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Preface to the New Edition of 
Genes, Mind, and Culture 

Adventures on the frontier of science are blessed when supported by the gen
erosity and enthusiasm of friends. To this end our explorations of human socio-
biology have been abundantly blessed over the years. We were delighted when 
Stanley Liu, then Acquisitions Editor at World Scientific USA, suggested the 
time had come for Genes, Mind, and Culture to be available to a new genera
tion of students and scholars in the human sciences, in a form that would both 
respect the integrity of our original edition and survey the remarkable advances 
now reshaping the understanding of human nature in all its exuberant diversity. 
Our thanks go as well to Harvard University Press for supporting this effort 
with its permission to present our book intact in its 1981 published form. In 
particular, Claudia Buckholts of the Subsidiary Rights section at the Harvard 
University Press was outstandingly courteous, prompt, and effective in making 
the arrangements. 

As usual, the entire production staff at World Scientific has been deft and 
efficient throughout the project. The enthusiasm of Stanley Liu and of Joy Quek, 
our Production Editor in Singapore, has made possible this release of Genes, 
Mind, and Culture in time for the book's twenty-fifth anniversary in 2006. We 
have also been assisted in this by the prompt action of the many scholars who, 
after almost a quarter century, once again supplied their kind permission to 
show diagrams and illustrations from their published work. These individuals 
are acknowledged by name in the relevant Figure captions and text passages, 
and as needed in the new Acknowledgements section elsewhere in the text. 

Nicholas Woolridge, artist and scholar, colleague and friend, somehow 
found time amid the crush of teaching and research at the University of 
Toronto's Division of Biomedical Communications, and created the wonderful 
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new cover design for this edition of our book. Our warm appreciation goes as 
well to Amanda Ashford, who with boundless good humor managed the details 
of permission renewals and juggled its weekly flood of paperwork. 

The passage of the years has stilled voices we miss, including some of 
our book's supporters and some of its harshest critics. Iron sharpens iron, says 
Proverbs 27:17. Science at its frontiers is not an ebb of saccharine consensus. 
It is the crackle of argument and debate as discoveries and explanations are 
assayed and refined. The merits of the program laid out in Genes, Mind, and 
Culture still speak, in this regard, largely for themselves. We will be more than 
content if this new century finds herein some small part of the energy needed 
to grasp humanity's future and, with wisdom and humility, bring it about. 

Charles J. Lumsden 

Edward O. Wilson 
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FRONT ESSAY 

The Next Synthesis: 25 Years of 
Genes, Mind, and Culture 

by Charles Lumsden 

In 1975 the publication of a book by one of us (EOW) provoked an outburst 
of controversy. Entitled Sociobiology: The New Synthesis, the book surveyed 
the knowledge about social behavior in all forms of animal life, including 
human beings (Wilson, 1975). It proposed that this diverse knowledge could 
be rendered coherent in a simple way: by applying to it the ideas of Charles 
Darwin. Darwin's gift to the modern world was a fundamental truth about the 
source of form and action in living beings; as the generations flicker by, he 
saw, variation in form and behavior passes from parents to their offspring and 
allows some lines of descent to flourish more than others, so changing the plant 
and animal populations in our planet's ecosystems. 

Simple idea, profound implications. By the end of the 1960s, the power of 
Darwin's insight for behaviors directly beneficial to the individual had become 
clear. Still puzzling, however, was the prevalence across the animal world 
of behaviors and forms of group living — from the bustle of the honey bee 
hive to the relaxed pace of a Southern barbecue — in which living beings 
gather cooperatively, with common goals, rather than conflicting head to head 
for scarce resources. Could Darwin have gone astray with his assertion that 
heritable differences passed from individual to individual across generations 
are the wellsprings of evolution? 

No, Sociobiology was to argue, Darwin was correct: biological descent with 
modification is the key. However, the paths of heritable influence are, for social 
behaviors, more complex and subtle than could be envisaged in Darwin's time. 
To master them one must understand the mechanics of how differences are 
passed from generation to generation through genetic inheritance. That came 
later, starting at the dawn of the twentieth century and accelerating into the 
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1960s with new insights into cooperative social action. The origin of altruism 
is the effects an animal's actions have on its kin (with which it shares a certain 
portion of genetic material by way of common ancestors) and on other members 
of its species who can remember, and take into account, its past record of helping 
or harming them. Sociobiology was the first systematic attempt to take these 
new ideas — invented by pioneer evolutionists such as William Hamilton, 
Robert Trivers, and John Maynard Smith — and apply them to the full sweep 
of social living from tropical sea corals to the gorilla troops of the African 
rain forests. An exhilarating unity began to emerge from the variety of animal 
sociality. Just a few elegant ideas about biological evolution set out through a 
new science — sociobiology — placed the known forms of social behavior in 
a comparative scientific framework, and brought order to the diversity. 

Sociobiology, however, took a further step. It extended the comparative 
frame to include human beings. We were not to be a species apart; rather, all 
of human thought, feeling, and behavior in all their manifestations belonged 
together in one Darwinian science of human nature, which would be part of a 
larger evolutionary science embracing all forms of social life. It stated, flatly, 
that the human sciences, and by implication beyond them the humanities, the 
liberal arts, and perhaps even the arts themselves, are not free-floating realms. 
They are joined unbreakably to the hard sciences, to sociobiology especially, 
because we humans are evolved organic beings subject to the same processes 
of genetic variation and natural selection that created mind and sociality in all 
other organisms on our planet. Individual and species uniqueness — what it 
means to be human — would have to accommodate our biological heritage as 
well as our social history. 

Thus began the sociobiology wars. Although just a small part of 
Sociobiology's overall treatment of social evolution (29 pages of the book's 
697), the final chapter on humankind evoked strong dissent. Humans are human 
came the response from critics in the humanities and social sciences, so by their 
consciousness and free will are subject to culture, not to the (supposed) restric
tions of their biology. To hypothesize a role for genetic inheritance was nonsen
sical, so the claim went, and to propose a scientific search for the gene's actions 
in human mind and society was scientifically irresponsible, perhaps downright 
dangerous. (The tract by anthropologist Marshall Sahlins (1976) and the essays 
gathered in the volume edited by Arthur Caplan (1978) sample the rhetoric 
triggered by Sociobiology.) Now, I am not an historian of science, just an off
spring of the sociobiology wars. I am happy to leave the thick description of 
that boisterous period to those qualified to do so (Segerstrale, 2000; the second 
chapter of Lumsden and Wilson, 1983, and the sixth chapter of Pinker, 2002 
are also useful). However, in preparing this twenty-fifth anniversary edition of 
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Genes, Mind and Culture for the press (GMC hereafter), I cannot resist a few 
personal reflections on those turbulent years. Indeed, the appearance of GMC 
renewed and intensified many of the key debates brought on by Sociobiology 
and by On Human Nature (Wilson, 1978), the book in which one of us (EOW) 
answered the initial controversy with an extended reflection on human sociobi
ology and its meaning for humanity. I invite you, then, to step into an imaginary 
time machine and for a moment voyage back some thirty years to the university 
campuses and research laboratories of North America in the 1970s. 

Past 

From humanity's vantage point here at the dawn of the twenty-first century 
science, fresh from the first mapping of the human genome and steeped in 
brain scans that illuminate human mental activities ranging from speech per
ception to moral judgment, the mid-1970s seem a different age. With the advent 
of sociobiology, the evolutionary sciences were starting to place all forms of 
social behavior on a common ground. The behavioral sciences, centered today 
on the mystery of the human mind, were in the midst of a great thaw. For 
almost half a century, from about 1920 to 1970, the reigning paradigm in psy
chology had been behaviorism, the view that mental events, being invisible to 
the naked eye, were not observable and so "unscientific." Scientific psychol
ogy could be concerned only with behavior, which could be seen, and with 
how it responded to events in the environment. Genes, the quantum particles of 
Darwinian evolution might, according to this view, provide the animal's brain 
with a generalized capacity for learning, for responding to rewards and pun
ishments from the environment. The genes were otherwise of no importance 
in understanding how minds worked and how they came to resemble or differ 
from one another. 

Across much of the behavioral sciences of the 1970s, study of the mind 
was out of favor and genes (and evolution) largely ignored. From this scientific 
dead end (simply put: where to behaviors come froml) psychology, beginning 
slowly in the early 1950s edged past behaviorism and into the cognitive sci
ence revolution of the late 1970s and the 1980s (mind matters, not just behavior, 
and may operate like a computer program; you can't see the software inside 
your computer, but it makes a difference). By the mid-1970s psychology and 
the other behavioral sciences had begun their transition from icy exclusion 
of the mind over to a more consilient paradigm seeking to join brain biol
ogy, mentation, and behavior in one new discipline: cognitive neuroscience, 
the Ur-psychology of today. At the time of Sociobiology this sea change was 
barely in flood, and little had washed up on the quickly expanding shores of 
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evolutionary science. Many behavioral scientists were therefore ill-prepared to 
make sense of the idea that genes could shape the mind, acting with the envi
ronment to establish key regularities in social behaviors within and between 
species. The situation was especially acute for psychologists (the vast majority 
in North America at the time) working outside the largely European discipline 
of ethology, the science which studies animal behavior in realistic, natural set
tings from an evolutionary perspective (rather than animal behavior in artificial 
laboratory settings — the rat in a maze paradigm — from the perspective of 
behaviorism). 

The behavioral sciences and sociobiology did converge, however, at a cru
cial notion: that of learning, the ability of animals to modify their behavior 
systematically in light of experience. On Human Nature (OHN hereafter) scru
tinized the psychology of learning and explained how Darwinian evolution 
acting on genes could in turn mold an organism's proclivities for learning. 
Generalized capacities for learning would be important, OHN suggested, but 
there was a crucial modifier. Genetic evolution could steer the learning process 
toward certain ends by modifying the brain's learning circuits. This would exert 
a shaping force on individual behaviors and, ultimately, on the societal patterns 
rising from them. The conception was the learning rule, a statistical regularity 
of brain development shaped by the genes that made certain behaviors more 
likely to be acquired than others. Surveying human cultures, the author of OHN 
(EOW) was impressed by the concision with which complex human behaviors 
ranging from family systems to religious practice could thereby be connected 
to sociobiology, and thus to Darwinian principles. 

The response to OHN was, if anything, more strident than had been the 
reception of Sociobiology''s final chapter on humankind. In part, the sparks 
emanated from the tectonic energy of previously disparate sciences in collision 
for the first time. Where Sociobiology had taken a few tentative steps toward 
human psychology and social science, OHN argued straight out for the non-
independence of all the human arts and sciences, with Darwinian evolution as 
the common bond. Why the friction? Territorial primates for certain, career aca
demics enjoy their specialist turf and rarely appreciate outsiders. But this was an 
especially sensitive period for American belle lettres. War riven by the bloody 
combat in Viet Nam, North American campuses were scraped raw by pro- and 
anti-war debates that polarized citizens within and between generations. Inside 
its homeland borders, American society still reverberated from the civil rights 
and counterculture movements that caught fire in the 1960s as John Fitzgerald 
Kennedy, his brother Robert, and Martin Luther King Jr. fell to assassins' 
bullets and a steady stream of dead and wounded trickled home from the bat
tlegrounds of Southeast Asia. The toppling of the Berlin Wall and the collapse 
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of the post-Stalinist regime straddling northern Asia lay years in the future. 
In 1974, the year preceding the appearance of Sociobiology, the Doomsday 
Clock of the U.S.-based Bulletin of Atomic Scientists (www.thebulletin.org), 
the world's best known barometer of nuclear warfare tensions and threats to 
global security, crept forward to nine minutes to midnight, the hour of world
wide thermonuclear apocalypse. (In 2002 the Clock was advanced to midnight 
minus seven minutes; as of this writing another advance is widely anticipated 
as international tensions mount.) 

In this charged atmosphere some scholars and intellectuals saw 
Sociobiology and OHN as a threat to human freedom and dignity. How could 
humans be free to create a good and just future if tied to the dispositions of their 
genes? Genes were inert chemicals. That would mean humans are chemically 
programmed robots or genetic zombies without claim to morals or liberty. Not 
possible. 

The answer to this mistaken conception about gene action, about which the 
two of us have written many times starting with GMC, is the idea of empow
erment. The activity of genes during human brain and mind development is 
more accurately understood as a process that empowers individual learning 
and action, that is, it enables a selective, self-organizing assessment and choice 
of individual behavior (including learning behavior) toward self-selected ends. 
The genetic activity sets up a directed pattern of learning and development in 
each person's mind, ultimately sustaining the emergence of individual con
sciousness with its capacity for moral reflection, critical self-scrutiny, and 
choice. So we and, increasingly, others have argued over the past decades 
(Lumsden and Wilson, 1983; Findlay and Lumsden, 1988; Wilson, 1998,2002; 
Greene, 2003; Lumsden, 2004b, 2005). But at the time, the generalized learn
ing capacity implied by behaviorism seemed, to many, a more secure defence 
against a supposed tyranny of the genes than did the learning rules mapped 
out by OHN. It was not. Equipped only with a generalized learning capacity, 
humans would be "free" to be shaped and molded at whim by their cultures to 
arbitrary ends — a tyrant's dream. 

Another set of objections to OHN's consilient program did, however, hit 
home, and helped set us on our future course. Despite its recognition of learn
ing and genetically shaped learning rules, OHN still gave short shrift to the 
human mind; the focus in OHN's treatment of our species remained on exter
nal behavior, and so increasingly out of step with the now revolutionary changes 
happening in the cognitive neurosciences. Equally important, although OHN 
drew a bead on social behavior the mother lode of the humanities — culture, 
that skein of media, symbols, and information in which the mind swims from 
birth to death — was not clearly in sight. 

http://www.thebulletin.org
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At that time one of us (CJL) was completing doctoral work at the University 
of Toronto's McLennan Physical Laboratories, in the early theoretical physics 
of complex systems — systems in the form of vast weaving patterns of interac
tion among simple parts. Then as now these were considered prime models of 
how the nerve cell networks of the brain might work and how the skeins of sym
bols and communication within culture might operate. I say early, as against 
current, because that research scene seems as quaint today as does psychology's 
last fling with hard core behaviorism. In the mid-1970s the mathematical tools 
of complexity — fractals, for instance, and dynamical chaos—were brand new 
to scientists. A generation of somewhat puzzled physicists and biologists was 
just coming to grips with them (for a solid text see Peitgen et al., 1992). The 
nonlinear science gold rush of the 1980s and 1990s (surveyed in Cohen and 
Stewart, 1994; Sole and Goodwin, 2000) was still several years in the future. 
The computers used for scientific calculations still took up entire rooms. The 
internet was a just few years old. There was no World Wide Web. Databases 
defining whole genomes or nervous systems were tomorrow's dreams. The 
academic disciplines thought open to mathematical treatment using ideas from 
physics lay right about physical science itself: chemistry, and most parts of 
engineering maybe. Applications further afield were prone to raise, with a 
shudder, pejorative epithets like "social physics" and "physics envy," as if like 
oil and water the human sciences and the humanities could never mix with 
mathematics and its sciences. Polite ways of saying this used abstractions like 
the "incommensurable" nature of the various sciences and humanities, the 
absence of "covering laws" in one or another, and so on (the essays edited 
by Fiske and Schweder, 1986, provide a scholarly cross-section of the era's 
polarities on these issues). This was the period in which North American arts 
and letters felt the embalming grip of the so-called "poststructuralist" tradition 
in culture studies. Popularized on European campuses, especially in France, 
the manifestos of textual "deconstruction" pioneered by Jacques Derrida were 
particularly in vogue (Derrida, 1986, a work of singular wit and imagination, 
makes the Sirens' call sweetly audible even to the scientific ear). 

The effect of poststructuralism on the humanities and human sciences was, 
at the time we began work, almost as inhibitory as that of behaviorism on 
the psychological sciences, and for similar reasons. A narrow, extravagantly 
triumphalist agenda organized around the ideas of a few scholars displaced, 
for a surprisingly long period, an atmosphere in which diverse approaches and 
ideas were vigorously pursued. In short: "Keep out." Within poststructuralism 
(as earlier in behaviorism) mind and human nature again started to disappear, 
this time into a fog of self-reference rather than into a schedule of rewards 
and punishments. Language directed at the world gave way to language as a 
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self-enclosed game of intersubjectively negotiated meanings and significances. 
If the world was out there, it made little importance to the mind or to its his
torical precipitate, culture. Meaning, the nodal point about which turned the 
poststructural mantra, needed neither author nor world; it was free for the tak
ing through interpretation, a protean act of making by each new reader coming 
fresh to the world as text (or the text as world; take your choice). As such, 
deconstructive "culture studies" were prone to be stridently antiscientific, pos
tured to resist something called "totalizing discourse" — a label for ideas that 
popped the bubble of ad hoc interpretation and replaced it with methods that 
joined disciplines to one another, and Nature to human nature. 

A brief description of poststructuralism (deconstruction especially), such 
as the foregoing, makes it all sound so silly as to suggest I am simply testing 
your patience with parody. The deconstructive excesses of the time do strike 
one as silly, at least they do so me. Extended critiques are, fortunately, avail
able elsewhere and to those I must refer you for a more comprehensive and 
systematic treatment than my space allows here (the demolition job done by 
Ellis, 1989 is concise yet thorough; for strong surveys of deconstruction and the 
poststructural scene see Culler, 1982; Geertz, 2000; and Reynolds and Roffe, 
2004). My concern here will be with how the poststructuralist tilt of the 1970s 
humanities and liberal arts affected us as we began to discuss what, if anything, 
lay beyond On Human Nature if sociobiology was itself to evolve, and so deal 
productively with mind and culture. 

Two fruits of poststructural scholarship were important to us in a positive 
sense. First and foremost, if culture was (to borrow the title of Victor Turner's 
famous book; Turner, 1967) a forest of symbols then learning culture would be 
all about the mind's identification and interpretation of (that is, finding meaning 
in) these symbols. In other words, are there paths through the forest, and how 
does the mind find them? Learning rules, in the sense proposed in OHN, would 
have to act on this stream of identification and interpretation. This would be 
key to our approach. Second, we could not fault postructuralist arguments 
that culture and its symbols, construed as systems of meaning, are media by 
which individuals influence each other. Culture is, in part, about power. Without 
doubt some power relations liberate (those exerted by the teacher of calculus 
for example, or of Homeric Greek). But language, symbolism, culture, and 
memory formation can be means of oppression and repression too. By the 
1980s poststructural scholars were showing just how power-laden all language 
use is — even the languages used in specialized fields of scholarship. So doing, 
they raised to a new level of awareness the need for vigilance in how the arts 
and the sciences craft their texts and how they are used in human affairs. Our 
approach would have to balance the power relations among the ideas we would 
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import from many disciplines, in order to weigh the principal options for the 
evolution of human nature. 

Both of us remained convinced that the symbols, technical languages, and 
unique methods of mathematics should not be discounted despite poststruc-
turalist worries about physics envy and totalized (that is, systematic and well 
organized) thinking. Indeed, mathematics would be a central element of our 
approach. Alongside the studies one of us (CJL) had undertaken in the early 
mathematics of brain-like and culture-like patterns, the other (EOW) had with 
considerable success applied the mathematical methods of optimal engineer
ing design to understand how, within insect societies, the limited resources 
available to each colony could be made into colony members of various shapes 
and sizes allocated to specialized roles, such as foraging for food or defence of 
the colony's nest (Wilson, 1971). A book-length study of the problem, carried 
out in collaboration with the American mathematical biologist and biophysi-
cist George Oster, had been completed just prior to our joining forces (Oster 
and Wilson, 1978). So on the basis of our individual experiences with the 
mathematics of brain, behavior, and social form our hopes were high. 

In Promethean Fire, the sequel in which we applied GMC's core ideas to 
retell the story of human evolution (Lumsden and Wilson, 1983), we had the 
privilege of recounting the story of our intellectual adventure and the working 
methods that led to GMC and its theory of gene-culture coevolution. Through 
GMC, human sociobiology as a discipline itself evolved to include core ele
ments of human mentation, socialization, and culture change. I will not recount 
that exciting period here. However, it is intriguing to note that the mystery of 
gene-culture interaction was very much in the air at that time. GMC was one 
of several core books to explore the mystery with techniques that included 
a strong mathematical element. Also after the gene-culture connection were 
Luigi Luca Cavalli-Sforza and Marcus Feldman of Stanford University, who 
focused intently on the mathematical patterns by which cultural information 
moves within and between generations (Cavalli-Sforza and Feldman, 1981); 
and Peter Richerson and Robert Boyd, who a few years later pioneered models 
that further clarified the powerful connections between genetic and cultural 
change in evolving populations (Boyd and Richerson, 1985). Our own work, 
then and since, approached gene-culture coevolution by a path that swerved 
away from other early attempts. Instead of seizing the traditional puzzles of 
cultural transmission or the selective impact of culture on genetic change per se, 
we stepped out of the world of evolutionary science for a time and immersed 
ourselves in the experimental findings about how the brain and mind develop. 
What we found convinced us to pursue a then radical possibility, namely that 
the human mind, and especially the human mind's psychosocial development, 
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is the essential evolutionary link — theretofore the missing link — in under
standing how human history at the level of cultural change ties reciprocally to 
the history at the level of genetic change. 

In 1981, our synthesis of the findings we had gleaned from the research 
literatures of psychology, the social sciences, sociobiology, and behavioral 
zoology appeared in book you are holding, together with the our description 
of gene-culture coevolution and its study by mathematical models. In its time 
Genes, Mind, and Culture provoked debate and (in some quarters) fury, as had 
Sociobiology and OHN before it. GMC left little doubt that sociobiology could 
be extended to embrace our species in its biological, mental, and social diversity. 
In other words, sociobiology was not a Victorian cant of thought, a caricature 
of humankind as talking robots programmed by genes to act in set ways. Quite 
the opposite. The flux of the mind's activity, its changes over a lifetime in a 
unique culture, and the reciprocal changes in culture became integral to human 
sociobiology. Sociobiology could join the humanities and the social sciences 
on their home turf. Sociobiology could deploy a system of concepts sufficient 
to capture the principal alternative evolutionary strategies for culture learning 
and mental development, and thereby explore which strategies might prevail 
under specific conditions of culture change and biological population structure. 

Our agenda contrasted starkly with the sociobiology and evolutionary psy
chology parodied by critics of Darwin-inspired thinking about human behav
ior. Such thinking, supposedly, was a kind of soft story telling in which 
Darwin's ideas were kneaded until they fit well known traits of animals and 
humans — why the leopard has spots, for example, and why humans have 
language. Such "explanations" after the fact are distressingly malleable, often 
fuzzy, and abundant: one story is generally as reasonable, or as entertaining, 
as another (Lumsden, 1999a). Real science, in comparison, prefers its sto
ries straight up, in the form of tight predictions testable by measurement, and 
preferably by measurement of things not known beforehand (to cut down on 
the second guessing). 

Our principal goal in writing GMC was thus to sketch how a science 
of human sociobiology might deal with human mind, culture, and genes in 
this more predictive manner. What a hope! Thirty years ago the mind had 
barely returned to the folds of academic psychology (having been more closely 
guarded by the quantum physicists through most of the twentieth century; e.g. 
Penrose, 1994), the poststructuralist wagons were circled tightly about culture, 
and a molecular genetics of brain development was a dream for the future. 
And, yet, science does not always change in great leaps; more often there are 
small steps from modest beginnings, extended periods of study with limited 
data that advance, gradually, into periods where the pace of discovery quickens 
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as findings accumulate, scholars flock to new possibilities, and the horizons 
of understanding suddenly flash open. In the twenty-five years since GMC all 
the fields of the humanities and sciences crucial to human sociobiology have 
flourished. But in the late 1970s this astonishing depth of current scholarship 
was yet to be, and what clues there were remained widely scattered, buried in 
their specific literatures, awaiting assessment and synthesis. We often imag
ined that the Wright brothers, hunkered down on the wind swept shores of 
Kitty Hawk, must have dreamt of sleek, high speed aircraft as they labored to 
coax their rickety biplane off the North Carolina dunes. Today supersonic jet 
liners whisk commuters across the Atlantic Ocean in just a few hours. Com
pared to the human sociobiology that will take its place among the sciences 
and the humanities of the twenty-first century, the invention of thought you 
see in assembled in GMC will no doubt have all the traits of an early artifact: 
simple, limited, crude. 

But, at the same time effective. Despite the limitations of data, information, 
ideas, and methods, the core predictions of GMC have by and large stood the 
test of time. Indeed, the discoveries made since GMC appeared in 1981 have 
strengthened the evidence to the point where these core predictions look more 
and more like basic facts. To explain why this is so, I need to conclude our imag
inary trip back in time at this point and divert your attention, briefly, with some 
specialized terminology we have found helpful in understanding the connection 
between the human mind and the process of gene-culture coevolution. 

I noted above that the concept of the learning rule, the gene-directed path
way of behavior development explored in On Human Nature, helped extend 
the methods of Sociobiology to human behavioral diversity. In setting out the 
agenda to be pursued in GMC, a key puzzle was how to include the mind without 
shedding the advance gained through the learning rule's focus on development. 
Our answer was to retain the concept of the learning rule but change its target 
from external behavior to the mind. We would consider the internal struc
tures of thought, valuation, emotional response, memory formation, choice, 
and decision making as they develop over a lifetime. Genes, if they acted on 
behavior at all, would act on and through mental development (which, as you 
can see from the list I have just given, goes far beyond "learning"). It was also 
essential, we realized, to avoid a dualism of mind and body. The human mind 
does not exist apart from the human brain. Learning rule would need to apply 
also to the physical structures — the brain regions and their intricate nerve cell 
circuits — whose actions embody mind, and through which the gene activity 
would shape mind and behavior. 

We decided, therefore, to speak of epigenetic rule rather than learning rule. 
Epigenesis is a famous term of art in the life sciences, where it was championed 
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by the developmental biologist Conrad Waddington throughout the last cen
tury (Waddington, 1957). The term epigenesis, as used by biologists, refers 
to the full interaction of genetically based events and environmentally based 
events at they help shape the developing organism. In our approach to human 
sociobiology, therefore, epigenetic rule would refer to a gene-directed process 
necessary, in the presence of environmental events (especially the opportu
nity to learn from the culture), for the normal development of the brain and 
the mind. 

We found (and find) it useful to distinguish three broad classes of epigenetic 
rules: the primary rules, which are active in the development of brain systems 
for events ranging from sensory reception to the early stages of perception, sec
ondary rules, which are active in the life history of mental processes ranging 
from the later stages of perception through to conscious thought and experi
ence, and the reification rules, which act in beliefs about the reality of what 
we imagine or conceive. An important example of the reification process is 
the culturally universal folk psychology, the system of beliefs and imaginative 
identifications by which we attribute reality to the minds of others based on our 
experiences of what they say and do (Seager, 1999). Another is moral realism, 
the characteristically human tendency to believe that rules and laws distin
guishing right from wrong, good from evil, exist outside us in the Universe, 
quite apart from ourselves and our beliefs about them (Greene, 2003). I shall 
have more to say about moral reification later. 

Genes, Mind, and Culture does not make preemptive assertions about how 
genes affect any of the rule classes — primary, secondary, reification. Our goal 
was to take two steps necessary to understand how genes do act in the epigenetic 
rules. First, we would review data from a wide range of disciplines that might 
illuminate the pattern of gene action. Second, we would extend the mathemati
cal procedures of evolutionary biology and so study, in computer models, how 
epigenetic rules might evolve under specific conditions of population change, 
environment, and social form. As I have said, human sociobiology does not 
assume that human beings are genetic robots fixed by their DNA chemistry to 
love, think, and fight in certain programmed ways. That is just one scenario 
(wildly unrealistic, in our view) in an infinite spectrum of kinds of mind. Human 
sociobiology is about comparative social theory, a process of study in which 
the sciences and humanities are synthesized into testable inferences about the 
linkage of genes, mind, and culture. 

In order to carry out our wide-ranging survey of discoveries up to about 
the year 1980, we found it helpful to introduce a second classification of the 
epigenetic rules, complementary to their classification as primary, secondary, 
or reification rules. For each of the primary, secondary, and reification rule 
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classes we conjectured that an evolved strategy of gene action in epigenesis 
could take one of the following three forms: 

• Pure genetic transmission: the outcome of brain and mind development is 
tightly specified by gene activity; culture and social environment either have 
no effect, or always lead to the same outcome across the population. Pure 
genetic transmission with negligible impact of the social environment is the 
extreme closest to the innately hard-wired "genetic robot" of science fiction 
fame. Thus for pure genetic transmission one would predict zero correlation 
between changes in the sociocultural environment and the directions taken by 
mental development. The genes determine all. 

• Pure cultural transmission: gene activity creates nerve circuits in the brain 
that force the organism to have only a general capacity for learning; this genetic 
activity forces a huge range of possible outcomes in temperament, personal
ity, emotional valence, knowledge, and morality to be equally likely for any 
individual. Events in the culture and social environment set the course taken 
by these generalized capacities. Individuals like this are the "blank slates" or 
tabula rasa minds popular among social engineers and poltical Utopians of the 
last century. (Pinker, 2002 is a sinewy account and critique of the blank slate 
movement.) Not free to shape themselves, tabula rasa minds are molded by the 
forest of symbols into which they are born. Thus under pure cultural transmis
sion the unique properties of individual minds, together with the differences 
among individual minds, arise solely from differences in their sociocultural 
environment. Culture determines all. 

• Gene-culture transmission: a category stretching from the extreme of pure 
genetic transmission on one side to pure cultural tranmission on the other. Gene 
action plays a subtle role here. Unlike pure genetic transmission, gene action 
does not commit the mind and brain to one innately programmed result. And 
in stark contrast to pure cultural transmission, gene action does not force a flat 
or unbiased general learning potential. Instead, the potential field is bent into a 
landscape of hills and valleys. The hills are associated with outcomes that are 
partially blocked or less likely to occur. The valleys mark outcomes to which 
the mind's development is more likely to flow. None of these twists and turns 
is absolutely precluded however; it is a strategy of chance and probabilities, 
a gene-based gamble on which directions mental development should take 
when immersed in a culture. Gene-culture transmission can hug the extremes 
defined by pure genetic transmission and pure cultural transmission or take 
the form of more complex intermediate patterns, in which some outcomes 
for the brain and mind are more likely than others. In striking contrast to 
the expectations based on epigenetic rules of pure genetic transmission and 
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those of pure cultural transmission, the intermediate mode of gene-culture 
transmission predicts that the mind, in effect, shapes itself. Genes act not to set 
the final behavior or intervening mental action, but to endow selectivity toward 
the learning environment. In pure genetic transmission, changes in mind and 
brain are uncorrelated with changes in the social and culture environment: if 
the necessities of mental survival are supplied, a singular outcome is certain. In 
pure cultural transmission, differences among individual minds and within each 
mind's life history are fully correlated with matching differences in social and 
cultural upbringing. In gene-culture transmission, however, some inputs have 
higher salience (greater likelihood of effect on mind and brain development) 
and receive more attention from the developing mind. A correlation between 
gene activity and learning environment is therefore expected. 

Those are the conceptual alternatives and their main predictions. Chapters 2 
and 3 of GMC present the result of all data we found, in surveying the litera
tures to 1980 of the biological, behavioral, and social sciences, that bore on the 
question of which if any of these transmission patterns guide human mental 
development. Our findings were striking. Consistently across the primary epi-
genetic rules were signs of either pure genetic transmission, or of gene-culture 
transmission focused tightly on a narrow range of sensoriperceptual compe
tences. In the secondary epigenetic rules and the reification rules, however — 
i.e. in the mechanisms sustaining the development of higher order capacities 
for learning, choice, and decision — the evidence suggested instead the preva
lence of gene-culture transmission strategies, in which a range of outcomes 
was notably favored over others. We found nothing to suggest a significant role 
for pure culture transmission and the tabula rasa strategy of learning in these 
modalities. 

This latter, negative, result does not mean that generalized learning, shaped 
largely by social norms under pure cultural transmission, is irrelevant for human 
beings. The scientific literature, even at that time, was vast and we focused on 
findings rooted in the earlier years of life, or in areas of mental action (such 
as the choice of mates) likely to respond to Darwinian forces. Other areas will 
differ. The explanation of why, for example, "Shut up!" means "Be silent." to 
one generation of teens and "You don't say." to the next has to do with cultural, 
not genetic, change (though the fact that teenspeak exists at all relates directly 
to the gene-culture transmission rules sustaining the normal development of 
personality and temperament). 

A principal conclusion of our survey was, therefore, that human mental 
development can be understood as the parallel and sequential action of epi
genetic rules. Furthermore, we concluded that while certain primary epige
netic rules act via pure genetic transmission, the vast majority of epigenetic 
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rules — from language acquisition to schemas for mating — seem to act via 
gene-culture transmission, an evolutionary game of mind against culture in 
which genes set odds that some paths of learning are better than others. Admit
tedly, in 1980 as we went to press with GMC this case for gene-culture trans
mission in complex human mental development was a provisional hypothesis, 
subject to revision (if not downright obliteration) as further discoveries came 
to light. Now, in late 2004 as we prepare this release of GMC for the press, 
the evidence in its favor is strong and wide ranging — far beyond the scope of 
one book to survey, much less a prefatory essay such as this. All I can do is 
sample, with delight, some of the most striking advances and point you to key 
directions in the literature. 

Present 

Early in the year 2001 the Human Genome Project delivered its map of the entire 
human gene sequence. For the first time in the history of life on Earth, perhaps in 
the history of the Universe, a species saw a working draft of its complete genetic 
blueprint, an evolutionary message three billion letters long coded in the four 
letter chemical language of DNA, the rope-like molecular chain from which 
genes are built. The human genome blueprint specifies around 30,000 genes, 
which are arrayed in sequence among the forty-eight chromosomes packed 
into the nucleus of each cell within the human body. Of these around 
fifty per cent—an impressive portion, in other words, of the human genome— 
have been identified as selectively active in the structure, development, and 
operation of the brain. The human genome map, together with like compendia 
for a growing range of organisms (including complexly social organisms like 
the chimpanzee and the honey bee), was not brought into being as the guarded 
secret of a moneyed elite. The maps and their annotations are the shared legacy 
of humankind—jewels of our global culture — instantly available to anyone 
attached to the World Wide Web (start at www.genome.gov and go from there). 

With the human genome itself has come technology for tracking the activ
ities of entire batteries of genes as they switch on and off during the lifetime 
of specific cells, tissues, and organisms. These schedules of gene activation 
and deactivitation, triggered by shifting levels of chemical signals within the 
brain and other tissues, are the epigenetic rules in their most microscopic form. 
They are being visualized and mapped with increasing precision in the tissues 
of both invertebrates and vertebrates. As often in science, attention focuses 
first on tractable cases (such as simpler invertebrates and one-celled organ
isms); progress with the most complex cases (such as humans and the great 
apes) takes longer, but is also already impressive. Michelle Arbeitman and her 

http://www.genome.gov


THE NEXT SYNTHESIS xxix 

colleagues, for example, followed more the 4,000 genes at once through the 
embryonic, pupal, and adult stages of the life cycle in the fruit fly Drosophila 
melanogaster and found more than half—over 2,000 — changing their activ
ity level as development progressed. (The fast-breeding Drosophila, whose 
genome boasts around 13,000 genes, has played the role of a Rosetta Stone 
for the secrets of genetic inheritance throughout the history of modern genet
ics; see Lawrence, 1992.) Whole batteries of Drosophila genes affecting cell 
and tissue activity, including the nervous system, flicked on and off, in lock 
step fashion, as the flies passed from stage to stage (Abrteitman et al, 2002). 
Similarly in a strain of laboratory mouse, the tracking of many genes at once 
pinpointed one, colorfully dubbed/ragt7w, which when switched on encodes a 
cell membrane protein crucial in shunting some of the embyro's nascent body 
cells onto the line of cell division ending in mature germ, or sex, cells (Saltou 
et al, 2002). Again in Drosophila, a gene named hamlet acts as a binary or 
two-state genetic switch (Moore et al., 2002). When hamlet is active certain fly 
nerve cells grow just a single dendrite, an extrusion of the cell surface mem
brane that acts as the receiving antenna for chemical signals released by other 
nerve cells in the fly's peripheral nervous system. But when hamlet is shut off, 
an intricately branched tree of dendritic antennae sprout in place of the single 
dendrite. The manner in which nerve cells process the chemical and electri
cal information they receive from other nerve cells correlates closely with the 
shape and spatial arrangement of their dendrites. Thus for epigenetic switches 
like hamlet, turning the single gene on or off can be expected to produce a 
major change in the nerve cell function. In mice and rats, the gene Dasml has 
recently been shown to modulate the dendrite arbor to similar ends. Blocking 
production of the cell membrane protein coded for by Dasml, or manipulating 
the gene so that an altered protein is made by the cell, blocks the outgrowth of 
the all-crucial dendrite tree (Shi et al, 2004). 

In the brain of the highly social honey bee Apis mellifera, increases in the 
activity of the gene for (foraging) occur at the time a bee switches from her 
maintenance duties inside the hive to food gathering roles outside (Ben-Shahar 
et al., 2002). The/or gene codes for a phosphorus shunting protein widely impli
cated in feeding arousal in vertebrates and invertebrates. And whereas honey 
bee behavior is molded by an epigenetic rule that ratchets for activity up at a 
point partway through a bee's adult life, in Drosophila for activity is set high or 
low early and stays that way. In fact these fruit flies can carry either of two vari
ants (alleles) of the for gene: for11 and/or'". Fruit flies ("rovers") with/or71 scour 
for food over larger patrol areas than do flies ("sitters") with/oK embedded in 
their DNA; evolutionary forces induced by varied patterns in food availability 
may be at work in sustaining this genetic diversity (Ben-Shahar et al, 2002). 
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Genetic variations can in turn starkly modify behaviors between individuals as 
well as the schedule of solo activities. Neutralization of the Drosophila gene 
period, for example, yields flies in which the male's normal courtship song 
is replaced by a less effective roughened sound pattern (Greenspan, 1995). 
In the land snail Euhadra, a single genetic change switches the spiral twist 
of the animal's shell and body layout from clockwise to anti-clockwise, and 
so disrupts the geometry and positioning needed in normal mating behavior 
that clockwise and anti-clockwise snails belong literally to different Euhadra 
species (Useshima and Asami, 2003). 

The picture emerging for our human species is equally impressive. Compe
tencies in perception, learning, language, and behavior accelerate in the early 
years, unfolding in a characteristic order. Tightly scheduled changes in the size 
and wiring patterns of associated brain regions accompany the psychological 
advances, as do changes in abundances and locales of the gene-derived recep
tor molecules by which nerve cells receive chemical signals emitted by others 
(Herschkowitz et al, 1997, 1999). In an ongoing series of medical imaging 
studies based at the National Institutes of Mental Health in Bethesda, Maryland, 
Paul Thompson, Judith Rappaport, and their colleagues have used magnetic 
resonance image (MRI) scanning to watch the human brain develop between 
childhood and the threshold of social maturity (Thompson et al., 2001 a; Gogtay 
et al, 2004; but you will want to see the computer movies on the allied web 
site, where two decades of brain development are compressed into a matter 
of seconds). To simplify a remarkable picture, the MRI data reveal an epige-
netic wave of striking magnitude, which sweeps over the human brain during 
these years, producing structural changes that parallel the well known func
tional changes in cognition and behavior. First to mature are the brain regions 
allocated to the early stages of sensory processing and perception. These are 
the regions which, by the reasoning we set out in Genes, Mind, and Culture, 
embody the activity of the primary epigenetic rules. Then follows maturation 
of the regions — later-stage association areas and frontal cortex crucial to per
ceptual integration, learning, thought, and choice — embodying the action of 
the secondary epigenetic rules and the reification rules. First to bloom are the 
regions considered to be evolutionarily ancient on the basis of comparison to 
the brains of other species. Then follow the more recently evolved regions, 
including the huge frontal lobes crucial for planning and decision making. At 
the level of finer detail, the rules of developmental change in brain organization 
can literally be read out numerically region by region, right across the human 
brain's three dimensional layout — an atlas more recently extended to cover 
the degenerative changes of the aging human brain, including those ravaged 
by Alzheimer's disease (Thompson et al., 2003). 
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The MRI atlases can be compared between the brains of identical twins, 
whose genomes are essentially identical, as well between people with looser 
genetic ties, such as fraternal twins (who share half their genes on average). 
For identical twins vast stretches of the mapped brains' gray matter distribution 
match closely (Thompson et al, 2001b). The correspondence for the genet
ically more distant fraternal twins is much looser. Intriguingly, in the group 
of healthy adults used in these groundbreaking studies, the genetic differences 
between participants were attached most directly to anatomical differences in 
the frontal cortex, in the association areas of the temporal lobe, and in the 
allied regions engaged in language. These are the brain regions we propose 
express the secondary and higher epigenetic rules essential for the develop
ment of advanced conscious thought, planning, and judgment. It follows that 
in modern human populations these epigenetic rules are indeed under signif
icant genetic control, that changes in genes cause changes in the epigenetic 
rules, and that significant inter-individual differences in brain regions support
ing complex human cognition are caused by genetic differences among people. 

