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I. Introduction

How does major cultural change originate and unfold over time?
Through the gradual assimilation of incremental change within the fabric of
a continuing system? By local innovation and broad diffusion via trade
routes and other communication pathways? Through imposition by an
economically powerful society upon a less developed system? Cultural
anthropologists, with some notable exceptions, have traditionally postulated
such mechanisms as the motive forces driving culture change. Indeed, there
is little doubt that these mechanisms often play a key role in mediating
cultural evolution. But other mechanisms may also be in operation at the
same time— mechanisms which are, perhaps, more crucial determinants of
the locus, mode, and tempo of evolutionary change.

This chapter proposes and elaborates upon one such potential mecha-
nism; it seeks the locus of innovation in uniquely constituted groups of
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individuals — individuals who are marginal to the stable, dominant systems
from which they emerged. It is from the evolationary paradigm of punc-
tuated equilibria (Eldredge & Gould, 1972) that we draw our central anal-
ogy. Rather than seek an explanation for the emergence of new life-forms in
the gradual accumulation of beneficial genes in an existing species, this
theory seeks mechanisms by which unique combinations of genes are
formed in small, peripheral populations, each of which then “tests its met-
tle” against the rigors of a new environment. In like manner, we seck the
cultural locus and mode through which human bearers of new ideas can test
these ideas in a multitude of cultural experiments. Just as successful new
combinations of genes may be identified by the rapid growth of the periph-
eral isolate and the emergence of a new species which may then radiate to fill
whole new ecozones, so the successful cultural innovation is known through
its rapid develoment and possible transformation of the culture in which it
sprang to life.

This chapter reviews the contribution of modern evolutionary anthropol-
ogy to the definition of culture and the characterization of cultural levels or
grades and then critically analyzes the conceptual background in which
modern anthropology conducts its studies. Exclusive adherence to a nar-
row form of phyletic gradualism fails to seek systematic explanatory rela-
tionships for cultural advance, although evolutionary anthropology has doc-
umented the existence of cultural grades. Against this background, the
anthropological contribution of Sahlins and Service (1960) and the punc-
tuated equilibria paradigm of Eldredge and Gould (1972} inspire the present
work.

In the main body of this chapter, the punctuated equilibria hypothesis is
presented and modified for interpretation as a mechanism io explain cul-
tural advance. This mechanism is then elaborated in the context of two
examples of techno-economic transformation. The punctuated equilibria
model provides an account consistent with that of Flannery (1969) for the
evolution of agriculture in the Near East. The model is also consistent with
the modern process of technological innovation in which the innovator--
entrepreneur and the small, science-based firm may be responsible for the
technological transformation of twentieth-century industry.

The ideas presented in this chapter are not intended to suggest that Dar-
winian selection is anything other than a primary evolutionary force. Fur-
thermore, the argument that strict adherence to phyletic gradualism may
unnecessarily limit our understanding of evolution should not be taken as an
indictment of Darwinian theory or as a total rejection of gradualism. Re-
cent developments in the literature clearly point out the need to refine and
integrate the modes of phyletic gradualism and punctuated equilibria within
a general evolutionary framework that can ultimately enhance our knowl-
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edge of life’s history on earth (e.g., see Schoch, 1982, p. 360). The authors
also wish to emphasize that this chapter is not intended as a presentation of
formal, empirically testable deductions regarding the punctuated equilibria
model or of data which might be used to test such deductions. Our approach
is intended to explore the possible applicability of the punctuated equilibria
perspective to future studies of culture change and to suggest the potential
contribution of this model to the theory of cultural evolution,

Because the ideas presented here have not been rigorously tested, it is not
yet possible to determine whether punctuated equilibria is simply a meta-
phor for certain types of social change or whether it is a fundamental mecha-
nism of cultural evolution. The chapter does propose research paths along
which the anthropologist, ethnographer, psychologist, and systems modeler
can pursue the issues that have been identified.

I1. The Contributions and Limitations of a Darwinian
Approach to Culture Change

The expectations of theory color perceptions to such a degree that new notions
seldom arise from facts collected under the influence of old pictures of the worid,
New pictures must cast their influence before fucts can be seen in different perspec-
tive.

{Eldredge & Gould, 1971, p. 83]

One of the most significant intellectual events in modern anthropology
has been the infusion of evolutionary theory from the biological sciences.
This process was initiated by Darwin’s formulation of the theory of natural
selection and was reinvigorated during the 1950s following the modern
evolutionary synthesis of selection theory and population genetics. The
evolutionary perspective asserts that there are laws of social change and that
the forces described by these laws have produced cultures at several levels of
techno-econemic productivity (White, 1943, 1945, 1949, 1959).

The explanatory power of an evolutionary framework proved extraordi-
narily potent in a discipline noted for atheoretical empiricism during the first
century of its formal existence (Harris, 1968). This framework has had
important implications for the anthropological research program and for the
application of more robust methodological tools in sociocultural investiga-
tion.

Prior to the advent of evolutionary anthropology. there was no generally
accepted definition of culture that described the systematic relationship of
cultural components and related the functioning of these components to
energy capture and energy-resource flow (Harris, 1968). Culture was
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Table 1.1

Evolutionary Series of Cultural Systems

Techno-economic productivity Socio-organizational complexity
Post-industrial Modern state
Industrial Archaic state
Advanced agriculture Chiefdom — hierarchical
Agriculture-pastoralism Chiefdom — egalitarian
Incipient agricalture Tribal level
Hunting and gathering Band level

loosely defined as a collection of learned patterns of thought and behavior
characteristic of a particular population {(e.g., Wissler, 1929; Murdock,
1965). Such a normative and particularistic definition did not readily lend
itself to the production or organization of a data base from which models
could be developed (Flannery, 1967; Watson, LeBlanc, & Redman, 1971}
Evolutionary anthropology, by contrast, defines culture as a uniquely
human adaptive system designed to capture, harness, and distribute envi-
ronmental energy and resources for the survival and well-being of'its carriers
(Steward, 1949, 1955). Following this definition, major components of all
cultural systems are described as (1) the techno-economic base that captures
materials and energy from an environment; (2} the social structure that
organizes individuals to carry out energy production, environmental exploi-
tation, and resource distribution activities; and (3) the ideology that consti-
tutes a set of ideas and values that rationalize and motivate social behavior
and the relations of production (White, 1949).

Perhaps the most significant impact of evolutionary theory on the study of
human culture was the discovery that cultural systems, much like biological
species, represent differing grades of development. These grades are hicrar-
chically ordered according to their level of efficiency and productivity in the
capture, distribution, and utilization of energy (Sahlins & Service, 1960
White, 1943, 1959). Table 1.1 lists two generally accepted series of cultural
advance arranged according to level of techno-economic productivity and
socio-organizational complexity. Following is a list of traditional measures
of quantum cultural advance, which, for the purposes of this chapter, is
defined as techno-economic developments that both require and permit
major new forms of social organization as a result of improved energy
capture, distribution, and/or utilization.

