likely to cause different kinds of social

learning?

These are big questions and definitive answers to them will only come over the
long term. A first step is the development of mechanistic models of the processes
involved. These will comprise the source laws for the selection of cultural transmission.
Actual answers will come later in the form of tests of which models are likely to apply to

various species, including humans.

Our earlier discussion of the relationship between source and consequence laws
should make it clear that derivation of source laws for the evolution of cultural
transmission will require models of the background conditions constituting and forces
that operate upon both the genetic and cultural inheritance systems. These are provided
by zero-force and consequence laws respectively. In the case of the genetic inheritance
system these are derived from neo-Darwinian population genetics. For individual and
social learning, they have recently been developed by several authors, most importantly
by Cavalli-Sforza and Feldman (1981) and, simplifying and generalizing their models,
Boyd and Richerson (1985). The new models portray the dynamics of both individual

learning and cultural inheritance and their effects on behavioral phenctypes.
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By combining models of genetic inheritance and individual and social learning, it
is possible to deduce expectations concerning the different kinds of learning rules that
would be favored under different background and environmental conditions. This effort
lies at the heart of the dual-inheritance research program. Although such modeling
efforts are in a preliminary stage, some insights are already available. As outlined below,
these suggest that a variety of structural and bias rules for cultural transmission are

probable outcomes of natural selection.

Consider first a population in a constant environment divided among individuals
who acquire their phenotypes through social learning of a dichotomous trait and those
who acquire it thought genetic transmission. The phenotype favored by selection can be
acquired either through genes or through culture via vertical and oblique transmission
from members of one generation to the next. Cultural transmission is governed by a
parameter that describes its efficiency, the probability that models with the favored
phenotype transmit it accurately to individuals of the next generation. The efficiency of
genetic transmission is assumed to be unity. Given these conditions, it can be shown that
genetic transmission will always replace cultural transmission in the population, as long
as the efficiency of cultural transmission is less than one. If the efficiency of cultural
transmission equals that of genetic transmission, a polymorphism will result in which
social learners will be at roughly the same frequency - presumably low -- at which they
were introduced into the population (Cavalli-Sforza and Feldman 1983:4994). The
substantive result from this exercise is that if cultural transmission is to be favored by
selection, it must offer selective advantages that cannot be Lad from genetic

transmission. Accurate transmission is not enough. Several more complex models suggest
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in a general way some of the areas in which those advantages might lie and the character

of the structural and bias rules under which they would accrue.

Cavalli-Sforza and Feldman suggest one when they note that cultural transmission
might be favored by selection if it "permit(s) adaptation to a great variety of challenges"
(1983:4995). They go on to formalize the argument by adding a component to the model
described above in which a second trait is introduced that can be culturally transmitted
but for which no genetic variation exists. If a variant of this trait is selectively
advantageous and vertical-cultural and genetic transmission are equally efficient, then
social learning will replace genetic transmission of the trait in the population (1983:4995-
4996). Cultural transmission systems characterized by symmetric structures but lacking
genetically based bias rules will evolve through natural selection when they make
available adaptive behaviors that cannot be generated by genes.

Selective advantages may accrue to social learners in other ways as well. Several
modeling efforts suggest that, under certain conditions, social learning will spread in a
population of individual learners in a temporally fluctuating environment. Boyd and
Richerson have constructed two such models. The first attempts to elucidate the
conditions under which selection will favor increases in the importance of vertical and
oblique cultural transmission at the expense of individual learning in the determination
of an individual’s behavioral phenotype in a changing environment. Each population
member is characterized by a genetically transmitted parameter that represents the
extent to which an individual relies upon individual learning trails or social learning in