In long-term studies such as the Minnesota Study of Identical Twins Reared 
Apart (Bouchard Jr. et al, 1990), psychological assessments have followed 
large groups of identical twins and matched controls with less (or no) genetic 
kinship for years or even decades, and measured the impact of genetic differ
ences and environmental differences. Still in their earliest phases at the time 
GMC appeared, these projects have in the interim yielded overwhelming evi
dence of a prominent role for genetic differences in explaining how people in 
a culture come to differ in virtually every psychological property accessible 
to measurement, from basic perceptual activities and learning to temperament 
and religious inclination (Bouchard Jr. et al, 1990; Wahlsten, 1999; Plomin 
et al., 2003). A substantive portion of this variance pattern can be understood as 
the genetic tendency of people to self-select aspects of the environment that in 
turn directly affect their learning and development. As we noted earlier, this is a 
pattern of action consistent with epigenetic rules programmed for gene-culture 
transmission. While it is true that changes in a single gene can produce changes 
in the brain and behavior during development, most of the single-gene changes 
currently known are massively destructive alterations in sensory pathways and 
central brain anatomy (Clarke et al, 2001; Meyer-Lindenberg et al, 2004). A 
natural consequence of the gene switching patterns in epigenetic rules is that 
development is regulated by sets of genes acting in together, not by rogue genes 
acting in isolation. Thus changes in a single gene are expected more often to 
cause small changes in development, and in the final brain system. The num
bers of genes acting on the differences in individual traits of mind and behavior 
can thereby be estimated. Current estimates for psychological and behavioral 
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properties are typically in the range of several dozen genes acting together—a 
surprisingly small number compared to size of the human genome as a whole 
(about 30,000 genes). It seems reasonable to anticipate that the mapping of the 
interlinked gene activities which encode epigenetic rules of mental develop
ment is an achievable goal, even for psychological and behavioral measures as 
complex as those relevant to human beings. Psychologists have suggested that 
by applying these methods across several thousand individuals at a time — 
the behavioral genetics equivalent of the Apollo Moon Shot in its scope and 
impact — it will be possible to isolate and track the effect of individual genes 
within these epigenetic cohorts (Plomin et al, 2003). 

The massed results of these advances have spilled over the boundaries of 
traditional genetics and embryology, spawning a new science called evolution
ary developmental biology, or "evo-devo." Evo-devo is more than a warehouse 
for the countless facts about which genes switch on or off at what time and place 
in a plant or animal. The molecular patterns of the epigenetic rules can now be 
compared across species. In case after case, the epigenetic rules are organized 
in a pattern of cause and effect reminiscent of modern air travel, in which local 
routes to towns and small cities trace back through larger airports until reaching 
a few major hubs, which orchestrate the whole system. The intricacies of cell 
growth and differentiation are organized along similar lines, with a few master 
genes with names like Hox and Pax orchestrating when and where the gene 
switching of individual epigenetic rules is set in motion. Even flies and people 
share the Hox genes through their descent, long ago, from a common ancestor, 
and across the diversity of species the master developmental genes function 
along related lines. Epigenetic plans are shared widely across life on Earth, 
adapted to the unique contingencies of each population's evolution. The recent 
review by Wallace Arthur (2002; see also Ronshaugen et al, 2002), and the 
striking From DNA to Diversity by Sean Carroll, Jennifer Grenier, and Scott 
Weatherbee (2001; at the time of this writing, about to be released in a second 
edition), provide strong introductions to this pivotal young science. Carroll 
et al. note that the emerging picture is one in which regulatory evolution, that 
is genetic evolution in the activity of what in GMC we call the epigenetic rules, 
is the prime mover of Darwin's decent with modification. 

Discoveries about the evo-devo of the brain and the epigenetic rules of the 
mind have, already, become flashpoints for social change. In Autumn 2004 
for example, the Supreme Court of the United States is expected to hear 
the case of one Christopher Simmons (Roper v. Simmons, No. 03-633). In 
1994 a Missouri court convicted Mr. Simmons of murder and sentenced him 
to die. Mr. Simmons was 17 years old at the time the homicide took place. 
The Supreme Court will weigh arguments that the death sentence imposed on 
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Mr. Simmons is cruel and unusual punishment, and so forbidden by the Eighth 
Amendment to the American Constitution. Writing in the influential American 
journal Science, Mary Beckman (2004) reports that Mr. Simmons' lawyers 
will argue that as a teen, Mr. Simmons could not have been held account
able to adult standards of moral responsibility: the adolescent brain is still in 
epigenetic flux according to the new scientific data, raising questions about 
a teen's competence for adult fliought, especially in crucial areas like choice, 
and control of emotional impulses. The amicus brief on Simmons filed with the 
Court by the American Bar Association, together with related documents on 
the science background, legal precedents, and social controversy is, as of this 
writing, available on the Association's web site at www.abanet.org/crimjust/ 
juvjus/simmons/simmonsamicus.html. The twenty-first century economy of 
ideas operates with great speed, and scholars in all areas of the human sci
ences can expect to see their data and ideas put quickly to use in unexpected, 
controversial ways. (Note added in proof: In a five-to-four decision announced 
March 1, 2005 the Court, citing the Eighth and Fourteenth Amendments to the 
American Constitution, affirmed the earlier decision of the Missouri Supreme 
Court to set aside the death sentence imposed on Mr. Simmons and swept 
away capital punishment in the United States for offenders aged less than 
eighteen at the time of the their crime. See http://www.supremecourtus.gov/ 
opinions/04slipopinion.html and http://www.npr.org/documents/2005/mar/ 
scotus-juvenile.pdf) 

In writing Genes, Mind, and Culture we treated epigenetic rules as con
structs whose operation could, in part, be treated mathematically, and so aligned 
with the mathematical traditions of evolutionary population genetics. Although 
epigenetic mathematics is a young and somewhat esoteric discipline, we would 
like to note that the past twenty-five years have been a period of intense 
progress, just as they have been for the experimental mapping of the epige
netic rules active in brain and mind development. Today the chemistry of gene 
switching and its developmental outcomes can be studied empirically and then 
simulated in detail on powerful computers (e.g. McAdams and Arkin, 1997; 
Palacios et al, 1998; Gardner et al., 2000; Davidson et al, 2002; Rao et al, 
2004). The learning rules of the brain are now treated by an entire mathe
matical science called neural network engineerng (e.g. Ballard, 1997; Arbib 
et al, 1998; the canonical texts are the two big books on parallel distributed 
processing mathematics by David Rumelhart, James McClelland, and their 
PDP Research Group: McClelland et al, 1986 and Rumelhart et al, 1986). 
Similarly, the mechanics of cell growth, movement, and differentiation have 
been combined with the dynamics of chemical switching and signaling among 
genes to create the emerging discipline of mathematical developmental biology 

http://www.abanet.org/crimjust/
http://www.supremecourtus.gov/
http://www.npr.org/documents/2005/mar/
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(Murray, 2003). The regulatory logic and constraint action of epigenesis have 
been opened to extended mathematical treatment by these methods (e.g. Oster 
and Murray, 1989; Hogeweg, 2002; Semple et al, 2005). 

One of the most elemental mathematical forms so far discovered for an 
epigenetic rule of mind is the BCM rule announced in 1982 — the year after 
GMC was published — by Elie Bienenstock, Paul Munro and Leon Cooper, 
a Nobel laureate physicist whose attention had turned from quantum particles 
to the mind (Bienenstock et al, 1982). All were then at Brown University in 
Providence, Rhode Island. The BCM rule is important to sociobiology because 
it is both deeply mathematical and deeply consilient, connecting the molecular 
physiology of nerve cell action to learning and perception. The points at which 
the dendrites of nerve cells receive chemical signals from other nerve cells are 
called synapses. Any nerve cell, or neuron, in the brain is peppered by thousands 
of these synapses. Information is stored in the brain's nerve cell networks by 
changes in the synapses. The changes make it easier (or, conversely, harder) for 
a chemical signal to modify the receiving cell's activity as it crosses the synapse 
from sender neuron to receiver neuron. With so many synaptic connections, 
the brain has an enormous potential for storing learned information in the form 
of distributed patterns of synaptic change. 

The basic unit of mental epigenesis is therefore the incremental change in 
synaptic strength that occurs in learning and memory formation. The BCM 
rule relates the sign and magnitude of the synaptic change to voltage activity 
in the sender and receiving neurons, and to the genetically grounded chemistry 
of the synapse itself. It is one of the most thoroughly studied of a large class 
of such epigenetic rules for synapse action, all of which trace back to conjec
tures published a half century ago by the Canadian psychologist Donald Hebb 
(1949/2002). Steadily tested and refined over the past two decades (Shouval 
et al, 2002), the BCM rule says, roughly, that the amount of change a synapse 
undergoes is determined by a simple difference — the difference in the time at 
which the sender neuron activates its part of the synapse and the time at which 
voltage activity coursing through the receiver neuron activates its part of the 
synapse. If this timing difference is too small the synapse becomes harder to 
activate but, above a threshold in the timing difference, the synapse changes 
to activate more readily. Mathematically, the resulting formula is a curve that 
looks rather like the check mark sign *J , first falling (decrease in synapse 
strength) and then rising to greater and greater values (increase in the strength) 
as the timing difference grows larger for signals speeding through the neural 
array. 

Furthermore, although the results are as yet less comprehensive, it is not 
too early to discern the mathematical form of key epigenetic rules for nerve cell 
populations themselves — that is, for the level of brain development mid-way 
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between the microcosm of the synapse and the macrocosm of brain anatomy 
(Gogtay et al, 2004). For example, in collaboration with Geoffrey A. Clarke 
and Roderick Mclnnes of the University of Toronto, one of us (CJL) has looked 
carefully at the epigenetic waves of cell death by which the developing nervous 
system sheds redundant neural cells. The developing brain grows far more 
neurons than, ultimately, it requires. These excess resources are deleted by 
an evolved strategy of nerve cell destruction called programmed cell death or 
apoptosis. Disorders of programmed cell death can have devastating effects, 
as in neurodegenerative illnesses like Alzheimer's disease, which rob the mind 
of its higher powers by killing vast numbers of otherwise healthy brain cells, 
and as it does in some cancers of the brain, where too little cell death lets 
exploding populations of nerve cells destroy normal tissue and function. Our 
recent work suggests that these deadly changes in brain epigenesis are based 
in a mathematical regularity akin to that which dictates the slow decay of 
radioactive minerals (Clarke et al, 2000, 2001). Normally the gene-regulated 
cell clock pacing out programmed death ticks just fast enough to balance nerve 
cell supply with the developing brain's demand for raw material. When the 
epigenetic clock ticks too fast nerve cell populations collapse and the brain 
degenerates. A clock ticking too slowly may result in a population boom of 
nerve cells and the onset of brain cancer. Gaining control of such epigenetic 
rules therefore opens doors to new medical treatments, which aim to restore 
health (or, at minimum, greatly slow the rate at which degeneration or cancer 
creep through the brain's neural fabric) by adjusting the rate of the epigenetic 
clock controlling programmed cell death. 

The study of the biological basis of development, including the develop
ment of brain and mind, has advanced enormously in this last quarter century. 
At least three conclusions are, I think, warranted by the discoveries. First, 
development is organized in a modular fashion patterned along the lines of 
coordinated activity among genes. In every psychological property for which 
such effects have been probed, the action of genes has been detected. Although 
these modules of coordinated gene action have various names in the scien
tific literature, we call them epigenetic rules in the approach set out in GMC. 
Second, while there is increasing evidence that some epigenetic rules for sen
sory circuits act via pure genetic transmission as we defined it in GMC, most 
epigenetic rules involved in development of perception and advanced cogni
tion appear to act via the mode of gene-culture transmission as denned in the 
book. Third, activity of the epigenetic rules is increasingly amenable to precise 
description in mathematical terms that may allow improved understanding of 
mental development. At the time Genes, Mind, and Culture appeared the evi
dence favoring these conclusions seemed highly suggestive, if not persuasive. 
Now, it is compelling. 
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It is one thing to say that epigenetic rules for gene-culture transmission 
shape the development of the human brain and mind. It is quite another to 
say that this genetic base exists in our species because evolution by natural 
selection put it there, that is, because such epigenetic rules confer benefits of 
survival and reproduction on those born with them, or on their kin or strategic 
allies. After all, genetic change can seep through a population by other means. 
Random processes of genetic mutation can, if conditions are right, trap certain 
gene variants in a population, where like a bubbles in a stream they are swept 
along through time. If the gene-based changes have no effect in systematically 
enhancing or depleting gene abundances in future generations — that is, if 
the genetic changes are neutral for the population — the population can drift 
randomly for long periods. Like well-matched socks in the drawer of a color 
blind person, as time passes the random drift in the original gene pattern can 
produce significant change. In addition, the arrival of new migrants, individuals 
from distant populations separated long enough for genetic differences to build 
up, can trigger an infusive burst of genetic change. A genetic base, therefore, 
need not imply a Darwinian base. What evidence favors the conclusion that 
the epigenetic rules are Darwinian constructs? 

The organization of a complex control process, such as the development of 
the human nervous system and the mind, along modular lines confers strong 
advantages for the control of errors and flexible response to the environment 
(Simon, 1996; Csete and Doyle, 2002). Starting from this general heuristic 
about modular design, GMC identified a range of human behaviors and epi
genetic rules (animal phobias, outbreeding preferences, language develop
ment, and memory operations, for example) that seemed consistent with the 
Darwinian hypothesis. Since 1981 when GMC appeared, studies of human 
mind and behavior as outcomes of Darwinian evolution have exploded, mass
ing around the banner of evolutionary psychology so densely that now, in the 
early twenty-first century, it is scarcely possible to track the pertinent mono
graphs in the behavioral sciences, in the neurocognitive sciences, and in the 
philosophy of mind, let alone pace the journal literature. A sampling (such as 
Crook, 1980; Lopreato, 1984; de Kerckhove and Lumsden, 1988; Findlay and 
Lumsden, 1988; Penrose, 1994; Cairns-Smith, 1996; Searle, 1997; Carruthers 
and Chamberlain, 2000; Clark and Grunstein, 2000; Ehrlich, 2000; Fodor, 
2000; Donald, 2001; Klein, 2002; LeDoux, 2002; Pinker, 2002; Plotkin, 2002; 
Edelman, 2004; Koch, 2004; and Marcus, 2004) gives a feel for the diversity 
and the quickening thrust behind the convergence, but only skims the surface. 
The change in less than a human lifetime is impressive. In the decade leading up 
to Genes, Mind, and Culture, expert opinion favored Darwinian genes far less 
than society and culture in explaining our unique human natures. Respectable 
scholars could set aside, or even adamantly resist, studies aimed to evaluate the 
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(then) radical alternative that gene-based mechanisms ground human nature, 
and that Darwinian evolution put them there. 

This posture of setting aside — luminous, justifiably influential examples 
are the writings of the American cultural anthropologist Clifford Geertz (1973) 
and Canadian philosopher Charles Taylor (1989) — is both less respectable 
and less productive than it was. The Human Genome Project, the discoveries 
touched on above, and advances I will highlight in a moment have touched 
off a profound shift in the human sciences. A generation back, genes and 
Darwin were out, culture and cultural determinism (the mantra of the blank 
slate) were in; today, culture holds center stage alongside genes and Darwin 
and — more and more — unprovocatively so. While the advance of Darwinist 
psychology, cognitive science, and philosophy of mind is the achievement of 
many scholars across many disciplines, limitations of space (not to say my own 
expertise) preclude an explicit account here of more than a few prime instances. 
I must apologize to those whose work I do not mention or cite, and hope that 
the publications cited in the Bibliography, and in the Departure Points section 
at the end of this essay, will provide you with resources for further study. 

Indeed, at the risk of grossly oversimplifying I must say that one advance 
stands out as pivotal, and marked a change from the evolutionary psychology 
that was to the evolutionary psychology that is. Up to the mid-1980s evolu
tionary psychology was a "soft" discipline in the sense described earlier. By 
and large its explanations were rationalizations of why some human mental 
or behavioral trait (the possession of language, for example, or conscious
ness) might confer a Darwinian advantage, either now or sometime in our 
evolutionary past. Well wrought instances of evolutionary psychology carried 
out in this retrodictive tradition are the books by John Crook (1980), John 
Pfeiffer (1982), and Joseph Lopreato (1984), published around the time of 
GMC. Because post hoc narrative affords so attractive a matrix against which 
to organize knowledge, this approach to evolutionary psychology continues 
to the present day (e.g. Cairns-Smith, 1996; Donald, 2001; Klein, 2002). By 
itself the method has two problems, however: one, such narratives are usually 
no more persuasive (at least to the skeptical) than stories based on very different, 
non-Darwinist premises (are you a creationist?); and, second, they "explain" 
only what is already well known to science (people do possess language, for 
example). Since they make no testable predictions, such stories taken alone can
not be assayed in the stringent manner required of new scientific hypotheses. 
Evolutionary psychology left in this form is bound to stagnate. 

But that is not what happened in history. As the 1980s edged to a close, 
psychologists Leda Cosmides and Paul Tooby published a cluster of studies that 
broke evolutionary psychology from its moorings in retrodictive storytelling 
and set it on the course of a predictive science (Cosmides, 1985,1989; Cosmides 
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and Tooby, 1989; Tooby and Cosmides, 1989). Cosmides and Tooby were (and 
are) intrigued with the chains of reasoning by which people cooperate with 
others to their mutual benefit. Reasoning forward from Darwinian premises 
about the evolution of cooperative behavior, Cosmides and Tooby concluded 
that, under specific experimental conditions, their subjects would act on certain 
descriptions of a social exchange situation to prefer outcomes over others. The 
predictions made by Cosmides and Tooby were confirmed by their experiments, 
and also found to align with the pre-existing scientific literature on related 
effects in social reasoning and social exchange behavior. In a remarkably short 
time — basically from Cosmides' doctoral dissertation at Harvard in 1985 to 
about 1990 — evolutionary psychology shed its soft skin and became a science 
with sharp predictions and hard tests by quantitative statistical experiment. This 
is the standard around with the discipline rallies today (e.g. Anderson, 1990; 
Barkow et al, 1992; Sober and Wilson, 1998; Fiddick et al., 2000; Cartwright, 
2001). 

So firmly did experimental tests confirm their predictions that Cosmides 
and Tooby championed a new term of art for the vocabulary of evolution
ary psychology: the modular processes which comprise the mind's reasoning 
about the world are Darwinian algorithms, rule-based strategies of reflection 
and choice with an observable logic structure, grounded in evolutionary prior
ities. This attractive term has since enjoyed wide circulation. Not all the press 
has been favorable, of course; Jerry Fodor (2000), for example, is a leading 
philosopher of mind who remains unmoved by matters of both modularity and 
Darwinian design as keys to the mind (for a reply see Plotkin 2002, pp. 83 ff.). 
Unanimity at this early stage in a natural science of the human mind and its 
origins is too much to ask (or want: science advances as much by controversy 
as by consensus; perhaps more). What is now required of Fodor and other crit
ics, however, is to leave the armchair and set out alternative predictions, to be 
tested against the hard data of cognitive neuroscience. 

I must note, however, an additional missing link. It is the one absent from 
any research protocol that concentrates upon the mature, or developed, mind. 
Suppose Darwinian algorithms of the kind envisaged by evolutionary psychol
ogists exist. Granted then; but where do the algorithms come from in the course 
of each person's lifetime? The answer from the perspective of Genes, Mind, 
and Culture is that Darwinian algorithms are produced by the activity of the 
primary, secondary, and reificiation epigenetic rules, which are the evolved 
modular logic of brain and mind development. Indeed the strong prediction of 
GMC is that the epigenetic rules, if they are evolutionary adaptations in the 
Darwinian sense, must produce adaptive output. Thus any modular activity of 
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the mind produced by the epigenetic rules — that is, perceptual, reasoning, val
uation, and choice activities in domains of social behavior such as mate choice 
or the formation of informal alliances — must be organized along the lines 
of Darwinian algorithms as observed by Cosimides, Tooby, and subsequent 
evolutionary psychologists. (Not all consequences of the epigenetic rules need 
be modular in this sense; the ratio of modular to non-modular activities favored 
in any evolved mind is quite another question.) 

Are epigenetic rules always adaptive? Are the results of their activity always 
that expected from an understanding of how genes evolve in populations? The 
term always casts a wide net — wider, indeed, than the scope of a single 
scientific experiment or series of experiments. In developing the quantitative 
approach of GA/C's middle chapters, we considered it essential to adapt the 
predictive methods of mathematical population genetics in order to probe these 
questions at least tentatively. We therefore did not begin by assuming that 
epigenetic rules are evolved adaptations for making Darwinian algorithms or 
the like in the brain. In the early chapters of GMC we had sifted the literature 
of the human sciences and searched for data for or against an adaptationist 
premise. The data appeared to favor adaptive design. In the second part of 
GMC, starting in Chapter 4 with the mathematics of choice, we wanted to take 
this search a step beyond the limited data by a strategy of computer modeling. 
At the time there had been few attempts to incorporate learning and cultural 
information into evolutionary models, and even fewer extensions to the effects 
of choice and decision. And as far as we could see there had been no models to 
probe the effects of reification epigenetic rules. These were, we believed, major 
issues. Humans do not automatically produce the an invariant programmed 
response, even in very similar situations. A choice between alternative courses 
of action must always be made. So the dynamics of choice and decision would 
be a crucial feature of our models. As for reification, by 1980 it was clear that 
analogy and metaphor are fundamental to the way in which humans make sense 
of themselves and their environment (Lakoff and Johnson, 1999 brilliantly 
updates this story). What captured our attention was the compact manner in 
which analogy and metaphor are used to make sensible events that happen over 
spans of time and space much greater than those of our daily lives. Wars, for 
example, become things that are "fought" between two nations, just like a sword 
duel or a boxing match between two people; the national or world economy 
becomes something that "inflates" and "deflates," just like your chest rises 
and falls as your breathe; governments and global corporations "choose" and 
"negotiate" and "decide" policies, just like ordinary people — and indeed the 
law accords some of these gigantic social collectives a legal status approaching 
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that of real human persons, with all that implies about the imagined capacity 
of these collectives to reason, valuate, and make responsible choices. 

We concluded that a mathematics of how epigenetic rules evolve should 
include the mind's capacity to reify (to imagine and treat as real) large-scale 
properties of the society — properties not reducible to what any one person 
is thinking or doing. We realized that this link to self-organized mass societal 
activities would close the pattern of causal links among genes, mind, and culture 
into a circuit of reverberating interactions. We called this reverberating pattern 
the gene-culture coevolutionary circuit and named the population changes so 
produced gene-culture coevolution. Although we have not carried out a thor
ough check, GMC may mark the first use of the term gene-culture coevolution, 
since then widely adopted, in the evolutionary sciences. In the circuit of gene-
culture coevolution the genes, via the epigenetic rules, shape neurocognitive 
development in the cultural environment. This is the first step in the circuit. In 
the next, acts of valuation and decision shape behavior. Knowledge grounds 
these acts, including knowledge via reification of group-level or mass social 
trends. Culture evolves as favored modes of practice, belief, dress, and so on — 
Turner's forest of symbols — shift in response to the massed choices. That is 
the third step in the circuit. In the fourth and final step, these shifting cultural 
patterns, funneled through behavior choices, feed back on survival (are you 
a smoker?) and reproduction (have you decided not to have kids?) to change 
gene frequencies as time passes. This is the spontaneous, self-organizing cycle 
of gene-culture coevolution. 

Our mathematical encoding of the gene-culture circuit was written in the 
spirit, not uncommon in science, of starting with the very simplest cases and 
learning from them, so opening the trail to further progress. Thus while our 
method could (and can) deal with populations in which many genes effect many 
epigenetic rules and sift diverse mental acts across diverse cultural informa
tion, our calculations were more sparing. The coevolutionary reverberations 
circulating in the presence of a single epigenetic rule, modified by two variants 
of one gene but acting on a binary choice between two culturally encoded acts 
with one reification effect, gave surprises (and work) enough. Such a model 
just about filled the memory bank of the computer system on which we carried 
out most of the calculations you see in GMC: the mighty Apple II computer 
(see apple2history.org), with 64 K (yes, K — Kilobytes) of computer memory 
and a central processor clock speed of 1 Megaherz. That was the '70s; today, 
the computer you use to send e-mail and browse the World Wide Web proba
bly runs about a thousand times faster, and boasts a million times the memory 
capacity, when compared to the technology that took human sociobiology into 
the gene-culture era. 

http://apple2history.org


THE NEXT SYNTHESIS xli 

Nevertheless we were, and remain, intrigued by the results of these cal
culations. As expected, epigenetic rules acting via gene-culture transmission 
did not always appear in the computer output. Compared to the specialized 
cases of pure genetic and pure cultural transmission, however, the gene-culture 
transmission strategy appeared frequently. Their adaptive selection could be 
forestalled by a host of factors, such as rapid genetic mutation and population 
flux, as well as by changes in culture so rapid and chaotic that gene-culture 
transmission cannot "lock" on. Such results are the intuitively reasonable con
sequences of the circuit-like structure of gene-culture coevolution. Our syn
thesis of the behavioral science data, however, suggested that gene-culture 
transmission epigenetic rules do play a prominent, perhaps near universal, role 
in human mental development. If valid, this conclusion would indicate that 
evolutionary barriers to gene-culture transmission have not been an important 
force in the biological history of our species. 

We therefore concentrated on computer output from models in which cul
ture traits last long enough to trigger changes — via the gene-culture circuit — 
in the genetic structure of the population. Somewhat to our surprise, such 
models often produced rather different evolutionary results when compared to 
the results expected on the basis of genetic evolution alone. A different gene 
variant might enjoy the selective advantage, or a different balance of competing 
gene frequencies in the population. Especially in the presence of reification and 
response to mass trends in the society, the pace of genetic change in the models 
could outpace that in the genetic models alone, often by a substantial factor. In 
the presence of choice curves evocative of the nonlinear value trends in social 
affairs, the gene-culture circuit spun the timelines into patterns so complex as 
to forbid accurate prediction — the mathematical threshold known as dynam
ical chaos (Peitgen, 1992; Sole and Goodwin, 2000). So even the simplest 
possible models of the circuit produced very complicated histories of genetic 
and cultural change, histories too complex to be forecast with any accuracy 
on even the largest imaginable computer. The challenges for a mathematics of 
real human gene-culture history would be of impressive magnitude. 

For the most part, testing the predictions of mathematical gene-culture mod
els with field studies and laboratory data remains a task for the future. Already 
the revolution in molecular biology provides methods by which the genetic 
structures of individuals, kin groups, and populations can be mapped and com
pared in meticulous precision. These can be tracked against maps of cultural 
diversity and affinity (Cavalli-Sforza et al, 1994; Cavalli-Sforza, 2000; Olson, 
2002; Pagel and Mace, 2004), and in the most powerful instances correlated to 
pinpoint traits subjected to Darwinian forces. Although currently focused on 
anatomical traits including factors tied closely to the brain (Roseman, 2004), 
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this pinpoint precision can be expected to extend to the human brain and psy
chology during the next several years. Our models made an additional predic
tion, however, which we found striking enough to merit a name of its own. I 
noted earlier that, by and large, each of the genes acting through the epigenetic 
rules is expected to exert a small effect on its own. That is, a change in the 
gene, when combined with the activities of the other genes in the rule, will 
usually produce a small change in the way the epigenetic rule works — in the 
probability patterns of gene-culture transmission. 

We were interested in whether such small changes would always be washed 
out as individual behavioral choices and developmental outcomes combined 
with the acts of others across the social group. When we modeled the process 
in the presence of reification, to our surprise we found the opposite to be the 
case. Social interaction, by which the choices and decisions of one individual 
or group influence those of others, amplified the effects of the small genetic 
change, often producing large predicted shifts in the culture. We called this 
feedforward effect gene-culture amplification. 

Although much work remains to be done, it is possible that the recently 
reported FOXP2 gene is the first credible candidate for gene-culture amplifica
tion in human beings. FOXP2 is a gene that codes for a small protein that helps 
regulate gene function in the developing human. In 2002 Wolfgang Enard and 
his colleagues reported their study of a family in which half the members share 
a mutation in the FOXP2 gene (Enard et al, 2002). These people also have 
a pronounced deficit in their ability to produce normally articulated speech, 
as well as specific difficulties understanding language. The family members 
without the FOXP2 mutation have normal speech and language skills. When 
they compared the human FOXP2 gene to FOXP2 in chimpanzees, gorilla, 
and the rhesus monkey, Enard et al. found two locations in which the protein 
coded by FOXP2 in these primates differ from the human version of the gene. 
Orangutans and mice were mapped too; their FOXP2 proteins differed from the 
normal human version in three locations. In contrast, the gene showed essen
tially no variation at all when mapped across a population of unrelated people 
with normal language skills. 

FOXP2 differs in just two locations between chimpanzees and humans, 
yet humans are linguistically agile while the great apes must persevere (under 
intense training regimens set up by human scientists) to acquire the most basic 
facility with linguistic symbols. The human FOXP2 mutation assessed by Enard 
and his colleagues does not eradicate speech production and language compre
hension in the people it affects, but does impair it. That the same version of the 
FOXP2 was found in all of the study's linguistically normal humans suggests 
that substantive Darwinian forces have acted to favor this variant of FOXP2 
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from the time it first appeared in human populations (estimated by the investiga
tors to be sometime in the last 200,000 years; that is, since the time of anatom
ically modern humans). The appearance of the human FOXP2 gene variant 
among earlier, ancestral hominids may therefore have caused improved lan
guage skills, with rapidly amplifying effects on group coordination, individual 
cognition, cultural complexity, and population expansion (Enard et al, 2002). 
In short, a tiny change in the DNA code of FOXP2, or a gene much like it, altered 
its epigenetic action enough to boost language skills, which group action then 
further amplified into the language-powered cultural world of modern humans: 
gene-culture amplification. 

The genes microcephalin and ASPM may soon join FOXP2 as tentative 
early candidates for the gene-culture amplification effect. Microcephalin and 
ASPM help regulate the development of the brain's cerebral cortex, a deeply 
corrugated sheet of nerve cells sitting atop the primitive brain stem. The cor
tex houses the neural circuits for all aspects of normal advanced cognition. In 
humans carrying certain mutations of microcephalin and ASPM the cortex is 
massively reduced in size while other parts of the brain and the body develop 
normally. Patrick Evans, Bruce Lahn, and their colleagues at the University 
of Chicago have now studied the sequence of these genes in a range of pri
mates besides humans, including more distant relatives such as lemurs and 
evolutionary cousins like the chimpanzee, as well as other mammals (Evans 
et al., 2004a,b). They examined how the alterations in the genes from species 
to species in turn changed the structure of the protein coded by the genes. The 
resulting correlations suggest that changes in the microcephalin and ASPM 
genes within the primate family tree have been driven by strong evolutionary 
forces favoring increases in cortex size and processing capability. Even small 
additions to cerebral cortex capability would be expected to work in synergy 
with the enhanced effects of other individuals similarly endowed, amplifying 
into profound changes at the level of group capability. In a recent review of 
evidence for Darwinian selection on the human genome Lahn and his colleague 
Eric Vallender tender a count of thirteen genes affecting some aspect of brain 
structure, behavior, or sensory function for which there is already evidence of 
significant selection effects (they tabulate seven genes involved in sensory sys
tem development, three in brain organization, and three in behavior; Vallender 
and Lahn, 2004). 

Future 

FOXP2, microcepahalin, and ASPM mark research in progress, but surely it is 
not premature to suggest that advances like them will soon allow tests of more 
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complex, realistic hypotheses and models than were practicable at the time of 
Genes, Mind, and Culture. Indeed, it is safe to say that after many decades in the 
shadow of poststructuralism and other Continental imports "social physics" — 
that is, the use of mathematical ideas and computers methods originating in 
the natural sciences to model people and societies — is back at the center of 
the action. I can offer three reasons for this rebirth. The first is the widespread 
availability of powerful, inexpensive computers, which bring the modeling of 
social systems within reach of many scholars. The second is artificial intel
ligence (A.I.), the step child of the cognitive science revolution. A.I. asks if 
machines could think like we do (or better), and uses the computer program 
as a simulacrum of the mind's operation. At the time of this writing, computer 
programs have not yet attained consciousness; some argue that formalized, 
rule-based entities like computer programs will never be capable of conscious, 
creative thought (Penrose, 1994). Yet it is also the case that rule-based pro
cedures can model the mind's strategies of reasoning in many domains of 
knowledge and action, and that the activity of the brain's neural circuits is now 
studied in computer models right across the flow of experience from sensation 
to action. So brisk is the pace that a new branch of A.I. is emerging: societal 
(or, as of you prefer, sociobiological) A.I., a mathematics that detects traits of 
intelligent behavior in the massed collective action of interacting, cooperating 
individuals (Weidlich and Haag, 1983; Agre and Rosenschein, 1996; Epstein 
and Axtell, 1996; Kennedy and Eberhart, 2001; Ball, 2004; for the state of the 
art in the decades before GMC see Stewart, 1948; Rashevksy, 1951; Fararo, 
1978). 

The opportunities for computer-based advances in gene-culture research 
therefore seem little short of spectacular. Case in point: Perhaps you have 
enjoyed the three impressive films in which film director Peter Jackson brought 
to life J. R. R. Tolkien's beloved fantasy trilogy, The Lord of the Rings. If so 
you will have observed the massed battle scenes. These elaborate spectacles 
were not staged using troops of costumed extras, as they were in the sword-
and-sandal epics of 1960s Hollywood. They were created using computer 
animation. In traditional animation a human artist — the character animator— 
functions as an invisible actor to draw the image of the animated character 
as it performs, or to design its movement on a computer. The massed bat
tles of Jackson's Rings would have required a legion of expert animators. 
In their place, Jackson's colleague Stephen Regelous spearheaded a complex 
computer program called Massive, or Multiple Agent Simulation System in 
Virtual Environment (Duncan, 2002, on which the following is based; see also 
www.massivesoftware.com). Massive substitutes A.I. for the animator's tradi
tional drawings. Each individual character in the massed action, such as the 

http://www.massivesoftware.com
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prologue battle that opens the first film, has a computer code within Massive that 
makes it able to perform on its own by a logic of sensory, decision making, and 
action capabilities. The decision-making procedures determine the action — 
where the character moves to and what it does — on basis of sensory input (e.g. 
touch, vision and audition were simulated) and the choice strategy (heroes and 
villains choose differently, for example, and their behavior toward allies differs 
from their behavior toward enemies). By way of pacing the tempo of progress, 
in 1980 we could fit a population of several dozen interacting agents, each with a 
"mind" modeled by two recurrent logic nodes, into the 64 Kilobytes of our com
puter's memory core alongside the code for the coevolutionary circuit itself; by 
the year 2000, two decades later, a Gigabyte (one million Kilobytes; a standard 
retail size) of computer memory could hold a 50,000 Massive agents, each mod
eled by a logic network spanning 7,000 or more nodes. And, at this point, that 
was almost five years ago. Such advances are further strengthened by ideas that 
have expanded the modeling perimeter beyond learning and memory to include 
emotion, personality, and temperament, together with their effects on deci
sion and choice (Picard, 1997; Champandard, 2003; Woolridge and Lumsden, 
2003; Prendinger and Ishizuka, 2004). The next decade of innovation in gene-
culture research will see a transition from the discipline's simplest cases toward 
simulations of the coevolutionary process based on populations of hundreds, 
thousands, or tens of thousands of psychologically complex individuals. 

This will combine with a second necessary step in the development of 
human sociobiology. In the gene-culture models of GMC and many subse
quent studies, the learnable alternatives of culture were treated, for simplicity, 
not as complex patterns of symbols but as monolithic entities. No reference 
was made to their inner symbolic form, which limited the range of applica
tions. Current methods are removing this limitation. In a series modeling the 
evolution of the capacity for language learning and the coevolution of lan
guages, for example, Natalia Komarova, Martin Nowak, and Partha Niyogi 
treat languages as formal grammars, thus endowed with a rich internal structure 
(Komarova et al., 2001; Nowak, 2001a,b). Their method adapts and extends 
a mathematical approach pioneered by Peter Schuster and Nobel laureate 
Manfred Eigen to study prebiotic molecular evolution (Eigen and Schuster, 
1979). 

I mentioned three reasons for the emergence of social physics from its 
long eclipse. For a time after the Age of Aquarius had faded into the era 
of stagflation and OPEC oil crises, the semiotic freedoms of poststructural 
lettres seemed poised to trigger revolution, at least in the academy. I have 
mentioned the lasting contribution these lettres made to scholars' awareness of 
interpretation as negotiated meaning, and of the iron ties negotiated meaning 
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has to inequities of power and equality in all human activities including the 
sciences. Today that language game has played itself out and a new one is 
taking shape as poststructuralism crossbreeds with totalizing discourse. Its 
rules, typified more by societal A.I. than by the authorless text, are diversifying 
into a vocabulary of meaning and mechanism combined, expressed through 
individual self-determination and collective actions. 

We should take this to be another sign of intensified dialogue among the 
arts, humanities, and sciences of human nature. A quarter century ago the two 
of us began work, each already convinced that such a dialogue was crucial to 
expressing the truth about our species' origins, its value within Nature, and its 
meaning against the backdrop of the history. One of us (EOW) has championed 
this unity of knowledge under the term consilience (Wilson, 1998); the other 
(CJL) has defended it under the banners of holism and emergence (Lumsden, 
1997; Lumsden etal., 1997; Lumsden, 2004a). Both of us have distinguished it 
repeatedly from the vulgar habit ("reductionism") that tries to replace unity of 
knowledge with "nothing but" Nature as understood by one group of specialists. 
Yet, in looking ahead to the discipline-spanning syntheses on which human 
studies will flourish in this new century, there are challenges. Skeptics who 
prefer the security of well guarded borders between disciplines can be safely 
ignored. Suspicion of outsiders, and of the unknown, is a human trait active 
broadly in the world, not just within the cloisters of the academic campus. All 
evidence suggests the skeptics are wrong. Step by step, scholars from different 
backgrounds are joining forces in thriving communities with merged names 
like cognitive neuroscience, "evo-devo" (evolutionary developmental biology), 
and "sci-art" (the dialogue between the sciences and the fine arts; e.g. Anker 
and Nelkin, 2004). A substantive familiarity with science, including especially 
evolutionary science, is once again de rigeur for respectable philosophy of 
mind (e.g. Searle, 1997; Fodor, 2000; Habermas, 2003; Edelman, 2004). And, 
in a splashy inversion of the fate once feared by the liberal arts at hands of the 
sciences, humanists like Katherine Hayles (1984, 1990, 1999) and Derrick de 
Kerckhove (1995), not to mention the poets and the painters, are appropriating 
science to make sense of literature and new media. When numbers tabulating 
cultural diversity begin appearing in the pages of The New Left Review alongside 
proposals about systemic principles and the expected ripostes (Moretti, 2000, 
2001, 2003 is the provocateur at large), you know something is happening. 
The synthesis, indisputably, is under way. 