. Absolute energy capture

2. Ratio of energy capture to energy expended in capture
3, Systematic complexity (number of components)

4, Systematic integration (linkages between parts)
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A. EVOLUTIONARY ETHNOGRAPHY

More than three decades of anthropological fieldwork have now been
guided by a Darwinian paradigm of evolution, producing a rich literature
describing the reality of culture at varying grades of techno-economic pro-
ductivity (Fried, 1952, 1967, Lee, 1968; Mintz, 1956; Rappaport, 1968;
Service, 1955, 1962, Wolfe, 1957, 1966). The vast majority of ethnographic
investigations emerging from the evolutionary school of anthropology thus
far have focused upon (1) static, structural - functional descriptions of the
ecological niches occupied by culfures at varying stages of evolutionary
advance and (2) dynamic adjustment of specific cultures to changing envi-
ronmental contexts. While these studies have confirmed the existence of
energetically defined cultural grades, they generally have lacked concern for
the processes of innovation and forces involved in de novo! advance to new
levels of soctocultural integration.

For students of culture, techno-economic transformation and major so-
ciopoiitical reorganization have been viewed primarily as a function of con-
tact between two cultures at different stages of development, with change
oceurring as the result of forced domination of one system by the other. In
such cases, the less advanced system was exposed to new economic pressures
or was compelled to participate in the economic structure of the dominant
system (¢.g., Murphy & Steward, [955), Studies of this type relegate quan-
tum change to a phenomenon conceived by the deus ex machina of intercul-
tural contact.

How quantum cultural innovations arise, why they occur, and what sys-
temic relationships may be operative during each change are some of the
major questions which may be raised concerning the process of evolution.
Such guestions have been seriously investigated only by archaeologists (par-
ticularly those influenced by systems theory), who have concentrated upon
the origin of major cultural innovations that produced new grades of social
organization (e.g., Flannery’s “broad spectrum revolution” in the Near East,
1969, Carneiro’s origin of state-level civilizations in the New World, 1970).
For such investigations, the most fascinating questions have centered on new
quantum developments in the techno-economic base and on the resulting
transformation of sociopolitical systems, settlement patterns, and popula-
tion density. One reason for archaeologists’ concern with processes of

i For the purposes of this essay, de noveis defined as the original invention of an idea, artifact,
structure or process within a parficular cultural context.  The term de rove implies that the new
entity was invented within the cultural context in which it appears and was not borrowed or
transplanted from another cultural system, De novo entities may, of course, be invented
independently in two separate cultures, entirely without diffusion or borrowing,
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change may be the nature of their discipline, which views culture over tens of
thousands of years, Trends leading to major social change may leap more
readily to view from this telescopic perspective than when viewed from the
microscopic perspective of ethnographers, who typically witness change
over a much shorter period of time.

Among cultural anthropoloists, Sahlins and Service have contributed sig-
nificantly to the modern school of evolutionary theory championed by Les-
lie White. Their collection of essays entitled Evoiution and Culture (1960)
explicitly challenges ethnographers to apply three laws of general cultural
advance to the study of modern societies. Of these three laws, two deal with
the origins of quantum social change (the Principle of Stabilization and the
Law of Evolutionary Potential), while the third treats change as a function of
culture contact (the Law of Cultural Domination). Although Sahlins and
Service’s book is required reading for many undergraduates, subsequent
generations of fieldworkers have not taken up the challenge; for the most
part, they apply only the Law of Cultural Domination in their exploration of
social change.

B. DARWINIAN BIASES

One factor that may have contributed to the failure of ethnographers to
consider processes which account for the emergence of cultural innovation is
the presence of certain biases inherent in the Darwinian perspective. Dar-
winian selection has been the dominant paradigm in evolutionary biology
for more than 100 years, Darwin’s own discussion of selection theory and
the interpretation of this theory by evolutionists that followed included some
very distinctive notions regarding the tempo, mode, and locus of evolution-
ary change — notions which have had an important influence on evolution-
ary anthropology.

1. TEMPO OF EVOLUTION

Darwinian selection has been viewed by many students of evolution as a
gradual, step-by-step process linking ancestors and descendents through an
unbroken chain of transitional, intermediate forms (see Eldredge & Gould,
1972). According to this viewpoint, evolution is a “stately unfolding” of
change over time; small, incremental steps of change lead imperceptibly to
new forms of life. All parts of the life system slowly adjust to modified
conditions, and sudden leaps or saltations are not expected.

Anthropologists have also expected cultural change to occur in a gradual
fashion. Indeed, “evolutionary” change in the social sciences has come to
mean gradual, incremental change and is contrasted with “revolutions™
during which rapid, disruptive shocks cause serious social and economic
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imbalance. Such rapid shocks are viewed as aberrant phenomena and are
not typically the subject of mainstream research. In the process of focusing
upon gradual, incremental change, anthropologists may have inadvertently
missed some evidence that supports quantum social transformation.

2. Mobpze orF EVOLUTION

Darwintan theory asserts the primacy of selection as the creative agent of
change (Gould, 1982). Selective forces operate on the basis of relative
“adaptive fits” between organisms and specific ecological contexts. From
such a selectionist paradigm, the small-scale adjustments or “adaptive strate-
gies” of living societies in response to environmental change would be iden-
tical with processes generating macrolevel transformations to new grades of
organization. In the cultural application of this paradigm, a study of cult
formation as an “adaptive” response to economic domination by a foreign
power or an investigation of “adaptive” social structure shifts associated
with the forced transition from food-gathering to market economies would
be treated as theoretical examples of cultural evolution.

Yet while natural selection and adaptive shifts in environmental pressure
are important parts of cultural evolution, other forces may be at work in the
emergence of true cultural innovation. Inmacrolevel change, selection may
exert its creative influence in concert with both stochastic processes and
dynamic relationships inherent within sociocultural systems. These addi-
tional forces may be sufficiently different from those of gradual adaptive
change to warrant the hypothesis that new quantum developments cannot
be reduced to the action of microlevel selection or to adaptive responses to
environmental change.

3. Locus oF EVOLUTION

Darwin’s work emphasized gradual change in large, interbreeding popula-
tions that occupy contiguous geographical space. The focus was upon the
entire species and its change s a species over time, Darwin did not select
certain parts of species as the lead agents of change nor did he look to certain
parts of a species’ geographical range as the primary site of change. Evolu-
tionary change swept up all interlocked demes in its path.

Anthropologists also perceive intact cultures as the primary units of evo-
lution and search for patterns of change which may originate anywhere
within these units. If certain parts of a culture fail to change, this failure is
viewed as a ““‘maladaptive” phenomenon (Turnbull, 1972). If the cuiting
edge of change regularly originates in specific parts of the system, then a
holistic focus on total patterns may filter out significant transformation
events.
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C. PHILOSOPHICAL BIASES

The choices made by evolutionary ethnographers in selecting research
topics and their focus on change as a consequence of culture contact may
also be influenced by philosophical biases in modern Western thought.
Gould and Eldredge (1977) noted this:

The general preference that so many of us hold for gradualism isa metaphysical stance
embedded in the modern history of Western cultures: It is not a high-order empirical
observation, induced from the objective study of nature. The famous statement
attributed to Linnaeus— natura non facit saltwm (nature does not make leaps) — may
reflect some biological knowledge, but it also represents the transiation into biofogy of
the order, harmony and continuity that European rulers hoped to maintain in a
society already assauited by calls for fundamental sociai change. (p. 145}

Furthermore, evolutionary theory was reintroduced into the discipline in the
late 1940s and early 1930s, a period during which anthropologists were
sensitive to the links between mineteenth-century evolutionary anthropology
(e.g., the work of Lewis Henry Morgan) and the writings of Marx and
Engels. In the McCarthyist era of the early 1950s, evolutionists might have
unconsciously {or consciously) chosen the comparatively safer course of
describing systematic relationships within cultures at varying grades of ad-
vance rather than focusing upon the forces which drive evolution from one
stage to another. The latter approach might well have led to considerable
discomfort for scholars, since the official state philosophy of the Soviet
Union was (and is) founded upon “dialectical materialism™ g theory of
guantium social transformation that seeks the motive force of change within
systemic relationships.