determination of the value of a continuous phenotypic trait. Whether or not the
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importance of social learning increases over time depends on several other parameters
whose values may vary. Cne of these is the rate at which the environment fluctuates.
This can be characterized in terms of temporal autocorrelation in the value of the
optimal phenotype, the chance that the optimal phenotypic value will be similar from
one time period to the next. Other parameters in the model are the costs and errors
associated with individual learning and the efficiency of cultural transmission. Boyd and
Richerson show that the importance of cultural transmission in phenotype determination
will increase if environmental autocorrelation is moderate to large, if errors introduced
by individual learning and costs associated with their reduction are large, and if cultural
transmission is relatively error free (1985:110-115). The second set of models compares
the geometric mean fitness of two populations, both equipped with equal individual
learning abilities, one with vertical and oblique cultural transmission and one without.
Although the results depend in complicated ways on learning and transmission error
rates, in general the cultural population is favored when environments are moderately to

highly autocorrelated (1985:117-127).

Similar results emerge from a much simpler model formally developed by Rogers
(1988) and based on an argument originally due to Boyd and Richerson (1985:16, f.
Harpending et al. 1987:135-136). Here the relative importance of individual and social
learning is captured in terms of the f:2quency of individuals who learn their phenotypes
individually versus the frequency of individuals who acquire their phenotypes through
cultural transmission. This treatment collapses the importance of social learning for an
individual to a dichotomous scale. A further simplification ignores the effects of selection

on culturally transmitted variation in the interests of analytical tractability. The rate of
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environmental fluctuation is represented not by autocorrelation but in terms of the
probability that one of two dichotomous behavioral phenotypes, acquired either by
individual or social learning is optimal. Despite these simplifications, the results agree
with those described above: social learners predominate in the population when
individual learning is costly relative to social learning and when environmental

perturbations are relatively infrequent.

I have analyzed numerically a version of the Rogers model in which selection can
affect simuitaneously the frequency of social and individual learners and the frequency of
cultural variants that determine behavioral phenotypes of social learners. This model
yields two additional insights into the problem. First, there appears to be a threshold
effect governing the importance of cultural transmission. Small decreases in cost of
cultural transmission relative to individual learning cause large increases in the
equilibrium frequency of social learners. The second insight emerges from a comparison
of the trajectories of the frequency of social learners in two populations, one in which
cultural transmission is vertical and oblique and the other in which cultural transmission
is horizontal. If learning costs and rates of environmental fluctuation are the same in
both cases, the equilibrium frequency of social learners is always higher under horizontal
transmission than under vertical and oblique. This result makes sense since horizontal
transmission offers more up-to-date information about the currently adaptive phenotype
in a fluctuating environment. It is the efforts of individual social learners that tend to
keep the information up-to-date. Horizontal transmission allows social learners to take
better advantage of the learning trials of individual learners without paying the costs of

individual learning trials. This implies that if horizontal and vertical-oblique transmission
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are equally costly, social learning populations will tend to have horizontal transmission
structures. Hence if social learning is favored, it is likely to be in the context of an

asymmetric transmission system.

Formal treatment of the evolution of cultural transmission systems characterized
by various bias rules in an acuitural population have yet to be developed. However, the
foregoing models for individual learning offer some guidance on what might be expected.
We can expect that bias rules would have effects similar to those of individual learning
in the above models, serving to keep the content of the cultural transmission system
fitness-enhancing and thus raising the fitness of individuals whose social-learning abilities
are made possible by bias rules. Biased cultural transmission may invade an acultural
population in the context of a fluctuating environment for the same reasons that
individual learning is favored under frequent environmental variation: individuals who
spend a certain amount of time and energy to develop the currently optimal phenotype,
whether though individual iearning or biased social learning, are at a fitness advantage.
Hence biased transmission should be favored with increased environmental variability.
Biased learning rules should provide the same opportunity for the spread of horizontal

transmission structures as does individual learning.

However, if the exercise of biased learning rules is too costly or its results
inaccurate, the former advantage will become a deficit. The prevalence of bias rules
depends upon their cost and accuracy. Other things being equal, cheaper forms of bias
are likely to be more widespread. This suggests that indirect bias rules, in which learners

have only to register that a potential model for learning has some characteristic tkat is a
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correlate of fitness are likely to be more common among social learners than direct bias
rules, in which oblige individuals to evaluate cultural variants on a costly case-by-case
basis (Boyd and Richerson 1985:257, Flinn and Alexander 1982).