More troubling, I think, is the question of how it can best continue. To 
help clarify what I mean by this, allow me to draw on our experience of 
researching Genes, Mind, and Culture. This makes an apt lodestar because 
in order to tie sociobiology to the mystery of gene-culture coevolution, we 
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found it essential ourselves to cross the literatures of multiple disciplines: psy
chology, anthropology, sociology, physics and mathematics, and of course the 
evolutionary sciences. The task absorbed us for almost three years. During the 
twenty-five years since Genes, Mind, and Culture the sciences have maintained 
exponential growth, doubling their knowledge about every three to five years. 
To set the matter before you let us say that, in very rough terms, the relevant 
knowledge has doubled every five years for the first fifteen years since GMC 
and every three years after that. Then since 1981 the store of knowledge we 
surveyed, collated, and synthesized has expanded by a factor of 26, or sixty-
four times. Thus to carry out an equivalent synthesis today, using the close 
reading methods we applied then, would require almost 200 years of steady 
work (3 years then x 64 times more material to assess now), or two centuries 
apiece — almost half a millennium of scholar-hours between us. To report 
it at a depth equivalent to the original GMC would take 200 or so chapters 
(not three), a bulk equaling dozens of printed books. My estimate is probably 
conservative because it does not include the host of additional disciplines in 
the sciences, humanities, and arts that, since 1981, have become relevant to a 
unified knowledge of human nature. In the era of exponential progress, who 
will have the longevity for synthesis (wisdom quite aside), and in plain sight 
of the enormous commitment who will fund the unity of knowledge? 

Division of labor will be part of the solution. Rather than lone scholars or 
duos working on their own, large teams of specialists from many disciplines will 
join to sift primary literatures and create first-order syntheses, from which high-
order alignments can emerge. Digital media and the internet also will be part 
of the solution. When adequately funded and sustained, an internet database 
can hold vast quantities of information, that of many hundreds or thousands 
of printed works, in a form searchable on demand to scholars anywhere on 
the planet. Such databases, inspired in part by the storage needs of the Human 
Genome Project, are becoming standard resources across the life sciences. The 
humanities and human sciences are on a parallel tack too as primary textual 
resources and tools for their scrutiny enter the World Wide Web in the form of 
large searchable databases. Two striking examples (among many others) are 
the Perseus Digital Library in ancient literature, directed by Gregory Canes of 
Tufts University at www.perseus.tufts.edu; and the Bishop Museum's On-Line 
Database of Hawaiian Ethnology, covering more than 70,000 cultural objects 
(see http://www2.bishopmuseum.org/ethnologydb/entire.asp). 

Brain trusts and databases will not, however, suffice in themselves. Packing 
the sum total of human knowledge into a computer memory is not the same 
as unlocking the secrets of consilience. We must anticipate finding the clues 
scattered subtly along the boundaries demarcating the traditional disciplines, 
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since these are the fault lines where human imagination is at its weakest and 
the unity of existence splits into warring points of view. These are the flash 
points at which a fully consilient scholarship of human nature will demand the 
greatest concentration of effort. Mapping and bridging them will not come, I 
think, without a principal advance in the strategies of scholarship and general 
human understanding, to which I turn briefly in a moment. First however the 
matter of finding or searching. If I am right about the volume of knowledge and 
the complexity of the fault lines, the search for the best points of crossing will 
yield slowly, if at all, to scholars accustomed to equating knowledge search with 
reading books — one by one, and one-on-one. There is too much to search, too 
much of it is alien ground, and the clues may be cast in deeply unfamiliar form. 
We can anticipate, therefore, that sociobiology together with the humanities 
and the other human sciences will require new tools, which will act as high 
precision radars to pick out the crucial fault lines and target issues whose 
resolution will collapse disciplinary barriers. Extrapolating modestly from the 
state of modern digital scholarship, we might expect the first such tools to 
be specialized search engines or "agents," programmed to automatically roam 
the internet databases of myriad disciplines and sift for consilient patterns: 
Google™ augmented with the A.I. equivalent of a hundred Ph.D.s, if you like. 

Yet even with massive A.I. on board, the most agile search tool merely 
focuses the searcher's attention. What you do with the clues is up to you. 
Scholars in search of advances that align disciplines must at some point cre
ate the novel vocabularies, ideas, and media to bridge between and among 
subjects. As we have seen, this convergence is already under way though-
out the sciences. Some disciplines, however, are by current convention widely 
separated. What of any relevance, for instance, do the sociobiologist or the 
genome mapper have to say to the literary theorist or the poet and conversely? 
(Moral philosophers are already in the loop: see e.g. Greene, 2003, and Greene 
et al, 2001.) Since we are, all of us, conscious embodied beings of the same 
species, endowed with a long shared history of biological and cultural evolu
tion and resident in a global culture of mutual concerns and joint sufferings, 
the straight answer is "Plenty" — if only we're smart enough to open the 
dialogue. 

Scholarship within sociobiology and evolutionary science has so far 
employed well known means of aiding this convergence: the edited volume 
in which specialists from many disciplines meet and write around an issue of 
common concern; the scholarly debate, in which champions of two or more 
specialties (and opposing points of view) square off via point/counter-point; the 
synthetic work, in which the close study of a mystery across many disciplines 
absorbs a scholar over a prolonged period. While invaluable, these methods 
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work best when the elements of a bridging vocabulary are already in place, or 
when there is at least a consensus that the same subject (the nature of conscious
ness, for example) matters to everyone around the table. They are less success
ful when the bridging vocabularies, or shared priorities, or strategies of mutual 
understanding, do not yet exist — as might be the case between the sociobiolo-
gist and poststructuralist, for example (but see Habermas, 2003). This opens a 
space for new strategies meant to create surprising new proximities of meaning 
and understanding. Although few working examples exist as yet, projects like 
Ivanhoe (http://eotpaci.clas.virginia.edu/speclab/ivanhoe/), directed by literary 
scholar Jerome McGann at the University of Virginia, are encouraging. Ivanhoe 
is a computer-based tool that helps scholars understand their divergent inter
pretations of a text and explore the critical practices they use to produce the 
interpretations. Ivanhoe does not, however, operate like a simple internet chat 
room, where people are free to post their opinions for all to see and argue 
among themselves in the manner of everyday conversation. The Ivanhoe pro
gram, as I understand it, is designed more like a computer game in which 
players are motivated to find patterns of concordance, aided by the computer 
as it monitors the text and the players' communications about it. Ivanhoe is a 
consilence accelerator that, to invert the title of a well known McGann book 
(McGann, 1988), transforms social acts (the scholarly game play) into poetic 
values (the interpretive unification). The Ivanhoe game is currently meant for 
literary applications and remains under development. One hopes its successes 
will foment the creation of like tools targeted not only at flashpoints in the 
midst of disciplines, but all along the boundaries between them. In place of 
a specific text could be set human nature, with all disciplines invited to join 
the game. 

Some have suggested that human knowledge cannot advance to a con
silient state because consciousness, that mystery of mysteries, is about some
thing called the first person perspective. I cannot do justice to this caveat here 
(Searle 1997 and Lumsden 2005 give additional background) but, in essence, 
I suspect it will turn out to be straightforwardly irrelevant. Briefly, the first 
person perspective is what it is like to be Edward Wilson, or Charles Lumsden, 
or John Searle, or you, or a dolphin, or a bat (the locus classicus of the subject 
is a famous essay by the American philosopher Thomas Nagel entitled "What 
it is like to be a bat?"; Nagel, 1974). So the blue of the sky, crisp morning 
air, the loss of a loved one, American foreign policy — all of existence as you 
live it — is a certain way to you. Can what you experience — existence lived 
from your individual perspective — be known to someone else? And, can it be 
described and explained in the language of science? Science does seem to use 
a viewpoint different from that of the first person; science seems to place itself 
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outside what any one of us is thinking or doing, in an "objective" position of 
measurement. This position is sometimes called the third person viewpoint or 
perspective. The observations one makes when doing science can be shared 
from person to person in such a way that everyone can agree, with quantitative 
precision, as to what the observations are. Thus science is a cultural practice 
in which consensus about experience is possible; by its methods, if my radar 
gun shows the baseball skimming toward home plate at 100 miles per hour 
yours does too or, if it does not, we both agree on why your radar gun shows a 
different speed (perhaps you are dashing toward first base) and that, apart from 
our radars not working properly, the 100 mph I measure is fully consistent with 
velocity you measure. 

Experiences like the blue of the sky certainly seem different from pegging 
the speed of a baseball. Philosophers sometimes put it that a first person experi
ence like "that blue sky" is "irreducible," meaning it cannot be expressed in the 
third person perspective of science. For example, we might use a sophisticated 
medical imaging scanner to see which regions of your brain fire when you stand 
under that blue sky gazing upward, how the brain regions intercommunicate 
and perhaps even what details of nerve cell activity they contain. Everyone 
who understands the scanning method will agree on the results. Still, and this 
is first person irreducibility, our data on your brain rhythms and nerve cell 
signals give us no experience of what, for you, the blue sky is like. You do the 
experiencing, we do the observing of you experiencing, and that amounts to a 
pair of different activities. 

Dichotomies like "subjective" versus "objective" and "reducible" versus 
"irreducible" can mislead, however. Consider what would have happened in 
our imaginary scenario about the blue sky if you had sung me a song or written 
me a poem about your experience of the sky, instead of letting me hook up the 
scanner and watch your brain. Then I would begin to grasp your experience, 
and not be diverted by how your nerve cells are firing. The symbols in which 
you frame your song or poem are likely to be different from the kinds of 
symbols through which we would communicate about the nerve cell activity; 
the interpretation of poetic and musical symbols usually involves a more open-
ended (indeed, richly unending) process of valuation and nuance (Goodman, 
1976). And as symbols they point at you and your experience, not at your 
nerve cells.Conscious experience is a shimmer of diverse concepts and diverse 
categories. A human sociobiology consilient with the full range of human 
experience is not grounded on the assumption that it all can be "reduced" to 
the vocabulary of one specialty, of sequencing genes or watching nerve cells. 
That is contrary to observed fact. Consilience is a hypothesis that we will find 
trackways through this diversity, right across human nature. 
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Those trackways may eventually bypass the notion of the third person view
point. Albert Einstein's physics of relativity stitched together time and space, 
and mass and energy. His discoveries also showed that a scientific objectivity 
based on being "outside" the first person perspective is an illusion. There is 
no God-like third person vantage point for us mortals. There are only minds 
comparing first person experiences, even in the pristine world of physics. The 
Einsteinian lesson teaches that modern science deals with certain experiences 
that can be shared precisely, about which consensus and full mutual compre
hension is possible. Astonishingly, these experiences appear to be completely 
fundamental to the way our Universe works, that is to say, to the way it would 
be whether we humans were here to experience it or not. Furthermore, the 
precision consensus does not dictate that all of us share the same point of view 
and have identical experiences; far from it. The fabric of agreement arises from 
rules of transformation that relate one experience to another, exactly (literally, 
the rules transform one experience into another: my experience of the 100 mph 
fast ball transforms into yours that the pitch is a 40 mph slow ball). To unaided 
intuition the third person viewpoint seems real but this reflects powerful effects 
of the mind's reification process as it seeks concise metaphors for the field of 
measurements made by many observers. The third person viewpoint is not real. 
Philosophical concerns based on it can be understood as a kind of folk philoso
phy shaped by the reification rules (philosophers already speak of folk physics 
and folk psychology when they refer to the everyday understanding of Nature 
and of human behavior shared widely in a culture). 

Not all of human experience is expressed in terms of number symbols that, 
when recoded by physics rules, seamlessly connect one observer to another and 
enforce unanimous agreement. It is an open question as to whether the radi
cally alternate symbol systems humans have devised to express what numbers 
cannot — literature, music, dance, painting, sculpture — might also follow as 
yet undiscovered rules of transformation that seamlessly connect your song 
about the blue sky to my painting of it, and through our mutual comprehension 
to the staccato code of the nerve cells. Unknown as well is the size, if any, of 
the residuum comprised by the inexpressible, by a core of any experience that 
is significant to each of us but that no symbol or glance or touch or choice can 
make known to another. Fascinating as it is, the inexpressible — hovering as a 
last ghost in the mind's machine — is not poised to detain consilient synthesis 
in the human sciences. The arts, humanities, and sciences deal with what can 
be expressed and so shared among minds, not with an unretrievable core. The 
stranger a discipline's symbols are relative to those of another, the greater the 
impact when the barriers come down. 
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The twenty-first century is poised to be time of unprecedented enrichment 
and consilience in all areas of human endeavor. Both of us have stressed that 
sociobiology is as much about the future as it is an exploration of our present 
and past (Lumsden, 1999b, 2004a,b; Wilson, 2002). The open deep questions 
of human sociobiology and gene-culture coevolution remain too abundant to 
count. Culture, we have seen, is not the atomistic dust of information particles 
("memes", "culturgens") caricatured in gene-culture models so far. But what 
is it? What new ideas will map its forest of symbols and follow its pathways 
through conscious experience into the epigenetic matrix of the brain's devel
opment? As we note in GMC, we are not alone in the gene-culture world. 
Thousands of animal species pass learned information as well as genes from 
generation to generation (Avital and Jablonka, 2000). How do these animal 
cultures compare to ours, and how different is animal mind and animal gene-
culture coevolution from the human case? Since GMC it is known that the 
history of genetic change and cultural change can be thoroughly complex, 
even in the simplest cases. Now that computer programs like Massive usher 
in an era of gene-culture simulation for populations approaching the size and 
behavioral complexity of real societies, what will we learn about the structure 
of history and the human mind? When is real history a progression, when is 
it a stale orbit of cyclic repeat, when a chaotic shambles? What is the force 
of mind on history? Must the effete pretensions of a Nero always follow the 
hardheaded warmanship of an Octavian, or can it lead? Do great personalities 
appear by rote — the Homers, Caesars, Dantes, Brahms, O'Keefes — or by 
chance? Can biodiversity survive on a planet thriving with gene-culture species 
and their breakaway technologies? 

In life as we know it the DNA codescript for every gene has a beginning 
and an end. Evolution, in a Universe abundant with time and teeming with 
biotic potential, does not. Mind and culture lie across the face of the Universe 
like a veil whose lifting reveals our origins, and whispers of times to come. 
Consider Genes, Mind, and Culture a message in a bottle, set afloat in a time 
when the sciences were smaller and two explorers could cross many disciplines 
to say what they saw. Despite its age — these twenty-five years have been a 
period of fierce progress in the human sciences — GMC has made the trip. 
Many of our original conclusions and proposals have, we believe, stood the 
test of subsequent discoveries. But that is the past pointing to the future. For 
sociobiology and gene-culture studies as for humankind overall, the greatest 
years are surely those ahead. 
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The academic literature was immense at the time we wrote Genes, Mind, and 
Culture and is now effectively infinite relative to the capacities of a lone reader, 
even taken discipline by discipline. But there are departure points. Here follows 
a short list of works that have stimulated my thinking about sociobiology and 
human nature. Used in conjunction with others in the Bibliography they will 
aid your further reading. 
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Preface to the First Edition 

This book contains the first attempt to trace development all the way from 
genes through the mind to culture. Many have sought the grail of a uni
fying theory of biology and the social sciences. In recent years the present 
authors have come to appreciate the probable existence of some form of 
coupling between genetic and cultural evolution, and we have undertaken 
our effort with the conviction that the time is ripe for the discovery of its 
nature. The key, we feel, lies in the ontogenetic development of mental 
activity and behavior and particularly the form of epigenetic rules, which 
can be treated as "molecular units" that assemble the mind midway along 
the developmental path between genes and culture. 

Why has gene-culture coevolution been so poorly explored? The prin
cipal reason is the remarkable fact that sociobiology has not taken into 
proper account either the human mind or the diversity of cultures. Thus in 
the great circuit that runs from the DNA blueprint through all the steps of 
epigenesis to culture and back again, the central piece—the development 
of the individual mind—has been largely ignored. This omission, and not 
intrinsic epistemological difficulties or imagined political dangers, is the 
root cause of the confusion and controversy that have swirled around 
human sociobiology. 

In attempting to develop a theory of gene-culture coe volution, we have 
taken care to examine the steps that lead from genes through mind to cul
ture, and to develop explicit models that connect individual mental devel
opment to culture and culture to genetic evolution. Of necessity we have 
drawn on ideas and data from several previously disparate fields, such as 
population genetics, cultural anthropology, and mathematical physics. 
Our own primary research interests cover several of these disciplines. 
One of us (CJL) is a physicist who has extended his research into theoreti-
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cal biology. The other (EOW) is a biologist with a special interest in 
evolution and social systems. In the course of our study we have both 
developed a renewed concern and abiding respect for social theory, the 
neurosciences, and psychology. 

We have also not hesitated to call on colleagues in other disciplines for 
help. The following persons read parts of the manuscript: David P. 
Barash, Gary Beauchamp, Daniel Bell, John T. Bonner, Marc H. Born-
stein, Irven DeVore, Mildred Dickemann, Robert M. Fagen, James G. 
Greeno, Paul Harvey, Richard J. Herrnstein, Bert Holldobler, David H. 
Hubel, Melvin J. Konner, John Pfeiffer, J. M. Rendel, and Lynn E. H. 
Trainor. Other forms of assistance, particularly instruction on special 
topics, was given us by Gary Beauchamp, Scott A. Boorman, Joel Cohen, 
John E. Dowling, Patricia Draper, Robin Fox, David M. Green, Douglas 
R. Hofstadter, Robert J. Kiely, Thomas C. Schelling, Joseph Shepher, 
John Terrell, Richard F. Thomas, Pierre van den Berghe, Harrison C. 
White, and Johannes Wilbert. Kathleen M. Horton assisted in the biblio
graphic research and typed the manuscript through several difficult ver
sions. William Minty drafted the original figures. We are grateful to all of 
these associates and friends but of course in no way hold them responsi
ble for any errors that persist in the final text. Part of the original research 
was conducted under National Science Foundation Grant No. DEB 
77-27515 held by EOW. During the collaboration CJL was supported by a 
Postdoctoral Fellowship and a NATO Postdoctoral Fellowship, both from 
the Natural Sciences and Engineering Research Council of Canada. 

The contents of Genes, Mind, and Culture can be summarized very 
briefly as follows. We begin with an examination of the possible forms of 
socialization and show that one of them, gene-culture transmission, is the 
most likely in any species that attains the advanced form of culture (eucul-
ture) found in man. A persistent tabula rasa state is unlikely; one can esti
mate the average time species spend in such a state and specify the condi
tions that hasten their departure during the course of their evolution. In 
order to proceed with our analyses, we define a culturgen, the basic unit 
of inheritance in cultural evolution. 

In Chapters 2 and 3 we review the epigenetic rules thus far discovered 
during studies of human behavioral development. These constraints bias 
individuals toward the assimilation of one culturgen or set of culturgens as 
opposed to another. A distinction is made between primary epigenetic 
rules, expressed mostly through sensory screening and perception, and 
secondary epigenetic rules, which operate during the later stages of mem
ory storage and recall, valuation, and decision making. 
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In Chapter 4 we introduce the concept of gene-culture translation, 
which is the transformation of individual cognition and choices of cul-
turgens into cultural patterns. Cognition is constrained by the epigenetic 
rules, which in turn are genetically determined. The rules can be dissected 
into innate bias and such context-dependent parameters as the pattern of 
response to choices made by other members of the society. Using both of 
these factors in models, we demonstrate that cultural patterns are remark
ably sensitive to small changes in the epigenetic rules. Data from develop
mental and social psychology are employed to analyze actual cases of 
gene-culture translation. 

Chapter 5 begins our evolutionary modeling. We deal with the particu
larly tractable case of epigenetic rules that depend only on innate pro
gramming and are not influenced by cultural patterns. Such models 
approximate important ethnographic conditions, such as the phenomena 
of brother-sister incest avoidance and color classification dealt with in 
earlier chapters. For such systems we investigate the magnitudes of the 
innate learning biases that prevail in evolutionary time, given specific 
environmental conditions. We demonstrate the existence of a novel 
gene-culture adaptive landscape when conditions are steady, and extend 
the model to cover heterogeneity in space, time, and developmental phen-
otype. 

In Chapter 6 we move to a new conception, in which the epigenetic 
rules assemble the mind and channel information processing and decision 
making. In order to model the mechanisms correctly, we extract the key 
relevant traits of human cognition from current experimental research. 
Culturgens are defined anew with respect to knowledge structures in long 
term memory, and genetic fitness is correlated more directly with cogni
tive process. Using these newly conceived relationships, we construct 
and analyze the first such complete models of coupled genetic and cultural 
evolution. 

In Chapter 7 we use models similar to those employed in biogeography 
to examine the accumulation of information within societies. Culturgens 
are treated as entities that "colonize" minds and become extinct through 
disuse and memory loss, the net effect of which is to create standing cul
tures of various sizes that at any given moment may be growing, de
clining, or constant. The possible constraints on the mind's occupancy of 
the "civilization niche" are investigated. We use the resulting theory to 
speculate on why the capacity for euculture has originated so rarely—in 
fact, only once—thus far in evolution. 

Finally, in Chapter 8, the relations of the theory of gene-culture coevo-
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lution to the remainder of sociobiology and the social sciences are ex
plored. We discuss the possibility that these subjects will eventually 
permit a deeper understanding of history. 

We are aware that a complete reading of the book may prove taxing to 
some, because of both the mathematical flavor and the unavoidably multi-
disciplinary nature of the subject. We have labored to keep the mathema
tics on a tight leash; it is used where its power can promote insight into the 
mechanisms that link genes with mind and culture and illuminate the con
tent of our theory. For readers not wishing to pursue the details, we have 
provided paragraphs, set off in italic type, that summarize the essential 
content and results of the mathematical sections. These paragraphs ap
pear at the start of each such major section. We recommend that for 
rapidity of overall comprehension the summaries of the chapters be read 
first, in sequence, then Chapter 1 in its entirety, and finally the other 
chapters in part or whole as the reader's interest may suggest. 

CJL 
EOW 



CHAPTER ONE 

Introduction 

The subject of this book is what we have come to call gene-culture coevo
lution. At first glance such an expression might seem to imply a coupling 
of processes that is unlikely and perhaps impossible. But this is not the 
case. The linkage between biological and cultural evolution is a logical 
possibility, the exploration of which has become an increasingly clear 
major intellectual challenge. Many philosophers and scientists still con
sider the gap between the biological and social sciences to be a permanent 
discontinuity, grounded in epistemology and reinforced by a fundamental 
difference in goals on the part of specialists. We view it instead as a 
largely unknown evolutionary process—a complicated, fascinating in
teraction in which culture is generated and shaped by biological impera
tives while biological traits are simultaneously altered by genetic evolu
tion in response to cultural innovation. 

With a few exceptions1 evolutionary biologists have hesitated to extend 
the concepts of biological causation and natural selection to the study of 
culture. They have been inhibited by the prevalence of what may be 
called the promethean-gene hypothesis: that genetic evolution produced 
culture, but only in the sense of creating the capacity to evolve by culture; 
thus a group of promethean genes has freed the human mind from the 
other genes. For their part social scientists, again with notable excep
tions,2 have concurred in this view and affirmed the autonomy of the so-

1. In particular, Alexander (1979a,b); Bonner (1980); Boyd and Richerson (1976); Clon-
inger et al. (1979a,b); Durham (1976,1979); Feldman and Cavalli-Sforza (1976,1979); Pulliam 
and Dunford (1979); Rice et al. (1978). 

2. Reviewed in Campbell (1975); Chagnon and Irons (1979); Fishbein (1976); Freedman 
(1979); Harrison (1977); Tiger and Fox (1971); van den Berghe (1979). 
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cial sciences. Theirs is a biologically nondimensional view of social evo
lution deduced from a second key hypothesis, the psychic unity of 
mankind. This opinion holds that human culture evolved during too short 
a time for genetic evolution to have occurred, and that in any case it de
pends largely upon a single promethean genotype. 

In spite of the immediate plausibility of the promethean-gene and 
psychic-unity hypotheses, the conditions they postulate are special, ex
treme cases that still await evaluation within a broader theory of coupled 
genetic and cultural evolution. Such a "comparative social theory" would 
treat mankind as one in an array of species, both real and conceivably 
evolvable (Wilson, 1980a). The experience of the natural sciences teaches 
that the strongest theory is created when the real world is visualized 
within a matrix of possible worlds. The trajectory of human history can be 
plotted when the arrays of genetic-cultural properties are deduced across 
many imaginable species and beyond the arbitrary limits of human varia
tion and are used to define the mathematical elements needed to describe 
the evolutionary process. 

Ethologists and sociobiologists have by and large been sympathetic to 
this position. They characterize man as one species among a variety of 
primate species, each adapted in idiosyncratic ways to particular environ
ments. In evaluating the peculiarities of human behavior, they tend to 
speak of patterns of behavior having a human-specific genetic basis, 
hence of genes that prescribe behavior. When learning is treated at all, it 
is viewed largely as a process by which packets of information that en
code explicit behaviors leap between generations and colonize the 
brain—in the same way that pathogens invade hosts. 

For mankind at least, these postulates are radically incorrect. Behavior 
is not explicit in the genes, and mind cannot be treated as a mere replica of 
behavioral traits. In this book we propose a very different view in which 
the genes prescribe a set of biological processes, which we call epigenetic 
rules, that direct the assembly of the mind. This assembly is context 
dependent, with the epigenetic rules feeding on information derived from 
culture and physical environment. Such information is forged into cogni
tive schemata that are the raw materials of thought and decision. Emitted 
behavior is just one product of the dynamics of the mind, and culture is 
the translation of the epigenetic rules into mass patterns of mental activity 
and behavior. In contrast to the approaches of traditional ethology and so-
ciobiology, including previous approaches to gene-culture coevolution, 
we take account of the free-ranging activities of the mind and of the diver
sity of cultures created by them. Genes are indeed linked to culture, but in 
a deep and subtle manner. 
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We shall embark on our enterprise with a simple evolutionary classifi
cation. Consider a series of species that vary in ability to teach and learn. 
They can be arranged into sets that possess various combinations of four 
components basic to the evolution of culture: simple learning, imitation, 
teaching, and reification. The last term means the construction of symbols 
and other abstract representations of the environment, a function we shall 
discuss in more detail shortly. Each of the components might conceivably 
evolve independently of all the others, although in most if not all phyloge-
netic lines of animal evolution they have appeared in the order in which 
we gave them: simple learning -* imitation —> teaching —> reification. In 
Table 1-1 combinations of the components are used to define five evolu
tionary grades that roughly parallel the gradual emergence of cultural 
behavior. Each species known to us (see reviews by Wilson, 1975; Al-
cock, 1979; Beck, 1980; and Bonner, 1980) falls into one or another of the 
evolutionary grades. In the animal kingdom as a whole, the proportion of 
species declines precipitously at each step, from the acultural (I + II) to 
the eucultural grades (see Figure 1-1). Man alone has attained the eucul-
tural grade, that is, the most advanced or " t rue" cultural state. 

We define culture in the broad sense, to include the sum total of mental 
constructs and behaviors, including the construction and employment of 
artifacts, transmitted from one generation to the next by social learning. 
Although recognizing the preeminence of symbols in human culture, we 
do not agree with Geertz (1966; 1973:89), Schneider (1980), and some 
other social scientists in considering them to be exclusively diagnostic of 

Table 1 -I The components of learning and teaching that define grades of cul
tural evolution. The most advanced grade (eucultural) can be reached by one or 
another of several evolutionary routes consisting in a stepwise accumulation of 
components. 

Components 

Reification 
(including 

Grades Learning Imitation Teaching symbolization) 

Acultural I 
Acultural II • 
Protocultural I • • 
Protocultural II • • • 
Eucultural • • • • 
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Figure 1 -1 The numbers of living species of animals in the major grades of cul
tural behavior. The acultural group was taken to be composed of all the inverte
brates and cold-blooded vertebrates; the 1,000,000 species in the group is an 
order-of-magnitude estimate (see for example Wilson et al., 1978). The protocul-
tural I group is taken to include roughly the 8,600 species of birds and 3,200 
species of mammals exclusive of those in the protocultural II group, in which are 
tentatively placed the 7 species of wolves and dogs (Canis), the single species of 
African wild dog iLycaon), the one species of dhole (Cuon), the one species of 
lion, both species of elephant, and all 11 species of anthropoid apes. Man is the 
single eucultural species. 

culture. This semantic restriction arbitrarily sets apart a substantial class 
of imitative behaviors, some of which grade imperceptibly into symboli-
zation. It underestimates the complexity of the cognitive process, much 
of which cannot be analytically subsumed under the meaning normally 
given to symbolization. Most importantly, the narrower definition ex
cludes the key word, culture, from the theoretical analysis of animal and 
ancestral human species. 

Mankind has attained euculture in part by means of teaching conducted 
during the socialization of the young. Programs of intentional instruction, 
consisting in at least informal questioning and answering, are employed 
by all human societies (Williams, 1972a,b; Davidson, 1977; Hansen, 1979; 
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Patricia Draper, personal communication). Adults are strongly prone to 
provide complex instructions, and the young are predisposed to follow 
them. As Waddington (1960) aptly expressed this relationship, man is the 
authority-bearing species. 

It is true that teaching is not unique to human beings. In a broad sense 
honeybees can be said to instruct nestmates during the waggle dance. The 
direction and duration of the straight run, the central segment of the 
figure-eight dance pattern, symbolize the location of newly discovered 
nectar sources or some other target. Other bees automatically follow the 
dances, memorize the coded instructions, and act on the information to 
find the target. The mothers of chimpanzees and other primates go fur
ther, using signals and physical force to guide the play and imitative 
movements of their offspring. When infant chimpanzees at the Gombe 
Stream National Park in Tanzania climbed too high, for example, their 
mothers tapped on the tree trunks, causing them to come down immedi
ately (Goodall, 1965). As Bonner (1980) notes, teaching is diversified into 
a continuum across the small number of animal species practicing it, 
ranging from actions that are performed with the apparent function of in
ducing imitation to step-by-step reinforcement of imitative and explora
tive behavior. But even the most elaborate forms of animal teaching fall 
far short of the intensive and complicated programs of instruction prac
ticed by human societies. 

In short, human beings differ quantitatively from animals in the magni
tude of the enculturation process. There is in addition a unique activity 
that fully separates mankind from the most advanced protocultural animal 
species and makes it the only known eucultural species. This is the 
process we have called reification. The operations of the human 
mind incorporate (1) the production of concepts and (2) the continuously 
shifting reclassification of the world. Insects, cold-blooded vertebrates, 
and other relatively small-brained animals filter out most signals at the 
level of peripheral sensory cells and lower associative centers and then 
respond principally to a very restricted set of "sign stimuli" among the 
signals remaining. The human mind, in contrast, absorbs vastly greater 
numbers of chaotically timed stimuli, most of which lack immediate rele
vance, and constructs an internal reality from them. Gradually varying 
configurations are broken into categories by a complex but specific set of 
operations that are beginning to be studied in depth by cognitive psy
chologists (Posner, 1973; Rosch et al., 1976; Getty et al., 1979). The cate
gories are often two in number—for example, ingroup/outgroup, 
child/adult, sacred/profane—while their boundaries are enhanced by rit-
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ual and taboo. And wholly new productions, "mentifacts" (Huxley, 
1958), are created to encompass processes that are emotionally potent but 
only weakly comprehended by the rational portions of the mind. Thus 
gods, spirits, and totems can be interpreted as the outward represen
tations of sanctifying, group-binding activities of the mind (Lenski and 
Lenski, 1970; Rappaport, 1971). Metaphors are created to link more 
directly perceived physical phenomena with those less easily grasped. 
One pictures the rush of thought across this page, for example, or the 
eagle that represents the hereditary unity of the tribe, or the exact dif
ferential, dx/dt, signifying change in an arbitrarily chosen entity. 

The enabling device of reification is symbolization, which at once 
serves to aid memory, trigger emotion, classify the environment, and 
transmit information and feelings to others (Needham, 1979). Human lan
guage is largely the manipulation of symbols to convey the reified con
structs of the mind. One result of the language-training experiments on 
chimpanzees has been a partial devaluation of the pure mechanics of lan
guage. These animals can be taught over a hundred words by means of 
sign language, as well as elementary sentence-like combinations of three 
or more words that convey emotion or present requests and commands 
(Savage-Rumbaugh and Rumbaugh, 1978, and Terrace et al., 1979). What 
they evidently lack is the human capacity and sheer drive to reify their 
experience into new concepts that can be transmitted to others by any 
means whatever, including single symbols or sentences. Although gram
matical rules and phonetics are essential transmittal devices, abstraction 
and symbolization appear to have been the primary achievements in the 
evolution of euculture. 

The advance of men over chimpanzees and other higher primates was 
attained during an exceptionally rapid burst of evolution. Over a period of 
approximately three million years, from the time of the beginnings of a 
materials-based culture in the ancestral Australopithecus to the Upper Pa
leolithic era of modern Homo sapiens, the brain tripled in size. The cra
nial capacity of Australopithecus was 400-500 cc, comparable to that of 
the chimpanzee and gorilla. Two million years later Homo erectus had at
tained a capacity of 1,000 cc. Another million years saw an increase to 
1,400-1,700 cc in Neanderthal man and 900-2,000 cc in modern Homo 
sapiens. The young of modern Homo sapiens also undergo a much longer 
period of socialization, a phase that evidently originated while the human 
neocortex was expanding. The juvenile period of the chimpanzee, 
orangutan, and gorilla is seven to eight years. In modern man it is about 
fourteen and accompanied by a relatively slow, programmed unfolding of 
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cognitive and physiological development. Moreover, the development 
has incorporated wholly new elements that lead to advanced levels of cog
nition, thinking, and learning (see Figure 1-2). 

In short, the attainment of euculture by the single species Homo sa
piens was a unique event in more than one respect. It was achieved 
through an acceleration of neuroanatomical and behavioral evolution 
unprecedented in the history of life. One can visualize the process in al
most physical terms: the crossing of a eucultural threshold by the species, 
followed—perhaps inevitably—by a sustained autocatalytic reaction in 
which genetic and cultural evolution drove each other forward. 

In order to examine this remarkable process more closely, it is neces
sary to consider the ways in which genetic and cultural evolution can 
interact through programs of individual development. As illustrated in Fig
ure 1-3, three classes of programs are possible in a social species. Imag
ine for the moment an array of transmissible behaviors, mentifacts, and 
artifacts, which we propose to call culturgens (from L. cultur(a), culture, 
+ L. gen(o), produce; and pronounced by us "kul' tur jens"). The unit is 
the equivalent of the artifact type employed in archaeology (Clarke, 
1978), and it is similar in variable degree to the mnemotype of Blum 
(1963), idea of Huxley (1962) and Cavalli-Sforza (1971), idene of H. A. 
Murray (in Hoagland, 1964), sociogene of Swanson (1973), instruction of 
Cloak (1975), culture type of Boyd and Richerson (1976), meme of 
Dawkins (1976a), and concept of Hill (1978). A justification for using this 
neologism, and a more precise definition of it, are given in Appendix 1-1. 
The culturgens of the simplified scheme in Figure 1-3 are equally acces
sible for both teaching and learning. They are processed through a se
quence of epigenetic rules, which are the genetically determined proce
dures that direct the assembly of the mind, including the screening of 
stimuli by peripheral sensory filters, the internuncial cellular organizing 
processes, and the deeper processes of directed cognition. The rules com
prise the restraints that the genes place on development (hence the ex
pression "epigenetic"), and they affect the probability of using one cul-
turgen as opposed to another. The probability distributions themselves 
are appropriately termed usage bias curves or, more simply, just bias 
curves. 

Suppose that a naive population or a naive individual of a given geno
type within a species was confronted with a set of culturgens. These ele
ments might be an assortment of food items, an array of carpenter's tools, 
a variety of alternative marriage customs to be adopted or discarded, or 
any comparable array of choices. If the development of individual 
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SENSORIMOTOR-INTELLIGENCE SERIES 

6. INVENTION OF NEW 
MEANS THROUGH MENTAL 
COMBINATIONS (INSIGHT) 

EXAMPLE OF 
BEHAVIOR 

Roots and sucks 

Repetitive hond-hand 
clasping 

Swings object and 
observes motion 

Sets aside one object to 
get to another 

Experimentally learns 
to use stick to obtain 
another object 
Mentally discovers how one 
object can be used to 
obtain another 

IMITATION SERIES 

STAGES 

I. REFLEXIVE CONTAGIOUS 
IMITATION 

2. SPORADIC 
SELF- IMITATION 

3. PURPOSEFUL 
SELF-IMITATION 
(SOCIAL FACILITATION) 

4. IMITATION USING 
UNSEEN BODY PARTS 

5. IMITATION OF NEW 
BEHAVIOR PATTERNS 
TTRUE IMITATION') 

6. DEFERRED IMITATION 

DESCRIPTION OF 
BEHAVIOR 

Crying or other reflexive 
behavior stimulated by model 

Imitation by model of infant's 
motor pattern stimulotes 
vocal octivity 

As above, but matching 
becomes more precise 

As above, but infant's 
body ports can be unseen 

mitation of model by 
repeated attempts at 
matching 

Imitotion symbolic or 
deferred 

M Stumptail macaques 
G Great apes; gorillas 

and chimpanzees 
H Homo sapiens 

| ^ Observed behavior 

• Parallel stages qualitatively 
different from human behavior 

? Abilities suspected but not observed 

[ ] Behavior not observed 

Figure 1-2 A comparison of the developmental programs of young monkeys, 
anthropoid apes, and human beings. The classifications used are derived from 
those of Piaget and follow series of stages in the development of sensorimotor in
telligence and imitative abilities. (Based on Chevalier-Skolnikoff, 1977.) 
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Figure 1 -3 The three conceivable classes of programs of informational trans
mission in a social species. According to the properties of the epigenetic rules (the 
genetically determined processes of cellular peripheral screening and directed 
cognition), the probability of transmission of culturgens will be limited to a single 
choice (pure genetic transmission), all choices equiprobable (pure cultural trans
mission), or multiple choices that are not equiprobable (gene-culture transmission). 
These curves are the products of the epigenetic rules possessed by individual 
organisms of given genotypes with reference to particular categories of 
culturgens. (Modified from Lumsden and Wilson, 1980a.) 

members of the society is genetically constrained in such a way that the 
same culturgen is selected each time, the transmission is said to be pure 
genetic transmission. The epigenetic field, which is the time course of all 
developmental choices, is a single narrow channel stretching from birth to 
maturity. In noncultural species, behavioral choices that are similarly 
constrained are called fixed-action patterns by ethologists. Depending on 
the species and behavioral category, such responses can be entirely pro
grammed within the central nervous system, requiring no learning what
ever. Or, if learning occurs, it is so tightly directed that only the one 
genotype-specific behavior is attained. Interference with the develop
mental process results in a rudimentary version of the behavior or no 
behavior at all, instead of some alternative fully developed pattern (Al-
cock, 1979). Thus, the young of many species of birds must learn the 
species-specific song because they are incapable of learning any other. 
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Pure genetic transmission has hitherto been of primary interest to biolo
gists, especially neurobiologists and ethologists, because it is typically 
identified with "instinct," the polar opposite of culture. But note that a 
highly social species might conceivably evolve that would possess an ad
vanced language and culture all of which is learned, and yet be able to 
transmit only one set of behaviors and therefore one culture. In other 
words, a pure genetic culture is a logical possibility! The shift from one 
preferred culturgen to another because of a change in the epigenetic rules 
in a totally constrained species, whether it is programmed for fixed-action 
patterns or for fully channeled learning, is pure genetic evolution. 

At the opposite extreme, also illustrated in Figure 1-3, all of the avail
able culturgens are equally likely to be utilized. Epigenetic rules have 
evolved so as to remove all forms of bias in individual development that 
could result from peripheral sensory screening, internuncial cellular organ
ization, or innate predispositions in deeper processes of cognition. This 
pure cultural transmission is what many social scientists have in mind 
when they interpret human evolution: 

Humanness is socio-culturally variable. In other words, there is no 
human nature in the sense of a biologically fixed substratum deter
mining the variability of socio-cultural formations. There is only 
human nature in the sense of anthropological constants (for example, 
world-openness and plasticity of instinctual structure) that delimit 
and permit man's socio-cultural formations (Berger and Luckmann, 
1966:46-47). 