IIE. Paradigm Shift: The Punctuated Equilibria Model

The importance of peripheral isolates lies in their small size and the alien envivon-
ment bevond the species border that they inhabit—for only here are selective
pressures strong enough and the ineriia of large numbers sufficiently reduced to
produce the “genetic reveliiion’’ that overcomes homeostasis.

[Eldredge & Gould, 1972, p. 114]

In his book On the Origin of Species by Means of Natural Selection,
Darwin noted that new species can arise only as the result of two processes:
(1) phyletic evolution, whereby a total population is transformed to a new
state and (2) speciation, in which an ancestral lineage splits into more than
one descendent line. However, Darwin may have blurred the distinction
between these processes in much of his own work by holding that speciation
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and phyletic evolution both occur as the result of slow, gradual adjustments
of populations in contiguous geographic regions (Mayr, 1959).

Darwin’s gradualistic vision of lineage-splitting shares certain features
with the sympatric model of speciation, a mode] which has not been the
preferred view of modern population genetics (Eldredge & Gould, 1972).2
Most contemporary biologists and geneticists favor the allopatric modei of
speciation. In the allopatric model, subpopulations “bud off” the main
ancestral species and enter new and frequently marginal geographic re-
gions. The establishment of reproductive barriers between the main popu-
lation and the “spin-off” groups, together with the pressure of different
selective forces operating in frontier environments, creates conditions favor-
able to the emergence of distinctive gene pools and eventually to the forma-
tion of new species.

Since 1970 some paleontologists have begun to question the Darwinian
conception of evolution asa gradual process and have advanced the model of
punctuated equilibria to explain some perplexing “anomalies” in the fossil
record. Eldredge and Gould have suggesied that the famous “gaps” in the
fossil record may not be the result of imperfect preservation of prehistoric life
forms but may reflect the actual process by which most evolution has taken
place (Eldredge, 1979; Eldredge and Gouid, 1972; Gould and Eldredge,
1977). According to Eldredge and Gould, proper emphasis upon the pro-
cess of speciation over the past 3 billion vears generates a new paradigm of
evolutionary change.

The punctuated equilibria model holds that most evolutionary change is
concentrated in very rapid spurts of speciation, a process occurring most
frequently in small, peripheral populations existing at the geographic mar-
gins of habitation for the group in question. According to this paradigm
(which draws some of its features from the allopatric model of speciation),
the main body of a population will remain genetically stable over long
periods of time because of the homogenizing forces of gene flow and the
operation of homeostatic mechanisms in developmental and genetic sys-
tems {Gould, 1982). The main population will experience minor fluctua-
tions in gene frequency but will not demonstrate the long-term directional
change associated with speciation.

* Mayr (1963) notes that the sympatric model of speciation is actually pre-Darwinian. This
model holds that an interbreeding population will develop isolating mechanisms within a single
geographic region as the result of ecological forces. The sympatric view may be contrasted with
the geographic, or allopatric, model of speciation.  This latter mode! holds that “a poputation,
which is geographically isolated from its parental species, acquiresduring this period of isalation
characters which promeote or guarantee reproductive isolation when the external barriers break
down” (Mayr, 1942, p. 155).
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Genetic stability of large ancestral populations is usually attributed to one
or both of the following mechanisms:

1. Gene flow among interbreeding demes, which exerts a homogenizing
influence ““to counteract local ecotypic adaptation by breaking up
well-integrated gene complexes” that might otherwise tend to form
new species (Mayr, 1963); and

2, Developmental and genetic homeostasis, or self-regulation, in which
natural selection acts to favor heterozygotes rather than extreme ge-
netic types (Lerner, 1954; see Gould, 1982).

Developmental homeostasis (or ontogenetic seif-regulation} occurs because
heterozygotes possess a greater ability to stay within the range of canalized
development; genetic homeostasts means that populations with a larger
number of heterozygotes will display a greater overall reproductive fitness,

The locus of change in the punctuated equilibria model is the small,
isolated subpopulation which “buds off” the main ancestral body to form a
deme at the margins of the ancestral species’ geographic region.  Peripheral
isolates form as the result of “population push” from the optimal environ-
ment inhabited by the ancestral group and move into a variety of suboptimal
microenvironments. The spin-off population is genetically variable but
small enough to constitute a unique nonrepresentative sample of the total
ancestral gene pool. The advantages of a small, unique gene pool reside in
the heightened possibility of successful new genetic recombinations and the
ability to increase the frequency of a favorable gene very rapidly. Theisolate
population carries with it most of the genetic features that may eventually
become hallmarks of a new species status, although these features may exist
in very low frequency at the outset.

Genetic isolation of the spin-off groun must persist until enough change
has taken place to ensure that gene flow will not occur between the isolate
and the ancestral species. Genetic isolation, and the reduced genetic varia-
bility of the isolate, disrupis the homeostatic equilibrium which prevented
speciation in the ancestral population. It is the unique combination of
genes, freed from homeostatic restraint and within the context of a stressful
new environment, that permits speciation to occur,

Isolate formation may be viewed as the establishment of genetic experi-
ments, Certain ancestral populations will continually spin off, or peripher-
alize, isolates, with each possessing a unigue gene pool and entering a rela-
tively new microenvironment. A number of futures are possible for any
given isolate, including extinction, resorption into the main body, survival at
a low level of density, and successful speciation followed by increasing den-
sityand range. Stochastic processes determine which few unique gene pools
will succeed. Most experiments will surely fail, and it will be difficult to
predict success. Where gene pools are well matched to the demands and
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opportunities provided in marginal microenvironments, speciation will
occur very rapidly.

The theory of punctuated equilibria focuses closely upon the process of
evolutionary transformation. Why species do or do not emerge, the mode
by which speciation takes place, the location of a locus or cutting edge of
genetic change within a population —these are the key questions addressed
by the punctualist model, This approach sharpens the focus of research
upon specific foci of change and specific modes of change rather than point-
ing to all living populations and all forms of adaptation as probable sites of
and processes critical to evolution. Such a sharpening of focus may improve
the testability of evolutionary hypothesis and help to satisfy some of the
objections which have been raised concerning the “nonfalsifiability” of Dar-
winian hypotheses.

IV. A New Paradigm of Seciocultural Innovationi

A. THE CONTRIBUTION OF SAHLINS
AND SERVICE

Evolution is usually dingrammed as a tree with the trunk representing the “mnain
line™ of progress, as though the advance from the lighest form af one stage to the
new form at the next were phiylogenetically continnous. 1t is an inappropriate and
misleading picture, however, and the recognition of the discontinuity of advance is
an important element in the undersianding of some major probilems.

{Sahlins & Service, 1960, p. 97]

Sahlins and Service’s book, Evolution and Cultire (1960), is an important
contribution to the theory of quantum social change. This treatise identifies
two key rules governing change in cultural systems that foreshadow the
central premises of punctuated equilibria introduced by Eldredge and Gould
nearly a dozen years later.  Sahlins and Service call these rules the Principle
of Stabilization and the Law of Evolutionary Potential. These rules repre-
sent a significant break from Darwinian iradition in cultural studies and
suggest a different mode, locus, and tempo of evolutionary change.