A final result, due to Boyd and Richerson, concerning biased transmission is
relevant here. They offer a model of the evolution of direct bias rules in a population of
unbiased social learners in a spatially variable environment. The model suggests that it is
highly unlikely that genetically-controlled biases that are specific to certain habitats will
evolve (1985:155-57). The conclusion gives theoretical justification to Alexander’s

conjecture that human learning rules will be universal among members of the species.

Although incomplete, the results summarized above on the evolution of cultural
transmission are important because they offer theoretical guidance on several key issues,
among them the conditions under which individual learning and biased transmission
rules will be important. They indicate that if social learning is to be favored by natural
selection, it must offer something that genetic transmission does not. Additional benefits
arise in two contexts. When adaptive behavioral phenotypes can be learned socially but
not acquired genetically, we can expect the evolution of vertical transmission structures
that lack bias rules. Second, given that the same behavioral phenotypes are available to
both individual and social learners, fitness benefits for cultural transmission are also
available in the context of costly or error-prone individual learning rules in 2 moderately
fluctuating environment. The models also indicate that horizontal transmission is only
adaptive in the context of preexisting rules for individual social learning or biased

transmission. Thus the importance of horizontal transmission in modern humans
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indicates that individual learning and biased transmission have had, and presumably

continue to have, important effects on behavior.

The earlier discussion of learning rules indicates that they may be ranked on a
continuum based on the costs associated with the generation and evaluation of variants.
This continuum runs from individual learning at the high-cost end to directly biased
cultural transmission to indirectly biased cultural transmission to unbiased cultural
transmission at the low end. The higher cost learning rules only seem to be adaptive
when environments fluctuate frequently. This suggests that if rules for individual learning
and biased transmission are important determinants of behavioral phenotypes, they will
determine those aspects of phenotypic variation for which the adaptively salient aspects
of the environment shift rapidly and often. Whea environmental fluctuation is slc..~~, a
less costly, and probably less accurate, form of biased transmission, indirect bias, will be
an especially pervasive form of phenotype determination. Individuals will acquire' through
unbiased transmission those aspects of phenotypes whose fitness values are affected by

those aspects of the environment that shift even less frequently.

The practical implications of this theoretical resuit are enhanced by empirical
evidence from primate field studies over the past two decades. Primates exhibit
remarkable and adaptively appropriate facultative phenotypic flexibility in response to
changes in their social environments. These include stochastic effects that affect
demographic characteristics of small social groups like the availability of mates and the
shifting makeup of coalitions that affect the reproductive success of participants (e.g.
Dunbar 1988, de Waal 1987). Rates of fluctuations in such social conditions are likely to
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exceed those for many aspects of the non-social environment (e.g. food availability,
predation risk). In fact, the contrast between the high level of skill exhibited by primates
in social interactions and less impressive performance in the non-social domain have
lead several authors to argue that primate "intelligence" is largely a result of selection
acting in the context of the former (Jolly 1966, Humphrey 1976, reviewed in Essock-
Vitale and Seyfarth 1987). In this context intelligence denotes behavioral flexibility based
on costly (individual) learning rules. The models point to the importance of costly
learning rules in the context of shifting environmental variables while the empirical
evidence suggests those variables are social ones. The implication is that costly learning
rules are likely to govern those aspects of interactions with conspecifics that have been
adaptively important in a species evolutionary history, while less costly rules will govern

interactions with aspects of the physical environment that typically change more slowly.

Taken together, the models show that operation of structural and bias rules will
optimize genetic fitness relative to their absence or the presence of some alternative set
of rules. However, this does not imply that all of the cultural variants transmitted in it
enhance genetic fitness when considered individually. Some may be adaptively neutral.
Others, as we saw earlier, may decrease fitness relative to alternative variants because of
mistakes in the operation of learning rules. Although incomplete, theory already affords
a rich array of possibilities for the casual dynamics behind phenotypic variation caused
by individual and social learning. It suggests that bias forces will be important in the
explanation of some culturally transmitted variation, but that cultural variation will also

be subject to emergent forces, selection and drift, discussed in the previous section. The
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task of empirical research is to determine which forces apply in particular historical

cases. In the next two chapters, I attempt to outline a version of the means to do this.