This hypothesis appears to be the prevailing view. In an analysis of 
twenty-four introductory sociology textbooks, Petryszak (1979) found the 
following assumptions to be basic: "that any consideration of biologic 
factors believed to be innate to the human species is completely irrelevant 
in understanding the nature of human behavior and society . . . that 
human culture is comprised solely of the ideational and technological as
pects of society and excludes any consideration of having a biological 
basis . . . that man's ability to learn and to be susceptible to the pro
cesses of socialization and the opinion of others is due solely to the ab
sence of all instincts." Shifts in culturgen preference in such a wholly un
constrained species would be pure cultural evolution. At first thought 
such an arrangement might appear to constitute a relatively simple, gener
alized, and stable state, since social behavior has been "liberated" from 
the genes. But the opposite is more likely to be the case. Physiological 
equalization of preferences among culturgens requires a genotype that en-
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codes multiple complex fine-tuning mechanisms. Pure cultural transmis
sion can be sustained only with precise controls that depend upon contin
uing genetic evolution. 

The intermediate case is gene-culture transmission, defined as trans
mission in which more than one culturgen is accessible and at least two 
culturgens differ in the likelihood of adoption because of the innate 
epigenetic rules. Gene-culture coevolution is correspondingly defined as 
any change in the epigenetic rules due to shifts in gene frequency, or in 
culturgen frequencies due to the epigenetic rules, or in both jointly. As we 
shall demonstrate, both kinds of shifts inevitably occur, given enough 
time, and they exert a reciprocal influence. The formal conceptualization 
and analysis of this interaction may be called gene-culture coevolution 
theory or, more concisely, gene-culture theory.3 

On a priori grounds gene-culture transmission appears to be the most 
likely mode of inheritance for all categories of culturgens, in the human 
species and in all other imaginable species in which the capacity for cul
ture evolves. Pure cultural inheritance is an improbable alternative out
come of genetic evolution, for the following reasons. 

(1) In each of the human sensory modalities (vision, hearing, taste, 
smell, touch, humidity perception, heat perception) sensitivity varies in 
degree over the array of accessible stimuli. In the case of vision and 
hearing, narrow upper and lower limits bracket the wave frequencies that 
can be discriminated or even perceived. It would be difficult or impossible 
for an evolving biological system, dependent on transducer cells and 
chains of neurons, to attain sufficient quality control so as to approach 
uniform sensitivity and at the same time to abolish limits on the frequency 
spectrum. The same considerations apply to the reading of pattern and 
complexity by coding devices among interneurons. In short, central 
nervous systems are inherently unprepared to perceive and classify 
equally all ranges of primary stimuli from culturgens. There is certain to 
be some bias built ab initio into their screening and coding apparatus. 

(2) Homo sapiens, and any other theoretically conceivable species 
placing strong reliance on cultural inheritance, is unlikely to begin its evo
lution from an undifferentiated behavioral development. As in all animal 

3. Coevolution is a well-known phenomenon in biology. Theoretical and experimental 
studies have been conducted on the interaction of competing species, character displace
ment in premating isolating mechanisms between hybridizing species, predators and prey, 
hosts and parasites, and partners in mutualism. Excellent reviews of these forms of interac
tion are given by Roughgarden (1979), Slatkin and Maynard Smith (1979), and D. S. Wilson 
(1980). 
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species, the immediate ancestral populations must have been dependent 
on automatic peripheral screening and pattern coding, as well as forms of 
prepared learning such as imprinting and inhibition resulting from an 
adaptive, biased preference for certain stimuli. 

(3) Even if a species could somehow start with uniform epigenetic 
rules, the strategy would generally be unstable, leading in the course of 
gene-culture coevolution to the reappearance of nonuniform epigenetic 
rules. 

Consider a population of diploid organisms with individual genotypes 
G{ Gj, where each paired / and j denote the allelomorphs on each of the 
loci. In a cultural species the genetic fitness w of an organism is deter
mined not only by its genotype GtGj but also by its cultural heritage as ex
pressed by its set of assimilated culturgens, c. The genetic fitness w is sub
ject to changes due to learning, innovation, and other time-dependent 
cultural processes that alter the culturgen content: 

w = w(i,j,c) = w[i,j,c(t)]. 

As indicated by Figure 1-4, genetic fitness is enhanced when the proba
bility per unit time t W ) for the change of culturgen set from c0 to a set ck 

with equivalent or higher relative fitness is greater than the probability per 
unit time v0m(t) for a change to some other set Cm with lower relative 

o j 

UJ 

CULTURGEN SET, c 

Figure 1-4 The evolution of epigenetic rules. Natural selection favors organ
isms that consistently make the probability of shift vok from culturgen set c0 to 
culturgen set ck greater than the probability of shift vm from c0 to cm, where the 
genetic fitness conferred by Co is greater than that conferred by c,, but less than or 
equal to that conferred by c*. 
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fitness. The epigenetic rules provide this capability, shaping the organ
ism's pattern of culturgen use in such a way that transitions to relatively 
advantageous sets such as cfc occur with greater frequency than transi
tions to relatively deleterious sets such as Cm. 

Now consider a population of tabula rasa organisms, which change 
their culturgen sets and alter the degree of control over behavior exer
cised by specific culturgens without reference to the effects on genetic 
fitness. In other words, the developmental field is flat. The population is 
exposed to an environment that contains both adaptive and deleterious 
culturgens, but it is unable to distinguish them. At the same time it is open 
to cultural programming that could at whim set v0m> v^. Over a period 
of generations the population is unstable against invasion by genetic mu
tants that program epigenetic rules biasing individuals toward assimilation 
of relatively adaptive sets. The epigenetic rules will then tend to channel 
cognitive development toward certain culturgens as opposed to others. 
We refer to this relation informally as the "leash principle" in order to 
make it metaphorically more vivid: genetic natural selection operates in 
such a way as to keep culture on a leash. 

The leash symbolizes genetically prescribed tendencies to use cul
turgens bearing certain key features that contribute to genetic fitness. 
These tendencies are distinct from the hardwired algorithms that lead 
with certainty to the assimilation of specific culturgens (and hence permit 
no leash at all). Several other factors will however conspire to favor a 
lengthening of the leash in cultural species. In terms of pure physiology, 
the benefits accruing from a neural subsystem able to identify and classify 
the adaptive features of culturgens will eventually be offset as its preci
sion increases by the costs of the ontogenetic pathways required to create 
the system and by the metabolic costs of maintaining it in a functional 
state (see Figure 1-5). This limitation of the resolution capacity produces 
additional flexibility in culturgen assimilation capacity and increases the 
length of the leash. In the case of eucultural and some protocultural organ
isms we expect the culturgen set to be more than just a passive recep
tacle for assimilated cultural information. It is also a site where new 
culturgens can be invented. For the innovating cultural organism the 
adaptive value of a culturgen is partly dependent on the potential of the 
organisms to "seed" innovations that possess adaptive features and to 
promote their assimilation. Even when novel culturgens carry high risk, 
they can bear a correspondingly high probability of assimilation under epi
genetic rules previously favored by genetic natural selection. Such cultur
gens may or may not bear short term fruit before their risk is realized. 
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RESOLUTION CAPACITY OF THE EPIGENETIC RULES 

Figure I -5 The resolution capacity of epigenetic rules as constrained by an 
eventual reduction in the net gain of genetic fitness. This reduction results from 
both the decline in the increment that accrues from improved resolution (labeled 
"gain" in the figure) and the rising cost of the more precise physiological mecha
nisms required for the improvement in resolution (labeled "loss"). In the imagi
nary case depicted here the optimum is reached when the curves cross, or at a 
level of intermediate resolution capacity. 

The transition probabilities can be perturbed from the tabula rasa state 
by either the incorporation of appropriate new genotypes or the discovery 
of new culturgens. The former alters the effect on genetic fitness of pre
viously existing culturgens by changing the epigenetic rules that affect the 
probability of culturgen usage, while the latter alters the fitness of pre
viously existing genotypes. The important point is that both kinds of 
events move the population from the tabula rasa state. 

We can go so far as to estimate the waiting times before culturgen inno
vation will have this perturbing effect. Such information makes it possible 
to evaluate in a preliminary manner the relative importance of the contrib
uting factors. In the case of culturgen innovation, where the distinctness 
of the culturgens from one another is a random variable and culturgens 
are created at a constant rate, the time to the introduction of a fitness-
altering culturgen is 

t = [vMIbr^afT1 r (j + l ) 

where v is the rate of culturgen innovation in culturgens per person in unit 
time, / is the number of persons in the population, M is the number of 
fitness-altering culturgens accessible, N is the number of qualities by 
which a culturgen can be distinguished from others, a is a measure of 
the difficulty of distinguishing individual culturgens, and T denotes 
the gamma function. As illustrated by the curves in Figure 1-6, systems 
appear to be most sensitive to variation in the ability to discriminate cul-
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Figure 1 -6 Waiting times to the departure of a society from a tabula rasa state, 
as a function of the number N of attributes used to discriminate culturgens and of 
the resolving power a of the cognitive system. The innovation rates shown in the 
diagram are those of the whole population, in other words vl. 
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turgens. As the number of dimensions in the culturgen space (N) is in
creased and the ease of recognition in the separate dimensions is en
hanced (by reduction of a), the rate at which fitness-altering culturgens 
are added falls very steeply. The same principle holds for the assimilation 
of "deadly culturgens," extreme fitness-altering innovations that endan
ger the welfare of the entire society. Such improvements in culturgen dis
crimination would slow the departure from the tabula rasa state, but it 
could not avoid it altogether. (For a derivation of the waiting-time esti
mate formula, see Appendix 1-2.) 

Is the human species engaged in gene-culture coevolution, as suggested 
by the foregoing argument? Four classes of evidence seem to us to be 
minimally necessary for such a conclusion. First, it must be shown that 
nonuniform epigenetic rules exist, that they are commonplace if not uni
versal, and that they can be analyzed in such a way as to test the details 
of gene-culture coevolutionary theory. We shall demonstrate in Chapters 
2 and 3 that this first requirement is fully met. 

The second requirement is that genetic variance in epigenetic rules 
must exist within human populations. Because the study of epigenetic 
rules is still in an early stage, the extent and causes of their variation have 
seldom been explicitly considered—and certainly not in the context of 
gene-culture theory. But pedigree analysis and standard comparisons of 
fraternal and identical twins, in some instances strengthened by longitu
dinal studies of development, have yielded evidence of genetic variance in 
virtually every category of cognition and behavior investigated by this 
means, including some that either constitute epigenetic rules or share 
components with them. These categories include color vision, hearing 
acuity, odor and taste discrimination, number ability, word fluency, spa
tial ability, memory, timing of language acquisition, spelling, sentence 
construction, perceptual skill, psychomotor skill, extroversion/introver
sion, homosexuality, proneness to alcoholism, age of first sexual activity, 
timing of Piagetian developmental stages, some phobias, certain forms of 
neurosis and psychosis, including manic-depressive behavior and schizo
phrenia, and others (Heston and Shields, 1968; McClearn and DeFries, 
1973; Ehrman and Parsons, 1976; Farley, 1976; Loehlin and Nichols, 
1976; Martin et al., 1977; Bohman, 1978; R. S. Wilson, 1978; Ashton et 
al., 1979; Comings, 1979; Rainer, 1979; Vandenberg and Wilson, 1979). 

The third condition for the establishment of gene-culture coevolution is 
the verification of a link between cultural practice and genetic fitness 
within human populations. In fact, such a relation has already been docu
mented in a wide array of behavioral categories, often entailing fine dif-
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ferences among culturgens. For example, certain practices in tattooing 
and other modes of body marking, as well as in circumcision, treatment of 
menstrual and afterbirth blood, and diet, are known to transmit viruses 
and other infectious agents that profoundly affect mortality, birth rate, 
and even sex ratio (Blumberg and Hesser, 1975; Gajdusek, 1977; Drew et 
al., 1978). Documentation also exists for the direct effects of sexual prac
tice, marital customs, early mother-infant attachment, differential infanti
cide, formalized techniques of aggression, and economic organization on 
genetic fitness (Daly and Wilson, 1978; Chagnon and Irons, 1979; D. G. 
Freedman, 1979; Kennell and Klaus, 1979). However, the long-term ef
fects of such practices have not been measured. 

Relatively detailed connections have been made between culture and 
genetic fitness in the case of cuisine. Humans are genetically unable to 
biosynthesize the amino acid lysine, which must be obtained from a bal
anced diet. Maize, the only cultivated cereal of the New World, possesses 
substantial quantities of lysine, but two-thirds of the compound is locked 
up in the indigestible glutelin fraction of the endosperm and germ. The 
simplest method for releasing the sequestered portions is alkali cooking. 
Several variations of this technique have been invented and then spread 
by cultural diffusion. Among the fifty-one societies in North, Central, and 
South America reviewed by Katz and associates (1974), there exists a 
strong positive correlation between the intensity of maize cultivation, the 
use of alkali cooking, population density, and the complexity of social 
organization. Archaeological data and observations of contemporary so
cieties have shown that population density increased when heavy reliance 
was placed on maize as a food staple. But maize is not a nutritious food 
unless processed for lysine release. It seems unlikely that the many New 
World societies adopting alkali cooking could have directly perceived this 
procedure as the solution to their biochemical shortfall and hence as a 
requisite for further population growth and social evolution. 

A different kind of gene-culture relation is exemplified in the use of the 
fava bean, one of the most popular and easily cultivated crops of the Med
iterranean region. The gene G6PD" is a sex-linked recessive, which when 
unaccompanied by the G6PD+ allele results in a deficiency of the red-
blood-cell enzyme glucose-6-phosphate dehydrogenase. Among Mediter
ranean populations the incidence of G6PD~ ranges from 0.05 to 0.30. Its 
relatively high frequency is generally attributed to the heightened resis
tance to malaria that it confers. However, the purely biochemical defi
ciency caused by the gene is worsened by the consumption of fava beans, 
causing illness and sometimes death. There appears to exist a 
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G6PD~/G6PD+ polymorphism, with the G6PD- frequency almost cer
tainly kept lower by the consumption of fava beans and the resulting dis
order of favism. Not surprisingly, fava beans have been the object of spe
cial rituals in cooking, selective taboos, and legends in Mediterranean 
societies throughout most of recorded history. Yet there is little evidence 
that the peoples affected made any direct, rational connection between 
their beliefs and what is now perceived to be the true nature and cause of 
favism (Katz, 1980). 

The fourth and final condition necessary for gene-culture coevolution is 
the existence of molecular and cellular mechanisms that directly connect 
genes to cognitive development. Intermediate links have been extensively 
documented in sensory reception and behavior in animal species (Mc-
Clearn and DeFries, 1973; Ehrman and Parsons, 1976; Hall and 
Greenspan, 1979). While the evidence for a linkage in human cognition is 
fragmentary, some of the essential steps are known. Even the most com
plex epigenetic rules can be altered by genetic changes that affect molecu
lar and cellular mechanisms. At the level of peripheral sensory screening, 
for example, single mutations altering color vision and sensitivity to phen-
ylthiocarbamide are based on changes in molecular structure in the pri
mary receptor cells. Similarly elementary genetic controls affect the abil
ity to detect certain odorants such as pentadecalactone and might underlie 
sex differences in perception of the musk-like substance exaltolide. 

At the next level of organization, some of the twenty or more known 
neurotransmitters, including the monoamines serotonin, noradrenaline, 
and dopamine, exercise profound effects on mood, concentration, 
sleeping habits, and social behavior. They operate at specific receptor 
sites, and their effects can be enhanced by the use of substances that 
inhibit their specific oxidases or promote persistence at the synapses by 
other means. Any mutation that to any significant extent alters the pro
duction of the behaviorally potent neurotransmitters or the properties of 
their receptor sites is likely to alter epigenetic rules as well. For example, 
the most severe clinically definable forms of schizophrenia are evidently 
under partial genetic control (but see the reservations of Taylor and 
Abrams, 1977). They are associated with higher densities of dopamine re
ceptors or higher concentrations of dopamine (Greenberg, 1978). Similar 
possibilities exist in the adjustment of the melanocyte-stimulating hor
mone, a peptide that affects memory and anxiety levels, and the endor
phins, which mediate pain reception, anxiety, and depression (Arehart-
Treichel, 1978). Neurobiologists and physiological psychologists are 
optimistic that the cellular mechanisms responsible for behavioral phe-
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nomena in man will eventually be understood (see for example Boddy, 
1978, and Schmitt and Worden, 1979). Farley (1976) and other biological 
psychiatrists have gone so far as to conclude that neuroses and psychoses 
are mental conditions caused by physiological events often just beyond 
the ordinary genetically mediated range of activity. Sufficient perturba
tions can be produced by unusual genotypes, by early developmental 
accidents, by environmental stress, or by interactions among these pro
cesses. Thus fundamental changes in behavior can sometimes follow rela
tively small amounts of genetic change that affect key cellular activities. 

At a still higher level of organization, that of cytoarchitecture, the 
pleasure centers of the brains of rats, rhesus monkeys, and human beings 
are now known to consist not of local cell clusters but of entire fiber tracts 
that extend from the limbic area into the frontal cortex. Research has 
shown that activity in this "brain reward system" is affected differentially 
by the monoamine neurotransmitters (Routtenberg, 1978; Stevens, 1979). 
We suggest that a genetic alteration of the system would redirect cogni
tive development and thus constitute a modification of the epigenetic 
rules. At the highest level, there is no shortage of models to explain the 
neuronal basis of consciousness and the mind. Indeed, this is currently 
one of the most active areas of theoretical neurobiology, and its range is 
exemplified in the writings of Pribram (1971), Buser and Rougeul-Buser 
(1978), Colby (1978), Edelman and Mountcastle (1978), Grossberg (1978), 
Roederer (1978), Wassermann (1978), and Simon (1979). Some of the 
models are remarkably subtle and draw inventively on a large amount of 
experimental data on brain structure and action. While the body-mind 
connection remains to be worked out in detail, its feasibility has been es
tablished in concrete reconstructions based on neurobiological informa
tion. 

To summarize briefly to this point, we have argued that gene-culture 
transmission was a virtually inevitable property of the human species as it 
entered the most advanced, "eucultural" grade of social organization, be
cause the alternative, pure cultural transmission, is inherently a rare and 
unstable condition in any cultural species. We have further shown that the 
genetically based epigenetic rules expected in gene-culture coevolution 
do occur in human beings and that all of the conditions necessary for their 
empirical analysis also exist. 

We come now to the central empirical problem of gene-culture coevolu-
tionary theory: the degrees of rigidity and specificity of the epigenetic 
rules created by the interaction of genetic and cultural evolution in human 
populations. It is an important consideration that only a slight difference, 
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on the order of 1 percent or less, in the selection rate of two phenotypes 
based on epigenetically constrained culturgens can produce genetic evo
lution through the population as a whole sufficient to bias individual 
development toward the favored culturgen. Furthermore, the genetic shift 
can become detectable in as few as ten generations. This inference is 
based on both the diallelic and polygenic models of classical population 
genetics (Crow and Kimura, 1970; Roughgarden, 1979), and we shall later 
confirm it directly in the models of gene-culture coevolution. It has been 
amply documented also in selection experiments on orientation and other 
elementary forms of animal behavior (Dobzhansky et al., 1972). Its partic
ular implications for gene-culture coevolution will be explored in 
Chapter 6. 

Conversely, only a small bias in the selection of culturgens is sufficient 
to yield a striking new pattern of social organization. In Micromotives and 
Macrobehavior (1978), Schelling provided some impressive examples of 
large effects on pattern based on relatively small personal decisions, in
cluding traffic jams caused by ten-second slowdowns by individual 
drivers, housing segregation resulting from nothing more than a mild de
sire to join a majority, the dying of institutions through a small decline in 
interest by the members to below a threshold level, and so forth. It seems 
equally likely that weak innate predispositions toward the adoption of one 
subset of culturgens out of a larger set available (for example the tendency 
to prefer certain food items, dress, or marriage arrangements) can be am
plified under certain conditions into much larger events in cultural evolu
tion. For example, the relatively minor innate differences in early tem
perament in young boys and girls (Blurton Jones and Konner, 1973; 
Maccoby and Jacklin, 1974) are magnified into consistent role differences 
in all societies, including extreme male dominance in a few (Rohner, 
1975; Draper, 1976). 

An important consequence of this amplification is the ease with which 
the pattern alteration can be initiated by different causes and reached 
along separate pathways. Hence micromotives are relatively difficult to 
deduce from a knowledge of macrobehavior alone. Rapid historical 
change is often cited as proof of the absence of genetic constraint in 
human social behavior (Allen et al., 1976; M. Harris, 1979). However, it is 
not the amount of cultural evolution that is relevant, but the consistency 
of its direction. Also important are the obedience of the pattern to detailed 
predictions from sociobiological theory and, above all, the cause-effect 
relation between the change and epigenetic rules in individual develop
ment. The significant theoretical questions of the social sciences will be-
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come more tractable when precise information from developmental psy
chology is incorporated into the models of gene-culture coevolution. 

The study of culture should therefore benefit from a body of work that 
focuses on the relation between genetic and cultural evolution as me
diated by the epigenetic rules. We suggest that the evolution of the rules 
entails two* complementary and reciprocating modes of selection. The 
first is genetic assimilation, which consists in the following sequence of 
events: the frequency distribution of phenotypes produced by the interac
tion of genotype and the ordinary environment of the species is extended 
by a change in the environment, creating a novel phenotype; the tendency 
to produce the phenotype in the new environment varies among the 
preexisting genotypes; the novel phenotype is at a genetically selective 
advantage in the new environment, causing an increase in the frequency 
of the genotypes predisposing development to it; after a sufficient number 
of generations, depending on the intensity of the selection and the mode 
of inheritance, the population as a whole becomes more prone to develop 
the phenotype and the trait may even persist as part of the norm of reac
tion when the species returns to the original environment. Although 
genetic assimilation has hitherto been documented only in anatomical and 
physiological traits (Waddington, 1962; Futuyma, 1979; Milkman, 1979), 
it should be equally attainable in behavioral phenotypes, including cul
tural innovations which themselves partly constitute the altered environ
ment. The genetic assimilation of cultural capacity is expected to occur 
through a shift in epigenetic rules, making transmission of the novel cul-
turgens more likely (see Figure 1-7). 

The inverse process can be called culturgen assimilation: if develop
mental flexibility is great enough, certain novel culturgens are likely to be 
invented and spread. In other words, culture tends to fill out the space 
permitted by the genetically determined epigenetic rules. In addition, cul
ture is expected to be richest in those categories of behavior where the 
rules most favor it. We would expect culture to pile up as nodes around 
the conventions most affected by biased epigenetic rules, such as incest 
avoidance, courtship, and discrimination between in-groups and out-
groups. The most ritualized forms of culture will not tend to replace the 
epigenetic rules, as many social scientists have thought, but to reinforce 
them. 

Epigenetic rules can evolve by genetic assimilation under the influence 
of a few selectively advantageous novel culturgens, an alteration that 
admits still other culturgens. In other words, culturgen assimilation 
follows genetic assimilation. Alternatively, culturgen assimilation can 
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Figure 1-7 A simplified representation of the hypothesized reciprocal effects of 
genetic and cultural transmission during gene-culture coevolution. The thin line 
denotes the frequency of alternative culturgens in the society, while the thicker 
line represents the propensities to learn, use, and teach certain culturgens. 
Genetic assimilation: a culturgen is invented that conveys greater genetic fitness 
(1, 2); subsequent natural selection alters the epigenetic curve to make transmis
sion more likely (3). Culturgen assimilation: the epigenetic rules are already 
generally permissive, with the result that culturgens are more easily invented and 
spread (4-6). Although the two modes of assimilation are displayed in sequence in 
this particular scheme, they can also occur simultaneously. Furthermore, the 
direction of assimilation can be reversed, resulting in a narrowing of the epigenetic 
rules and the impoverishment of culture. 

follow cultural impoverishment, entailing no genetic alteration in the 
epigenetic rules. 

The elementary properties of gene-culture coevolution can be per
ceived more clearly if they are expressed in the abstract imagery of a 
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single life cycle (see Figure 1-8). In the course of each generation the cul-
turgens of a society are swept through "filters" consisting of the epige
netic rules. If the culture is composed of elements easily taught and learned 
and is not innovative, it will remain stable from one generation to the 

EPIGENETIC RULES: 

TEACHING LEARNING 

\ / 

Figure 1-8 An abstract representation of gene-culture coevolution. The torus 
contains the life cycle of a member of the society. Culturgen assimilation occurs 
when culturgens are introduced to the society during the individual's life span; in 
this particular example, an exceptionally large number are displayed. The epige
netic rules that affect both the proneness of individuals to teach particular cul
turgens and of others to learn them are shown in the diagram as filters. These 
rules, which affect the rate and extent of cultural evolution, are placed here as a 
single occurrence in early childhood, but they can occur in multiples and 
throughout life. Genetic assimilation occurs when the filters are altered over many 
generations by natural selection operating on the epigenetic rules. When the novel 
culturgens consistently confer higher genetic fitness, the filters are eroded. When 
the culturgens lower genetic fitness, the filters grow inward. 
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next. The culturgens "feel right" to the members of the society, and over 
many generations they result at most in a relatively weak intensity of sta
bilizing genetic natural selection, which in turn holds the epigenetic rules 
approximately constant. If on the other hand new culturgens are intro
duced by innovation or diffusion, they will be incorporated with relative 
ease, causing the culture to expand or shift, until they are opposed by the 
epigenetic rules. This is the process we have called culturgen assimi
lation. Culturgens disfavored by the epigenetic rules will be eliminated 
more quickly and come to occur in lower frequencies across many so
cieties. The process is expected to continue indefinitely unless the novel 
culturgens confer higher genetic fitness, in which case the epigenetic rules 
themselves can be altered by genetic evolution over a period of genera
tions in a direction more permissive to the novel culturgens. This form of 
genetic assimilation is represented in the figure as an eroding of the 
epigenetic filters. But the opposite process can also occur: if new cul
turgens appear that consistently lower fitness, the epigenetic rules will be 
tightened. In the imagery of the metaphor, the filters now grow inward. 

We can now restate the goal of this book in a more precise form: it is to 
formulate a theoretical framework that will generate a full spectrum of 
models from all-genetic to all-cultural transmission, with reference to 
either the entire repertory of species or particular categories of behavior 
within the repertory. This program is based on our postulate that human 
cultural transmission is ultimately gene-culture transmission, and human 
cultural evolution represents only a small set of traces within a far larger 
array of possible transmission histories. The transmission space can be 
made comprehensible through the development of a comparative social 
theory, in which a wide range of inferred nonhuman solutions is added to 
the conventional social sciences. 

The theory of gene-culture coe volution will greatly extend the scope of 
sociobiology as well. Zoological studies have hitherto focused on a rela
tively limited set of phenomena, such as kin selection, territoriality, and 
caste systems, that are most likely to incorporate cooperation into the in
stinctual repertories of animals. Sociobiology has not coped with learning 
and cognition or the consequences of the deep, thorough socialization 
that characterizes the behavioral development of human beings. The 
theory of gene-culture coevolution is designed to address these issues and 
permit the entry of evolutionary theory into the study of the mechanisms 
that produce the human mind and behavior. As we will show in the 
coming chapters, it derives patterns of cultural diversity from biological 
ground rules. And because human socialization and cognition affect vir-
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tually every behavioral trait short of the reflexive and autonomic, gene-
culture theory extends sociobiology far beyond the conventional topics of 
the animal-based studies. It indicates the existence of a large realm of dis
tinctly human epigenetic rules, most of which remain unstudied, whose 
consequences in the channeling of cultural evolution are profound and 
still largely unappreciated. 

Summary 

Within the framework of the newly proposed comparative social theory, 
mankind is classified as a eucultural species, in which mental activity is 
based to a large extent on reification and symbolization and the young are 
socialized through purposive programs of teaching. 

During socialization an array of behaviors and artifacts, which we have 
termed culturgens, are processed through a sequence of epigenetic rules. 
These rules are the genetically determined peripheral sensory filters, in-
terneuron coding processes, and more centrally located cognitive proce
dures of perception, learning, and decision making. They affect the proba
bility of transmitting one culturgen as opposed to another. The probability 
distributions themselves constitute bias curves, which will be used in later 
chapters to link human cognition to patterns of social behavior. 

Enculturation can theoretically be composed of pure genetic transmis
sion, in which all members are genetically constrained to learn one cul
turgen within a given category; or pure cultural transmission, in which no 
innate predisposition exists favoring one culturgen over another; or 
gene-culture transmission, in which one or more culturgens are favored 
because of bias from the innate epigenetic rules (see Figure 1-3). 
Gene-culture coevolution is correspondingly defined as any change in the 
epigenetic rules due to shifts in the frequencies of the prescribing genes, 
in culturgen frequencies due to the influence of the epigenetic rules, or in 
both jointly. On the basis of theoretical considerations and evidence from 
genetics and neurobiology, it appears that eucultural species will always 
tend to evolve toward gene-culture transmission. In the simplest circum
stances it is possible to estimate the time of departure from a tabula rasa 
state to nonuniform epigenetic rules. We show that such a shift should 
occur most rapidly when the number of dimensions used to distinguish 
culturgens is small. It will also be enhanced when the ability to distinguish 
culturgens within any one dimension is small, and when the number of 
discoverable culturgens that are advantageous or disadvantageous in 
genetic natural selection is large (see Appendix 1-2). 
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Four conditions are necessary for the analysis of gene-culture coevolu-
tion: nonuniform epigenetic rules exist and can be studied in such a way 
as to test gene-culture coevolutionary models; some variance in the ex
pression of the epigenetic rules is heritable; cultural practice affects 
genetic fitness; and causal links exist between genetically controlled pro
cesses at the molecular and cellular level and the epigenetic rules. All of 
these processes have been documented in contemporary human popula
tions. 

Gene-culture coevolution includes both genetic assimilation, in which 
epigenetic rules predisposing individuals toward advantageous culturgens 
are strengthened by natural selection, and culturgen assimilation, in 
which cultural innovation is speeded by the preexistence of permissive 
epigenetic rules. The two processes are envisaged as acting in a recipro
cating and often nonequilibrium manner (see Figures 1-7 and 1-8). 

The theory of gene-culture coevolution extends sociobiology well 
beyond the conventional topics of animal-based studies, such as kin selec
tion, territoriality, and caste systems. It indicates the existence of a large 
realm of distinctively human epigenetic rules that affect socialization and 
cognition in virtually every category of behavior. Most of these rules re
main unstudied, and their role in the channeling of cultural evolution is 
only beginning to be understood. 

Appendix 1-1 

The Definition of Culturgen 

New terms should be put forward reluctantly, for jargon is the anesthetic 
of scholarship. But we recommend an exception in the case of the cul
turgen, for the reason that a neologism can be defined more precisely. No 
word burdened with a history, as Nietzsche said, can be defined perfectly. 
Culturgen does not share exactly the same meaning as the other 
expressions—idene, instruction, and meme—that have been used in 
various ways for approximately the same category, and it can therefore be 
incorporated without ambiguity into this first comprehensive gene-culture 
theory. Other advantages that the term has over the alternatives is its 
proper (albeit hybrid) hellenistic derivation, the availability of a reason
ably graceful adjectival form (culturgenic), and the fact that the word is eas-
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ily recognizable and the correct operational meaning implicit (cul
turgens generate culture). 

Whatever scholars choose to call the unit, they will find it necessary to 
devise a consistent, practical definition. This has in fact been accom
plished to a reasonable level of satisfaction by Clarke (1978) and other 
archaeologists who, perhaps more than other social scientists, have seen 
the need for a rigorous definition of the operational unit of culture. The 
unit of archaeology is the artifact type, which can be regarded as merely a 
special kind of culturgen. Its definition can be modified as follows for the 
more general category: a culturgen is a relatively homogeneous set of ar
tifacts, behaviors, or mentifacts (mental constructs having little or no 
direct correspondence with reality) that either share without exception 
one or more attribute states selected for their functional importance or at 
least share a consistently recurrent range of such attribute states within a 
given polythetic set. Later, in Chapter 6, we shall show how culturgens 
act via relational networks in long term memory, and in many instances 
can be identified with them. 

The concept of the polythetic set is derived from numerical taxonomy, 
a methodology that attempts to quantify the degrees of relationship 
among organisms, species, and other conceivable objects for which clas
sifications are needed (Jardine and Sibson, 1971; Sneath and Sokal, 1973; 
Doran and Hodson, 1975). A polythetic group is any set of entities, such 
as an array of swords or marriage ceremonies, in which each entity pos
sesses a large number of the attributes of the group, where the attributes 
might be size, geometric shape, duration of a process, and so forth. Fur
thermore, each attribute is shared by large numbers of entities, while no 
single attribute is both sufficient and necessary for group membership. As 
illustrated in Table 1-2, polythetic groups are distinguished from mono
thetic groups, which are defined by the fact that they all possess—without 
exception—one or more diagnostic attributes. The proposed definition of 
a culturgen embraces such polythetic or monothetic groups of particular 
artifacts, behaviors, and mentifacts, where it is further understood that 
one or some combination of the attribute states are the functions served 
by the culturgen. 

Clarke has suggested that among artifact sets there exist tightly corre
lated core clusters of closely covarying attributes, some of whose links 
are as high as 90-100 percent. Most of the attributes might be connected 
at a level of perhaps 60 percent, while a minor "penumbra" of sporadic 
attributes will be linked at less than 10 percent with any other. Each arti
fact type can be represented as a core of attributes within an outer group 
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Table 1 -2 Definition of a culturgen as a group of particular usages that can 
be distinguished either as a monothetic set or polythetic set. +, attribute present; 
- , attribute absent. 

Artifacts or behaviors 

Attributes 

1 
2 
•3 
4 
5 

6 
7 
8 
9 

10 

A 

+ 
+ 
+ 
+ 

+ 

B 

+ 
+ 
+ 
+ 
+ 

C 

+ ' 
+ 
+ 
+ 

+ 

D 

monothetic 

group 

polythetic 
group 

+ 

+ 
-
+ 

E 

+ 
+ 

+ 
— 

F 

— 
+ 
+ 
-
+ 

G 

+ 

+ 
+ 
— 

of attributes of decreasing correlation. Each type can also be represented 
as a more or less discrete cluster of specimens in a space of discriminant 
functions. An example of the latter display, from the analysis of Hallstatt 
swords by Doran and Hodson, is given in Figure 1-9. 

There remains the problem of the clustering of clusters of artifacts, 
behaviors, and mentifacts into larger taxa of culturgens to form a higher 
classification. In this example, which is the culturgen: all bronze swords, 
all bronze flange-tanged swords, or all bronze flange-tanged Erbenheim 
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DISCRIMINANT FUNCTION 1 

Figure 1 -9 The differentiation of culturgens based on a formal definition of the 
culturgen as a discrete unit. The scatter diagram is derived from a ̂ -cluster analy
sis of sixty-five Hallstatt C swords described by nineteen attributes. (Modified 
from Doran and Hodson, 1975.) 
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swords? It is no less the case in the classification of culturgens than in the 
classification of organisms that the choice of the level of discrimination 
used to define the taxonomic category must be arbitrary. However, as 
demonstrated by numerical taxonomists, the level need not be subjective. 
Entities such as artifacts, behaviors, and mentifacts can be examined by 
phenetic analysis, which establishes the degrees of their similarity. Those 
at the 90-percent level of similarity can be arbitrarily placed in the same 
culturgen; those at some other level, such as 70 percent or 45 percent, can 
be equally well clustered. Other techniques developed by psychologists 
elevate sets of units (definable as culturgens) compared pairwise by 
experimental subjects and the data matrix simplified through multiple di
mensional scaling (Shepard and Arabie, 1979; Davis, 1979). The point is 
that similarity can be measured objectively and classifications made repli-
cable even in cases where natural processes do not operate to divide en
tities in any predictable or intuitively clear manner. 

It is possible to watch culturgens evolve over time as shifting patterns 
of artifact or behavior clusters defined by multiple attributes and mapped 
onto discriminant planes (see Figure 1-10). Clarke (1978) has described 
the process vividly as a perception of archaeological data: "Gradually, 
within the polythetic constellation of the ancestral artefact-type a new and 
growing nucleus appears, steadily increasing in content and intercorrela-
tion level—a consistent variant is developing . . . Eventually the ex
tended set will divide on functional lines as the emergent properties of the 
new artefact format are increasingly appreciated, leading to the deliberate 
formalization, increasing differentiation and the specialized development 
of divergent artefact usage patterns." The flint chopper, for example, may 

Figure 1-10 The evolution of a culturgen through time. Each plane is a repre
sentation of discriminant functions of the kind illustrated in Figure 1-9. (Modified 
from Clarke, 1978.) 
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be laterally flattened to accommodate the tool more readily to the hand, 
then in some specimens the secondary working around the radial edge will 
be accentuated, at the same time that other specimens are given a more 
pointed shape, and so on. Then the chopper/chopping-tool type con
tinues as one variant, but a pointed and increasingly preferred piriform 
variant is shaped in response to functional requirements, with the result 
that the hand ax, a new category of artifact, is born. There are many 
striking analogs of culturgen evolution to the process of speciation in an
imal and plant populations. 

Such a detailed procedure for culturgen discrimination seems justifiable 
in only a few exceptionally difficult or pivotal cases, such as the diffusion 
of Mayan serving vessels as analyzed by Fry (1979). The more formal ap
proach has been explained here in order to address the general question of 
classification of complex, continuously varying arrays and to demonstrate 
the feasibility of precise and replicable analysis within gene-culture 
theory. 

It will be noted, and the book will illustrate, that culturgens vary greatly 
in the clarity with which they can be distinguished. Culturgen categories 
range all the way from those in which the variation consists in two obvi
ous states, such as the acceptance or rejection of incest, to much more 
subtle and complex phenomena that must be subdivided in an arbitrary 
manner. A similar variety can be found in biological units that have never
theless proved their worth in theory. Although cells are most often dis
crete units centered around a single diploid nucleus, biologists must also 
contend with multinucleate syncytia and anucleate "cells." In classical 
Mendelian genetics the elementary segregating units, the genes, are well 
defined; but in modern molecular genetics the meaning of the term 
"gene" has become far more ambiguous. The segments of DNA that seg
regate are not necessarily the ones that mutate or prescribe polypeptide 
chains. Furthermore, "genes" grade insensibly into large and even less 
well defined segregating units, such as the supergene complexes held 
together by linkage disequilibrium and chromosome aberrations. The 
species can be objectively defined where reproductively isolated popula
tions coexist in the same place and time, but the unit becomes increas
ingly arbitrary when populations are separated. It becomes fully arbitrary 
in the case of the asexually reproducing "agamospecies." The best re
search strategy for gene-culture coevolutionary theory, and the one we 
have employed in this book, would seem to be the same as that employed 
in biology and ethnography: start with examples in which the units are 
most sharply and readily definable, establish them as paradigms, and then 
proceed into more complex phenomena entailing less easily defined units. 
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Appendix 1-2 

Waiting Time for Departure 
from Tabula Rasa 

Consider an TV-dimensional space in which the axes correspond to the 
properties or attributes of culturgens. Owing to the finite capacity of sen
sory and cognitive processing systems, the feasible culturgens are con
tained in a finite volume of size V in the attribute space. For realism we 
assume that the information processing capacity of the organisms is finite, 
so that two culturgens are perceived as essentially the same if the distance 
between them is r0 or less. 

We suppose that culturgens appear uniformly at random throughout V. 
In other words, if c denotes a newly innovated culturgen and v is any vol
ume within V, then the probability that c lies in v is equal to v/V. This as
sumption models the extreme environmentalist view of culture as an im
position of arbitrary form on the environment and of people as entirely 
malleable with reference to culturgen usage. But within the attribute 
space there exist some points corresponding to culturgens that are selec
tively neutral and other points corresponding to culturgens that are selec
tively active with reference to the genes affecting the epigenetic rules of 
the population. We have already demonstrated that this is a realistic prem
ise for most or all categories of culturgens. When a newly innovated cul
turgen falls within r0 of a selectively active point, the two are equated and 
thus a selectively active culturgen enters the population. 

By definition, our tabula rasa population possesses only selectively 
neutral culturgens at the outset. As soon as it discovers and begins to 
transmit selectively active culturgens, its epigenetic rules are subject to 
alteration by natural selection and it departs from the tabula rasa state. A 
certain fraction of the potential new culturgens are selectively active. The 
waiting time to the first appearance of a selectively active culturgen is a 
function of both the size of this fraction and the innovation rate of the 
population. 