The Principle of Stabilization asserts that “a culture at rest tends to remain
at rest” (Sahlins & Service, 1960, p. 54). The authors note the following:

A cuiture is an integrated organization of technology, social structuzre and philosophy
adjusted to the life problems posed by its natural habitat and nearby and often com-
peting cultures. The process of adjustment or adaptation, however, inevitably in-
volves specialization, a one-sided development that tends to preciude the possibility of
change in other directions, to impede adaptive response to changed environmental
conditions. While adaptation iscreative, itis also seif-limiting, The tendency toward
stability is, empirically speaking, thoroughly familiar to anthropologists. The his-
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toric, archacological, and ethnographic records attest to numercus instances of the
persistence, “survival,” or “inertia” of cultural traditions, particular cultures and
elements or traits. {pp. 53~-54)

This corolfary of the Principle of Stabilization is well demonstrated by the
numerous field studies of “adaptive” evolution mentioned earlier in which
the successful adjustment of cultural components 1o external pressure with-
out development of true technological or social innovations is docu-
mented. Sahlins and Service themselves suggest several examples of the
operation of this principle, including the stability of food procurement tech-
niques at the end of the Pleistocene in Furope, the adaptation of the Siberian
Yakut to northeastward migration, and the elaboration of wampum use by
the Iroqueis to maintain confederacy organization.

The Principle of Stabilization may represent an original anthropological
contribution to evolutionary theory. The notion that central populations
tend to remain genetically stable over long periods of time does not appear to
have been a prominent concept in evolutionary biology in the late 1950s nor
did the authors borrow this perspective from the then-embryonic field of
systems theory. Rather, it appears that Sahlins and Service developed this
principle as a resuit of observing records of human behavior,

Sahlins and Service moved beyond recognition of cultural stability to
define the locus of true cultural innovation. The Law of Evolutionary
Potential states:

The more specialized and adapied a form in a given evolutionary stage, the smaller is
its patential for passing to the next stage, Another way of putting it which is more
succinct and more in conformity with preceding chapters is: Specific evelulionary
progress is inversely related to general evelutionary potential. (p. 97)

Several important corollaries of the Law of Evolutionary Potential are iden-
tified by Sahlins and Service. These include:

1. The local discontinuity of progress.  As the result of stability, ancestral
lines will not typically give rise to new forms of organization. The
emergence of new grades of development is more likely to occur in
areas that are removed or separated from the ancestral type.

2. The privilege of backwardness, Cultural innovation is more likely to
be created or adopted by societies or groups that are not as energetically
advanced as the dominant cultural form of the time. Such “back-
ward” groups may have more to gain from the adoption of new social
or economic structures and less vested interest in the current dominant
structure.

3. Thedirect relationship berween rate of change and extent of disconiinu-
ity. The more rapid the process of change, the more distance will
separate dominant ancestral populations from those less dominant
groups engaged in innovation.
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The operation of these corollary principles is described in a number of
fascinating examples, including the occurrence of a socialist revolution in
Russia, the development of a cult of youth in the People’s Republic of China,
and the rapid development of a strong industrial economy in the United
States.

The Principle of Stabilization and the Law of Evolutionary Potential
closely parallel basic concepts in the punctuated equilibria model developed
by Eldredge and Gould. The Principle of Stabilization is similar to the
punctualist tenet of genetic homeostasis in central populations. *“The norm
for a species during the heyday of its existence as a large population is
morphological stasis, minor non-directional fluctuation in form, or minor
directional change bearing no relationship to pathways or alteration in sub-
sequent daughter species” (Eldredge & Gould, 1972, p. 117). While Sahlins
and Service did not identify specific mechanisms of social homeostasis, the
punctuated equilibria model provides some useful insights into such causes
and mechanisms (punctualist contributions in this area were discussed in
Section 111D,

Sahlins and Service’s Law of Evolutionary Potential also bears some re-
semblance to the punctualist notion that speciation occurs in small subpop-
ulations which are isolated from the main ancestral body. However, in their
analysis of those cultural loci holding most potential for change, Sahlins and
Service used the criterion of specialization, or narrow adaptation to a partic-
ular niche, as & marker of low innovative potential. Sahlins and Service
argue that narrow adaptation to a specialized niche would militate against
change that might allow the exploitation of a new resource base, while the
generalized ability to exploit a variety of resources might permit creative new
economic techniques to be developed and adopted. This essentially Dar-
winian argument emphasizes relative “adaptive fit” to environmental con-
ditions as the most important factor contributing to evolutionary success.
While this adaptive scenario may indeed emerge as an important considera-
tion in particular cases of culture change, we will argue here that the distinc-
tion between specialized and generalized adaptive sirategies may not be the
single mosi critical marker denoting potential for quantum transformation.

B. THE PUNCTUALIST MODEL OF CULTURAL
EVOLUTION

[The) underiving “rules” which seem to govern the behavior of entities so diverse
as a digital computer, living organism, or a sociocultural systent are more than
simple analogies. Delineating the similarities among these different linds of
systems is . . .« Jorm of generalizing or of abstraciing basic realities.

{Watson et al., 1971, p. 65]
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Important parallels between evolutionary processes in biology and cul-
tures have long been noted (Huxley, 1956; Sahlins & Service, 1960). Some
writers suggest that these similarities may actually be homologies (Roosevelt,
1910). Culture is, after all, a biobehavioral extension of the earth’s domi-
nant life form and thus may be subject to the influence of certain basic
developmental laws that affect all life as we know it. Indeed, general systems
theorists examine behavior and structure at all levels of complexity for
underlying systemic principles. The ubiquitous application of certain
mathematically isomorphic models (such as the second-order differential
equation system) across a wide range of disciplines (from physics to physiol-
ogy and ecology) attests to the existence of underlying unities (Rappaport,
1972). Although the existence of isomorphisms in biological and cultural
phenomena have been noted (Weinberg & Weinberg, 1974), the early age of
general systems theory as an analytic tool suggests that it may be more
productive to explore both the positive and negative aspects of such analo-
gies (Bunge, 1981) rather than attempt to force phenomena into the same
mold.

Within the restrictions that must govern application of all analogue
models, the concept of punctuated equilibria may serve as a framework for
developing a new paradigm of sociocultural evolution. This paradigm
draws not upon gradualism and “adaptive fit” but utilizes concepts derived
primarily from population genetics and from systems theory to explain
homeostasis and its functioning in groups of varying size and structure.
These concepts may provide a more robust analytic tool in the explanation
and prediction of modern social change. The major features of a new
punctualist paradigm of cultural evolution are described in the remainder of
this section,

Formation of Peripheral Isolates. The cutting edge of cultural evolution
may be forged through the action of social subsets, or small organizational
forms, which have been “peripheralized” through the “push”™ of forces
within a larger, more dominant organizational system. Peripheral isolates
in human cultures may be formed as economic, social, and political pres-
sures within the optimal environment generate sufficient motive force to
trigger “out-migration” and exploration of “marginal environments.”
Such “environments” are not simply spatially defined but may include
exploration in the worlds of new ideas, technologies, and sociocultural life-
styles. The most important consideration here is that the isolate group
should exist in an environment at the boundary of the dominant group’s
sphere of influence that is less favorable than that of the dominant group.
For human societies isolation may, therefore, be geographic (e.g., coloniza-
tion of a frontier), economic (e.g., developing nations in the world market
system), or philosophic (e.g., sectarian religious or political ideologies).
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The initiation of human peripheralization probably involves forces of
“motivational pull™ as well as “push.” Indeed, a most interesting explora-
tion would center upon the common characteristics of cultural innovators
that form the leadership of such isolates. For example, it has long been
noted that frontier-opening human populations frequently contain a dispro-
portionate number of “super-fit” individuals (i.e., individuals with greater-
than-average physical stamina or intellectual capabilities) (Tanner, 1978),
A partial cause of this nonrepresentative sample may be that the frontier
experience attracts individuals with certain physical and mental characteris-
tics. In the optimal environment, these individuals may not have received
adequate challenge or stimulus or they may have experienced sociopsycho-
logical stress from actions associated with the display of their physical and/or
mental prowess.