2.5 Conclusions

The dual-inheritance approach attempts to model the respective dynamics of
genetic and cultural inheritance systems and interactions between them in a Darwinian
framework. It combines models of cultural transmission under various structural and bias
rules and models from neo-Darwinian population genetics. The result is an account of
the origins of cultural transmission systems that have implications for the combinations
of structural and bias rules that are likely to be found in species for which individual and

social learning are important modes of phenotype determination.

The dual-inheritance program is an attempt to extend neo-Darwirian theory to
provide explicit accounts of individual and social learning among all species, not just
humans. Its relevance transcends the parochial interests of archaeologists or other
students of human behavior. As the examples offered earlier in this chapter are meant to
suggdt, individual learning is widely spread throughout the animal kingdom and social
learning is not unique to humans, although the extent of its importance among humans
might be. Dual-inheritance theory thus offers a constructive means of addressing deficits
in the sociobiological research program that is not based on the notion that humans have
unique behavioral capacities that make evolutionary theory irrelevant to constructing
accounts of human behavioral variation. This last proposition, dear to many critics of

sociobiology, is especially pernicious for two reasons. It effectively removes human
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behavior from the realm of scientific discourse. It perpetuates the notion that individual

and social learning are irrelevant to accounts of non-human behavior.

The connection to evolutionary biology should be especially congenial to
archaeologists, given the large amounts of time and space encompassed by the
archaeological record. The domain of study includes hominid evolution from the
appearance of the first stone tools. A dual-inheritance approach offers the promise of a
single unifying framework in which to understand the interacting biolcgical and cultural
aspects of evolutionary history of hominids with wildly different cultural capacities that
stretches over the past two million years. Nor are the advantages of a dual-inheritance
approach limited to the far reaches of the prehistoric past. An expanded evolutionary
theory offers a mechanistic account of decision making (guided variation) and choice
(direct bias) that many anthropologists insist must be treated in terms of the manifest
image. Understandings in terms of human dispositions are fundamentally incomplete and
hence suspect uzless we can offer an evolutionary account of the processes leading to the
fixation of the rules that underlie them. The requirement that such explanations
ultimately be ti=d to a Darwinian framework constrains and guides theoretical
innovation. It encourages consistency with a progressive and successful scientific research
program. It prevents the ad hocism that characterizes uncontrolled speculation about the
essences of human and human history which the manifest image encourages. The
approach thus promises a progressive and cumulative understanding of the manner in

which both genetic and cultural conditioners of human behavior have evolved.
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My goals in the following chapters, however, are far more modest, requiring only
simple versions of models of cultural transmission developed recently by Boyd and
Richerson and Cavalli-Sforza and Feldman. In the next chapter I explore in more detail
the dynamics of cultural systems governed by various structural and bias rules, along with
the effects of the operation of the emergent forces drift and selection operating of
cultural variants. In other words, I present some simple versions of the force descriptions
and consequence laws that might form the foundation for a cultural evolutionary theory
that would be useful in archaeological inference. At this juncture, it might be wise to
emphasize this last point. Much of this and the previous chapter has been theoretical.
The reason for worrying about theory is that it will, with luck, eventually prove be useful
in making inferences about phenomena. The next chapter provides the tools to further
that pragmatic goal in two ways. From the models can be derived generalizations about
temporal patterning generated by various cultural evolutionary forces. The hope is that
patterns generated by models will prove useful in diagnosing the evolutionary processes
behind patterns documented in the archaeological record. Second, the models allow
additional clarification of the way in which evolutionary theory figures in the functional-
morphological approach to archaeological inference described in Chapter 1.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Chapter 3

Some Simple Models of Cultural Evolution

3 Introduction

As we have seen, much of what is considered middle-range theory in recent
archaeological literature can be read as an attempt to establish source laws for
deterministic forces that might sort cultural variants. In this chapter I emphasize what I
have argued are the more fundamental components of evolutionary theory. These are
the zero-force state, force descriptions, and consequence laws. The former defines the
character of the system under study, while the latter pair make possible depictions of
system trajectories as various forces impinge upon it. My treatment of forces is not
limited to those that cause the deterministic sorting of variants, but also includes forces

that introduce variation and stochastic sorting, a cultural analogue of genetic drift.