Specifically, if during some time interval 8t an innovation occurs, the 
probability that its culturgen is selectively active is equal to the summed 
volume of all radius r0 spheres centered on selectively active points, di
vided by the total volume of the attribute space, V. To make the relation 
precise, we suppose that the N-dimensional signal space is equipped with 
Euclidean geometry; the volume of an Af-dimensional sphere of radius r0 

is then 
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Vo = - 4 ^ - 7 d-Ai) IT"" r'j> 

where T I -y + 1J is the gamma function; for any N, T is a constant. 

There exists a natural unit of length Vm associated with the space such 
that r0 can be expressed as 

r0 = aVm (1-A2) 

where a is a constant. If M selectively active points exist in the space, the 
probability that an innovated culturgen will be identified with one of them 
is 

«•(?•>) r ( f + 0 
It is useful to model the dynamics of culturgen invention as a walk on a 

one-dimensional lattice. If n is the number of selectively active culturgens 
innovated by time /, then the society starts with n = 0 at t = 0 and there 
is a constant probability per unit time, k, that such a culturgen will be in
vented and thus increase n by one. We allow innovations to remain in cir
culation once introduced, so that the extinction rate is /i, = 0. Hence in 
the walk process, 

Prob {n *• n + 1 in (t, t + 8t)} = X8t, 
(1-A4) 

Prob {n *• n - 1 in (t,t + 8t)} = (i8t = 0. 

In terms of the previously defined quantities, X is the probability of an in
novation occurring per unit time multiplied by the probability that the 
innovation is a selectively active culturgen. Let P(n,t) be the time-
dependent probability density for the number n of selectively active cul
turgens at time J, given that no such culturgens exist at time / = 0. The 
course of innovation is a Poisson process with density 

\e-xt(\t)n/n\, n>0 (1-A5a) 
Pin't) = \ 0, * < 0 (1-A5b) 
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and expected value 

<n> = A/. (1-A5c) 

The quantity X acts as a characteristic growth rate for the increase in the 
expected number of selectively active culturgens and gives this process a 
characteristic time scale of 

T = X"1. (1-A6) 

From Eq. (1-A5c) the time required to accumulate a mean level of (n) se
lectively active culturgens is 

t = (n) X-1 = </i) T (1-A7) 

and the first such culturgen is expected within time T. If v is the average 
innovation rate per innovator, and / is the number of such individuals in 
the population, then 

X = vlp (1-A8) 

and we can write the mean time to departure from the tabula rasa as 

/ = [vMI(irma)N]-1 r ( y + 1V (1-A9) 

This relation can be rewritten in the following, more transparent linear 
form: 

log10 t = logi, ( ! - ) 
vMI 

- N logl0(TTma), (1-A10) 

where, to recapitulate, 
/ = number of innovators in the society, 
v = individual innovation rate, 

M = number of selectively active points that are accessible in V, 
N = dimension of the signal space (number of qualities used to dis

tinguish culturgens), 
a = ratio of r0, the distance within which culturgens are indistin

guishable, to V1IN, the volume of the total signal space raised to 
the power l/N. 
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In Figure 1-6 we have presented two families of curves that illustrate 
the sensitivity of the active-culturgen waiting time to the parameters of 
the model. 

The most realistic conditions under which a short waiting time is ex
pected are the following: 

(1) A low signal-space dimension, N. Although archaeologists have 
distinguished twenty or more dimensions in statistical studies of artifacts, 
it is likely that most artifacts are classified in daily life through the process 
of "feature extraction" demonstrated in studies of cognitive psychology, 
whereby perceptually important traits are extracted from the pattern 
while other information is lost. Many vocalizations and paralinguistic 
signals appear intuitively to us to be separated on the basis of one or two 
dimensions. Relatively few studies have been reported in the literature. In 
one instance naive observers were given the relatively difficult task of 
classifying visual sonograms of complex sounds; when a multidimen
sional scaling procedure was applied to their similarity judgments, it 
yielded a three-dimensional perceptual space (Getty et al., 1979). How
ever, the designs were still simple compared to many encountered in 
everyday life. The estimate of the number of dimensions of perceptual 
space is an important problem in cognitive psychology that will prove of 
importance to gene-culture theory when applied to a wide range of cul-
turgen categories. 

(2) A large a, which means a large r0 and hence few distinguishable 
culturgens along any one axis. 

(3) A very high M, or number of culturgens active in natural selection, 
the result expected if the environment is exceptionally heterogeneous. 

The elementary model presented here can of course be made more 
complex and realistic. We have presented this elementary version to pro
vide a first notion of the parameters that we believe to be most potent in 
the determination of waiting times and to suggest qualities in cognition 
that might thereby prove of greatest significance in future studies of cul
tural evolution. 



CHAPTER TWO 

The Primary 
Epigenetic Rules 

The key element in the theory of gene-culture coevolution is the role of 
the epigenetic rules in culturgen choice. These rules and the bias curves 
they generate can serve as the molecular units in postulational-deductive 
models of the social sciences. In spite of the relative sophistication of the 
field of developmental psychology, the epigenetic rules have never been 
systematically described, and the data concerning them have remained 
scattered and unconnected to evolutionary theory. Perhaps the principal 
reason is that students of cognitive development have largely neglected 
the study of preference—especially innate preference—among multiple 
competing stimuli and schemata. Instead, they have focused on reinforce
ment and learning with reference to a single stimulus or at most paired 
stimuli chosen for operational convenience. Although Bruner, Skinner, 
and other leading investigators perceive learning capacity as a complex 
process unfolding with age, a view basically congenial with genetic 
theory, they have paid relatively little attention to the possibility of innate 
constraints that channel learning toward certain choices as opposed to 
others within the same stimulus category. They have concentrated on at
tempting to explain development with the most generalized stages and 
learning rules, as stressed in the recent review by Logue (1979). 

Almost the opposite approach has been taken by psycholinguists, psy
chologists, and anthropologists belonging to the "structuralism" school. 
Piaget, Levi-Strauss, Chomsky, and their coworkers postulate the ex
istence of innate constraints of a kind more or less consistent with gene-
culture coevolution theory. Although their approach has been fruitful 
and stimulating, their methods are largely nonexperimental, yielding few 
data adequate for the construction of a true postulational-deductive 
theory of epigenesis (see, for example, the critique by Brainerd, 1978). In 
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fact, the very notion of linking structuralist conceptions to neurobiology 
and genetics to create a "biogenetic structuralism" is relatively new 
(Laughlin and d'Aquili, 1974), and it has not been transformed into either 
working theories or specific models that summon information from devel
opmental psychology into the service of evolutionary theory. 

Epigenesis is defined as the total process of interaction between genes 
and the environment during development, with the genes being expressed 
through epigenetic rules. The imagery invoked by Waddington (1957) and 
other biologists in their original conception of the epigenetic field, or 
"landscape," is the influence of the epigenetic rules viewed through suc
cessive time transects over the entire course of development. Each 
epigenetic rule affecting behavior comprises one or more elements of a 
complex sequence of events that occur at sites distributed throughout the 
nervous system. They range from the selective filtering of arrays of stim
uli by the retina, cochlea, and other primary receptors, through the inte
gration of visual and auditory information by interneurons responsive to 
patterns of activity among the feeder neurons, to innate predisposition to 
use certain culturgens as opposed to others. Epigenetic rules are the out
come of specificity in cell structure, neuron circuitry, and the timing of 
hormone release, which properties are themselves more fundamental 
products of epigenesis at the cellular level. 

Existing information on cognition is most efficiently organized with ref
erence to gene-culture theory by classifying the epigenetic rules into two 
classes that occur sequentially within the nervous system. Primary 
epigenetic rules are the more automatic processes that lead from sensory 
filtering to perception. Their consequences are the least subject to varia
tion due to learning and other higher cortical processes. For example, the 
cones of the retina and the internuncial neurons of the lateral geniculate 
nucleus are constructed so as to facilitate a perception of four basic 
colors. The secondary epigenetic rules act on color and all other informa
tion displayed in the perceptual fields. They include the evaluation of per
ception through the processes of memory, emotional response, and deci
sion making through which individuals are predisposed to use certain 
culturgens in preference to others. Thus fear of strangers represents a 
form of prepared learning in which human infants from six or eight 
months to eighteen months old display an aversion toward adults to whom 
they are not accustomed, and the response is automatically intensified if 
the stranger stares (Argyle and Cook, 1976; Eibl-Eibesfeldt, 1979). 

This rough two-part classification is consistent with synopses of infor
mation processing employed independently by some cognitive psycholo-
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gists. In their analysis of visual illusions, Girgus and associates (1975) 
found important differences between the "structural properties" of the 
optical and nervous systems and the cognitive components of the pro
cessing that occurs in the higher centers of the central nervous system. 
Similarly, in a study of complex visual figures Getty and colleagues (1979) 
distinguished the automatic perception of key features from the decision 
processes by which the similarities of the figures are judged. Massaro's 
model (1975) of auditory information processing separates preperceptual 
auditory storage, which depends on properties of the receptor system and 
is not subject to change by learning, from later phases of feature evalua
tion and decision making that are to some extent modifiable by experi
ence. 

We now present an account of the best-understood primary epigenetic 
rules, noting some of their consequences in cultural evolution. It appears 
generally true that filters consisting of peripheral sensory screening and 
internuncial coding operate through rigidly canalized developmental se
quences under a minimum of influence from cortex-mediated learning. 
Thus myelin deposition in the optic radiations of the brain is complete at 
approximately five months postpartum in children with normal sight, 
within a few weeks of the time that deviant behavior becomes marked in 
congenitally blind children. Similarly, myelinization in the acoustic radia
tions is completed at the third to fourth year, at about the time parents of 
congenitally deaf children begin to notice significantly different behavior 
(Yakovlev and Lecours, 1967; D. A. Freedman, 1979). Lateral organiza
tion of vision occurs within the first few weeks of life in infant human 
beings and rhesus monkeys. In monkeys the right and left afferent 
neurons entering the cortex are intermingled through the prenatal period, 
but separation of the bands proceeds quickly after birth and is completed 
within about three weeks. If one eye is occluded, the afferents of the re
maining eye form synapses with neurons that would normally receive 
input from the damaged eye (Hubel et al., 1977; Goldman and Rakic, 
1979). At the opposite extreme from these almost purely cellular events 
are some of the apparently most complex secondary epigenetic rules, 
such as automatic brother-sister incest avoidance and early language 
development, which entail learning and conscious assessment of the re
sults (Lenneberg, 1967; Shepher, 1971; Brown, 1973). 

The actual case histories to be examined next illustrate the diversity of 
the primary epigenetic rules and their effects on the development of social 
behavior. These examples also reveal that this domain of psychology, 
though experimentally tractable, is still in a very early stage of explora-
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tion. Its further pursuit can be expected to produce additional results im
portant to social theory. The development of many, perhaps most, of the 
categories of behavior will prove to be channeled by combinations of pri
mary and secondary rules. The first example to be given, taste and smell, 
shows how such a combination can lead to relatively complex specific 
behavior. 

Taste and Smell 

The chemical senses are more poorly developed in human beings than in 
most kinds of animals, and chemosensory learning is subject to several 
peculiar constraints. When given a single chance to identify substances by 
smell, individuals are able to identify only six to twenty-two items. This 
repertory can be increased to a hundred or more when all of the following 
three conditions are met: the substances have long been familiar to the 
person, there has been a long-standing connection between the odors and 
their names, and some aid is provided in recalling the names (Cain, 1979). 
Thus odor memory, and probably taste memory as well, can be notably 
enhanced when coupled to word memory. The inferiority of chemosen
sory information processing is reflected in human languages, which con
tain far fewer words denoting qualities of odor and taste than words desig
nating qualities of sight and sound. In Table 2-1 we have recorded counts 
of all the words applying to both transmission and reception in eight sen
sory modalities, taken from randomly selected ten-page sections of dic
tionaries in each of the following independently evolved languages: 
English, Japanese, Zulu, San ("Bushman"), and Dakota. Only terms sig
nifying distinct qualities of intensity, frequency, or pattern in ordinary 
usage are included. Technical expressions such as anechoic, pheromone, 
and paraxial have been omitted. By inspection it can be seen that there 
exists a correspondence across independently evolved cultures between 
human discriminatory ability within a sensory modality and the number of 
words applied to the modality. It is further true and of no little signifi
cance for evolutionary studies that the greatest sensitivity and capacity to 
discriminate odors lies in the class of substances associated with human 
food and mammalian body smell (Amoore, 1977). Thus the relative 
powers of the sensory system and the general linguistic expression of this 
sensory hierarchy are correlated species-specific traits, and in the case of 
chemoreception they appear to have direct biological adaptive value. 

The properties of odor memory are strikingly different from those of 
audiovisual memory. Engen and Ross (1973) found that the visual details 



Table 2-1 Distribution of words that describe qualities of eight sensory modalities in five independently evolved languages. 
The numbers given are percentages of the total number of words encountered that denote sensory qualities. The two chemo-
receptive modalities, smell and taste, are combined into a single category. 

Touch, 
including 

Total no. Smell surface 
words and and Electric 

Language Source encountered Vision Hearing taste density Temperature Humidity field 

English Random House 100 0.49 0.32 0.10 0.06 0.01 0.01 
Dictionary, 
unabridged ed. 
(1966) 

Japanese Kenkyusha's New 141 0.45 0.30 0.06 0.11 0.04 0.02 
Japanese-English 
Dictionary, 
American ed. 
(1942) 

Zulu Zulu-English 137 0.36 0.32 0.07 0.16 0.04 0.04 
Dictionary, 
C M . Doke and 
B. W. Vilakazi 
(1953) 

San Bushman 117 0.25 0.37 0.08 0.13 0.12 0.05 
("Bushman"), Dictionary, 
mixed dialects Dorothea F. 

Bleek (1956) 

Teton Dakota Dictionary of the 86 0.28 0.36 0.07 0.14 0.08 0.07 
Sioux Teton Dakota 

Sioux Language, 
E. Buechel (1970) 

0.01 

0.02 

0.01 
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of pictures can be memorized quickly and accurately for short periods of 
time but are largely forgotten within three months. In contrast, odors are 
memorized with greater difficulty and less short-term accuracy, but the 
memory remains undiminished for three months or longer. It is a common
place observation that simple cues from odor and taste are exceptionally 
potent in evoking vivid, detailed recollections of people and places. Fur
thermore, the memories are typically emotional and nonverbal, as poets 
have noted. Proust's inspiration from a madeleine comes to mind unavoid
ably, while Baudelaire has provided another striking literary example in 
Flowers of Evil:1 

Some wardrobe, in a house long uninhabited, 
Full of the powdery odours of moments that are dead— 
At time, distinct as ever, an old flask will emit 
Its perfume; and a soul comes back to live in it. 

In Mary, a Novel (1970), Nabokov noted that "memory can restore to life 
everything except smells, although nothing revives the past so completely 
as a smell that was once associated with it." 

Hence it is clear that the role of chemosensory information in cultural 
evolution is constrained in a severe and peculiar manner. Furthermore, 
although the finer details of the ontogeny of taste and smell are in an early 
stage of investigation and still poorly known, the following principal steps 
in the development of dietary preference have been established. These 
elaborations entail postperceptual valuation and hence are influenced by 
what we have called secondary epigenetic rules. 

(1) Infants innately prefer sugar, a bias that persists into childhood 
and beyond, and they show distinctive aversive responses to acid, salty, 
and bitter flavors. 

(2) If at weaning children are allowed to experiment with foods pro
vided ad libitum, they are relatively undiscriminating but nevertheless 
come to select a nutritionally balanced diet. 

(3) Thereafter food habits become exceptionally conservative, re
maining stable even after other cultural elements have been changed. The 
conservatism is based on the long chemosensory memory of individuals, a 
general correlation between the degree of familiarity with odors and 
pleasure received from them, and a general aversion to new odors and 
tastes. 

1. Translation from the French by Edna St. Vincent Millay of Charles Baudelaire's 
Flowers of Evil, Harper & Row. Copyright 1936, 1963 by Edna St. Vincent Millay and 
Norma Millay Ellis. 
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The documentation supporting these generalizations has been accumu
lated piecemeal by many investigators. Using ingestion experiments, 
Mailer and Desor (1974) found that newborn infants prefer a variety of 
sugar solutions (sucrose, fructose, lactose, and glucose, in that order) 
over plain water through at least part of the range of concentrations 
detectable by adults. This selectivity continues into later life. When 
high-caloric protein food is supplemented with sucrose, children increase 
their intake substantially, whereas they are indifferent to the addition of 
the taste of almonds, the most preferred of seven flavors separately tested 
(Grewal et al., 1973). The trait is reasonably postulated to be species spe
cific. G. K. Beauchamp (personal communication) has predicted that her
bivores and omnivores such as rodents and human infants should innately 
prefer sweets, which generally signal a high caloric yield in digestible food 
items, but carnivores should not. In a pilot study Beauchamp and asso
ciates (1977) found that four species of cats tested (lion, tiger, leopard, 
jaguar) are in fact indifferent to sugars, whereas they have a strong prefer
ence for protein and fat supplements. 

Newborn infants not only prefer sweet solutions but they discriminate 
further among tastes that are acid, salty, or bitter, showing distinctive fa
cial reflexes in response to each that resemble various adult aversive ex
pressions to strong and unpleasant tastes (Chiva, 1979; Steiner, 1979). 
Russell (1976) found that by six weeks of age breast-fed infants prefer the 
odors left by their mothers on breast pads to those left on breast pads by 
other lactating women—a remarkable feat of discrimination, yet one that 
is matched by the newborn young of other mammals (Rosenblatt, 1972). 
The Maller-Desor experiment nevertheless does demonstrate a much 
lower level of selectivity toward dietary flavors in infants than exists in 
adults. Its results are consistent with an earlier finding that children three 
to four years of age report amyl acetate, synthetic feces odor, and syn
thetic sweat odor to be equally pleasant. By the age of six to eight they 
regard the odors of feces and sweat as unpleasant (Stein et al., 1958). In 
the opinion of Engen (1974) this conclusion is compromised by the ten
dency of young children to say "I like it" to almost any stimulus; but the 
reaction may in fact simply reflect greater tolerance for chemosensory 
stimuli rather than crudity of expression. 

At the time of weaning, children are less discriminating and more likely 
to experiment with foods than at older ages. This trial-and-error method 
nevertheless does not result in a random diet. In a classic experiment 
Davis (1928) permitted three newly weaned children to select their own 
diet from a wide variety of foods offered ad libitum. Each soon arrived at 
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a nutritious and balanced diet that included milk, cereal, vegetables, fruit, 
eggs, and other animal products. Although significant differences oc
curred among the children in the proportions of these categories, the de
gree of convergence within the array of all possible diets was remarkably 
close. Should this result be confirmed, we can only speculate on the 
physiological and psychological mechanisms that guide the choices 
(Engen, 1979). The behavior is closely comparable to self-selection of diet 
by rats placed on a "cafeteria" regime. As Richter and his associates 
showed (for example, Richter and Rice, 1945), the animals automatically 
seek foods rich in those components which they lack at the time. The rats 
treat foods deficient in the essential nutrients they most need as though 
the foods were slow poisons. They have the capacity to learn aversive 
taste stimuli by delayed action, the "Garcia effect" found in many studies 
(reviewed by Logue, 1979). Later diets containing the stimuli are avoided 
in favor of those lacking them, with the eventual result that a balanced 
diet is achieved (Rozin, 1976). Delayed learning also results when more 
direct negative effects, including gastrointestinal distress and systemic 
poisoning, follow the ingestion of particular food items. There may also 
be innate properties of attractiveness in the constituent chemicals of the 
food items. In a multiple-dimensional scaling analysis of odorants, Davis 
(1979) found that human subjects automatically classify alcohols and rank 
them according to pleasantness in a manner correlated with increasing 
molecular chain length. 

In summary, a set of very general learning rules guides the further nar
rowing of dietary preference beyond innate preference for sugars during 
the weaning period. The homeostasis achieved can be precise, and we 
suggest that it is subject to genetic alterations that shift the major pattern 
of dietary choice to new steady states. The evidence for this conclusion is 
indirect. An autosomal "obesity gene" has been demonstrated in mice, 
which in the homozygous state (ob/ob) induces heavier eating, the choice 
of a higher percentage of fat (52 percent compared to 29 percent chosen 
by their nonobese siblings), and somewhat less sensitivity to variation in 
sweetness (Mayer et al., 1951; Ramirez and Sprott, 1979). A similar phe
nomenon in human genetics is the well-known polymorphism affecting 
ability to taste phenylthiocarbamide (PTC). The frequency of nontasters, 
who are homozygous for the opposing, recessive allele, varies geo
graphically as follows: 30 percent in Europeans, 10.6 percent in Chinese, 
6.4 percent in Afro-Americans, and 1.9 percent in the Amerindians of 
highland Peru. It is generally believed that the inability to taste PTC is mal
adaptive in parts of the world where endemic goiter is highest—as in the 
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Peruvian Andes—and where natural goitrogens, the taste of which is 
bitter like that of PTC, are apt to occur in the diet. The high frequencies of 
both alleles might be explained by the greater tendency of tasters to 
develop hyperthyroidism, which when countered by the vulnerability of 
nontasters to goitrogens leads to a state of genetic polymorphism 
(Greene, 1974). 

Specific anosmias, the lower abilities of individuals to smell certain 
classes of substances but without reduction in the abilities to smell other 
classes of substances, are diverse and very widely distributed in human 
beings (Beets, 1979). The pattern of their occurrence has led Amoore 
(1977) to suggest the existence of primary odors in human beings compa
rable to the innate primary colors. At least one of the anosmias, the loss of 
sensitivity to the musk-like substance pentadecalactone, is based upon a 
recessive gene (Whissell-Buechy and Amoore, 1973). Some inconclusive 
evidence exists that insensitivity to the odor of skunk, /i-butyl-mercaptan, 
and the scent of freesia flowers is based on autosomal recessives. On the 
other hand, variation in sensitivity to acetic acid, isobutyric acid, and 
2-sec-butyl-cyclohexanone does not appear to have a genetic component 
(Hubert et al., 1980). 

Time and practice steadily reinforce the idiosyncracies of cuisine. To a 
point, the more familiar an odor associated with food, the more pleasant it 
is rated; the less familiar, the more likely it is to be actively avoided, a 
phenomenon paralleling the well-documented feeding neophobia of rats 
(Engen, 1974; Rozin, 1976). 

Food and the customs surrounding mealtime have been thoroughly ri
tualized to communicate and enforce correct behavior in virtually every 
other facet of social life, including greeting, conciliation, alliance forma
tion, courtship, dominance, hygiene, and religion (Levi-Strauss, 1969; 
Douglas, 1979). No evidence exists that specific ritual forms have ever 
been genetically assimilated. Nevertheless, the forms are clearly en
meshed in the epigenetic rules that guide chemosensory learning, and 
they are constrained by the rules affecting other primary social functions 
served by culinary ritualization. 

Color Classification 

The brain processes two fundamental components of visual information. 
The first is contour, which is perceived as the spatial rate of change in lu
minance and conveys the shapes of objects. The second component is 
color, which conveys information about the surface of objects. 
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It is a remarkable fact that the brain perceives variation in luminance 
along a continuum but divides color into categories (Figure 2-1). It is fur
ther true that all cultures employ language categories to describe color. 
Many social scientists (for example, Whorf, 1956) used to believe that the 
divisions into red, green, and so forth are arbitrary, but linguistic and 
cross-cultural studies have shown that they are in fact closely tied to natu
ral color perception (Berlin and Kay, 1969; Rosch, 1973; Ratliff, 1976). 

Research by Bornstein and his associates (Bornstein et al., 1976; Born-
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Figure 2-1 Epigenetic rules in vision. A: Luminance discrimination is a con
tinuum, varies little as luminance is increased, and is overall quite accurate. B: 
During infancy light wavelength is perceived psychologically as though it were 
broken into four principal categories—blue, green, yellow, and red. C: Wave
length discriminability varies abruptly between good and poor along the visible 
spectrum, with peaks roughly corresponding to the boundaries between the four 
major hue categories. (Modified from Bornstein, 1979.) 
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stein, 1979) has provided valuable new insights into the developmental 
origin of color classification. Four-month-old infants were found to 
respond to variation in wavelength as though the brain discriminates four 
basic categories of hue corresponding to the adult categories of blue, 
green, yellow, and red. This discretization was detected by measuring the 
span of the infants' attention to various monochromatic lights distributed 
along the visible spectrum. After a short time the infants became accus
tomed to the presentation of one light and looked away. Recovery from 
habituation was greater when the wavelength to which the infant was next 
exposed was located in a hue category adjacent to the habituation light 
than when it came from the same category, even when the two stimuli 
tested were equidistant (in nanometers) from the original, habituating 
wavelength. The categorization scheme is indicated in Figure 2-IB. 

The innate human color classification starts from the differentiation of 
the retinal cones into three types (Wald, 1969), whose respective maximal 
sensitivities correspond to blue (440 nm), green (535 nm), and yellow-
green (565 nm) (Mollon, 1980). The mechanism that reorganizes these 
sensitivities into perceptions of the four principal colors is still under de
bate. 

Psychologists have made some progress in mapping the color-
perceptual space. When human subjects judge various pairs of colors ac
cording to degree of similarity and the data are transformed onto a plane 
by multidimensional scaling procedures, the successive wavelength cate
gories do not form a straight line. Rather, their path curves back onto it
self, a form known as the circumplex (Guttman, 1954; Shepard, 1978). As 
a result, the opposite ends of the visible spectrum, red and violet, are 
judged to resemble each other almost as closely as adjacent primary 
colors on the wavelength scale (see Figure 2-2). Circumplexes are a 
widespread phenomenon in human perceptual fields. Figures resembling 
the color circumplex have also been discovered in the perception of 
phonemes and musical sounds (Shepard, 1978; Shepard and Arabie, 
1979), as well as in the detection of odor of alcohols through a series of 
increasing molecular chain length (Davis, 1979). 

The epigenetic constraints in color perception are reflected in the verbal 
color classifications employed in the languages of all cultures thus far 
studied. In an important study by Berlin and Kay (1969), native speakers 
of twenty languages around the world (which included Arabic, Bulgarian, 
Cantonese, Catalan, Hebrew, Ibidio, Japanese, Thai, Tzeltal, Urdu, and 
others) were shown arrays of chips classified by color and brightness in 
the Munsell system. They were asked to place each of the principal color 
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Figure 2 -2 The circumplex form of the perceptual field of color. Red and violet, 
located at die opposite ends of the visible spectrum, are judged to resemble each 
other almost as closely as adjacent primary colors. The numbers given adjacent to 
each of the fourteen positions are wavelengths in nanometers. (Modified from 
Shepard, 1978; based on data from Ekman, 1954.) 

terms of their language within this two-dimensional array. The results, 
given in Figure 2 - 3 , show clearly that the languages have evolved in a 
way that conforms closely to the epigenetic rules of color discrimination. 
The terms fall into largely discrete clusters that correspond, at least 
in an approximate manner, to the principal colors that appear to be in
nately distinguished by infants. This central result has been subsequently 
confirmed by many investigators, as noted in the reviews by Kay (1975), 
Bolton (1978), and von Wattenwyl and Zollinger (1979). Rosch (1973) 
found that Dani men of New Guinea, whose color classification is rudi
mentary, learned a "natural" classification based on the clusters of the 
Berlin-Kay data more rapidly than a competing scheme based on other, 
arbitrarily selected clusters. Thus Rosch was able to demonstrate a 
learning rule that operates in adults. 

It is further true that when color classifications are compared across 
cultures, those of most cultures fall into one or the other of the following 
categories considered to represent an evolutionary sequence: black, 
white; black, white, red; black, white, red, green or yellow; black, white, 
red, green, and yellow; the previous colors plus blue (Berlin and Kay, 
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1969; Bolton and Crisp, 1979). This sequence matches the order of acqui
sition of color terms by children (Harkness, 1973; Johnson, 1977). 

Categories at the blue end of the spectrum are collapsed in some lan
guages, so that green and blue, or blue and black, or green, blue, and 
black are not distinguished by names; this tendency toward conflation in
creases with proximity to the equator (Bornstein, 1973). According to von 
Wattenwyl and Zollinger, these and other cumulative data are consistent 
with existing neurophysiological information. They favor the "opponent 
model," in which color vision is based on three pairs of opponent pro
cesses, for the perception of dark (no reflection) and light, red and green, 
and blue and yellow. The primary tristimuli photochemical reaction is 
then encoded by the cells of the lateral geniculate nucleus and possibly 
other interneurons. 

The structure of hue perception can influence other functions of visual 
perception as well. Pollack (1972), for example, found that the magnitude 
of the Miiller-Lyer illusion is influenced by color. In this effect lines 
placed between outward pointing chevrons (<->) appear to be shorter than 
lines of identical length placed between inward pointing chevrons (>-<). 
The illusion is greatest when the lines are blue or red, corresponding to 
the zones of minimum wavelength discrimination as shown in Figure 
2-1C, and less by as much as 30 percent when the lines are green, yellow, 
or black. 

Finally, a paradigm of the genetic evolution of color vision has been 
provided by recent experimental studies of Kovach (1980) on the quail 
Coturnix coturnix japonica. At the age of one day, individual chicks kept 
in the dark since hatching are allowed to orient visually for the first time 
as they find their way through a series of compartments. Under these con
ditions they differ slightly among themselves in their preference for red as 
opposed to blue stimuli. Using standard biselection procedures, Kovach 
was able to separate two lines of chicks possessing much more marked 
preferences for red or blue respectively. Complete divergence, with no 
overlap in choice scores, was achieved within five generations. The dif
ferences between the two lines were estimated to be based on four to eight 
segregating units of inheritance. This result is important because it dem
onstrates two phenomena anticipated by theory, namely that the genetic 
basis of epigenetic rules can be altered within ten generations or less by a 
sufficiently rigid selection regime, and that complex behavior can be af
fected by relatively small ensembles of genes. We shall return to the fuller 
meaning of these principles in Chapter 6. 
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Hearing 

The infant begins life with built-in acoustic behavior that helps to shape its 
subsequent communication and social existence. Its response to a sudden 
loud sound or jarring of the crib is the Moro reflex: "The infant lying on 
his back extends his arms forward, stiffens the lower extremities and con
torts his face into a grimace; after a second or two he brings the arms 
slowly together into a sort of embrace, emits a cry and then' gradually re
laxes" (Holt and Howland, 1939:32). In four to six weeks the Moro reflex 
is replaced by the startle response, perhaps the most complicated true re
flex displayed by children and adults. Within a fraction of a second after 
an unexpected loud noise is heard, the eyes close, the mouth opens, the 
head drops, the shoulders and arms sag, and the knees buckle slightly. In 
short, the individual is prepared as well as he can be to absorb a blow to 
the body. The natural startle response occurs more quickly than any imi
tation of its movements performed deliberately by volunteer human sub
jects. 

Newborn infants can further discriminate between noise and tone. 
During tests conducted by Levarie and Rudolph (1978), neonates were 
disturbed by 85 dB sounds of objects struck together but not by an 85 dB 
tone pulse at 293 Hz. 

Infants also possess innate rules of speech perception that are adult-like 
and facilitate the development of language (Liberman et al., 1967; Eimas 
et al., 1971). As noted in the case of luminance, variation in pitch is per
ceived as a continuum. But distinctions of voicing, like distinctions of 
hue, are automatically classified into categories, in this case into 
phonemes. For example, sounds ranging between /ba/ and /ga/ and /s/ 
and /v/ are not heard as continua but as one or the other of these paired 
units. A principal component of phoneme discrimination is voice onset 
time (VOT), which is the timing of the formants or energy bands relative 
to one another (see Figure 2-4). 

Recent investigations have revealed that the development of phoneme 
discrimination is channeled, proceeding through more than one stage 
during the first year of life or longer (Eilers et al., 1977). Voice onset time 
alone is not sufficient to explain the discrimination data. Context is used 
also: the recognition of stop and fricative consonants depends on the ex
tent of the first formant and the direction of the second formant. More
over, the infant's phoneme perception cannot be mapped readily onto 
adult phoneme perception (Eilers and Minifie, 1975; Eilers, 1977). But the 
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Figure 2-4 Epigenetic rules in speech perception represented in schematic 
form. Discrimination of pitch (A) from 20 to 4,000 Hz is continuous, varies only 
slightly across the spectrum, and is generally acute. In contrast, phoneme identifi
cation (B) is based on strongly varying discrimination (C) between successive 
energy bands, according to the time separating them ( - 100 to + 100 msec). Where 
discrimination is poor, the formants appear to belong to the same category; where 
it is acute, phonemes can be distinguished. (Modified from Bornstein, 1979.) 

correspondence is strong enough to yield consistent patterns in the tem
poral values of voice onset time across many languages. Studies of eleven 
languages by Lisker and Abramson (1964) revealed that total variability is 
not restricted solely by limitations in anatomical capability. There is in ad
dition a fundamental and restrictive strategy: in every language one or 
two values along each VOT continuum serve as points of reference and 
segregate the continuum into two or three phonetic categories. The total 
repertory is twenty to sixty phonemes, the precise number varying ac-
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cording to culture. Moreover, the phonemes fall into spontaneous cate
gories based on the intuitive perception of differing degrees of similarity 
among them (see Figure 2-5). 

Because study of the epigenetic rules of speech perception is in an early 
stage, the relation of these rules to the diversity of word formation within 
and between languages has not yet been effectively addressed. The same 
is true of grammatical rules, including the "deep grammar" considered by 
many psycholinguists to contain innate components and hence to unfold 
according to hereditary programs. It is apparent that the epigenetic rules 
have affected the short-term evolution of languages. It is reasonable to 
speculate that over longer periods of time the relentless cultural pressure 

Figure 2-5 A representation of portions of the phoneme perceptual field. Clus
ters of sixteen consonant phonemes based on the similarity perceived by experi
mental subjects have been embedded in a two-dimensional space. (Analysis by 
Shepard and Arabie, 1979; based on the data of Miller and Nicely, 1955). 
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to expand language has shaped the genetic evolution of the epigenetic 
rules. 

Summary 

Epigenesis is the total process of interaction between genes and the envi
ronment during the course of development, with the genes being ex
pressed through epigenetic rules. Each epigenetic rule affecting behavior 
comprises one or more elements of a complex sequence of events occur
ring at various sites throughout the nervous system. It is useful to divide 
these elements into two classes: primary epigenetic rules, which range 
from sensory filtering to perception; and secondary epigenetic rules, 
which include the procedures of feature evaluation and decision making 
through which individuals are predisposed to transmit certain culturgens 
in preference to others. Many, perhaps most, categories of cognition and 
overt behavior are channeled by combinations of the two classes of rules. 

The primary rules are the more genetically restricted and inflexible. Ex
amples have been provided from taste and smell, color classification, and 
hearing. Each exercises important constraining effects on the operation of 
the mind and has resulted in parallel or convergent evolution in indepen
dently derived cultures. 



CHAPTER THREE 

The Secondary 
Epigenetic Rules 

We have seen how the primary epigenetic rules play an important role in 
determining perceptual spaces and thereby influence cultural evolution. 
But this form of constraint is only the beginning of the relationship 
between gene, mind, and culture. As the present chapter will show, many 
additional steps lead to the secondary epigenetic rules and the final on
togeny of social behavior. 

Each stimulus configuration processed by the brain is dissected and dis
tributed into what can be abstractly characterized as points or envelopes 
in the perceptual spaces of the various sensory modalities. The perception 
can be as simple as a flash of a single color or the scent of an aromatic 
compound, each occupying a single point on the perceptual space. Or it 
can be as complicated as the nursing of an infant, which creates envelopes 
of sound, vision, touch, and odor. The pathways leading from the sensory 
receptors to the cortical regions in which perception is transformed into 
conscious images have been the subject of substantial research, reviewed 
for example by Bullock and colleagues (1977) and by Boddy (1978). 

Most culturgens are relatively complex and engage multiple sensory 
modalities. The brain does not act upon all of the information the configu
rations of these culturgens carry inward. The mind's decisions are based 
on certain features extracted from the final representations of the cul
turgens within the perceptual spaces. The inner physical basis of feature 
extraction remains largely unknown, unlike the relatively well studied 
neuron circuitry that carries sensory information to the higher centers. 
The outer qualities of the extraction process identified by both human 
ethologists (Eibl-Eibesfeldt, 1975, 1979) and cognitive psychologists 
(Neisser, 1976) are rapidity, precision, and comparative simplicity. 

An interesting physical analog of the subjectively inferred process is 
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provided by Hofstadter's "trip-let" (Figure 3-1). The central figure in the 
photograph can be used to represent a culturgen, or more precisely the 
configuration of a culturgen within the perceptual space. The mind does 
not act on all of the information present in the structure. It selects certain 
features which on the basis of a separate set of neural mechanisms are the 
subjects of decision making. These features are represented by the letters 
silhouetted in the beams of light. For lower animals the letters are roughly 
equivalent to sign stimuli or, more precisely, those patterns of neuron 
firing evoked by the sign stimuli. In the case of human behavior they are 
the neuronal activity patterns corresponding to schemata, which in turn 
are constituted from varying proportions of inherited circuitry and cel
lular modification due to learning and thinking. 

Figure 3-1 Hofstadter's "trip-let," an abstract physical analog of feature ex
traction of complex stimulus configurations and hence of the initial interpretation 
of culturgens by the mind. (From Hofstadter, 1979.) 



THE SECONDARY EPIGENETIC RULES 55 

We shall return shortly to some of the most significant properties of 
human cognition that imply the existence of secondary epigenetic rules. 
For purposes of clarity, however, let us proceed first to one of the key 
manifestations of behavioral development, namely the bias curves. These 
curves are the probability distributions of the usage of various culturgens, 
a form that can be translated into the models of gene-culture coevolution. 
Usage is defined broadly as one or more links in a complex chain of deci
sions by individuals, which include the initial learning or failure to learn 
certain culturgens, the preference for one culturgen over another upon re
flection, and the actual employment of particular culturgens. The bias 
curves can pertain to any one of these events. Consider the two curves 
displayed in Figure 3-2. The left-hand one plots the probabilities of use, 
u, of various culturgens in a very large array; it is therefore given a contin
uous form. The right-hand curve depicts the extreme opposite condition: 
members of the society can choose between only two culturgens. 

Some bias curves are relatively rigid. This is especially the case of 
those derived from the primary epigenetic rules. Others vary greatly, to 
the extent that the disposition to adopt one culturgen over another can be 
reversed, in ways that are predictable yet still dependent upon context. 
The ethnographic literature contains a great many examples of reversals 
that are correlated with differences in habitat, mode of production, and 
nutritional status. Cultural anthropologists, especially those who have 
lived for long periods in societies markedly different from their own, 
speak of the "contextual" or "holistic" nature of culture, which means 
the correlation of particular culturgens with many others in a functional 
manner. They employ contextual analysis, "a methodological procedure 
and a theoretical assumption . . . which notes that each aspect of cul-

CULTURGENS c ' CULTURGENS c z 

Figure 3 -2 The two extremes of bias curves according to numbers of culturgens 
available. The curve on the left gives the probabilities of usage, u, across a very 
large array of culturgens; that on the right gives the probabilities of usage in
volving only two culturgens, C! and c2. 
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ture must be viewed and studied in terms of its interdependence with 
other aspects of culture" (Williams, 1972a:288). Thus female puberty ini
tiation rites originate most frequently in societies where a young girl con
tinues to reside at least half the time in her mother's household (in other 
words, where uxorilocal or bilocal residence rules are in force), as well as 
in societies that depend heavily upon the work of girls and young women 
to make a major contribution to sustenance activities. 

Recognizing that some culturgens are more derivative and com
municative in function than others, it is possible to delineate what appear 
to be chains of causation connecting the principal habitat, economic strat
egy, and both primary and derivative cultural choices. A very reduced ex
ample is the following: 

Habitat and Principal Derivative 
economy culturgens culturgens 

Desert herders > Polygyny, * Absence of formal 
patrilineality, female initiation 
patrilocality ceremony 

The divisions cited in this particular case correspond roughly to the infra
structure and superstructure of Marxian anthropologists (Terray, 1975; 
Godelier, 1975, 1977) and more closely to the infrastructure, structure, 
and superstructure distinguished by Marvin Harris (1979) in his exposi
tion of cultural functionalism. 