It is clear that the individuals who form the core of peripheral isolates
manage somehow 1o escape the norms of canalization which restrict the
behavior of their less-adventurous colleagues. The “‘sociological deviance”
of such individuals must, therefore, be considered in a new light; from a
punctualist perspective, such deviants may be an indispensable ingredientin
the innovation formula and attempts to normalize their behavior probably
reflect the force of social inertia.

Size and Variability of Peripheral Isolates. From a punctualist perspec-
tive, innovating peripheral groups in human populations are expected to fall
within a certain size range — large enough to provide the “critical mass” of
knowledge and resources necessary to maneuver in the suboptimal region,
but small enough to permit the many advantages associated with flexibility
(i.e., rapid rearrangement and/or increase of advantageous components or
activities). The innovating human isolate should derive from its parent
group most of the basic knowledge, concepts, skills, and resources requisite
for major new forms of organization or technology. The isolate group—
because of small size, random factors, and hostile environmental pressure
— will then recombine these concepts and resources in totally new ways,
triggering quantum social change.

Isolation of the Peripheral Population. In human societies, the model
predicts that it will be necessary for isolate groups to maintain a separate
identity from the parental population until major innovation is well consoli-
dated and has proved successful {i.e., the isolate group has proved capable of
self-maintenance and is more productive and efficient than the ancestral
form). The punctualist model predicts that too close an interaction between
the isolate form and its ancestor before quantum change has been stabilized
will lead to resorption and a dampening of innovative action.
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Buffering of Subpopulations versus Exposure of Peripheral Groups.
Large, dominant organizations will possess a varied array of strategic re-
sources that will tend to shelter all of the subgroups operating within the
primary system. Frontier-opening isolates, however, will be cut off from
such protection and will have to stand or fall on the basis of their inherent
abilities. The direct exposure of peripheral groups to harsh external condi-
tions without benefit of extensive buffering mechanisms means that most
human peripherals will not be able to withstand isolation for periods long
enough to consolidate real change. Most human peripheral groups will faii
1o survive in the suboptimal zone and will either disintegrate, be resorbed
into the main population, or continue to struggle along at very low densities.

Stochastic Nature of Success. Dominant sociocultural systems will inad-
vertently generate a continual flow of isolate-forming subgroups. Each
isolate will constitute a unique “social experiment” and most of these will
ultimately fail to achieve lasting change. Success may not be predicted on
the basis of forecasting models which consider only a few variables. The
future success of such groups will depend upon an extremely complex inter-
play of individual attributes (especially the knowledge-related characteristics
of the participants), external forces, and random factors. While the mode
and locus of change may be predictable, the future of any particular isolate
certainly cannot be predicted given the current state of knowledge in the
social sciences.

Rapid Change in Suboptimal Areas. 'The model predicts that quantum
cultural shifts will occur in very short periods of time, somewhat akin to the
“gualitative leaps” predicted by Hegelian dialetics or the “socialist revolu-
tion” yearned for by Marxist - Leninists. Once stasis has been disrupted and
a new homeostatic balance has been achieved by the isolate, it will be impos-
sible to stuff the quantum change back into its cultural womb. A successful
innovation will assert itself and, where human culture is concerned, the true
innovation is very likely to change the rest of the world as well. The ability of
human innovation to permeate and transform older systems is one of the
most important distinctions between social change and genetic change asso-
ciated with speciation.

V. Examples of Punctuated Equilibria
in Techno-economic Change

An important tradition in evolutionary anthropology has been a theoreti-
cal and empirical emphasis upon techno-economic components of cultural
systems. Such components were viewed by Leslie White (1949) and Julian
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Steward {1955) as critical subsystemns linking human populations to their
environments through energy and resource flow and serving as the “bage”
for other system components that organize and rationalize the techno-eco-
nomic moede of production. Too frequently, perhaps, the evolutionary
school has concentrated exclusively upon the role of techno-economic sub-
systems as the motive force driving change throughout cultural systems
without paying proper attention to the positive feedback cycles that may
originate within socio-organizational or ideological subsystems and serve as
an “initial kick™ to major systemic change. For example, the emergence of
state-level societies does indeed require a minimal food production base, but
the forces that stimulate state formation may be closely tied to acts of mutual
aggression and the establishment of political alliances between groups in
circumscribed environmental regions (Carneiro, 1970). A new form of
techno-economic base is not necessarily required for the support of state-
level civilizations, although the formation of states often has a profound
impact on food production systems.

The systems approach to cultural anthropology provides a framework that
demonstrates the importance of relationships between cultural components,
permitting escape from the sterile notion of material determinism and ena-
bling researchers to analyze dynamic interactions of techno-economics, so-
cial structure, and value subsystems, all of which must participate in quan-
tum change to rew grades of organization. Within the framework of a
systems approach, techno-economic subsystems may continue 1o serve asa
uscful focus of investigation. While such subsystems are not the sole deter-
minants or markers of new organizational grades, change within the techno-
economic base has set the stage for major cultural advance throughout the
history of humanity, and certain forms of social organization are quite
impossible without an adequate energetic foundation (e.g., industrial capi-
talism could not arise de novo in a hunting and gathering society).

Two cases of techno-economic change that illustrate some of the primary
features of a punctuated equilibria paradigm will be presented in the next
section. Thisdiscussion is not meant to serve asa test of the model. Rather,
the purpose of presenting these ¢xamples is to demonstrate the potential
applicability of the punctualist paradigm.

A. ORIGIN OF FOOD PRODUCTION IN
THE NEAR EAST

The transition from hunting and gathering to food production was a
profound techno-e¢conomic transformation in the development of human
culture. This revolutionary change, which occurred independently in the
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Oid and New Worlds around 10,000 B.c. and 4000 B.c., respectively, pro-
vided the foundation for stable, sedentary communities, for substantial in-
creases in population density, and for complex forms of sociocultural organi-
zation.

Archaeologists have concentrated an enormous wealth of physical and
intellectual resources on discovering the processes by which agriculture
emerged. A prominent hypothesis advanced by Kent V. Flannery (1969) to
explain plant production shares many features with the punctuated equilib-
ria model. Although the archaeological evidence is not entirely conclusive,
Flannery’s hypothesis is consistent with the majority of archaeological data
now available.

Flannery was influenced by the work of Lewis Binford (1968), who argued
that causes cited earlier as the impetus for agricultural innovation (e.g.,
Childe’s use of climatic change, 1937/1951) were inadequate and unsup-
ported. Binford was particularly unimpressed with Braidwood’s notion
(1975} that domestication began in the Hilly Flanks region of the Fertile
Crescent where potential domesticates already existed. Although there is
evidence that hunting and gathering groups did exploit the rich environ-
ments in which future domesticates grew wild (and indeed these people
gathered wild cereal grains and probably understood sced germination),
Binford asserted that populations would not be likely to adopt a new eco-
nomic system in the absence of severe pressure todoso. Rather, the hunters
and gatherers in optimal ecological zones would maintain their population
densities at carrying capacity, thus relieving the pressure to adopt new eco-
nomic modes, by “budding off” daughter populations to surrounding
areas. Binford suggested that the origins of agriculture might be found in the
marginal environments invaded by the daughter groups that were pushed
out of the optimal zone.