There are several motivations for reviewing these simple models of cultural
evolutionary process. First, they make it possible to generate expectations concerning the
properties of temporal trajectories of cultural variants under different forces. These
expectations can be used to make inferences about the kinds of processes responsible for
temporal variation in the archaeological record. Second, they will allow us to answer in
an evolutionary framework questions raised in Chapter 1 about the theoretical grounding
of the functional-morphological approach to archaeological inference. Finally, as we shall
see in later chapters, explicit consideration of consequence laws will help in the

generation of source laws applicable to different sorts of historical circumstances.

100
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3.1 Zero-force and Consequence Laws for Cultural Transmission

As I suggested in the previous chapter, cultural transmission should be
understood as the transfer of information from one individual to another by teaching or
imitation. The information transferred can be considered instructions or rules for
behavior. The rules specify how particular behaviors are to be executed and the
circumstances under which those performances are appropriate. Transferred information

may also include culturally specified rules for individual and social learning.

The models that follow are couched in terms of alternative instructions
concerning some aspect of behavior. I will refer to these alternative instructions as
cultural variants or forms. Alternative cultural variants will be modeled as the values of
discrete variables. Continuous treatments are possible and have been developed for most
of the cases discussed below by Boyd and Richerson (1985). I have chosen discrete traits
here because they are simpler to work with, and because archaeologists have tended

traditionally to measure the properties of the archaeological record on discrete scales

(Dunnell 1986b).

The notion of culture as socially learned information has much in common with
the traditional archaeological notions developed by culture historians that called
attention to the fact that similar artifact forms appeared in adjacent times and places
because they were the product of shared ideas (e.g. Rouse 1939:15-18, Taylor 1949:101,
Ford 1954:47). It is also found in the work of archaeologists who take the
accomplishments of culture history seriously (e.g. Dunnell 1971:121-122, Deetz 1965:64).
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There is, however, a second anthropological tradition that glosses culture as beliefs,
behavior, and the artifactual products of behavior. It is found in Binford’s formulation of
the new archaeology (1972:198) and Harris’ cultural materialism (1979:136), derived in
both cases from the work of Leslie White and, ultimately, Tylor. An attack on what was
called culture history’s "normative” conception of culture was an integral part of the New
Archaeology’s polemic (Binford 1965). Despite the rhetorical cast, the critique did point
to a real flaw in culture history’s use of culture as an explanatory concept. This was its
habit of characterizing cuitural historical units, phases for example, in terms of isolated
traits, rather than describing them as the product of functioning societies or cultural
systems. The problem was given concrete expression in the functional variability debate
where culture history was taken to task for operating with interpretive conventions that
would incorrectly gloss functionally diverse occupations generated by a single social
group as the products of multiple, etknically distinct groups (e.g. Binford and Binford
1966). The critique was powerful and ended the intellectual respectability of the trait-list
approach. However, it also damaged the respectability of the notion of culture as
information. It important to see, however, that the trait list approach has no necessary
link to any particular view of culture. As we have seen in the previous chapter, social
learning is a form of phenotypic flexibility. Hence we can expect ine behavior generated

by cultural rules to be situationally variable.