Cultural anthropologists usually perceive this kind of sequence as the 
outcome of conscious choices made according to culturally acquired rules 
of inference and valuation. The existence of different routes through the 
causal network suggests great flexibility. Hence man is judged to be "cul
turally determined," not genetically determined to any meaningful de
gree. Human beings are thought to pursue their own interest and that of 
their society on the basis of a very few simply structured biological needs 
by means of numerous, arbitrary, and often elaborate culturally acquired 
behaviors. In contrast to this conventional view, our interpretation of the 
evidence from cognitive and developmental psychology indicates the 
presence of epigenetic rules that have sufficiently great specificity to 
channel the acquisition of rules of inference and decision to a substantial 
degree. This process of mental canalization in turn shapes the trajectories 
of cultural evolution. Furthermore, the habitat and economic strategy are 
not necessarily the prime movers. They represent boundary conditions 
whose selection is influenced by the epigenetic rules and which constrain 
rather than direct the choices made by individual members of the society. 
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The observed variability in outcome of cultural evolution does not by it
self suggest the absence of such structure in the epigenetic rules. To make 
this point more explicit, define <f> as the difference between the probability 
of usage of culturgens in a two-culturgen state, so that 

<f> = u2 — ux, - 1 < <f> < 1. 

As illustrated in Figure 3-3, <J> can remain constant across a given range 
of environments, modes of production, or other patterns of the ambient 
culture. Or, in contrast, <j> can change through any one of many patterns 
as the environmental or cultural context is altered. The important point is 
that both forms of response can be based upon equally rigid, genetically 
based rules of perception and decision making. The rules remain the same 
from one culture to the next; only the starting points and context differ. 

It has often been argued, for example very cogently by Geertz (1966) 
and Marvin Harris (1979), that social anthropology should focus on the dif
ferences among cultures and the causation of the differences rather than 
upon the common properties of human cognition. But the history of the 
natural sciences suggests that such an approach, while yielding natural 
history vital to any discipline, never results in much more than surface 
description and correlation. Both the fundamental rules and the context 
are necessary for a full, analytic account. Consider bodies in motion. An 

B 

ENVIRONMENT -
OR 

AMBIENT CULTURE 

ENVIRONMENT -
OR 

AMBIENT CULTURE 

Figure 3 -3 The difference § in predisposition to acquire one or the other of two 
culturgens. As illustrated in A, this difference can remain constant as changes 
occur in the environment or culture. Or, as represented in B, the difference can 
change through any one of many patterns as the context is altered. Both types of 
response can be under the control of genetically determined core rules of cogni
tion and decision. 
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orbiting satellite, an airplane, and a falling meteor have radically different 
trajectories. But the variation among them cannot be understood without 
the application of Newton's laws of motion, even though these regularities 
may at first seem irrelevant or even counterintuitive. Closer to the subject 
at hand, phenylketonuria and normal phenylalanine metabolism represent 
a phenotypic variation that can be described nicely as an outcome of nu
trition. It can be individually prescribed by diet and its effects observed 
down to the biochemical level. Yet the origin and distribution of the varia
tion within human populations are comprehensible only by reference to 
the laws of Mendelian genetics to which they are covertly obedient. 

The question of the fundamental, biologically grounded rules in human 
cultural evolution is empirical, to be settled by the analysis of epigenesis 
within the context of cognitive and developmental psychology aided by 
neurobiology and genetics. The existence of primary epigenetic rules, 
which impose constraints in perception, was documented in Chapter 2. 
We now examine some of the studies that have addressed the procedures 
of higher information processing and decision making in human beings. 
The goal of our analysis will be to demonstrate striking regularities that 
run through the diversity of facts known about human cognition— 
regularities that we interpret as evidence for the existence of secondary 
epigenetic rules predicted by our theory. 

Elements of Human Information Processing 

Information processing is composed of at least five procedures: feature 
discrimination, storage, interpretation, recall, and computation. In recent 
years cognitive psychologists have made important advances in identi
fying the human form of these activities. A summary of the 
information-processing segment of human cognition is presented in Fig
ure 3-4. Although this formulation cannot be regarded as definitive, it 
does incorporate a diversity of experimental data. It perceives that in the 

Figure 3-4, opposite A model summarizing human information processing. 
The size of short term memory represents the number of symbols that the con
scious mind is able to manage simultaneously. Processes that would correspond to 
the subconscious are not at all understood in the framework shown here and are 
not displayed explicitly. The modification times per chunk shown for long term 
memory refer to the intervals per old chunk required to form a new chunk. See the 
discussion of the 107 Rule in the text. (Based on data and models in Newell and 
Simon, 1972; Massaro, 1975; Norman and Rumelhart, 1975; Lindsay and Norman, 
1977; Oden and Massaro, 1978; and Simon, 1979.) 
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underlying brain system, capacities and execution times are tightly con
strained. In the early stages of the processing, some of the features are se
lected and others discarded; those retained are placed into a "prepercep
tual storage space." Up to this point the processes are genetically fixed 
with sufficient rigidity to be impervious to learning. They include at least 
some of the primary epigenetic rules noted in Chapter 2. Recognition 
begins when the features in the preperceptual space are compared with 
perceptual units in long term memory. The placement of the stimulus on 
the perceptual space is achieved by its further integration into the long 
term memory (LTM), a process sometimes designated as secondary rec
ognition (Massaro, 1975). This step is influenced not just by memory but 
also by expectation and mental set. These properties depend in part on 
reentrant signaling from the hippocampal-septal axis and other portions of 
the limbic system. The secondary recognition process translates this in
formation into an additional, abstract code that matches the signals 
against symbols and imparts to them certain qualities beyond simple rec
ognition. Thus the synthesized perception of a friend's voice results in the 
identification of the words and the source, while the abstract encoding 
procedure defines the voice in terms of such properties as low, harsh, 
unnatural, and so forth. 

In a series of ingenious experiments Oden and Massaro (1978) demon
strated that the auditory information process employs what is often called 
fuzzy logic. Rather than make sharp distinctions among phonemes on the 
basis of all-or-none features, the brain evaluates phonetic qualities of the 
sounds, particularly the place of articulation and voice onset time, by 
sorting them into overlapping sets spaced along continuous scales. Since 
the qualities vary continuously, they are represented as predicates that 
are more or less true rather than absolutely true or false. Phoneme classi
fication is made up of referrals to phoneme prototypes in long term mem
ory. As explained in Chapter 2, these prototypes are learned, but the 
learning follows primary rules that automatically space out the phonemes 
and limit their number. The forebrain then classifies the sound as be
longing to the phoneme prototype providing the closest match. The data 
on phoneme recognition in fact fit Luce's model (1959), which states that 
the probability of identifying a sound as a particular phoneme is equal to 
the goodness of the match of the sound to that phoneme relative to the 
sum of the goodness-of-match values for all phonemes being considered 
in the perceptual space. Another apparent particularity in phoneme iden
tification is the noninteraction of the acoustic features during the feature 
evaluation stage of processing. 
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These elementary procedures may be fundamental to the human mind. 
Cognitive psychologists have recently assembled an array of evidence 
suggesting that the use of prototypes and fuzzy sets characterizes the pro
cesses of recognition and discrimination in activities additional to speech 
perception, including vision, gestures, and concept organization (Brown, 
1978; Rosch and Lloyd, 1978; Wickelgren, 1979a). 

Further insight into the procedures used to match stimuli with symbols 
in long term memory can be gained by considering the evaluation of 
paired as opposed to individual stimuli. In experiments conducted by 
Getty and coworkers (1979), subjects were asked to evaluate visual repre
sentations of eight complex sounds. They judged the pictures pairwise ac
cording to subjective degree of similarity and also identified them individ
ually in various subsets. The similarity judgments were placed in a 
three-dimensional perceptual space by means of a multidimensional 
scaling procedure. The data closely fitted a decision model based on 
weighted interstimulus distances, in which confusability between stimuli 
falls off as an exponential function of the distance between them. When 
given subsets of the pictures, the subjects evidently placed varying 
weights on the dimensions in such a way as to maximize the percentage of 
correct identification. When a separate set of subjects were given the 
identification task alone, they employed the same set of dimensions. 

These results from experiments on visual discrimination support the 
validity of the use of multidimensional scaling analysis in mapping percep
tual space, since the space revealed by the procedure could be used to ac
count for behavior in an independent task. The fit to the confusability 
model indicates that in distinguishing visual patterns the brain uses a 
fuzzy set procedure similar to that employed in discriminating phonemes. 

Information recall also has several particular qualities that can be tenta
tively characterized as human specific, pending the accumulation of fur
ther data on nonhuman cognition (see for example Lauer and Lindauer, 
1971; Griffin, 1976). Unrehearsed short term memory lasts approximately 
thirty seconds. A delay of that length wipes out most of the ability to re
call sets of unrelated words or signs that have been memorized hastily. 
The capacity of short term memory is approximately three to seven 
symbols of control and feature information. To use the original formula
tion of Miller (1956a,b), this is the equivalent of the "magical number" of 
seven elements, or, more precisely, seven plus or minus two. People can 
rapidly memorize approximately seven unrelated syllables, integers, or 
words. They can also discriminate with two to three bits of precision the 
tone and loudness of a sound, the salinity of a salt solution, and the posi-
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tion of a pointer in a linear interval. Such resolution on a continuous scale 
translates into approximately seven equiprobable symbols in a discrete 
scale. Miller wondered if it is only a "pernicious, Pythagorean coinci
dence" that there are seven wonders of the ancient world, seven seas, 
seven deadly sins, seven daughters of Atlas in the Pleiades, seven ages of 
man, seven levels of hell, seven days of the week, and so forth. We sus
pect not, although evidence from non-Western cultures is conspicuously 
lacking. 

In contrast, long term memory is all but permanent, potentially infinite, 
and indestructible. It is achieved through repetition and strong reinforce
ment, especially that which engenders emotion. Storage and recall are 
greatly enhanced by the process of chunking, a packaging of information 
symbols that then require only the recollection of a single element to be 
retrieved. If short term memory permits only about three to seven symbols 
to be activated and kept in the conscious mind for a short period during 
the give-and-take of ongoing behavior, large amounts of additional infor
mation can still be brought into play by the retrieval of associated 
symbols. The symbols are the neural representations of information and 
upon recognition or activation evoke their stored designators (Miller, 
1956a,b; Newell and Simon, 1972). Chunking is a cortical function that 
serves semantic memory, configuration formation, and processing 
efficiency. 

These aspects of human cognition function within two epigenetic con
straints. One is the minuscule symbol storage capacity of short term mem
ory. Insofar as all deliberated symbol manipulation and computation take 
place on structures temporarily active in short term memory, the three- to 
seven-symbol limit creates a severe bottleneck between the essentially 
inexhaustible long term memory and the brain processes subserving the 
conscious mind. This basic restriction greatly limits processing speed and 
efficiency and reduces the number of processing strategies that are prac
tical at any given time. 

A second major constraint, which can be called the 10J Rule, is created 
by a marked asymmetry inherent in the operation of long term memory. 
No less than 5/ to 10/ seconds of neuronal processing time are needed in 
order to store in the long term memory the symbols necessary to recog
nize and interpret a chunk composed of J familiar chunks or subpatterns 
(Newell and Simon, 1972; Simon, 1979). Such writing times are very long 
on the behavioral time scale and represent a real cost to the organism in 
terms of time and opportunities lost. In this way they limit the assimi
lation of new information. The times required to retrieve chunks from 
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long term memory are shorter by one to two orders of magnitude. These 
two constraints, the capacity of short term memory and the 107 Rule of 
long term memory, are unexplained from the viewpoint of evolutionary 
theory, and we shall return to them in Chapters 6 and 7. 

On the basis of an analysis of the hippocampalamnesiac syndrome, 
Wickelgren (1979b) concluded that the hippocampus plays a critical role 
in the physiology of cognition by differentially priming free neurons that 
symbolize and link the elements of the chunk. Current information on 
learning and particularly the consolidation process of long term memory 
appear to us to be consistent with Edelman's hierarchical model of brain 
action, in which selected "recognizer" cells, such as groups of complex 
neurons in the striate cortex, are activated by stimuli to which they are 
preprogrammed to respond (Edelman and Mountcastle, 1978). Then "rec
ognizers of recognizers," which are neurons in the temporal, frontal, or 
prefrontal cortex, respond to signals from recognizer groups. The candi
date neuronal groups among the recognizer of recognizers form a degen
erate subset of all such groups. That is, more than one group can recog
nize a particular assembly of recognizer cells. Recognizer-of-recognizer 
groups can interact in a hierarchical manner to create increasingly ab
stract representations. Thus learning is to some extent programmed, and 
its rate thereby increased, but the total content of symbolic information 
eventually stored in the brain is highly variable. 

On the basis of his model Edelman (in Edelman and Mountcastle, 1978) 
envisages consciousness as "a form of associative recollection with up
dating, based on present reentrant input, that continually confirms or 
alters a 'world model' or 'self theory' by means of parallel motor or sen
sory outputs. The entire process depends upon the properties of group se
lection and reentrant signaling in a nervous system that is already speci
fied by embryological, developmental, and evolutionary events." Griffin 
(1976) has suggested that human-like elements of consciousness exist in 
the more intelligent animals, and he has outlined a series of tests by which 
this possibility can be explored. 

Our improved understanding of the constraints on the learning process 
and the physical devices of storage and recall have made it increasingly 
clear why the human mind operates primarily by means of symbols and 
hierarchical classifications of stimuli (Bartlett, 1932; Miller, 1956a,b; 
Simon, 1979). It is reasonable to speculate that any living system in evolu
tionary transit from the protocultural to the eucultural state would en
counter similar constraints, diminish them in the same way, and thereby 
assemble a conscious mind operating largely with symbols and chunks. 
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General Properties of Secondary Epigenetic Rules 

We are now in a better position to consider the secondary epigenetic rules 
themselves. Each rule contributes to two components in the bias curves. 
The first is penetrance: the propensities to use some culturgen—any 
culturgen—of a given category, regardless of whether the choice is made 
from among many or few. The second component is selectivity among the 
available culturgens. In the idealized choice curve of Figure 3-5 a high 
penetrance is measurable as a low frequency of individuals in the null cat
egory, while a high degree of selectivity is reflected in the concentration 
of those individuals who have made a choice on one or a relatively few of 
the culturgens (see also Appendix 3-1). Penetrance and selectivity in cul
turgen transmission can evolve independently of each other. Further
more, both can be separately modulated by the actions of no less than 
three major cellular systems: the primary sensory receptors and coding 
interneurons, which determine the ease with which particular culturgens 
are perceived; the associative centers of the cerebral cortex and the atten
tion and recall mediating centers in the hippocampus, which determine 
learning capacity; and the centers of the limbic system and midbrain's 
substantia nigra, which affect reinforcement (Oades, 1979). 

Data from developmental psychology indicate that epigenesis has the 
least penetrance at infancy. Later in life, the action of context-dependent 
epigenetic rules allows high penetrance while maintaining high selectivity. 
For purposes of model building, we believe it is valid in the case of at least 
the simpler culturgen categories to reduce the relevant part of the epige
netic rules to a single filter expressed as a profile of transition probabilities. 
Most of these profiles, or bias curves, change as a function of the sur
rounding culture and major features in the physical environment. Those 
of greatest analytic tractability are sufficiently robust to retain an easily 
recognizable form across cultures. 

Wolff (1970) and Hess (1973) have argued that the time course of geneti
cally directed learning in infants and children is too long for the learning to 
qualify as true imprinting. (Imprinting is defined by ethologists as an event 
that occurs within a very short period during development.) In the case of 
offspring attachment to mothers, the susceptible period is two hours in 
sheep, thirty-six hours in ducks and chickens, one week in dogs, and 
three days in rats. Few human behaviors have learning regimens limited 
to periods of less than three months. Human infants and children engage 
in undoubted directed learning, but it is concentrated in longer, less 
well-defined periods. Thus the primary socialization of children, espe-
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Figure 3-5 Four imaginary usage bias curves chosen to illustrate the two prin
cipal properties of epigenetic rules: penetrance, the extent to which any culturgen 
ck of a given category is used by members of a society (those who learn no cul
turgen remain "naive") and selectivity, the degree of preference for some cul-
turgens over others among those available. The distributions are consistently dis
played by individuals of particular genotypes within specified environments. 

cially attachment to particular adults, is thought to occur between six 
weeks and six months (Gray, 1958). Bonding in the reverse direction, the 
attachment of mothers to infants, does possess the properties of im
printing, since it occurs within a sensitive period of hours or days and 
produces aftereffects that last for years. 
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Early human social development is usefully regarded as a process of 
focusing—a passage from general to more specific classes of stimuli 
during periods that individually last, according to the stimulus category, 
from days to years. The epigenetic rules are expressed as a stepwise 
change in the degree of directedness during the focusing process. The first 
stage is often little more than an automatically greater attraction for a par
ticular set of stimuli as opposed to others. As Fantz and his colleagues 
(1975) have expressed the matter in their excellent account of early visual 
development, perception precedes action. In other words, preference for 
certain cues exposes infants and children to the most relevant proces-
sible information. Furthermore, infants fixate on images, even small por
tions of images, longer than do older children (Kagan, 1970; Salapatek, 
1973). Attention is thus an important component of the early epigenetic 
rules. And because it is also experimentally the most tractable, it provides 
a first, valuable glimpse of the basic epigenetic process. In Table 3-1 we 
have summarized some of the results obtained by Fantz and his asso
ciates. The sequence from top to bottom gives the visual choices in the 
order of their appearance. Figures 3-6 and 3-7 present some of the con
figurations used during the experiments, along with the time curves of 

Table 3-1 Sequential epigenetic rules in the development of infant visual pref
erence. The favored choice in each competing pair is given first. (Based on data 
from Fantz et al., 1975.) 

Visual preference 

Simple transitive differences 
Larger elements 
More numerous elements 
Curved vs. straight lines 

Distinction among patterns 
Bull's-eye design vs. parallel stripes 
Touching elements vs. those that are separated 
Nonlinear arrays vs. linear-latticed arrays 
Three-dimensional vs. two-dimensional objects 

Recognition of novelty 
Novel visual patterns (general) vs. learned patterns 
Novel faces vs. familiar faces 
Novel orientation of face vs. conventional orientation 

Postnatal age at first 
development (weeks) 

1 
1 

l - 8 a 

8 
8-10 
8-12 
8-12 

16-30a 

20-24 
20 

a Timing depends on patterns compared. 
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Figure 3-7 Choice by infants among members of a set of more complex de
signs. (Modified from Fantz et al., 1975.) 

visual preference. These data indicate the existence of at least three key 
steps in visual choice by infants. At the beginning, choices are made on 
the basis of simple transitive distinctions, such as a liking for larger ele
ments or for more numerous elements. Next, the infant chooses among 
related complex patterns, with preference being given to intermediate de
grees of complexity and symmetry. Finally, in a schedule overlapping that 
of the previous two strategies, the infant develops a slight preference for 
novel images. 

These and similar studies indicate that in addition to the transition from 
attention to learning action there is a focusing sequence with reference to 
the stimuli discriminated. This sequence begins with an automatic restric
tion to stimuli filtered by the sensory receptors and coding interneurons 
and a preference for certain stimuli as opposed to others. It passes to the 
biased learning of a class of objects. It ends with a preference for (or aver
sion to) particular objects. Thus in the case of visual development the in
fant directs its attention preferentially to elementary visual designs found 
in a very broad range of objects, including faces and similar configura
tions. It simultaneously narrows its preference to faces with normally ar
ranged features as opposed to similar patterns. Finally, it learns and 



THE SECONDARY EPIGENETIC RULES 69 

comes to prefer its mother's face. Within the first two of these three levels 
the learning is biased genetically toward certain classes of visual patterns. 
This conception of programming in human learning rules is at least con
sistent with current models of hierarchical organization in the nervous 
system and with decision-making apparatus in animal behavior (Dawkins, 
1976b; Bentley and Konishi, 1978). 

It is our impression (one that cannot be rigorously tested by the avail
able data) that the human species has followed a rule of parsimony in the 
evolution of the epigenetic rules. In the hierarchy of procedures just cited, 
leading to a final experiential focus on culturgens, evolution of the epige
netic rules stops when the rules reach the least degree of selectivity that 
will suffice. Thus infants possess an innate preference for the principal 
features of the human face over other, similar patterns, but there is as yet 
no evidence that they prefer a female face, or one of any other particular 
size, shape, or color (Jirari, 1970). Genes prescribing an early cessation of 
lactase production occur at high frequencies in Oriental populations, and 
milk is generally avoided in Oriental cuisines. But the aversion appears to 
be based on gastrointestinal distress rather than an innate lactose aversion 
programmed to appear in late childhood (Rozin, 1976). Sexual fixation is a 
powerful form of prepared learning activated during adolescence and 
early maturity. It ordinarily leads to heterosexual pair bonding, but idio
syncratic experiences during the susceptible period of development can 
divert individuals in part or in whole to homosexuality or to deviant prac
tices such as pedophilia, fetishism, urolagnia, coprolagnia, and necro
philia, which are difficult to alter later (Goleman and Bush, 1977; VanDe-
venter and Laws, 1978). 

If the principle of parsimony is valid, it parallels the rule of metabolic 
conservation deduced in studies of other modes of evolution. For ex
ample, in the course of evolutionary time certain amino acids become 
"essential" and other molecules become vitamins if they are supplied so 
abundantly in the normal diet that the need for their independent synthe
sis is removed. In analogous fashion most species of obligatory cave an
imals tend to lose their eyes and bodily pigment. The conventional expla
nation given by geneticists is that when the products of particular routes 
of biochemical synthesis are no longer necessary for survival and repro
duction, the materials and energy they consume constitute a deficit. Any 
mutations eliminating the biosynthetic routes will then have a selec
tive advantage; the phenomenon has been discussed by E. O. Wilson 
(1975:160-161). Similarly, special coding devices in the development of 
social behavior can be expected to decline whenever the requirement for 
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selectivity is reduced or eliminated. Nevertheless, for reasons explained 
in Chapter 1, coding devices are extremely unlikely to be eliminated al
together. 

A low degree of selectivity in the epigenetic rules can be expected to 
create several important effects in social interaction. We have already 
cited the rarity of imprinting and critical periods in infant development. 
Another anticipated result is a greater dependence of the development of 
normal behavior on high levels of socialization and hence experience in 
day-to-day encounters, rather than on more nearly automatic, inborn 
responses. The classic studies of Harlow and others on rhesus monkeys 
revealed that when infants of this species are deprived of maternal and 
peer stimulation during early life, they are later incompetent in sexual per
formance and parenting (Harlow et al., 1966; Hinde and Spencer-Booth, 
1969). In what may be a parallel relation, Steele and Pollock (1968) found 
that all parents involved in severe child abuse in sixty families had them
selves been deprived of parental physical affection during their childhood. 
They also generally suffered from depression and had difficulty estab
lishing ego identities appropriate to their ages. 

A final anticipated effect of low selectivity is the existence of super
normal stimuli, which elicit stronger responses than the signals normally 
produced by individuals during communication. For example, herring 
gulls prefer dummy wooden eggs provided by experimenters over their 
own eggs as long as the substitutes are larger in size—in fact, the larger 
the better. This appears to be a simple innate rule of decision making that 
in the vast majority of cases permits the correct separation of eggs from 
stones and other inanimate objects. In a similar manner, human beings 
sometimes prefer stimuli that lie beyond the norm of those experienced 
during socialization. In initial encounters on the part of adults, for ex
ample, they respond more strongly to supernormal visual images that 
evoke sexual or parental interest, such as those showing exceptionally 
large breasts in women or abnormally wide eyes and small noses in chil
dren (Eibl-Eibesfeldt, 1975). The phenomenon appears to ensure greater 
attention to the more ordinary features that do in fact characterize the 
vast majority of women and small children. 

Another trend in the evolution of epigenesis might be called the trans
parency principle: the more the effect on genetic fitness of a category of 
behavior depends upon environmental circumstances, the more clearly 
the conscious mind perceives that relation and the more flexible its 
response. In the extreme case, the behavior is modified to fit each particu
lar contingency, following conscious reflection on the circumstances. It is 
possible that once the context is specified, the form of the response is 
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completely predictable. We can speak of such behavior as being both flex
ible (varying according to context) and selective (invariant within a given 
context), or the behavior can be both flexible and relatively non
selective—in other words, it varies both between and within different 
contexts. 

The important point is that when the impact on genetic fitness of such 
behavior depends on the context, the mind is more likely to perceive the 
relation and to make decisions according to this perception. Thus eco
nomic behavior, including the procedures of energy harvesting and recip
rocal transactions, have effects that impinge directly on survival ac
cording to the peculiarities of the surrounding environment and social 
organization. These relations are intuitively understood with more or less 
clarity and are subject to conscious deliberation. Economic behavior is 
comparatively flexible, and culture varies greatly in its expression 
(Haggett, 1972; Boehm, 1978; Clarke, 1978). At the opposite extreme, the 
impact on genetic fitness remains approximately constant in most or all 
possible circumstances. In this case the mind is typically unaware of the 
relation between the behavior and genetic fitness, and the behavior does 
not vary according to context. Accordingly, the adaptive significance of 
deep grammar (consistent, rapid sentence formation), incest avoidance 
(reduction of inbreeding depression), and the consumption of sugar 
(exceptionally high caloric content) are understood only by the small 
number of societies that have studied them scientifically during the past 
two hundred years (Katz et al., 1974; Rozin, 1976; Katz, 1980). The 
behaviors are incorporated automatically into most or all human societies 
under the guidance of strong, selective epigenetic rules. If this correlation 
between transparency and context dependence proves to be general, it is 
consistent with the principle of parsimony suggested earlier, namely that 
epigenetic rules evolve until they achieve the least sufficient degree of se
lectivity. 

A series of case studies in cognitive development and adult decision 
making will illustrate the diversity of the secondary epigenetic rules and 
the principles just suggested. While this mode of analysis is in the earliest 
stage of development, its results clearly are destined to be exceptionally 
important to the future of the social sciences. 

Facial Recognition 

The human face is an early object of fixation and serves as a source of 
comfort to infants (Argyle and Cook, 1976). For both older children and 
adults it contains the principal set of features used in individual recogni-
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tion, nonverbal communication, and a substantial part of artistic expres
sion. It is therefore no surprise to find relatively selective epigenetic rules 
in the utilization of facial features. Experiments by Jirari (1970) revealed 
that even newborn infants fixate more on facial designs than on simpler 
patterns. They also prefer normal features over scrambled features of the 
same level of complexity, with the eyes being especially important parts 
of the attractive schema (see Figure 3-8). Similar results have been ob
tained in experiments on four-month-old infants by Haaf and Bell (1967) 
and by McCall and Kagan (1967). It is difficult to ascribe the results to any 
form of learning; Jirari repeated the first series of comparisons shown in 
Figure 3-8 with forty infants whose average age was 10 minutes (range 
2-17 minutes), and observed the same rank order of preference. Some 
data indicate that relative attraction to faces is strengthened still further 
during the ensuing six months. Fantz (1963) found a 15-percent increase in 
average fixation time during this interval and a concomitant decrease in 
fixation on concentric circles. By four months, infants no longer prefer 
normal to scrambled faces (Kagan, 1970), but this is the time in which 
novel geometric patterns and novel faces come to be preferred over famil
iar stimuli (see our Table 3-1). 

A rapid focusing of learning capability follows the maturation process 
in facial recognition. By five months, infants discriminate and recall dif
ferences among classes of faces such as those of men versus women and 
those of women versus children. By seven months, infants are able to dis
tinguish individual persons and to utilize a variety of facial angles in 
achieving recognition (Fagan, 1979). This increase in resolving power par
allels the general growth in ability to recognize abstract geometric designs 
of similar complexity, but it remains an independent faculty. In fact, the 
capacity to distinguish faces is dependent on specialized regions on the 
undersurface of the temporal and occipital lobes. Lesions in this area 
cause prosopagnosia, a remarkably selective disability. The patient can 
identify objects by sight and persons by their voices, but he cannot recog
nize persons by looking at their faces (Geschwind, 1979). 

Visual Pattern Complexity 

Although human beings respond to supernormal stimuli in some catego
ries of culturgens, the preference does not increase monotonically with a 
continued intensification of the stimuli. In all categories known to us to 
have been tested, there exist intermediate values or ranges of values pre
ferred over others more extreme. This principle has been well estab-
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Figure 3-8 Experiments demonstrating the occurrence of secondary epigenetic 
rules early in facial recognition. Diagrams containing a normal array of facial fea
tures were presented to newborn infants in competition with diagrams containing 
scrambled or reduced features. Fixation was measured as the degree of head 
turning by infants presented with moving images; thirty-six newborns were used 
in each of the two series. The infants preferred a normal array of facial features, 
and the eyes were an important component of the preferred pattern. (Based on 
Jirari, 1970, in Freedman, 1974.) 
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lished, for example, in the study of motivation. Schroder and colleagues 
(1967) have documented the maximization of emotional reward and infor
mation processing at intermediate levels of complexity. They have con
structed a general model that attempts to predict these peaks as the max
imum sum of information content, reward, and the negative effects of 
computational difficulty and emotional stress. 

The same principle has been adduced independently during studies of 
cognition. People tend to break down information into a relatively small 
number of categories. As mentioned earlier, Miller (1956a) suggested that 
the number is the "magical seven" of mythology and folklore, plus or 
minus two. Reviewing the literature to that time, he showed that the abil
ity to discriminate pure tones, tastes, sizes, colors, and temperatures, 
without special training and aids and with trivial error, is in fact usually 
limited to this range. More recently, Pendse (1978) demonstrated that the 
optimal number of categories in communication systems generally is a 
function of the signal-to-noise ratio. The larger the number of times a 
signal is transmitted in a noisy channel, the smaller is the optimal number 
of categories into which any sample of the signal can be broken down. If 
this mathematically deduced relation has been obeyed during organic evo
lution, the design of the brain itself can be expected to specify rather 
precisely the degree of complexity employed in ordinary, intuitive classifi
cations. This hypothesis can be tested in part through the following pre
diction generated by the mathematical model: the left brain hemisphere, 
which must verbalize and hence retransmit information more extensively 
than the right hemisphere, should perform better in handling systems with 
small numbers of categories. Superiority should shift to the right hemi
sphere as the number of categories is increased. This prediction has been 
confirmed by Pendse's experimental studies. 

The emotional components of pattern discrimination and preference be
come paramount in the experimental studies of esthetics. In studies on the 
choice of polygons (squares versus octagons versus six-pointed stars, and 
so forth), Eysenck (1968) found that preferred figures have the following 
qualities: less familiar, symmetric, nonright angles, and numerous non-
parallel sides. Rashevsky (1960) went so far as to devise a neurological 
model to account for such data. He obtained a close fit when the as
sumption was made that pleasure centers are maximally stimulated by the 
summed excitation of many redundant elements in repeating but noniden-
tical sets. 

The polygons used in early esthetics experiments were limited in 
complexity, with the result that the data reveal only the correlates of 
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esthetic response at the lower end of the scale of complexity. Subsequent 
studies by Smets (1973), using the indirect but more precisely measurable 
response of alpha brainwave blockage as a signal of arousal, indicate the 
existence of intermediate maxima when the competing designs are made 
more complicated (see Figure 3-9). 

It is of interest that the preference for designs of intermediate com
plexity can be traced back to earliest infancy. Hershenson and colleagues 
(1965) presented newborns with an array of randomly constructed figures 
classified according to whether they contain five, ten, or twenty turns. 
The infants gazed most consistently at the set with ten turns (see Figure 
3-10). Later, more precise epigenetic rules of pattern choice, entailing 
complexity as a key variable, were disclosed by the experiments on visual 
development by Fantz and his associates (see Table 3-1). 

Knowledge of the epigenetic rules governing the development of com
plexity choice, problem solving, and esthetics is still rudimentary. Ber-
lyne (1971) and Bortz (1978) concluded that on the basis of present knowl
edge no simple link can be made between arousal curves and subjective 
esthetic judgment. It is unlikely that preference curves in esthetic judg
ment are of the unimodal form typifying the arousal curves. Yet it seems 
probable that strong indirect links do exist and have exercised significant 
effects on cultural evolution. Furthermore, the mean optimum levels of 
complexity and the higher moments of frequency distribution of the levels 
within populations can be tentatively interpreted as species-specific traits 
of Homo sapiens. They will be understood more clearly when comparable 
choice experiments are conducted with other intelligent animal species, 
especially the Old World monkeys and apes. 

Nonverbal Communication 

Movements used in nonlinguistic communication offer promising ex
amples for the study of epigenetic rules. Some of the signals are relatively 
invariant, so that a great deal of convergence in their form and meaning 
occurs across cultures. Yet nearly all are also subject to modifications pe
culiar to the individual cultures. For example, Ekman (1973) found rela
tive uniformity in the use of facial expressions to denote fear, loathing, 
anger, surprise, and happiness. He photographed Americans acting out 
these emotions and New Guinea highland tribesmen as they told stories in 
which similar feelings were emphasized. When individuals were then 
shown portraits from the other culture, they interpreted the meanings of 
the facial expressions with an accuracy greater than 80 percent. 
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"Complexity" 
(a) Information H = 225 bits (b) Information H=900 bits 
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Figure 3 -9 Maximum arousal reached at intermediate levels of complexity in 
visual patterns. Complexity in this instance is measured by the percent of redun
dancy in two series that differ in the number of elements (one series generates 
225 bits, the other 900 bits of uncertainty). The arousal measure is the time the 
alpha wave of the electroencephalogram was blocked (desynchronized) following 
presentation of the figure; the number given is the corresponding distance along 
the polygraph record. Each point in the lower diagram gives the average response 
of sixty-seven persons. (After Young, 1978; from Smets, 1973.) 
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Figure 3-10 An epigenetic rule in the choice of complexity. The preferences 
given measure the relative length of eye fixation by newborn infants shown sets of 
randomly generated figures. Complexity in the figures is measured by the number 
of turns along their edges. (Modified from Hershenson et al., 1965.) 

In his continuing field research in human ethology, Eibl-Eibesfeldt 
(1975, 1979) has documented varying degrees of convergence in other 
forms of nonlinguistic communication, including phallic displays, eye
brow flashing, threat staring, pouting, gaze aversion, and kissing. The evi
dence is strong enough to leave little doubt that much of this behavior is 
specific to man and distinguishes him narrowly but clearly from other Old 
World primates. 

Studies of smiling conducted independently by psychologists and 
anthropologists have revealed a substantial amount of canalization in its 
development and uses. Smiles are first displayed by infants between two 
and four months of age. They at once evoke an abundance of affection on 
the part of attending adults. The infants of the !Kung San of the Kalahari 
are nurtured under very different conditions from American infants. They 
are delivered alone by their mothers without the aid of anesthetic, kept in 
almost constant physical contact with the mothers or other adults, nursed 
several times an hour, and trained rigorously to sit, stand, and walk. Yet 
their smile is identical in form to that of American infants, appears at the 
same time, and serves the same social function (Konner, 1972, 1977). 
Smiling also appears on schedule in deaf-blind children and even in 
thalidomide-deformed children who are not only deaf and blind but crip
pled so badly they cannot touch their own faces. Under these extreme cir
cumstances it is virtually impossible to implicate learning in the early 
development of the behavior (Eibl-Eibesfeldt, 1979). 

j i i _ 
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Throughout life smiling is used primarily to signal friendliness and 
approval, and secondarily (and erratically) to indicate a sense of pleasure 
(Kraut and Johnston, 1979). Each culture molds the precise meaning of the 
behavior into a series of nuances determined by its exact form and the 
context in which it is displayed. Of course, among sophisticated adults 
smiling can be turned to the uses of irony and light mockery. But even in 
such cases its meanings still span only a tiny fraction of those contained in 
all facial expressions. 

Eibl-Eibesfeldt has gone on to trace both the ontogenies of nonverbal 
signals in children and the modification of the signals to acquire new 
meanings in the course of cultural evolution. One example, the elemen
tary eyebrow raise and its culturgenic derivatives, is given in Figure 3-11. 
Another case is the ritualization of body movements to signal a "no." The 
most widespread movement is head shaking, a standard signal in cultures 
as separately evolved as the Papuan highlanders, the Yanomamo of Vene
zuela, the Himba of southern Africa, and the Kalahari San. Many Medi
terranean and Mideastern peoples signal a "no" by jerking the head back 
while closing the eyes, sometimes turning the head sidewise and lifting 
one or both hands in a gesture of refusal. The Ayoreo Indians of Paraguay 
wrinkle their noses as if they were reacting to an unpleasant odor, close 
their eyes, and often push their lips forward in a pout. The Eipo of New 
Guinea indicate a factual "no" with a headshake, and a refusal in a social 
encounter with a pout. Eibl-Eibesfeldt points out that virtually all of these 
signals can be interpreted as ritualizations of the more direct, motor rejec
tion of unpleasant physical stimuli—a "shaking off' of objects on the 
head or closure of the eyes, nostrils, and mouth. The pout has been addi
tionally ritualized to respond to an insult and to cut off contact. 

The principal conclusion we have drawn from these studies is that 
much of nonverbal communication has been built upon the ritualization of 
elementary behavior patterns, with the ritualized versions of the behavior 
being guided by new epigenetic rules. In some categories such as head 
shaking, the elementary patterns are little more than undifferentiated 
motor movements serving other, noncommunicative functions as well. 
But the patterns of smiling, additional basic facial expressions, laughing, 
and crying appear to have been limited to signal functions from their evo
lutionary origin, and they were subjected to more rigid canalization in the 
ritualization process afterward. Eyebrow raising is intermediate in its de
gree of specialization. To use the imagery of gene-culture theory, the 
epigenetic rules vary among the categories of nonverbal signals in narrow
ness and specificity, but in all cases these qualities are strong enough to 
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Eyebrow flashing evolved from 
friendly surprise expressing 
a "yes" to social contact 
Either requesting it or approving 
a request 

Eyebrows raised 
in surprise* 

Eyebrows raised 
in angry surprise 
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accompanying attention, 
the eyebrows being lifted 
as an epiphenomenon 
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Figure 3-11 Eyebrow lifting and its culturgenic derivatives. (Modified from 
Eibl-Eibesfeldt, 1975.) 

restrict substantially the array of nonverbal signals generated during cul
tural evolution. 

Mother-Infant Bonding 

Examples of epigenetic rules operating in adults can be found in the at
tachment of mothers to their newborn infants (Adrienne Harris, 1979). 
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The strength of attachment has been examined during twelve studies in 
four different cultures (American, Swedish, Guatemalan, and Brazilian), 
including both lower and middle socioeconomic classes. Eleven of the 
studies produced essentially the same result. When mothers were given 
frequent contact with their babies during the first hours and days, they 
provided closer attention to the infants during subsequent months than 
did control mothers allowed only intermittent contact in accordance with 
standard hospital practice (see the review by Kennell and Klaus, 1979). 
The infants also enjoyed slightly but significantly better health and 
freedom from later abuse and neglect. 

Two of the studies can be cited to illustrate this effect in more detail. 
Klaus and coworkers (1972) observed 28 primiparous mothers and their 
normal, full-term infants in Ohio. The 14 mothers in the control group fol
lowed the traditional hospital schedule of contact with their infants: a 
glimpse of them immediately following birth, a brief contact at six to 
twelve hours, followed by visits for twenty to thirty minutes every four 
hours thereafter for bottle feedings. The experimental group of mothers 
followed the same routine, but in addition they were handed their nude in
fants for one hour during the first three hours following birth, and re
ceived five extra hours of contact each afternoon for the three days after 
delivery. Mothers in the experimental group were subsequently observed 
to stand closer to their infants during medical examinations, bestow more 
soothing actions, and engage in a higher frequency of eye contact and 
fondling during feeding. They were also more reluctant to leave their in
fants with other adults. 