Flannery {1969) built upon Binford’s arguments, noting that extant hunt-
ing and gathering populations can easily extract sufficient calories from wild
foods “without even working very hard.”” Even the Kung of the Kalahari
Desert may be able to obtain an average of 2100 calories per person per day
through the efforts of an average 3-day workweek (Lee, 1968). Flannery
cited the field experiment performed by Harlan and Zohary (1966) in which
Harlan, equipped with only a flint-blade sickle, was able in I hour to gather
1 kg of edible wheat from wild stands in the Hilly Flanks. Flannery judged
that during the 3-week period in which wheat must be harvested in the Hilly
Flanks a family of experienced gatherers could collect an entire year’s supply
of cereal. Such abundance, argued Flannery, would generate tremendous
inertial forces that would preclude agricultural innovation in this rich and
diverse environment. _

On the other hand, the Flanks are bordered by less favorable environ-
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ments that could receive overflow population from the optimal zone. Flan-
nery contended that it was in the surrounding marginal areas, lacking wild
forms of grain, that human populations first began the regular cultivation of
plants and domestication of animals.

According to Flannery, population pressure and varying resource avail-
ability in the preferred environment would propel groups of hunters and
gatherers inio the marginal regions. When climatic conditions were less
favorable, population pressure would be strong and continuous, causing
bands to flow from the optimal core area into peripheral zones. Increasing
population density in the marginal environment would be a strong incentive
to experiment with new production techniques. Groups existing under
such conditions and possessing knowledge of wild cereals and their domesti-
cable properties would have attempted to recreate the tush stands of wheat
growing wild on the Hilly Flanks by sowing seeds obtained from the ancestral
population (Flannery, 1965).

Once such experiments proved successful, selection would favor groups
that expanded cultivation and concentrated energy on sowing, tending, and
reaping cereal grain crops. Flannery (1969, 1973} suggests that, during this
period of increasing cultivation, humans themselves became selective agents
for rapid genetic changes in the cereals (e.g., by selecting grains with tough
rachises and brittle husks, both necessary characteristics of high-yield do-
mesticated cereal crops). Removal of these plants from their native envi-
ronment also subjected them to new selective pressures and resulted in
genetic changes such as polyploidy, thereby producing the domesticated
cereal types of modern times. These genetic changes increased the yield of
grain crops, establishing agriculture as a superior techno-economic system
and contributing to its rapid adoption by other groups and diffusion to
contiguous regions.

The parallels between Flannery’s hypothesis and the punctuated equilib-
ria model are striking. These parallels include:

. Systemic inertia of ancestral populations;

2. Population “push” leading to the spin-off of peripheral isolates into
marginal zones;

3. Quantum change originating in the marginal area;

4. Peripheral group carrying all basic components necessary for develop-
ment of a new economic system; and

5. Very rapid change and re-establishment of homeostasis at a new level
of organization.

This example of techno-economic transformation, which developed
under the influence of Flannery’s system-thinking, demonstrates the value
ofevolutionary vision that reaches beyond phyletic gradualism. Innovation
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was not bound within the confines of a slow, adaptive response to environ-
mental change (see Childe, 1937/1951) nor did change occur in the region of
surplus resources where Braidwood (1975) logically expected it.  While
population pressure in the ¢central zone was an important environmental
stimulus to innovation, the unexpected genetic changes which humans
wrought in the cereal grains were probably an equally important, if not the
critical, trigger to a massive positive feedback cycle that continually re-
warded increasing investments in agricultural activity. Thus a complex
interplay of population dynamics, environmental conditions, human cre-
ative vision, and random factors combined to generate a qualitative eco-
nomic shift that changed the history of life on earth.

There are some important differences between this example of human
innovation and the events which trigger speciation, but even these differ-
ences only serve to highlight other parallels. For example, genetic change is
conditioned by the new, unique combination of genes in subgroups invading
marginal zones, while quantum change in culture will depend upon the
availability and utilization of knowledge-related attributes. Yet, as in the
case of speciation, the hunter -gatherer bands invading suboptimal zones
were “preadapted” to innovation. The assumption of preadaptation is
derived from data available on extant hunter-gatherer populations; such
groups typically understand that secds generate plants, and they may even
sow some seeds in order to make stands more accessible to human collection
(Flannery, 1965). In fact, thereis evidence (Hole & Flannery, 1967; Solecki,
1964) that preagricultural people already possessed some of the technology
requisite for cereal grain consumption (e.g., grinding stones and storage pits).

The idea that wild plants grow from seeds which can be sown to produce
more plants was a discovery whose precise origin among hunting and gather-
ing people will probably never be determined. Like genetic mutations, such
ideas probably arose repeatedly and in many different places. The ultimate
utility of such an idea was conditioned by the existence of environmental
“pull,” just as a new mutation wilf only confer selective advantage under
special environmental conditions.

Future archaeological research in the Near East might test the validity ofa
number of predictions generated from the punctualist framework. For
example, the punctualist perspective predicts:

1. The initially smailer size of marginal bands invading peripheral zones
compared to typical hunting and gathering bands in the Hilly Flanks;

2. Weaker links (e.g., trade) between peripheral bands and the ancestral
group than between bands within the ancestral population; and

3. An array of alternative futures for spin-off populations, including re-
sorption, or continuing marginal survival in the suboptimal zone with
a hunter ~gatherer economy.
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Archaeologists themselves can formulate stronger and more appropriate
hypotheses for testing on the basis of the punctualist paradigm. Transfor-
mation in human societies is dependent upon knowledge generation and
knowledge reproduction subsystems (i.e., the creation of new ideas, the
original synthesis of knowledge, new applications of knowledge, dissemina-
tion of information), Although such subsystems do deposit remains in the
fossil record (technologies, settlement patterns, population densities), it is
evident that the fullest appreciation of knowledge-related processes involved
in quantum change will only be gained by field observation of extant human
societies. Therefore, the next example focuses upon contemporary techno-
economic change.

B. TECHNOLOGICAL INNOVATION IN MODERN
INDUSTRY

I believe guite stmply that the small company of the future will be as much a
reseqrch organization as it is « mamifacturing company, and that this new kind of
company is the frontier for the next generalion.

[Edwin Land, founder of Polaroid, 1946; see Jacobs, 1982, p. 35]

Technological innovation is a primary motive force driving modern in-
dustrial economies (Kelly & Krantzberg, 1978). Industrial innovation —
including the generation of new ideas, the development of prototype models,
and the commercialization of new products and processes —Is the force that
generates productivity improvement, holds down costs, and stimulates mar-
ket demand, Al of these effects contribute to economic growth and the
creation of new jobs.