The distinction between culture and behavior is essential to an evolutionary
approach. It does not, as Binford mistakenly has argued, commit one to a "mentalist
explanation for variability in behavior” (1981:202). In fact, it is the foundation for a

completely mechanistic account of the differential persistence of behavioral phenotypes
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in time and space. Without the culture-behavior distinction, it becomes impossible to
provide an account of the causal mechanisms responsible for the fact that individuals
exhibit behavioral variability on the large temporal and spatial scales that are typically
the subject of archaeological inquiry (Hull 1980:320, cf. Marks and Staski 1988), unless
one is willing to insist that absolutely all behavioral variation is the product of
genetically-guided individual learning This is not to deny, however, that important
components of archaeological variation are linked to behavior driven by context-sensitive

rules for behavior within a single population.

If the culture-behztior distinction is fundamental, it also raises two important
issues whose satisfactory resolution lies in the future: how precisely is information
transmitted and stored and how is information transformed into behavior? Current
knowledge of transmission mechanisms and the rules fo. social learning that describe
their operation is analogous to pre-Mendelian treatments of genetic inheritance. We
simply do not know very much about the ranges of parameter values for structural and
bias rules that control how social learning proceeds. Do learners pay more attention to
some models than others when acquiring new information? How many models do
learners observe before learning occurs? What happens when models conflict? There is a
dearth of solid empirical guidance on these matters. Perhaps more discouraging is the
fact that socio-cultural anthropologists, whose interest in contemporary cultural diversity
might make them ideal gatherers of this sort of information, exhibit absolutely no
interest in such matters (cf. Hewlett and Cavalli-Sforza 1986). In this situation, the only
course is to make models that are flexible and general enough to include an array of

plausible possibilities. Clearly, improved knowledge on these topics would contribute
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enormously to the power of an evolutionary approach to social learning, just as the

incorporation of Mendelian genetics into Darwinian theory strengihened it (Provine

1971).

The culture-behavior distinction suggests that the relationship between
behavioral rules and the performances they engender is analogous to the more strictly
biological distinction between genotype and phenotype described by developmental
genetics. As in the biological case, just how a particular cultural instruction receives
behavioral expression may depend upon environmental circumstances. This is most
apparent where an individual’s ability to perform certain behaviors depends upon access
to resources. It has only been in the past decade that there has been much progress in
beginning to understand the biochemical processes by which DNA builds organisms. The
analogous knowledge of the neurophysiological mechanisms by which cultural
information is organized and stored does not exist. Nor is much known about the way in
which information is subsequently translated into behavior. In the face of such ignorance,
cultural evolutionary models must rely heavily on the presumed existence of simple
correlations between cultural and behavioral variants if they are to be used to account
for behavioral variation. In other words, it is assumed that within a population of social
learners confronting similar environments, cultural instructions that are copies of a
common ancestral cultural instruction will cause their bearers to exhibit recognizably

similar behavioral phenotypes.

The previous chapters may seem to have offered evolutionary theory as a

panacea for archaeology’s theoretical ills. However, as the foregoing comments should
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suggest, I have no illusions about the difficulties fostered by any attempt to incorporate
evolutionary thinking into archaeological theory. The two problematic areas mentioned
above characterize cultural evolutionary theory in general. Advances in these areas, if
they are forthcoming, will not be made by archaeologists working by themselves. There
is, however, a third problem, whose resolution is more uniquely archaeological, that also
deserves mention here. The dual-inheritance approach has its foundations in the
scholarly tradition that is responsible for the consequence laws of evolutionary theory:
population genetics. The laws of population genetics are written in mathematics. The
mathematics is hard, so hard in fact that it is increasingly the province of applied
mathematicians. Not unexpectedly, much of the modeling produced involves
mathematical sophistication well beyond the grasp of most archaeologists, including me.
This set of circumstances may prove to be a major stumbling block to the adoption of an
evolutionary research program in archaeology. Over the long term, it will require major
adjustments in the background that students of archaeology bring to the subject. In this
chapter, I am forced to content myself with the simplest, and thus least realistic, versions
of the models of cultural transmission. However, I believe even these stylized treatments
offer a more rigorous understanding of the processes and dynamics of cultural

transmission.