O'Connor and colleagues (1977) conducted a parallel study of 301 
mothers in Tennessee. One group was given its babies for twenty minutes 
every four hours for feeding, in accordance with standard hospital proce
dure. The other group was given six hours of additional contact for two 
days. During an observation period twelve to twenty-one months later, 
serious parental mistreatment was suffered by only 1 among the 158 in
fants exposed for a longer time to their mothers, while 9 of the 143 infants 
involved in routine hospital contact were hospitalized for parenting dis
orders, including abuse, neglect, abandonment, and nonorganic failure to 
thrive. 

Kennell and Klaus ask, "How can changes made during just a few 
hours around delivery profoundly alter the later behavior of a woman who 
has already lived 160,000 to 180,000 hours?" They suggest that during the 
early sensitive period a cascade of reciprocal interactions begins between 
the mother and her baby, which interlocks them and ensures the further 
development of attachment. A close contact between the mother and her 
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infant during the first hours following birth appears to be crucial for the 
formation of subsequent strong bonding. 

Possible additional evidence of a sensitive period of genetically pre
pared learning is provided by the remarkable ability of women to recog
nize the cries of their babies shortly after birth. Morsbach and Bunting 
(1979) found that mothers can readily distinguish tape-recorded sounds of 
their own babies from the recorded cries of four other, randomly selected 
infants. Even though the infants were only three to eight days old and had 
been contacted briefly in a hospital setting, 22 of 27 women made correct 
identifications. Of equal interest is the apparent robustness of this 
response. No factor analyzed was found to have any effect on the per
formance, including the age of the mother, age and sex of the infant, pres
ence or absence of siblings, medication during labor, method of delivery, 
and method of feeding. Because of the small size of the sample, this last, 
important result needs to be confirmed. 

Infants possess an equally remarkable ability to recognize their 
mother's voice. In tests conducted by DeCasper and Fifer (1980), ten 
neonates were allowed to choose between a nonnutritive nipple that 
triggered a tape recording of their mother's speech and one that triggered 
a recording made by another woman. As early as twenty-four hours the 
infants displayed a preference for the tape of their mother's voice. 

Still another nonuniform epigenetic rule affects the way mothers carry 
their infants and leads to a directly perceived bias curve. In an American 
study Salk (1973) discovered that 25 of 32 left-handed mothers, or 78 per
cent, held their newborn infants on their left side. Approximately the 
same fraction of right-handed mothers, 212 out of 255, or 83 percent, also 
held their infants on the left side. (Left-handedness occurs in 5-10 per
cent of adults and is apparently to a large extent genetically determined.) 
In 400 works of art randomly selected from four cultures and depicting 
mother and infant, the infant was held on the left side near the heart 80 
percent of the time. The bias has been confirmed in a separate study of 
early Christian art and in impressionist and postimpressionist paintings. 
On the other hand, no bias existed in representations of men holding chil
dren or in women nursing infants (Finger, 1975). Lockard and associates 
(1979) found the same predisposition among 79 women observed carrying 
infants in the vicinity of Seattle, Washington: 77 percent carried their chil
dren on the left side. And of 85 women in the Wolof tribe watched at 
Dakar by the same authors, 59 percent carried infants on the left side. In 
contrast, men observed in the Seattle area were about equally likely to 
carry infants on either side. 

Salk suggests that the adaptive function of left-side carrying is to bring 



82 GENES, MIND, AND CULTURE 

the infant closer to the sound of the mother's heartbeat. Recordings of 
hearts beating at a normal rate (72 cycles/minute) soothed infants, 
whereas the same recordings run at a faster rate (125 cycles/minute) had a 
disturbing effect. The Lockard group noted that the Dakar infants 
shifted their heads closer to the position of the heart.1 Other studies have 
revealed that newborn infants are quieter and cry less when rocked at 
approximately the rate of a normal heartbeat than when rocked at slower 
or faster rates. Furthermore, they never habituate to the stimulus, so that 
it remains effective indefinitely (Ambrose, 1969). Because advanced fe
tuses are capable of hearing at least sharp, loud noises, Morris (1971) and 
Salk (1973) have suggested that the infant becomes conditioned to the 
sound of the mother's heart prior to birth. The heartbeat then serves as a 
postpartum bonding stimulus, which the mother unconsciously enhances 
by holding the infant on her left side. 

Particularities in infant holding are paralleled by those in book carrying. 
Eighty-two percent of male college students observed by Spottswood and 
Burghardt (1976) carried their books in their right hand with their arm 
straight along the body, while 79 percent of women students carried their 
books pressed to their side with the forearm or clasped to their breast. 

The same sex difference has been noted in other widely scattered com
munities in the United States. It has also been traced back into preadoles-
cence, before anatomical differences can play a role in determining the 
physically most comfortable positions (Jenni and Jenni, 1976). Thus the 
usage bias curve of object carrying appears to have a genetic component, 
although the sex-linked specificity needs to be traced back into still earlier 
stages of development. At the same time, nuances certainly arise from 
pure cultural evolution. For example, almost all of the students of both 
sexes observed in Costa Rica tucked one or two books in the waistbands 
of their pants or skirts, a behavior rarely if ever seen in the United States. 

Fears and Phobias 

Most animal learning is moderately to strongly directed. Individuals are 
genetically prepared or contraprepared to learn to respond to particular 
conditioned stimuli in those behavioral categories of greatest importance 
to their survival and reproduction, while in other behavioral categories 
they are typically unprepared or neutral (Seligman, 1972a,b). Perhaps the 

1. There is some evidence that orangutan infants also prefer to be carried over the left 
side of the mother's chest (Horr, 1977). 
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closest parallels within the corpus of epigenetic rules of human beings are 
certain classes of fears and phobias. These offer the additional analytic 
advantage of being translatable directly into bias curves. 

A fear of snakes, for example, is widespread in human populations, 
even where snakes are seldom if ever seen in the wild. The fear develops 
with very little negative conditioning in a large proportion of children 
(one-third of British children acquire it), appearing as a mild aversion 
between the ages of three and four and intensifying into an active dislike 
by the age of four. In most cases it then declines to the age of fourteen, 
but in a few individuals it hardens into a permanent phobia (Marks, 1969). 
The ophidiophobic propensity is a general primate trait that appears to be 
correlated with the presence of poisonous snakes in the natural environ
ment. When Chalmers Mitchell (cited by Morris and Morris, 1965) carried 
snakes through the London zoo, the monkeys ran away shrieking; but the 
lemurs, which come from Madagascar, one of the few parts of the world 
in which poisonous snakes do not occur, ran forward to the front of their 
cages. 

In an experiment of related interest, Yerkes and Yerkes (1936) and Has-
lerud (1938) searched for visual stimuli that are naturally frightening to 
captive young and adult chimpanzees. The ones they found to be most ef
fective included movements that are especially intense, abrupt, and rap
idly changing, qualities presented in nature by snakes, but not much else. 
Thus the chimpanzee (and the child as well?) does not inherit an internal 
image of a snake with which it associates danger. Rather, it possesses a 
more general schema bracketing snakes and few other objects. 

Anxiety in the presence of strangers is another general human trait, and 
one much better documented. Sliding easily into fear and hostility, it con
tributes to the tendency of people to live in small groups of intimates and 
has important effects on cultural evolution. The response is intensified 
when the strangers are intruders who stare (Argyle and Cook, 1976). Eyes 
and eye-like patterns have been found to have a generally higher arousal 
effect than other facial features (Coss, 1972). Aversion to strangers has 
been noted in very young children in all of the many cultures studied by 
Eibl-Eibesfeldt (1979). The baby turns away, buries its face in its mother's 
shoulder, and often commences crying. The response first appears in in
fants when they are six to eight months old and peaks sometime during 
the subsequent year (Morgan and Ricciuti, 1973). It does not depend on 
previous aversive experience with strangers, nor is it linked in any obvi
ous way to anxiety over separation from the mother. The latter, distinc
tive response first emerges when the infant is about fifteen weeks old 
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(Hess, 1973). Eibl-Eibesfeldt has suggested that the following relatively 
parsimonious rule guides the development of the behavior: young chil
dren respond automatically with anxiety and fear to the features of an
other human being, but the fear-releasing quality of the key stimuli are 
canceled when the person is seen often enough to become familiar. 

Other apparently innate fears emerging at specific ages during child
hood are directed at heights, the dark, and unfamiliar kinds of animals 
(see Table 3-2). 

The preparedness of human learning is most clearly manifested in the 
case of the phobias, which are fears defined by a combination of several 
traits. They are first of all extreme in response, often entailing autonomic 
reaction. They typically emerge full-blown after only a single negative 
reinforcement. They are exceptionally difficult to extinguish, persisting 

Table 3 -2 The principal classes of phobias in adults and their relative frequen
cies, as observed at Maudsley Hospital and Institute of Psychiatry, England. 
(Based on Marks, 1969.) 

Phobia class Description 

Extreme fear of open 
places, closed spaces, 
crowds, traveling, or 
combinations of these 

Percent 
of 

phobia 
patients 

60 

Principal 
age at 
onset 

(years) 

15-35 Agoraphobias 

Social phobias 

Animal phobias 

Miscellaneous 
specific phobias 

Extreme fear of eating, 
drinking, blushing, 
speaking, writing, or 
vomiting in the presence 
of other people 

Extreme fear of one or 
the other of a limited set 
of kinds of animals (in
cluding rats, snakes, 
spiders, dogs, cats, and 
horses) 

Extreme fear of heights, 
wind, darkness, thunder
storms, running water, 
and a few other (mostly 
natural) phenomena 

14 

5-35 

1-5 

5-40 
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even when the subject is repeatedly presented with the conditioned stimu
lus in the absence of the unconditioned stimulus and the harmlessness of 
the fear object is carefully explained. Finally, phobias are highly specific; 
a few objects or qualities induce them easily, while the great majority of 
other stimuli rarely or never cause such an extreme reaction. 

The specificity of the phobias is well illustrated in the data of Table 3-2. 
It is a remarkable fact that the phenomena that evoke these reactions con
sistently (closed spaces, heights, thunderstorms, running water, snakes, 
and spiders) include some of the greatest dangers present in mankind's 
ancient environment, while guns, knives, automobiles, electric sockets, 
and other far more dangerous perils of technologically advanced societies 
are rarely effective. It is reasonable to conclude that phobias are the ex
treme cases of irrational fear reactions that gave an extra margin needed 
to ensure survival during the genetic evolution of human epigenetic rules. 
Better to crawl away from a cliff, nauseated with fear, than to casually 
walk its edge. Finally, some phobias are sex biased. Sixty percent of the 
adult patients with social phobias and 75 percent with agoraphobias stud
ied by Marks (1969) at Maudsley Hospital were women. 

Incest Avoidance 

Incest taboos are a cultural universal; all of the hundreds of societies that 
have been studied ethnographically permit or even encourage marriages 
between first cousins but forbid it between siblings and half-siblings. A 
very few societies have institutionalized brother-sister incest for some of 
its members. These include the Incas, Hawaiians, some Thais, ancient 
Egyptians, Monomotapa (Zimbabwe), Ankole (Uganda), Bunyoro 
(Uganda), Buganda (Uganda), Nyanza (Zaire), Zande (Sudan), Shilluk 
(Sudan), and Dahomeans. In each case the practice is (or was) surrounded 
by ritual and limited to royalty or other groups of high status. Van den 
Berghe and Mesher (1980) note that in all of the known incestuous 
arrangements polygyny is (or was) practiced by the incestuous males in 
addition, leading to outbreeding and an overall increase in personal 
genetic fitness. The ruling families are (or were) patrilineal. Therefore the 
maximum fitness payoff to a high-ranking male would be to mate with his 
own sister, producing children who share with him 75 percent of their 
genes by common descent, as well as with women who are genetically 
unrelated but more likely to produce normal children. Because of the gen
eral trend in hypergamy, royal women are less likely to marry downward 
in rank and hence are more susceptible to matches with their brothers. 

The well-documented result of brother-sister mating is a higher fre-
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quency of genetic deformation in the offspring (Seemanova, 1971; Stern, 
1973). Ember (1975) concluded from a cross-cultural survey that avoid
ance of these deleterious effects is the only explanation that fits the de
tailed patterns of same-generation incest avoidance. It accounts not only 
for the inhibition of mating between brothers and sisters but also for the 
detailed patterns observed in the variable tolerance of cross-cousin mar
riages. The competing hypotheses that were discarded or reduced to sec
ondary explanatory power are the Freudian psychoanalytic model, the 
perception that incest disrupts family bonds, and the perception that ex
ogamy serves as a bonding device among families. 

Ember believes that the consequences of inbreeding have been serious 
enough to be observed directly and hence to serve as the basis of deliber
ately contrived taboos. In terms of the transparency rule we tentatively 
formulated, the effects of incest on genetic fitness permit reliance on flex
ible epigenetic rules and rational calculation. However, analyses by 
Shepher (1971) and others on the development of sexual preferences of 
children in Israeli kibbutzim indicate that this is not the case. There exists 
instead a relatively specific epigenetic rule, whereby an automatic sexual 
inhibition between persons who lived intimately together ("used the same 
potty") emerged as one or all grew to the age of six. Among the 2,769 
marriages reviewed by Shepher, none was between members of the same 
kibbutz peer group who had lived together since birth. There was not 
even a single known case of heterosexual activity, despite the fact that the 
kibbutz adults were not opposed to it. Closely parallel data have been pro
vided by a study of Taiwanese families who adopted very young girls for 
the purpose of later marriage to the hosts' sons. In the great majority of 
cases the couples refused to accede to the marriage, because of probable 
sexual inhibition based on early domestic contact (Wolf, 1966, 1968, 1970; 
Wolf and Huang, 1980). The evidence suggests the existence of a geneti
cally based bias curve in which the preference for outbreeding as opposed 
to incest is very strong. In American families brother-sister intercourse 
does occur, but it is still relatively rare, transient, and ordinarily a source 
of shame and recrimination (Weinberg, 1976). This behavior will be ana
lyzed in greater detail in Chapter 4, where it will be used as an example in 
the translation from epigenetic rules to cultural patterns. 

Epigenetic Rules of Valuation and Decision Making 

In the process of reaching a decision, the conscious mind does not use the 
ideas of the genetic cost and benefits of each potential response. The evi
dence emerging from cognitive psychology and cognitive anthropology in-
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dicates that the mind relies instead on relatively simple heuristics or rules 
of deliberation that can be applied quickly and effectively to a wide diver
sity of contingencies (Wason and Johnson-Laird, 1972; Hallpike, 1979; 
Hutchins, 1980; Nisbett and Ross, 1980). If natural selection has been ef
fective, then epigenetic rules guide both the active choice and the use of 
these heuristics, acting through directed cognition as well as affects from 
the limbic system. The large number of decisions so taken lead to patterns 
of individual behavior and social structure that enhance genetic fitness if 
summed through the entire life cycle. Yet the result may fall far short of a 
theoretically conceivable maximum in which the ultimate genetic conse
quences of every individual response are weighed by a perfect calculating 
device. 

One of the major goals of contemporary psychology is a cognitive 
algebra, in which valuation and decision can be described as a set of pre
cise, even mathematical, rules. Fechner's Law (1860) was an early partial 
success: the psychological sensation associated with the loudness of a 
sound was found to be proportional to the logarithm of the actual physical 
intensity. Thus we measure sound intensity in decibels instead of units ar
rayed on a strictly linear scale. More recently, psychologists have been 
attempting to parameterize and measure complex cognitive qualities of 
greater importance in social behavior, such as personal likableness, sub
jective probability, and amount of approval deserved (Fishbein and 
Ajzen, 1975; Anderson, 1979). One well-documented heuristic used at 
least by North Americans is that disparate components of such qualities 
are summed additively and without prominent interaction effects. Thus 
when components such as degrees of level-headedness, sophistication, 
boldness, and good-naturedness are combined pairwise, they contribute 
to the overall impression of attractiveness in an additive fashion, even 
though different weights are assigned to each. 

Another heuristic demonstrated during cognition experiments on North 
American subjects is the use of multiplication logic in judging gambles. In 
making decisions on whether to take a risk, people employ subjective ex
pected value. They judge the payoff and multiply it by their subjective es
timate of the probability of winning. Thus the value of a lottery ticket is 
considered to rise more rapidly with an increase of probability of payoff if 
the reward is a gold watch instead of a pair of sandals. The same multipli
cative rule is used when people evaluate the truth of a compound state
ment, such as the following: How true is it that a sparrow is a bird, or a 
penguin is a bird, or both? The subjective truth of the compound form is 
approximately the product of the subjective truths of the two separate 
propositions (Oden, 1977). 
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Still another principle of cognitive algebra is the Matching Law (Brown 
and Herrnstein, 1975; Rachlin, 1976): the proportion of responses equals 
the proportion of rewards. Subjects asked to monitor a panel of meters in 
order to record deflections of the indicator needle came to devote time to 
individual meters in the same proportion that the meters actually regis
tered deflections. When other subjects were asked to guess the next 
symbol in a random sequence of A"s and O's, in which 70 percent were 
A"s, they did not select the best strategy of always choosing X, even when 
the preponderance of this outcome became apparent to them. Instead, 
they followed the Matching Law and thus obtained a score of 58 percent 
instead of the 70 percent that would have resulted from the simpler, op
timal strategy. The Matching Law, which has been found to apply with 
equal strength in rats and pigeons, may reflect a still undisclosed funda
mental heuristic in the cognitive systems of all higher animals. However, 
other decision procedures are employed. When rhesus monkeys are 
trained in a red-green discrimination at ratios of 70:30 and 30:70, they 
maximize; that is, they begin to choose the more frequently presented 
color and totally ignore the alternative. When given a 50:50 ratio, they 
tend to choose the color opposite to the one most recently rewarded (Bit-
terman, 1975). 

Other studies have disclosed that human beings are especially poor 
intuitive statisticians when dealing with major events of life and death. 
People tend to confuse low-probability/low-consequence events with 
low-probability/high-consequence events. They seldom adopt an integra
tive approach in the assessment of risk and tend to underestimate the ef
fects of catastrophes. As a result they consistently misjudge the future ef
fects of warfare and technological risk, as well as floods, windstorms, 
droughts, and volcanic eruptions, even when such events are periodically 
experienced and remembered over many generations (Reijnders, 1978; 
Orr, 1979). 

People also employ a simple heuristic which consists in matching 
problems against a representative prototype in long term memory. In so 
doing they tend to override their own knowledge of probabilities based on 
personal experience (Tversky and Kahneman, 1971, 1974). Thus when an 
observer is asked to guess the occupation of another person who is shy, 
helpful, and obsessed with detail, he is more likely to choose librarian 
over other occupations, regardless of his previous personal experience. 
Most people—including even some trained statisticians—intuitively ex
pect small random samples to reflect faithfully the large population from 
which they are drawn, even though this is demonstrably untrue in a large 



THE SECONDARY EPIGENETIC RULES 89 

percentage of cases. An additional bias prone to error is the tendency to 
make judgments on the basis of relevant instances according to the ease 
with which the instances come to mind (Peterson and Beach, 1967; 
Tversky and Kahneman, 1973). Such elementary heuristic strategies work 
most of the time, because they are correlated reasonably well with the 
realities of contingencies in the real world. For example, the reliance on 
the most familiar, hence most frequently occurring, representative cases 
as expressed through conventional stereotypes in the culture is a reliable 
procedure much of the time, and this is especially true in the most stable, 
traditional societies. Nevertheless, it often falls far short and creates 
major difficulties in the most complex, rapidly evolving societies (Nisbett 
and Ross, 1980). 

Other cognitive shortcuts have been discovered. During decision 
making an activity resembling the chunking procedure occurs. Faced with 
a challenge, the mind explores a "problem space" and selects possible 
programs that can be used for solving the problem (Newell and Simon, 
1972; Simon, 1979; Brainerd, 1979). In many instances the possible routes 
to the solution are legion, but the mind reduces the options to a binary 
choice and decides whether to proceed. When formulations fail to match 
each other, in other words when the obverse of one element (not-x) 
follows from the other (v), the result is cognitive dissonance. The dis
parity creates an emotion-provoking "noxious" effect that the mind at
tempts to eliminate, either by adding new perceptions and problem-
solving procedures or by reducing the relative importance of those that 
generated the dissonance (Zajonc, 1968). 

In spite of increasingly sophisticated experimental analysis, the manner 
in which the conscious mind makes moment-to-moment decisions is far 
from clearly understood (Ajzen and Fishbein, 1977; Bentler and Speckart, 
1979). Human "will" might be nothing more than the resolution of com
petition among schemata. The organism could be guided by feedback 
loops consisting in a sequence of messages that lead from the sense 
organs to the brain schemata back to the sense organs and on around 
again until a sufficiently close fit to the schemata is achieved. Conscious
ness could be a republic of such schemata, programmed to compete for 
control of the final decision centers, their individual strength growing or 
declining according to the relative urgency of physiological needs of the 
body signaled to the decision centers through the brain stem and mid
brain. 

The peculiarities and constraints of valuation and decision making ob
served by cognitive psychologists are at least loosely consistent with the 
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characterization of bounded rationality developed by Simon (1957a,b; 
1979) and other economists and political scientists. In essence, this view 
holds that human groups do not work toward solutions based on omni
scient rationality and profit maximization. They make decisions aimed at 
"satisficing," that is, attaining at least a certain minimal return perhaps 
accompanied by auxiliary rewards of security and social interaction. 
Alternative responses are examined on a relatively simple two-valued 
scale to determine whether they are satisfactory or unsatisfactory. The 
rules of valuation are considered to change only slowly with time. Results 
from still other studies in economics have led to a growing emphasis on 
the emotionally influenced properties of effort, esprit, and coopera-
tiveness in decision making and performance. The mathematical models 
of microeconomics are being revised with the use of more realistic as
sumptions about the distinctive operations of the human mind (Winter, 
1971; Becker, 1976; Leibenstein, 1976; Hirshleifer, 1977, 1978; Navon 
and Gopher, 1979). 

A view of decision making comparable to satisficing has been indepen
dently reached by economic anthropologists. People in primitive econ
omies are overwhelmingly averse to taking risks during resource har
vesting (Johnston and Selby, 1978). They adopt strategies that can be 
characterized as maximin, which means that the tactics they entail guar
antee a certain minimal, life-sustaining yield of food in every season 
regardless of how bad conditions become during downward fluctuations 
of the environment. But the strategies also surrender the possibility of 
exceptionally large harvests during the good years, and they lower the 
average yield taken over all years. For example, the Jamaican fishermen 
studied by Davenport (1960) would be able to maximize their average 
catch if they were to fish exclusively in the open water beyond their home 
lagoon. But they would occasionally go broke if they persisted in this 
strategy, because when the unpredictable current runs fast, their pots are 
lost and their time and energy are wasted. Instead, they mix their forays 
in accordance with the knowledge that the outer current runs hard an 
average of one day out of four. This conservative procedure yields 12 per
cent less poundage than the maximax strategy of exclusive open-water 
fishing, but the fishermen never go broke. 

For the people of most economically simple societies, to go broke is to 
perish. It is therefore not surprising to find, given the poor abilities of 
human beings as intuitive statisticians, not only risk aversion and neo
phobia among such people but also considerable sophistication in de
vising maximin strategy. In his study of the Ghanaian village of Jantilla, 
Gould (1963) employed linear programming to estimate the theoretical 
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yields of various mixtures of yams, maize, hill rice, and millet across the 
observed combinations of wet and dry years. The maximin combination 
of acreage deduced, 77 percent maize and 23 percent hill rice, is close to 
that actually planted by the Jantilla villagers. Comparable results have 
been obtained in studies of the Round Lake Ojibwa hunter-fishermen of 
Ottawa by Jochim (1976) and of the Netsilik Eskimos by Keene (1979). 

The maximin strategy is sometimes loosely referred to as the "law of 
minimal risk." It can be related to the more speculative "law of least ef
fort" supported by some anthropologists, which states that people put 
only enough work into the productive process to maintain culturally de
termined levels of satisfactory consumption. In most hunter-gatherer and 
primitively agricultural societies these levels lie close to the maximin. As 
a result, many such societies stay well below the carrying capacity of the 
environments defined in terms of potential energetic yield. However, as 
Cohen (1977) has cogently argued, other societies permit their population 
size to creep upward, forcing them either to expand their ranges or to ex
ploit new typically less desirable food sources. Western observers are 
often able to recommend simple, available procedures by which produc
tivity can be increased, but these changes are likely to be resisted if they 
are perceived as affecting the culture in any significant way. And when 
adopted, technical improvements frequently lead to rapid social disinte
gration. Steel axes, to take one example, are three to six times more effi
cient than stone axes in time expenditure and net energetic yield, but their 
use by Stone Age peoples typically led to a destruction of the environ
ment together with profound negative effects on socioeconomic organiza
tion, including the disruption of intertribal trade relations, breakdown of 
status systems, and increased dependence on colonial administration 
(Salisbury, 1962). 

Consequently, the propensity toward economic conservatism provides 
a buffer that allows innovations to be absorbed gradually and less destruc
tively. In the case of the Amazon Indians, population densities may be 
below carrying capacity, in the sense of not being limited in a density-
dependent manner by protein deficiency (Chagnon and Hames, 1979). 
Although the shotgun has permitted groups such as the Jivaro, Siona-
Secoya, and Ye'kwana to hunt with far greater efficiency than was pos
sible with the bow and arrow, it has not increased their catch to anywhere 
near the potential of the tropical forests in which the Indians live. Their 
needs remain governed to a large extent by older cultural conventions and 
have not yet yielded to the insatiable demands of the international fur and 
feather market. As a result, the advent of the shotgun has resulted most 
notably in an increase in leisure time (Hames, 1979). 
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How do preliterate people, and indeed people in general, arrive at such 
solutions in the absence of calorimeters and optimality theory? At present 
there is no detailed answer. In at least some cases, time is on their side. 
Over generations they can employ trial-and-error combinations that grad
ually converge to the most practical solution consistent with a given de
gree of risk aversion (Gould, 1963; Haggett, 1965). Overall their principles 
of thought show a remarkable capacity to "beat natural selection to the 
draw" by anticipating the consequences of alternative actions for survival 
and reproduction, a process that Boehm (1978) has called rational prese
lection and has illustrated in detail. The fact that so much of the human 
behavior documented by ethnographers falls on or near fitness-
maximizing optima provides evidence for the existence of epigenetic rules 
that shape conscious decisions and thus channel the development of the 
mind throughout adult life. 

One can only speculate on the details of the mechanisms by which the 
epigenetic rules of valuation and decision making lead to such manifesta
tions as economic conservatism and cultural neophobia. Anthropologists 
lack rigorous measures of the intensification of these propensities as peo
ple within primitive economies come to live closer to the subsistence line. 
It is to be expected that as the current studies of cognitive and develop
mental psychology progress, the core epigenetic rules will be understood 
in a way that links them directly to general rules of economic behavior. 

Other Epigenetic Rules 

It can be conservatively predicted that when additional developmental 
studies examine multiple choice in other classes of culturgens, many more 
epigenetic rules will come to light. One of the most promising domains of 
behavior is tool use. Connolly and Elliott (1972) have distinguished seven 
possible handgrips by which a paintbrush can be held, nine movements of 
the brush, and six basic strokes. Very young children display a character
istic and relatively narrow frequency distribution in the initial choice of 
each of the components, and the bias curve is constricted still more with 
practice and imitation, coming in the end to center on the "adult" forms. 
Comparable trends have been described by Connolly (1973) in the devel
opment of cylinder fitting. Underlying the more complex sequences of 
motor action are certain basic epigenetic rules of proprioception in mus
cular action. For example, conscious perception on the part of the indi
vidual of effort by his individual muscles increases as an exponentially 
decelerating function of the actual force applied (Banister, 1979). 
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Another category of behavior in which epigenetic rules can be of impor
tance is the propensity to learn certain kinds of social networks as op
posed to others. In a suggestive early account of this subject, De Soto 
(1960) reported that individuals can best learn the details of relationships 
(such as "Jim likes Ray, who likes Stan, who likes . . . ") if the struc
tures are asymmetric, transitive, and form completely connected arrays. 
The development of these irregularities in learning capacity through child
hood have not been investigated. 

The teaching rules remain little known. One apparent example was 
cited earlier in the case of infant holding by mothers. Teaching could also 
be important in fixing sex-role differences in children. Very young chil
dren display sex differences in temperament and patterns of attachment to 
adults and peers that foreshadow the later differentiation of roles. These 
early forms of divergence are sufficiently widespread, distinctive, and 
well correlated with hormonal activity to indicate that they are biological 
in origin (Money and Ehrhardt, 1972; Blurton Jones and Konner, 1973; 
Maccoby and Jacklin, 1974; Symons, 1979). 

In a cross-cultural study Barry and others (1957) found a remarkable 
degree of consistency in the way adults promote further role differentia
tion. In all of the societies sampled, the adults trained boys more than 
girls in "self-reliance" and girls more than boys in "nurturance." In a 
large majority of cases they also directed boys with greater consistency 
toward "achievement" and girls more toward "obedience" and "respon
sibility." A subsequent study by Bearison (1979) indicates that in Ameri
can families the influence of other-sex parents is the more effective in role 
formation. An underlying epigenetic rule might be implied in his general
ization that "mothers tended to regulate daughters' behavior by appealing 
to the psychological attributes (needs, intents, feelings, etc.) of the self 
and others, while fathers tended to appeal to the positional aspects of so
cial conduct with their daughters. The opposite relation held between 
parents and their sons." It will prove singularly difficult to design experi
ments capable of quantifying the epigenetic rules that operate in sex-role 
training and in other teaching behaviors, but the results should prove 
worth the effort. 

The Reification Learning Rules 

In Chapter 1 we identified reification as a diagnostic activity of human 
consciousness. Higher mental process consists to a large degree in sorting 
vast quantities of aphasically timed and nearly chaotic stimuli into cate-
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gories, labeling the categories with metaphors and symbols, and freighting 
them with emotional qualities that emanate from the limbic system. Most 
human communication involves the transmission of these symbols as 
words, which are strung together in combinations to convey a virtually 
unlimited diversity of meaning. When the information is inserted into cer
tain contexts and accompanied by facial expressions, changes in voice 
tone, and other paralinguistic embellishments, it gains in precision and 
emotional strength. 

The anthropological literature contains many examples of the growth of 
culture through the telescoping abstraction of complex phenomena in 
everyday affairs. Often this process of ritualization is immediately clear to 
observers. To take one case, the Bemba of Zambia and neighboring coun
tries live in a harsh area of uncertain seasonal rainfall and depend almost 
exclusively on finger millet, which is made into a porridge called nbwali. 
The word nbwali occurs repeatedly in metaphorical form in proverbs, 
puns, jokes, and folktales. It stands for life and health in the Bemba cere
monies of tribal political action, female initiation, marriage ceremonies, 
and kinship relations (Richards, 1939). 

The Dasun of Borneo invest the interior arrangements of their houses 
with intense meaning. Each room or area and each piece of furniture is as
sociated with calendric rituals and magical and social beliefs. The house is 
further reified into a "body" possessing arms, a head, a belly, legs, and 
other parts. The house is believed to "stand" properly in one direction, to 
be upside down if built on a hill slope, and to be variously young and 
strong, old and worn out, and fat or skinny. In Dasun folktales and riddles 
the house parts are routinely anthropomorphized (Williams, 1972a). 

In numerous cultures handedness has been employed as a metaphor to 
create dichotomous classifications. Approximately 10 percent of human 
beings have been naturally left-handed in most or all populations since 
prehistory (Hardyk and Petrinovich, 1977), a minority status that has 
usually been translated into inferiority. This trait evidently has a partial 
genetic basis (Carter-Saltzman, 1980). It is typical to identify right with 
men, left with women; right with good, left with bad (hence, "sinister"); 
right with good omens, left with evil omens; right with physical strength, 
left with weakness; and so on. These distinctions permeate ceremonies 
and religious beliefs even to the most sacred levels (Needham, 1973). 

So distinctive and powerful is the process of reification that it is reason
able to postulate the existence of special epigenetic rules that guide the 
clustering and objectification of both perceived stimuli and new knowl
edge acquired through mental activity. These reification rules are in fact 
metarules. They govern the processing of information that has already 
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been filtered and channeled in a primary manner by the ordinary epige-
netic rules. Perhaps they also direct the processes by which some of these 
rules assimilate information. One of their most important consequences is 
to provide a more easily perceived and interpreted measure of the collec
tive behavior of other members of the society. With the aid of reification, 
the individual can respond quickly to the complex patterns of mass behav
ior occurring around him. 

Despite many excellent but largely inspirational studies of the process 
of symbolization—for example by Cassirer (1944, 1946), Langer (1967, 
1972), and Levi-Strauss (1969a,b)—the properties of the reification 
process are not well understood. In addition to the tendency to group ob
jects and propensities into artificial categories, there is a nonrational 
proneness to use two-part classifications in treating socially important 
arrays, such as in-group versus out-group, child versus adult, kin versus 
nonkin, sacred versus profane, and so forth, and to invest the boundaries 
between the two domains with taboo and ritual. 

Levi-Strauss and other writers, whose hypotheses concerning brain ac
tion are sometimes referred to collectively as structuralism, suggest that 
precise, often complicated rules govern the dichotomization. The mind 
conceives of the universe to a large degree in terms of binary oppositions, 
such as (man: woman), (endogamy: exogamy), and (earth: heaven). These 
pairings create contradictions that must then be resolved, often by myth. 
Thus the concept of life necessitates the concept of death, which is re
solved by the creation of the myth of death as the gateway to eternal life. 
Binary oppositions are linked still further into complex combinations by 
which cultures are constructed as integrated wholes. The structuralist ap
proach is innovative and stimulating, but it has been weakened by incon
sistencies and even disagreements within the ranks of the structuralists 
concerning the fundamental procedure of the analysis itself, as noted in 
the essentially sympathetic reviews by Kaplan and Manners (1972) and 
Kronenfeld and Decker (1979). We suspect that the problem is not the 
fundamental conception but the lack of an adequate foundation in cogni
tive psychology. In their recent account of metaphor, Ortony and his 
coworkers (1978) in fact note that the psychological study of the phenom
enon has not even begun to utilize standardized tests and objective mea
sures. 

Summary 

Following primary perception, the brain extracts certain features and 
places them into perceptual space by an integration process within long 
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term memory. Then it evaluates them and decides upon an action. Using 
experimental studies and associated models from the literature on audi
tory and visual cognition, we show how each of these procedures in 
mental activity follows distinctive rules that profoundly affect final behav
ior patterns. Among the phenomena are fuzzy logic, the arithmetic and 
multiplicative procedures of cognitive algebra, chunking, the Matching 
Law, cognitive dissonance, satisficing, and general risk underestimation. 

The secondary epigenetic rules affecting specific patterns of behavior 
are constructed in part from these more basic cognitive processes. In 
identifying the rules that can be inferred from psychological studies, we 
have drawn several generalizations of potential importance in gene-
culture coevolution. First, usage bias curves have the least penetrance 
and the greatest rigidity during infancy. The time course of genetically 
directed learning in young children is too long to qualify as animal-like im
printing. (A single case resembling imprinting, the attachment of mothers 
to infants, does nevertheless occur in adults.) During early social develop
ment the young undergo a process of focusing, a passage from general to 
more specific classes of stimuli. Thus infants begin with a visual prefer
ence for larger and more numerous elements and curved lines, then refine 
the preference to bull's-eye designs, nonlinear arrays, and so forth, and 
finally (at 16-30 weeks) come to prefer novel configurations. A principle 
of parsimony appears to have been followed during genetic evolution: the 
epigenetic rules stop at the highest level of generalization that will suffice 
and seldom prescribe an animal-like recognition of sign stimuli. The 
human genotype, in other words, does not adopt two rules where one will 
suffice. Still another generalization is the transparency principle: the more 
the effect on genetic fitness of a category of behavior depends upon envi
ronmental circumstances, the more clearly the conscious mind perceives 
that relation and the more flexible its response. Thus economic behavior 
is typically flexible, while deep grammar, incest avoidance, and sugar 
consumption by children are more tightly programmed. 

Particular secondary epigenetic rules and their associated bias curves 
are identified in the cases of facial recognition, visual complexity prefer
ence, nonverbal communication, mother-infant bonding, fears and 
phobias, incest avoidance, and other behaviors. The special category of 
relocation learning rules, entailing the selection of symbols and meta
phors, is also examined. 

Some usage bias curves, especially those derived from the primary 
epigenetic rules, are relatively rigid. Others vary greatly, to the extent 
that some can be reversed (see Figure 3-3). But even in the case of those 
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most modifiable, the context dependence cannot be taken as prima facie 
evidence of cultural determinism, or more precisely of pure cultural trans
mission. Instead the relation between the curves and context can equally 
well be under the control of genetically determined core rules of cognition 
and decision. Only appropriate developmental studies can decide the 
presence or absence of such rules. 

Appendix 3-1 

The Measurement of Selectivity 
in Epigenetic Rules 

Developmental selectivity can be quantified in any one of numerous 
ways. For the two-culturgen case the most direct measures are the dif
ference in the probabilities of adoption of the two culturgens, </> = u2 -
Ui, as illustrated in Figure 3-3, and the ratio Uj/ut, where uj < U|. 

For categories with more than two culturgens the intuitively most satis
fying measure may be the entropy of the usage bias curve. The fre
quencies of culturgen choice u} are first normalized by defining quantities 
Pi as follows (J = 0 labels the naive state; see Figure 3-5): 

Pi = U] / J£ U}, 
1 j=o 

where C is the number of culturgens and 1} pt = 1. We now define the 
learning curve entropy as 

~ l n ( C + l ) 2 > l n / * 

and selectivity S as 

S = 1 + ln(C+l)J> l n f t-

In the case of no selectivity, where all culturgens are equally preferred 
and all pt are the same, S = 0. In the case of maximum selectivity, where 
one Pi is 1 and the rest are 0 , 5 = 1. 
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Figure 3-12 Culturgens divided into pairs of clusters (A and B) for convenience 
of analysis, instead of being treated as full arrays. 

Modeling can be facilitated by clustering culturgens that are similar in 
quality and adoption probability into groups, as illustrated in Figure 3-12. 
On some occasions the question of interest might be cultural evolution of 
two very similar culturgens, for example a and b in the figure, where 
u(a) = u(b). On other occasions, especially those entailing long term 
genetic models, it will be more useful to treat the entire potential cul-
turgen array but to recognize two clusters, such as A and B, where u{A) > 
u(B). When culturgens are mapped onto knowledge structures in long 
term memory, a procedure that will be discussed in Chapter 6, it is pos
sible to define clusters in terms of common features that are most promi
nently employed by the mind in recognition and valuation. Thus the mod
eling of larger numbers of culturgens can be made more biologically 
realistic. 



CHAPTER FOUR 

Gene-Culture Translation 

The central tenet of human sociobiology is that social behaviors are 
shaped by natural selection. In spite of perturbations due to time lag and 
random effects, those behaviors conferring the highest replacement rate 
in successive generations are expected to prevail throughout local popula
tions and hence ultimately to influence the statistical distribution of cul
tures on a worldwide basis.1 Sociobiological theory to the present time 
has consisted largely in application to this proposition of the principles of 
population genetics and ecology. Biologists and social scientists have at
tempted to deduce strategies of kin relationships, life-cycle dynamics, 
predator avoidance, and energy harvesting, then test them with the ob
served phenomena of social life. In its most general form conventional 
theory can be applied to all three modes of behavioral transmission— 
pure genetic, pure cultural, and gene-culture. It allows but does not pre
suppose the existence of genetic bias in the development of individual cat
egories of social behavior. 

As illustrated in the writings of Chagnon and Irons (1979), Freedman 
(1979), and van den Berghe (1979), such analysis has gone far toward ex
plaining the peculiar forms of aggression, polygamy, hypergamy, incest 
avoidance, and other categories of social behavior in human beings. But it 

1. In the case of discrete, nonoverlapping generations the replacement rate R0 is simply 

1 - 0 

where lx is the probability of survival to age x and m x is the expected number of female off
spring per female at age x. Thus either higher relative survivorship, higher relative fecun
dity, or both in combination can win in natural selection. The fitness can be made inclusive 
by adding the effects of the patterns on the replacement rates of relatives, devalued by the 
coefficients of relationship of each relative in turn. 
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cannot link genetic and cultural evolution directly. In order to carry 
human sociobiology to this next logical stage, we must insert the inter
vening epigenetic rules, most of which are distinctively human. If suc
cessful this procedure will disclose the true properties of gene-culture 
translation, defined as the effect of the genetically determined epigenetic 
rules of individual cognitive and behavioral development on social pat
terns (Lumsden and Wilson, 1980a,b). 