In the United States, technological innovation is both a serious economic
problem and an exciting socioeconomic phenomenon, On the one hand,
sluggish productivity growth in several basic manufacturing industries (e.g.,
steel, motar vehicles, textiles) has riveted the atiention of federal policy-
makers on the failure of these industries to adopt existing technological
innovations and develop new technologv-based products. These basic in-
dustries are virtually stagnant, creating very few new jobs and frequently
failing to record a profit.  On the other hand, many observers of modern
American life have proclaimed that the nation has entered an era of techno-
logical revolution {Boulding, 1964; Drucker, 1970; Toffler, 1970). This
claim 1s based upon burgeoning technological change in the areas of tele-
communications, information processing, artificial intelligence, and genetic
engineering. The so-called high technology industries operating in these
fields display strong growth profiles; such industries are vigorous competi-
tors in the iniernational market, they show impressive performance in the
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areas of employment and return on investment, and they are aggressively
developing and commercializing ingenious products that are already alter-
ing the nature of our entire society (Joint Economic Committee, 1982).

While technological change has always been an essential component in the
process of industrial development, it appears that the current technological
revolution may be driven by a new type of company. These new advanced
technology firms are science-based. Science-based firms are distinct from
firms in more traditional industries in a number of ways. First, they placea
high priority upon research and development (R&D) and invest a dispropor-
tionately large percentage of their revenue in such activities relative to other
areas such as marketing and production (Jacobs, 1982). Science-based
companies employ large numbers of Ph.D.s and skilled technicians; in fact,
scientists and inventors are frequently founders and owners of such firms.
Secondly, recent investigations (Freeman, 1974; Tornatzky et al., 1982)
suggest that such firms display higher research productivity than non-
science-based firms with large in-house research and development opera-
tions (e.g., they generate a larger number of patents per dollar of research and
development expenditure). Such firms also have been found to coniributea
disproportionately large share of seminal inventions (Hamberg, 1964;
Jewkes, Sawers, & Stillerman, 1958; U.S. Dept. of Commerce, 1967).

Science-based firms also differ from traditional industries in their use of a
business strategy that uniquely combines “technology push™ and “market
pull” considerations. Naturally, the scientific entrepreneurs owning and
managing these companies are motivated to maximize return on invest-
ment, but they are usually seeking something more than profit alone. Fre-
quently, they have been personally involved in the development of a radi-
cally new product concept and their marketing strategy is a means of
realizing their vision that this new concept will succeed and may even
“change the face of the earth” (Jacobs, 1982). Partly as a result of this vision
and drive, small science-based companies often take risks that other busi-
nesses will not dare. In many cases, these risks have paid off and small,
scientifically oriented firms have been responsible for major contributionsin
the establishment of whole new industries in fields ranging from radio and
chemicals to office copiers to semiconductors and amorphous materials
(Freeman, 1971; Jacobs, 1982; Shimshoni, 1966, 1970).

The emergence of a new type of industrial organization and the important
impact of these firms on modern sociceconomic structure and the quality of
life may indeed warrant the view that science-based firms constitute a signifi-
cant culturalinnovation. Although we stand only upon the threshold of the
“technological revolution™ and cannot foresee the ultimate effects of com-
puter technology, artificial intelligence, and gene-splicing upon future gener-
ations of humanity, it is conceivable that in retrospect the science-based
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industrial organization will be judged a critical agent of quantum transfor-
mation in the economy, social structure, and vaiue systems of modern
culture. Such speculation is even more fascinating when the emergence of
science-based firms is viewed from the perspective of a punctuated equilibria
model of culture change. We will now describe the major features of a
punctualist view of technological innovation.

Technological Inertia in the Large Company. Homeostatic forces in
large, mature firms, even those with substantial in-house R&D opera-
tions, may prevent such organizations from developing and exploiting radi-
cal new product concepts (Tornatzky et al,, 1982). Recent investigations
show that large firms typically will not commercialize a product ifit has only
a narrow, specialized market (Freeman, 1974; Jacobs, 1982). Such compa-
nies require the lure of large markets to justify R&D expenditures, so that a
radical new technology with profound petential but a small initial market
niche will not meet quarterly “bottom line” objectives and will be ignored by
company decision makers. In fact, large companies may actually suppress
their own R&D results or buy and sequester the rights to new products
developed elsewhere in order to ensure that the product does not reach the
markeiplace (Freeman, 1974).

These considerations suggest that in large companies, even those that are
technology-based, decision making is concentrated in the hands of individ-
uals whose focus of concern is return on investment rather than technologi-
cal innovation per se. Such organizations have enormous capital invest-
ments in existing product lines and more attention is probably paid to the
profitability of these lines with an avoidance of new, high risk ventures
(Freeman, 1974; Jacobs, 1982), While such companies typically employ
scientists and possess sophisticated R&D facilities, the objective of such
operations is more likely to be improvement of existing products rather than
development of entirely new product concepts.

Formation of the Small Science-based Firmi. Major technological ad-
vance may be forged by small groups of scientists who are both “pushed” and
“pulled” out of large research organizations to enter unstable, high risk
market niches, A substantial body of hterature shows that many new ad-
vanced technology companies emerge as a result of spin-off from existing
firms (Joint Economic Comrmmttee, 1982). In fact, entire new industries
frequently begin in this way (Jacobs, 1982). Typically, scientists, engineers,
and technicians working in a large industrial laboratory or in a number of
different research establishments (e.g., a government laboratory or univer-
sity) will develop an idea for a product which they are unable to commercial-
ize within their employing organizations. Financial policy in their home
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operation or regulations governing entrepreneurial behavior of employees
may “push” these inventors out of the place in which their idea was devel-
oped. “Motivational pull” is another factor contributing to the formation
of such companies. The founding group of inventors often have “a solution
in search of a problem” (i.e., they have developed an exciting new technology
which as yet has no market). The inventors decide to leave their home
company, lured by the personal profit that will accrue to discovery of an
appropriate “problem”™ (i.e., market) for their product concept. Signifi-
cantly, such individuals frequently have personality attributes that motivate
them to achieve success through the development of unique ideas (Jacobs,
1982; Tornatzky et al., 1982).

In keeping with the punctualist paradigm, the founders of small science-
based firms generally carry with them most of the basic technical knowledge
and concepts needed to develop new products. It is also important to note
that the “microenvironments” entered by these groups of entrepreneurs are
generally hostile, being characterized by lack of critical resources (capital
availability), predator stress (threat of acquisition by a large company), and
strong competition from other groups of entrepreneurs.

Size and Variability of the Small Firm. Although the small science-based
company must possess a “critical mass” of variable skills and resources
(ideas, technical expertise, marketing skill, and venture capital), it must also
remain small enough to realize a number of important advantages associated
with small, “organically” (vs. mechanistically) functioning organizations
(Kelly & Krantzberg, 1978; Tornatzky et al., 1982). Clearly, the number of
owners and workers in small research-oriented companies is less than the
number of such individuals in large firms and gives a nonrepresentative
sample of employees in large manufacturing establishments. The high con-
centration of Ph.D.s, technicians, inventors, and entrepreneurs in science-
based firms has been noted previously. Yet in spite of, or perhaps because
of, the concentration of a few unique skills in a small number of highly
motivated individuals, these companies display several significant advan-
tages over traditional manufacturing establishrents.

Recent investigations have shown that small firms are able to maneuver
more quickly in markets in which technology is rapidly changing; they can
make decisions, reorganize priorities, and change strategics more rapidly
than large bureaucratized companies. Such advantages are likely to derive
from the close and informal association of owners, scientists, and marketing
experts that facilitates communication and permits the close coordination
and rapid trial of new strategies necessary for tight maneuvering in turbulent
markets. In fact, the physical proximity and personal relationships of scien-
tists, inventors, and business people in the small firm effectively “couples”
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the typically diffuse stages of the innovation process (i.e., invention, proto-
type development, and marketing) and may significantly reduce the time
normally required to move an idea from the formative stage to the market-
place.