None of these problems should be minimized. On the other hand, the arguments
I have presented in the previous chapters concerning the need for theory development in
archaeology suggest that there is something to be gained by the attempt to incorporate
in an explicit way even incomplete and simplistic consequence laws into archaeological

inference.
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3.2 Zero-force State

In Boyd and Richerson’s treatment, the zero-force state for social learning
contains three components. The first is stipulation of the structural rules of the
transmission system that specify the background conditions of the inheritance system,
analogous to the rules of Mendelian inheritance in the genetic case. The second and
third components represent the absence of two broad classes of forces that might affect
the frequency of cultural variants in the population over time. These are the various

forms of biased transmission and the emergent forces, selection and drift.

The background conditions that comprise the first component of the zero-force
model are specified as follows. First consider vertical and oblique transmission, that is
transmission from members of one generation to members of the next generation, in a
very large population of social learners. Each individual is characterized by one of two
mutually exclusive cultural variants that can be labeled ¢ and d. The (relative)
frequencies of ¢ and d in the population are p and 1-p. As one generation replaces
another, each new individual is enculturated by m models or cultural parents, comprising
a model set. We can allow for the possibility that the m models have characteristically
different influence on the transmission process by assigning them different weights. Thus
the weight of the i’th model, for i=1..m, is A, which gives the probability that the learner
acquires its cultural variant from that model. The A, must sum to lInity. That is,
transmission must take place. The weights represent the possibility that individuals learn
from individuals who occupy different social roles that in turn have characteristically

differsnt influence on the learning process. Thus mothers might be more influential than
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their sisters in teaching daughters agricultural techniques. Note that the importance of

social roles may vary for different kinds of traits.

The second component is the representation of the unbiased transmission rule
that specifies what happens when a learner encounters M models. This rule gives the
probability that the learner acquires variant c, given that the learner has been exposed to
a set of m models having a particular permutation of cultural variants. The first two
panels of Table 3.1 give an example of an unbiased transmission rule for two models.
With two models and two variants, there are four possible combinations of models or
model-set types. More generally, for two variants the number of model-set types is 2™

The model-set types are analogous to the mating types found in genetics (Cavalli-Sforza
and Feldman 1981:78).

Model-set Types Probability Learner Probability
Acquires Variant Model-set Type
Model 1 Model 2 c d is Formed
c c 1 0 P
c d A A p(1-p)
d ¢ A, A (1-p)p
d d 0 1 (1-p)

Table 3.1. Cultural transmission of a dichotomous trait with an unbiased, linear
transmission rule and random formation of model sets comprised of two models.

Note that the transmission rule can be specified in a somewhat more compact fashion if

we let the two cultural variants, c and d, be represented by numerical values 1 and 0. If

X, is the numerical value of the i'th model in a particular model set, then the probability
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that a learner acquires cultural variant ¢ from a set of models, given that the models

have the values X,,... X, is

Prob (leamner=c|X,,...X,) = ii':: AX, (3.1)

where the A, are the weights of the M models. This quantity is simply a weighted
average of the values of the models. As in Table 3.1, if both models are c, that is X, and
X,=1, then the probability the learner acquires c is unity. If both models are d, it is zero

(Boyd and Richerson 1985:66).

The transmission rule specifies the probability that a learner becomes c, given
that the learner encounters each of the possible model-set types, but we still need to
know how likely each encounter is. This is the third component of the zero-force law
that depicts the manner in which the model sets are formed. In analogy with the random
mating assumption behind Hardy-Weinberg, we stipulate that the model sets are formed
at random before transmission occurs. This implies that whether individuals are c or d
does not affect their chances, averaged over all possible model-set types, of becoming
models, or their chances of becoming models with a particular weight. Under random
tormation of model sets, the probability that a given learner encounters each of the
model-set types is given in the third panel of Table 3.1. It is simply the product of the
frequencies of the variants that characterize each of the models in the set. Random
formation of model sets containing m models can be expressed more generally for any
number of cultural parents using the algebraic notation introduced above. The

probability that any model set with m members, I of whom are c, is formed is

M(X; X; -- Xa) = p'(1-p)™ (32)
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