Isolation, Exposure, and Success. The spin-off of inventors and entrepre-
neurs from industrial R&ID departments, government laboratories, and uni-
versities causes a loss of protective buffering and more direct exposure and
rial of the new group’s capabilities. In large organizations, research groups
are at least partially supported by general corporate funds that flow from
revenue-generating operations. Short- or intermediate-range periods of low
productivity for such groups do not usually result in their dissolution or in
the firing ofindividuals. Large corporationsare able to continue support for
such research groups from the massive financial resources that are avail-
able. When a group of individuals leaves the corporate nest, however, they
lose the proteciive financial buffering of a large financial empire and must
survive or fail on the strength of their own skills in the marketplace. Imme-
diate and direct exposure to the market effectively eliminates most small
companies in a very short period of time—90% of all small firms declare
bankruptcy within their first four years of operation {Dun & Bradstreet,
1980).

Unlike peripheral demes, however, successful small firms may face an
increasing danger of resorption or premature splitting. Large corporations
are constantly scouting for aggressive voung firms to acquire and for suceess-
ful inventors and entrepreneurs to hire.  Young science-based firms also
experience splits of their own as individual partners decide to take the ideas
and run. The peripheral field for advanced technology companies is thus
tremendously unstable, and only a very few of these business “experiments”
survive to become truly innovative forces.

Rapidiry of Uptake. The punctuated equilibria model predicts that those
few successful experiments in technological innovation will experience rapid
growth and diffusion. New technologies may totally replace older ones
within a generation or, even more spectacularly, whole new industries can be
spun off from ancestral organizations (Jacobs, 1982). The success and
expansion of human innovations will differ significantly from that of newly
evolved species, which are prevented from sharing their unique genetic
“discoveries” with ancestral populations by the action of isolating mecha-
nisms, Cultural innovations are distinct because they are capable of rapid
uptake by organizations other than the one giving them birth, including
uptake by parental groups which may be totally transformed in the diffusion
Process.
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V1. Conclusion

One of the virtues of the evolutionary view is that, move than any other perspective,
it makes the concerns of cultural anthropology divectly relevant to modern Iife in
the furure.  As Tylor once put i1, it is the “knowledge of man’s cowrse of life, from
the remote past (o the present,” the study of the evoluwtion of culture, that will
enable us 1o forecast the future.  The modern social sciences, now that they are
almost exclusively nontemporal, or functional, have not been able (o help us to
Judge the fiture and thus guide our actions and defiberations in relation to modern
political problems. The past-as-related-to-the-funire has long since been lefi 1o
dogmatic Marxists or to the more respectable but nevertheless equally non-scien-
tific “universal” historians, such as Brooks Adams, Spengler, Huntingion, and
Tovnbee,

[Sahlins & Service, 1960, p. 94]

Anthropologists and other social scientists have tended to view changeasa
diffuse phenomenon, occurring continuously and affecting all components
of sociocultural systems. Cultures have been viewed as gradually evolving
through internal adjustment to structural strain, through imperfect and
incomplete enculturation processes, or as a result of adaptation to external
pressures and cross-cultural diffusion. In this chapter, we have drawn a
distinction between the gradual fluctuations required to maintain homeosta-
sis and the change that disrupts an equilibrium state and leads to the emer-
gence of new forms of socioeconomic organization. The punctuated equi-
libria model views the peripheral isolate as a primary vector of quantum
culture change. This paradigm has the power 10 organize and rationalize
what would otherwise appear to be disparate facts about prehistoric and
contemporary technological innovation processes.

Many questions are raised by this analysis. To what extent can it be
formalized in mathematical or computerized form? In a later chapter (see
Chapter 10, this volume), Zeigler and Baba develop a rationale for systems
modeling and simulation of sociocultural research hypotheses. Modeling
and simulation of isolate formation may enable social scientists to test the
futures of social experiments conducted under varying conditions and de-
termine the markers of evolutionary potential.

What type of research program must be formulated to adequately test the
validity of the punctualist paradigm? Perhaps more so than for any other
field of social investigation, quantum change requires a unified, interdisci-
plinary approach to data gathering and analysis. Archaeology is well suited
to the investigation of major changes that have taken place in the past. The
punctuated equilibria model can be applied to analyses of several prehistoric
transformations, including the shift from prehominid economies to the ho-
minid hunting mode, the development of agriculture in the New World, and
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the emergence of the nation-state, Historians can also contribute to this
investigation through exploration of quantum change in the recent past (e.g.,
the development of modern industrial economy). In the study of current
social transformation, anthropologists, linguists, sociologists, and psycholo-
gists may determine whether the punctualist paradigm is applicable to pro-
cesses of change beyond the techno-economic domain. How do language
shifts occur? How and where are major new forms of social organization
prototyped and pioneered? Is the inventor—entrepreneurial personality a
constant factor in social change? What other personality types or individual
roles are critical in the process of social innovation?

What are the policy implications of punctuated equilibria? Iflarge domi-
nant systems are heavily committed to an established homeostatic eguilib-
rium, then there will probably be inherent systemic biases against radical
innovation. As culture evolves and dominant ancestors become larger and
more powerful, systematic inertia may actually inhibit or prevent successful
splitting of isolate groups. The dominant organizational form will certainly
maintain structural —functional relations which heavily favor the present
equilibrium state, creating pervasive, diffuse, and unconscious prejudice
against the isolate and rendering its viability all the more doubtful. Subtle
biases against innovation may be found in exploring the socioeconomic
environment in which small science-based firms operate. Small companies
are disproportionately affected by federal regulations and corporate tax
structure, and they face notorious difficulties in obtaining start-up capital
from traditional financial institutions. Corporate co-optation strategies are
also growing in strength as large companies seek new ways to attract and hold
entrepreneurs and inventors within their organizational domains (Rabert S.
First Conference, (982). Finally, and perhaps most significantly, small
R&DD firms developing radical new technologies (¢.g.. in amorphous mate-
rial or solar technologies) may find their most lucrative markets within
developing Third World nations or other non-Western economies. This
raises a serious question regarding the ability of mature industrial economies
in the West to adopt and implement such innovative technologies.

If the punctuated equilibria model truly highlights a focus, mode, and
temipo of change inherent in many life systems, then governmental policy
modifications may not be able to significantly alter the pattern ofinertia and
spin-off described in the examples presented above, However, it is possible
that ancestral systems will discover ways and means to infuse innovation and
nudge inertial systems toward critical goals and objectives. Government
can act to limit homeostatic mechanisms and to enhance countervailing
tendencies toward innovation. Antimonopoly suits and affirmative action
programs for small business may be examples of such tendencies toward
disruption of homeostasis. Constitutionally guaranteed liberties also give
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license to sociccultural and ideological experimentation. Universal educa-
tion enhances the potential of individuals to creatively exploit this license by
increasing the likelihood that new ideas will be generated by the few and
tolerated by the many.

At this point, we are surely not in a position to propose policies that will
promote quantum advance based on validated models. However, even now
the punctuated equilibria paradigm may sensitize social policymakers to
issues and opportunities not perceived from the conventional Darwinian
perspective. New species, once established, cannot be collapsed back into
their ancestral population because of stringent genetic barriers. Cultures,
however, have always been susceptible to penetration by new ideas, and we
may yet learn to perform guantum leaps as humanity continues to make
itself.
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