We suggested earlier that natural selection shapes the epigenetic rules, 
the products of which are expressed in abstract form as bias curves. The 
goal now is to create a stoichiometry of these individual, unitary pro
cesses capable of predicting the "compounds" and "mixtures" of mass 
behavior that compose social systems. 

The approximate form of usage bias curves is known in a few categories 
of cognition and behavior, including color vision, infant carrying, incest 
avoidance, and phobias. Others will certainly be revealed when more 
attention is given to the development of choices among competing stimuli. 
It is also apparent that bias curves can be derived from one or a very few 
epigenetic rules, but are more likely to be compounded from many. Simi
larly, patterns of culture can conceivably be derived from one epigenetic 
rule, but are more likely to be the result of many. Thus color vocabularies 
could be under the dominant influence of the primary color coding of the 
visual neurons (see Chapter 2), but the patterns of territorial defense 
(Dyson-Hudson and Smith, 1978) are likely to be constructed from such 
components as infant aversion to strangers (Eibl-Eibesfeldt, 1979), com
petitive aggression among groups of children at play (Maccoby and 
Jacklin, 1974:257), and others. We expect the complete patterns of causa
tion, from genes to behavior, to be commonly multivalent and reticulate 
(Figure 4-1). In the initial analysis it is nevertheless most efficient to 
examine two-culturgen epigenetic rules and a single linkage to the cultural 
patterns. The simplification is further justified by the tendency of the 
mind to chunk information into binary alternatives, in the case of both 
elementary economic decisions and myth formation (Simon, 1957a,b, 
1979; Levi-Strauss, 1969a,b; Tversky and Kahneman, 1974), as indicated 
in our discussion in Chapter 3. 

Socialization and the Propagation of Culturgens 

We shall begin the analysis of gene-culture translation with a consider
ation of the peculiarities of human socialization.2 In order to develop a 

2. Although a distinction can usefully be made between socialization as the transmission 
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Figure 4-1 Causation from genetically determined epigenetic rules to the final 
ethnographic curves, a pattern considered to be often reticulate. That is, both 
multiple causation and multiple effects occur between adjacent levels, as for ex
ample between the basic epigenetic rules and the more derivative rules of 
learning, valuation, and decision. However, simple linkages entailing only single 
causes and single effects are possible (such as ep1-L1 and L3-c2) and provide the 
starting point of translation theory. The ethnographic curves are the frequency 
distributions of cultures possessing various proportions of alternative culturgens. 

sound theory it is necessary to know how culturgens are transmitted, and 
the manner in which the psychological development of individuals is af
fected by the choices already made by other members of the society. 

Three consistent features of socialization have been recognized in eth
nographic data (Williams, 1972a,b): (1) the patterns of kinship provide for 
a very large number of parent surrogates, or alternates, with the result 
that culturgens are diffused widely through smaller societies in each gen
eration; (2) the competing demands on children by different kin groups are 
met during enculturation by means of concepts such as totems and life 
spirits; and (3) grandparents play a major role in teaching myths, folk
tales, and various other justifications of the culture. Of 128 cultures re
viewed by Williams, 99 (or 77 percent) possess all three of these traits. 

of general, species-wide traits and enculturation as the transmission of traits specific to indi
vidual cultures (Mead, 1963), we use the two expressions interchangeably to mean the trans
mission of culture in the broadest sense (see Chapter 1). 
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The remaining 29 either have one or more of the features missing or else 
have been insufficiently studied to permit a judgment. Only 6 of the so
cieties (American, English, French, German, Israeli, Russian), all of 
which belong to the Western industrialized grade of culture, are known to 
lack all three of the traits. In other words, human enculturation generally 
results in a broad propagation of information through each generation, 
and special mechanisms exist that enhance the transmission of the culture 
as an integrated whole. These qualities are especially prevalent in eco
nomically primitive societies, of the kind in which most human genetic 
evolution is believed to have occurred. 

The spread of culturgens has been studied intensively by social scien
tists with the aid of diffusion, epidemiologic, and information-theoretic 
models. In adapting their results to gene-culture coevolutionary theory, it 
is necessary to distinguish propagation occurring between groups from 
that occurring between members of the same group. Intergroup propaga
tion entails interesting phenomena of its own (including the geography of 
advancing wave fronts and enhancement by military dominance), but for 
purposes of the first, elementary models of gene-culture theory it can be 
treated as a source of innovations.3 Intragroup propagation, on the other 
hand, determines the fate of novel culturgens and influences the dynamics 
of enculturation in a given society, which for the moment can be consid
ered as a discrete entity. 

A society in the midst of cultural evolution is itself a learning system, in 
which individuals communicate and observe the consequences of their 
own actions and the behavior of others. The introduction of new behav
iors, modes of thought, and artifacts is a continuing process. Some are in
vented, either by design or accident, while others are imported from 
neighboring societies. Each is tried out and either discarded or incorpo
rated into the culture of the society. Individuals decide on their own 
which culturgens to adopt, but in most instances they are influenced heav
ily by the experiences of others. Imitation and vicarious learning, deliber
ately by the procedures of formal education and religious indoctrination, 
constitute one of the primary mechanisms of culturgen propagation (Ro
senthal and Zimmerman, 1978). People observe the effects of the usage in 
terms of economic and affective costs and benefits, then make their 
choices in accordance with their heuristics of valuation and decision (see 

3. The reader interested in geographic diffusion may wish to consult the reviews by 
Haggett (1972), Ammerman and Cavalli-Sforza (1973), Clarke (1978), and Renfrew and 
Cooke (1979). 
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Chapter 3). It is clear from the literature of social psychology (Berelson 
and Steiner, 1964; Freedman et al., 1978) and consumer research 
(Moschis and Moore, 1979) that in most cases people are also influenced 
by the numbers of their peers who adopt one culturgen over another. 
While they use the observed consensus as a rough measure of utility, they 
are also susceptible to direct pressures from their peers to conform to gen
eral usage. Under many circumstances both of these forces cause adop
tion probabilities to rise disproportionately with an increase in the ob
served level of usage by other members of the society. 

Social contagion is enhanced by the relatively high rate at which indi
viduals observe the behavior of their peers. Hunter-gatherer bands, in 
which most genetic evolution of the epigenetic rules took place, usually 
contained between fifteen and seventy-five individuals, all of whom prob
ably knew one another intimately (Wobst, 1974; Hage, 1976; Buys and 
Larson, 1979). In living bands such as the G/wi and !Kung San, important 
decisions concerning foraging are made only following intense com
munication aimed at reaching a consensus. During the discussions large 
amounts of information about the environment are passed back and forth. 
The exchange is facilitated by the toleration of substantial ambiguity in at
titude prior to the consensus (Biesele, 1978). Even in large industrial 
countries the network of personal communication is remarkably exten
sive. In the United States the average number of intermediates needed to 
link any two persons through personal acquaintance is only about five 
(Travers and Milgram, 1969). 

One result of rapid cultural transmission within groups is that individu
als actively employ certain culturgens while storing the alternatives in a 
passive state in long term memory. Persons are aware of alternative tools, 
forms of dress, word usage, attitudes toward brothers-in-law, ways of 
opening mollusks, and so forth, but they select only one or a relatively 
few on the basis of their personal histories and day-by-day evaluation of 
the benefits, under the biasing influence of the epigenetic rules. 

Although for the purpose of analyzing propagation it is often sufficient 
to assume a ready accessibility of each culturgen to all group members, 
the total flow of culturgens in complex societies is seldom that envisioned 
in the extreme limit of the perfect information market or "semantic 
horde." The relations that partition social groups, including division of 
the sexes and labor, kin lineages, marriage and residence rules, alliances, 
age classes, dominance hierarchies, and special-interest groups, sink 
channels through which culturgens move preferentially (Haggett, 1972; 
Leinhardt, 1977; Hamblin et al., 1979). Privileged information is in fact 
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Figure 4-2 The pathways of communication in a free-ranging troop of rhesus 
macaques. Information, including that leading to protoculture and socialization, is 
strongly channeled; the probabilities of social interaction are represented here as 
roughly proportional to the thickness of the lines and the proximity of the figures. 
(Modified from Altmann, 1968.) 

virtually a defining feature of human and perhaps higher primate sociality. 
An example from the Old World monkeys is given in Figure 4 -2 . The full 
potential network of communication among individuals is usually attained 
only after long periods, even in groups as small as those characterizing 
hunter-gatherer bands (Figure 4-3) . The possible consequences of such 
structure have been considered only to a limited extent by social anthro
pologists (see for example Zachary, 1977). 

Figure 4-3, opposite The pathways of direct culturgen flow in a group of 
seventy-three high-school boys. The dots in A connect individuals who named 
others as "friends." The sparse structure and clustering of friendships into sub
groups is apparent. In B the contacts have been projected in time to the limit, in 
order to produce a "matrix of ultimate social contact." The procedure shows that 
in this case individuals have access to most of the group via chains of contact, 
although conspicuous isolates among the group members still occur. (Modified 
from Coleman, 1964:450-453.) 
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Research on within-group propagation indicates that even in very struc
tured societies the differential rate of imitations (dl/dt) is often some 
positive proportion p of past imitations /, such as 

§ = pl, 0 < p < l . (4-1) 

Building on this basic law of change, Hamblin (in Hamblin et al., 1979) 
constructed a propagation model in which new culturgens of equivalent 
function are occasionally introduced. Culturgens are evaluated, and peo
ple reduce the use of particular versions or desert them altogether in favor 
of less costly alternatives. When the desertion rate is assumed to be pro
portional to the cumulative number of desertions, in effect a negative 
form of imitation, the result is a Gompertz equation with the form 

U(t) = ca"' (4-2) 

where U(t) is the number of users of a given culturgen at time t, and a, b, 
and c are coefficients derived from the proportionality constants of the 
adoption and desertion rates. Hamblin and his coworkers fitted data from 
seventeen instances of use to the equation, representing such diverse 
activities as automobile registration, helicopter passenger miles, and 
movie attendance. The correlation coefficient in all cases was 0.99 or 
better, whereas the fit to the pure logistic curve, which is the S-shaped cu
mulative curve used in most prior diffusion models, was 0.98 or less. 

An interesting prediction of the model is that the usage of any given cul
turgen will eventually become zero, provided there is a continuing inno
vation process. The principal merit of the model is that it is based on a 
perception of how people actually acquire information and make deci
sions. Whether the Gompertz-Hamblin or logistic equations are accepted, 
the Hamblin studies indicate that imitation and reinforcement are key 
properties of individual choice behavior, and relatively simple assump
tions concerning their relation to mass phenomena can be made fairly pre
cise. This interpretation is supported by Griliches' 1957 study of hybrid 
corn usage in the United States, which contains one of the most complete 
accounts of cultural propagation published to date. Griliches obtained 163 
empirically determined logistic equations from the spread of hybrid corn 
through 132 crop-reporting districts in 31 states. He was able to account 
for almost all of the variance in the starting date of usage by two ex
ogenous variables: the percentage of total farm acreage planted in corn 
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prior to the introduction of hybrids, and the date at which adjacent dis
tricts reached moderate levels of planting. About 70 percent of the 
variance in the rate of increase in usage and final level of usage resulted 
from what can be interpreted broadly as reinforcement: the percentage of 
farm acreage planted in corn, and the profit margin of corn prior to the in
troduction of hybrids. Additional variance was accounted for by the dif
ference in yield between hybrid and open-pollinated corn. Comparable 
S-shaped adoption curves have been obtained in Hagerstrom's classic 
early studies of the adoption of agricultural innovations in Sweden, 
Jones's analysis of the conversion to tuberculin-tested milk production in 
England, and Bowden's analysis of the shift to irrigation by cattle farmers 
in Colorado (reviewed by Haggett, 1972). 

In summary, the emerging consensus is that information concerning 
culturgens spreads in a predictable way within groups of various sizes and 
even in the presence of privileged channels. The adoption of preferred 
culturgens proceeds through a time curve consistent with the assumption 
covering elementary rules governing imitation and valuation. 

How can these conclusions be incorporated into gene-culture coevolu-
tionary theory? The key determinants of imitation and valuation are them
selves abstracted and greatly reduced expressions of the epigenetic rules 
of cognitive development. The proportionality function of imitation can 
be translated into rules of culturgen transmission and peer pressure, 
which express changes in the probability of culturgen adoption by individ
ual members of the society as a function of the percentage of use by other 
members of the society and of valuation measures placed on the cul
turgen. 

Although seemingly a commonplace, the capacity of individuals to per
ceive the patterns of usage by whole groups and to use the result in decision 
making is actually quite remarkable. We suggest that two mech
anisms collaborate to produce this sensitivity to group and cultural 
patterns. The first is a strategy in the decision process that seeks to re
duce uncertainty by the observation and imitation of others. The second 
is the process of reification, the strong mental propensity to transform 
complex patterns and processes, including those arising in group organi
zation, into real objects. The objects are often given animal or human 
form as well. Properties at the level of whole cultures, such as institu
tions and group norms, are "shrunk down" by means of reification, an
thropomorphized, and added to the roster of group members. They be
come concrete, human-like entities to which each individual must adapt. 
The mind has a tendency to go further in producing mentifacts that have 
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even less immediate material basis. It spins the reveries and dreams from 
which fiction, mythology, and art are born. 

The existence of reification has implications for social theory that are 
far-reaching and far from obvious. The translation of individual behavior 
into societal patterns generates levels of organization that feed back upon 
one another. In pristine hierarchies or multilevel structures of classical 
conception, the various levels of organization are relatively independent 
and sealed off from one another (Lumsden, 1977). In contrast, cultures 
are heterarchies—mixed-level systems where the individual perceives 
and responds to macrocultural features, including institutions, social 
norms, and usage patterns (Figure 4-4). 

In the remainder of this chapter we shall show that a knowledge of the 
two classes of psychobiological response within the heterarchy, the 
epigenetic rules of cognitive development and the patterns of culturgen 
propagation, permit a first approximation of the translation from individ
ual behavior to cultural pattern. Other processes must of course be kept in 
mind. Innovation, for example, expands the array of culturgens and 
speeds the rate of replacement. Old culturgens can either be lost entirely 
or transferred from an active to a passive state, perhaps to be reactivated 
later as the environment changes or revitalization movements restore old 
social orders. The possession of one active culturgen can inhibit the adop
tion of an alternative, while major culturgens are less likely to be sup
planted than minor ones (Berelson and Steiner, 1964:541). Such cul-
turgenic neophobia, ranging in degree from mild to severe, is a pervasive, 
everyday phenomenon (see Figure 4-5). Some biases change with the 

FEEDBACK 

MACROCULTURE 

GENE-CULTURE 
TRANSLATION 

LEVEL OF THE 
INDIVIDUAL 

Figure 4-4 Cultures as heterarchies, or mixed-level hierarchies. Gene-culture 
amplification generates institutions, social norms, and other macrocultural pat
terns, which are codified through reification learning and fed back into the pro
cesses of individual decision making. 
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Figure 4-5 An example of the effect of current usage on subsequent choice. The 
histograms give the probabilities that a woman using one brand of pancake flour 
(c,, c2, or c3) will choose the same or a different brand on her next shopping trip. 
(Based on data from Coleman, 1973:12.) 

environment, but as we suggested earlier, even these shifts are likely to 
follow discernible core rules. Finally, some culturgens lock together to 
create a more stable holistic pattern, resistant but not impervious to 
change. 
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All of these effects can be subjected to postulational-deductive model
ing and incorporated into gene-culture theory, and they will be considered 
again in Chapters 6 and 7. For the moment, however, we shall put them 
aside in order to evaluate the most basic aspects of the translation 
process. 

Individual Decision Making 

The premises derived from cultural anthropology and gene-culture theory 
are sufficient to establish a link between individual response and cultural 
pattern. In the next two sections we characterize the properties of deci
sion making, expressed in the form of the rates {designated as vl}) at 
which individuals change back and forth between two culturgens (cx and 
c2). In subsequent sections this elementary cognitive description is incor
porated into an analysis of the cultural patterns that result from the 
interactions of many individuals engaged in similar enculturation and 
decision making. From this vantage point we develop our principal 
conclusion about gene-culture translation: that relatively small changes 
in the epigenetic rules can force profound changes in the overlying cul
tural patterns. 

Our use of the simplest, two-culturgen case is a strategic decision that 
follows a common procedure in first theoretical formulations. It would be 
a straightforward exercise to employ an arbitrary number of culturgens 
and later, in more complete models of coevolution, to incorporate arbi
trary numbers of cognitive processes and controlling genes. However, the 
resulting equations would be too complex to impart much immediate 
understanding. We have chosen to begin with an elementary formulation 
that captures in a crude manner the essential properties of genes, mind, 
and culture while providing maximum clarity in the postulates. Indeed, so 
new are the problems involved in this area of investigation that even the 
simplest models of gene-culture coevolution remain unexplored. Once the 
first steps have been taken, the postulates and the models can be made 
indefinitely more complex, in order to move gene-culture coevolutionary 
theory closer to the "thick description" that characterizes most of the tra
ditional social sciences. 

The formal argument concerning the properties of the rates of culturgen 
change are as follows. Consider the simplest social system, class free, 
with N egalitarian members at or close to a demographic steady state. 
We treat the classic anthropological case of binary choice, in which two 
culturgens, c t and c 2 , compete for use in the group. They can be envis-
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aged as concrete entities, such as competing horticultural practices, 
verbal color classifications, or blowgun designs. After enculturation 
group members are aware of Ci and c2, and they hold both in long term 
memory. Within the group n^ individuals currently use Ci and n2 individu
als use c2 • 

Each group member possesses both a set of learning procedures and a 
cognitive decision system characteristic of the species and perhaps of a 
particular genotype (Figure 4-6) . Each individual evaluates his personal 
usage repeatedly, and he is influenced by the innate epigenetic rules on 
these occasions either to maintain current usage or to switch to the com
peting culturgen. Because of a combination of circumstances, which in
clude reliance on fuzzy heuristics (see Chapter 3), the uncertainties inher
ent in the environment, the limited information available to a group 
member at each decision point, and the possible occurrence of mixed 
strategies (see Chapter 5), the epigenetic rules set probabilities of transi
tion rather than fixed usage patterns. Let uti be the likelihood that an indi
vidual at a decision point will adopt culturgen cs, given that he has just 
been using culturgen c{. Then the epigenetic decision rules can be ex
pressed in terms of the u(j (Figure 4-7) , and a decision point is described 
by the transition matrix 

" i i 

"21 

"12 

"22 
(4-3) 

The mean lifetime between sequential decision points, at which the 
epigenetic rules take effect, is Tj for a c r use r and T2 for a c2-user. The de
cision mechanism is thus characterized by mean rate constants rx = \/TI 
and r2 = 1/T2 respectively. The matrix of mean rates is 

0 

r2 

(4-4) 

Figure 4-6 The minimal decision structure of an individual group member. The 
two alternate culturgen states are represented by ct and c2, and the arrows sym
bolize the epigenetic rules that control transitions between the states. 
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c,-USER 

c2-USER 
j 2 2 

Figure 4-7 Epigenetic rules for the decision process. Here utj is the likelihood 
that an individual at a decision point will adopt culturgen cjy given that he has just 
been using culturgen c(. 

We note that the rk are accessible to observation by informant analysis 
and can in some cases be prearranged by the investigator (see for example 
Dodd, 1955; Rachlin, 1976). 

The parameters r t and T2 are the means of the probability distributions 
for the holding times in states Cj and c2. We shall model these distribu
tions with exponential densities (Figure 4-8), meaning that the underlying 
cognitive system is a Markov learning and decision process. This is a 
useful approximation in many cases (Bush and Mosteller, 1955; Kemeny 
and Snell, 1962; Coleman, 1964, 1973; Atkinson et al., 1965; Bartho
lomew, 1973; Greeno, 1974). It can also be shown that deep connections 
exist between the laws of such Markov systems and the theories of infor
mation processing in which the cognitive and ethnosemantic mechanisms 
of learning and decision are naturally expressed. This important relation 
is discussed further in Appendix 4 - 1 . 

The transition rates of the decision process are then vu, where 

v21 

v12 

v22 

f i ( " i i - 1) 

r%u21 

rtu12 

r2(u22 - 1) 
(4-5) 

(Howard, 1971b:769 ff.). We have now acquired not only the matrix of 
transition rates for individual group members but also a recipe for calcula-
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Figure 4-8 Holding time distributions for the c r and c2-user states. The proba
bility densities are exponential with means T, and T2 respectively. 

tion of the vu in terms of the somewhat more intuitive parameters rt and 
«y. Furthermore, in some circumstances the r{ and u{j will be more acces
sible to direct measurement than the vfj (for instance Rachlin, 1976: 
544-603). 

Social contagion and the reification learning rules guarantee that the 
group members do not act in isolation. Instead they form a composite 
learning and decision system (Figure 4-9). The goal of models of gene-
culture translation is to predict the organizational and functional proper
ties of such systems, given the rules of individual epigenesis. In the 
present instance we have a natural macrocultural pattern of the simplest 
form, namely the two institutions formed respectively by the users of cul-
turgen ct and by the users of culturgen c2. Heterarchic feedback appears 
as a dependence of the properties rk, uti, and vi} upon these two institu
tions. Of the various institutional properties that could induce the 
dependence, we shall focus on the sizes of the two user groups. Although 
other dependencies are conceivable, including rates of growth of the two 
groups, group size or "social pressure" per se has been most intensively 
studied. Its importance to human decision making, particularly in such 
small groups as committees and hunter-gatherer bands, has been 
thoroughly documented (examples are Berelson and Steiner, 1964; Bie-
sele, 1978; Lee, 1979). Thus in general we have rk = rk(n1,n2), uu = 
uu(nl,n2) and vis = t)y(«,,/t2). 

D, ( t )= 

j 2 ( t ) = = ! - e ~ 
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Figure 4-9 A kin group as it would appear acting on a two-culturgen semantic field. Information 
and social influence flow along kin lines and other components of the matrix of social relations. The 
structure depicted is an actual Yanomamo lineage, from the data of Chagnon (1977). Males are 
denoted by triangles and females by circles. 
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A more detailed analysis will include the full matrix of social contacts 
between individuals, an important step when information flow, social 
pressure, and contagion effects are restricted by social stratification and 
other kinds of partitioning. This refinement can be achieved by straight
forward extension of the methods discussed here; a concise guide to the 
mathematics has been provided by Lumsden and Trainor (1976). 

The Cognitive and Ethnographic Pictures 

To the field ethnographer and human ethologist the cognitive states of 
subjects are often inaccessible and even of secondary concern. Yet both 
the ethnographic-ethological and cognitive descriptions deal with aspects 
of real behavior. The switch between competing culturgens is an observ
able aspect of both ways of looking at human behavior. In a complete 
theory the cognitive picture and the ethnographic picture must therefore 
be related. Let us symbolize the former by "Cog" and the latter by 
"Eth." Then in completing the description of the individual level of the 
social system, we seek a map i|r which relates Cog to Eth: 

i/»:Cogl * Eth. (4-6) 

The generalized inverse map would take the ethnographic picture back 
into the cognitive picture, so that a full system of relations would be 

Cog fc=^ Eth. (4-7) 
«/» 

For the remainder of this section superscript C will denote quantities in 
the cognitive picture, while superscript £ will label quantities as measured 
in the ethnographic picture. 

An observer who restricts his attention to external behavior when col
lecting data on a system of the kind illustrated in Figure 4-6 will tabulate 
only overt switches of culturgens (Figure 4-10). The reentrant looping of 
the decision process will be invisible to him. Thus in the ethnographic pic
ture the only transitions with nonzero probabilities are uf2 and wfj. Fur
thermore, both wf2 and «ft have unit value: when a behavioral transition 
does occur, it has only one possible destination, namely the other cul
turgen. This description is very different from the cognitive picture, in 
which reentrance in the same culturgen state can delay departure from 
one culturgen to its competitor. To the ethnographer these delays show 
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Figure 4-10 Shifts from one culturgen to another, as perceived by an observer 
of external behavior only. The internal decisions to remain with a given cul
turgen cannot be observed. 

up as increased values of the holding times rE and rf in each state. 
Watching the decision maker in its natural state, the ethnographer sees an 
a priori transition probability matrix 

(4-8) 

and a rate matrix 

u £ 
11 

« 2 1 

"rf 
0 

UE 

"12 

" 2 2 

0 1 

1 0 

0 

ff_ 

"l/rf 0 
0 1 /rf 

(4-9) 

Together these give a matrix for the transition rates 

ffi 

ufi 

vf2 -rf rf 
- i f 

(4-10) 

Both the ethnographer and the cognitive anthropologist are observing 
the same individual, so that the system is consistent if and only if vfj = vfj 
when the clocks of the two observers are synchronized. For the cognitive 
anthropologist, we determined that 

"11 

u 2 1 

V12 

V22 

tf(«?l - 1) 
r2W2i 

r?Wi2 

'"2(«22 - 1) 
(4-11) 

The map between the cognitive and ethnographic pictures in this system 
is then obtained: 

rf = rf«f2, rf = r ^ . (4-12) 

These findings mean that important data on cognitive processes are 
open to measurements on the undisturbed system when the model is ap-
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plied to ethnographic data. Furthermore, if the looping rates rf andr£ for 
the decision process are independent of culturgen state, then/f = r£ and 

rf/rf = «?,/*&. (4-13) 

From observations on external behavior, the relative structure of the bias 
curves for the two states can be determined in this type of system. 

The Translation Process 

We can now state the key problem as follows: how are the properties of 
the epigenetic rules translated into a social pattern? In the next two sec
tions we shall describe a procedure that models this important step. The 
heart of the procedure is a balance equation written to specify the rate at 
which the entire culture changes from one state to another, in particular 
from a condition in which a certain number of individuals actively use one 
culturgen (cx) and the others actively use the other culturgen (c2), to the 
condition in which some different proportion of individuals use the two 
culturgens. For example, we might ask: given a certain epigenetic rule at 
the individual level, what is the probability at a particular time that in a 
society of thirty individuals, twenty-six use culturgen c^ and four use c2? 
And how rapidly is this probability increasing or decreasing through 
time? The cultural pattern of one society is the relative proportion of its 
members that use each of the two culturgens. The probability distribu
tion, which we call the ethnographic curve, gives the percentages in a 
sample of many such societies that use each one of the possible cultural 
patterns. In essence, we are searching for the rate and direction of 
change of ethnographic curves of various kinds of cultures, and the 
steady-state ethnographic curves toward which many societies as a whole 
tend to converge. 

Since the time of Coleman's monograph (1964), balance equations of 
the kind alluded to above have been used to describe the dynamics of 
human groups. Indeed, they are the subject of a growing literature in 
mathematical sociology and despite their relatively elementary form ap
pear to capture important mass properties of social groups. (For back
ground and a sampling see Coleman, 1964; Liboff, 1970; Cohen, 1971; 
Weidlich, 1972; Bartholomew, 1973; West, 1974; Walls, 1976; Haken, 
1977; Nicolis and Prigogine, 1977; Bowers, 1978a,b.) In the development 
that follows we shall draw this cumulative body of formalism into the ser
vice of gene-culture theory and carry out the translation from the level of 
epigenetic rules to the level of cultural pattern. Given the connection 
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between the epigenetic rules and the dynamics of individual behavior that 
we established in the preceding sections, the step from individual to cul
ture can be taken in a fairly straightforward way by means of established 
mathematical techniques. 

We are then in a position to address the central issue of the gene-
culture translation process, namely the impact that epigenetic rules have 
on pattern and structure at the cultural level. Since the ethnographic 
curve provides a detailed description of cultural pattern, we can proceed 
by analyzing its ties to the epigenetic rules. Upon deriving the appropri
ate new theorems, which we call amplification laws, we are able to show 
that even small changes in the epigenetic rules can produce large 
changes in the ethnographic curves. Thus the effects of the epigenetic 
rules are not lost in the translation process. They are instead greatly am
plified. The nature and extent of this amplification is explored further by 
applying the general theory to specific cases. In particular, we investigate 
models of sibling incest, of village fissioning among the Yanomamo Indi
ans, and of cycles of fashion change among Western women. 

The formal argument proceeds as follows. The society as a whole can 
be specified at a time / by the vector n = (n, ,n2), the number of individu
als possessing each of the two culturgens respectively. Since the system is 
probabilistic, the quantity of interest is P(n,t), the likelihood that at time t 
the group has «2 persons with c t culturgen and n2 persons with c2 cul-
turgen such that 

£/>(!!,/) = 1 . (4-14) 
n 

In other words, the summed probabilities of all conceivable states of cul
turgen usage at any given moment of time is one. Let us distinguish one 
particular state n from all other possible states n'. The probability flux 
into the state n is 

2P(n',t)RB>B (4-15) 

where Rn'n is the probability per unit time of transition from state n' to 
state n for the system as a whole, and P(n', t) is the probability of being in 
n' . The probability flux out of the state n is similarly 

2P(n,t)Rm. (4-16) 
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and the equation of motion for P(n, t) is therefore the balance equation 

•j P(n, /) = £ />(n', t)Ra,B - P(n, t) £ Rm,. (4-17) 

This equation can be linked to events at the individual level by noting that 
in any differential interval of time dt the probability of two or more simul
taneous decisions is of order at most (dt)2 and as a consequence can be ig
nored. Then if the society moves from state (n'x,n2) at time t to state 
(«! ,n2) by time t + dt, only one person changed culturgens. It can only be 
that 

(n[,n'2) = («! + \,n2 - 1) 
(4-18) 

or (n[,n2) = («i - l,"s + D-

Similarly, if the society shifts from state (ni,n2) to state («i,/j£) by time 
t + dt, it can only be that 

(n[,n2) = (n, + \,n2 - 1) (4-19a) 

in which case one person switched from c2 to ct, 

or (n[,n'2) = (nt - \,n2 + 1) (4-19b) 

where one person switched from c t to c2. 
It follows that the whole-group transition rate to or from state n = 

(ni,n2) is equal to the transition rate tyj(/ii,/ij) for single individuals mul
tiplied by the number of individuals in the culturgen-usage group from 
which the transition took place: 

fl<n1+l.n2-l)-Kfi1.n2) = ("l + I K i i t o l + 1,«2 ~ D 

^(n.-l.iw+D-Kn,,!!*) = («2 + l ^ S l f a l ~ 1,1 J + 1) 

(4-20) 

^(ni,n2)-><ni+l,n2-l)
 = n2V2i(ni ,n2) 

•n2)-»(ni—l,n2+l) 

The cultural dynamics may be visualized as a walk on a one-dimensional 
lattice, the points of which correspond to societies in which the cx and c2 
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subgroups have their specific sizes (Figure 4-11). With higher-
dimensional lattices, problems involving multiple culturgens can be han
dled similarly. 

Placing these terms in Eq. (4-17) gives the master equation 

^pi ,(fli , / i»,0 = («i + l)t>i2(/ii + l,n2 - l)P(n1 + \,n2 - 1,0 

+ (n2 + !)«,,(«! - 1,«2 + i)P(ni - l,n2 + 1,0 

- [nii>i»(raj,/i2) + n2v21(n1,n2)]P(n1,n2,t) (4-21a) 

for 0 < n t < N, 

jtP(0,N,t) = v12(l,N - l)P(l,N - 1,0 

- Nv2l(0,N)P(0,N,t) (4-21b) 

for «j = 0, and 

j(P(N,0,t) = v21(N - \,l)P(N - 1,1,0 

- Nv12(N,0)P(N,0,t) (4-21c) 

for nx = N. The probability density distribution of all combinations of cul-
turgen frequencies at any given time can be called the ethnographic curve 
of the population; the curve provides the expected frequency distribution 
for many populations considered concurrently or for one or a few popula-

n, 0 1 2 3 ••• ••• N-2 N-l N 

Figure 4-11 The state space for the cultural dynamics of a social group of the 
kind represented in Figure 4-9. The number of crusers is denoted by nt; f is the 
order parameter 1 — In-^/N. 
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tions observed repetitively through time. For the state space shown in 
Figure 4-11, this distribution approaches a steady state given by 

P <„,.N - » , . P(0,N) Q ft ° " \ l ^ : ' 0
+ 1 ) <«2a, 

such that 

P(0,N) [ 1 + f P^N-^)] '• (4-22c) 

After a transient phase the pattern of use frequency in the group will 
be fully characterized by the probability density with frequencies 
P(rii,N - «,). This distribution is the steady-state ethnographic curve 
(Figure 4-12). A key objective is to assess the sensitivity of the ethno
graphic curve to changes in the underlying epigenetic rules. 

Parameterization of the ethnographic curve in terms of nx is inconve
nient when comparing groups of different size. We therefore seek a new 
independent variable that will scale all ethnographic curves to the same 
interval. One convenient scaling variable is 

? = V2 Vl = 1 - 2nJN (4-23) 

FREQUENCY 
OF 

SOCIETIES 
P(n,, N-n,) 

0 1 2 3 N-l N 

NUMBER OF INDIVIDUALS IN SOCIETY 
POSSESSING CULTUR6EN c, 

Figure 4-12 The ethnographic curve. In this literal representation the P(nit 

N - nt) are the frequencies of appearance of culture groups with cj-institutions 
of size «!, that is, the frequencies of groups of N individuals of which exactly n^ 
individuals possess culturgen d as opposed to culturgen c2. 
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where vt and v2 are the frequencies of cvusers and c2-users in the group: 

"i = nJN, v2 = n2/N = 1 - nJN. (4-24) 

Regardless of the absolute size of AT, f ranges from + 1 to - 1 as nt ranges 
from 0 to N (Figure 4-13). 

The variable £ measures an important aspect of cultural patterning. 
When «i = n», f vanishes and when nx ~ n2, |f| < 1. Thus £ is small 
when the two culturgens have similar frequencies. At such points the 
group is highly disordered in terms of culturgen usage, with large numbers 
of both Cj andc2 active. As |£| approaches unity, one culturgen dominates 
and the group becomes increasingly ordered. We show later that under 
certain conditions there are concise laws of motion for £, in terms of 
which the group macroculture is endowed with covering laws. 

In the case of groups the size of hunter-gatherer bands, the ethno
graphic curves are readily calculated from Eq. (4-22) if specific forms for 
the transition rates v12(tii ,n2) and v21{n1,n2) are given. The selection of 
models for the vtj(/*! ,n2) is the crucial step, after which standard methods 
can be applied. Concise, exact solutions of Eq. (4-22) in terms of known 
functions occur rarely, although we shall obtain such forms in later spe
cific applications to anthropological case histories. The exact equations 
(4-21) and (4-22) thus are somewhat inefficient tools for producing rapid 
insight into the dependence of the ethnographic curves on the epigenetic 
rules. We therefore introduce an approximation to Eq. (4-21), which be
comes very accurate for large groups (N —* °°) and is often good to within 
several percent for low-order moments of the ethnographic distribution 
for groups as small as N = 25—in other words, near the mean of 

+1 

£ o 

-1 

Figure 4-13 The order parameter f as a function of «,, the number of crusers. 
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hunter-gatherer groups. The approximation can be invoked by noting that 
as N —» oo, the separation A£ between adjacent values of the scaling vari
able £ becomes vanishingly small. Since A£ is the difference between 
f (/it ± 1) and g (lit), if we recall Eq. (4-23), Af must equal N~l and there
fore has the limiting behavior 

lim A£ = 0. (4-25) 
JV-MO 

Hence f behaves as a continuous variable. Given this property, the 
system of ordinary differential equations (4-21) can be mapped into a 
single partial differential equation for a continuous ethnographic curve 
P(£,t). The necessary steps follow standard methods and appear in Ap
pendix 4-2. We find that the equation of motion for the ethnographic 
curve is of the forward diffusion, or Fokker-Planck, form: 

dtP(t,t) = ~ ̂  [X(m€,»] + \^[Q(t)P(.t,t)] (4-26) 

where 

X({) = (1 - &via(& - (1 + 01*,(0, 
(4-27) 

Q(0 =jfd- 0»ii(0 + jf (1 + f)«ii(f), 

and - 1 < f < 1. 

A generalization to M > 2 culturgens is readily achieved (see Appendix 
4-3). 

After transients decay, the ethnographic curve for our model culture 
group approaches a steady state which, as shown in Appendix 4-4, takes 
the form 

p^=meA2lMdr 1 < £ < 1 (4-28) 

where C is a normalization constant that can be determined by the re
quirement 
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J P(£)d€ = 1- (4-29) 

Equation (4-28) is the continuous-^ analog of the discrete-f ethnographic 
curve (4-22). 

The Structure of Ethnographic Curves 

The ethnographic curve equation (4-28) has interesting properties that 
contribute directly to an intuitive understanding of gene-culture transla
tion. In this and the following sections we shall elucidate a property that 
appears to us to have great significance for the application of gene-
culture theory to the social sciences. It will be shown that the ethno
graphic curve is sensitive to small changes in the epigenetic rules of its 
members. Only a small amount of innate bias in favor of a culturgen, or a 
genetic or environmentally induced alteration in the sensitivity of the indi
vidual to the choice of culturgens made by others, can create large shifts 
in the ethnographic curve. This principle has potentially major implica
tions for both developmental psychology and anthropology. 

The mathematical argument begins in the following way. In Eq. (4-28) 
P(tj) can be regarded as the product of two factors, [£?(£)]_1C anc* e2ne* 
where 

v{®ki\w9)d*'' (4"30) 

The integral V(£) is evaluated from £' = - 1 to f' = f and it is thus the 
area under the curve X(g)/Q (f'), bounded on the left by f' = - 1 and on 
the right by £' = £ (see Figure 4-14). The V(£) is influenced by the ratios 
rather than by the absolute values of the transition rates %(f) , since 

x(?) _ N [(l - n - (i + nmn] 
Q(?) 2 [(l - €') + (l + £ ')»(£')] 

(4-31) 

where 

»(€') = »ii(f ')/wii(f '). (4-32) 
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^ , ^ , „ / , 
X(£')/Q(£') A hatched area = V ( £ ) = / X t t f / Q t f ' j d f . 

Figure 4-14 The integration of the key functions of decision probability and reifi-
cation effects, summarized in X(g') and Q(f'). In this case the area integrated is 
all above the X(J-')/Q(g) = 0 axis and hence is positive, but it could also be below 
the axis and negative, or it could cross back and forth. 

This relation is parallel to the conception of fitness in classical population 
genetics, where relative rather than absolute fitnesses ultimately deter
mine the fate of specific alleles. The ««(£) act as fitness functions for the 
two culturgens ct and c2 . 

The function Q(f) is a u«(f)- weighted sum of the two straight lines y = 
I + i and y = 1 - £. The feedback of cultural patterns and social con
tagion to individual cognition is expressed by the ^-dependence of the 
transition rates. The natural reference model with which to compare more 
complex systems is that in which each vti is a constant, independent off. 
Each group member then acts independently of changing culturgen usage 
patterns and Q(f) is a straight line with either positive, zero, or negative 
slope in accordance with the relative values of the vti: 

QiO = jj [(»» + »ii) + (»ii - »ii)f]- (4-33) 

Such a Q({) is monotonic on (-1,1) and the corresponding [(2(f)]_1C 
cannot induce interior maxima or minima in the ethnographic curve. The 
existence and location of these must be determined by Z(f), and indirectly 
by the %(£), acting through e2V((). 

When the first derivatives dvi}{^)/d^ change sign one or more times on 
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(-1,1), Q(f) is no longer monotonic in general. However, e2V<i) varies 
exponentially with group size N while Qig) varies as N'1, with the conse
quence that in many cases of practical interest the factor e2V(£) dominates 
in the behavior of the ethnographic curve over much of ( - 1,1). A study of 
the exponent V(f) then provides considerable information about the qual
itative structure of the ethnographic curve. Indeed, for well-behaved 
systems there is a coordinate map £ i-» z such that Q(z) = 1 and the eth
nographic curve is a purely exponential functional 

P(z) = Cen* (4-34) 

(Goel and Richter-Dyn, 1974:40). 
The function Q(0 is always positive for - 1 < f < 1. On the other 

hand, X(ij) is given on the same interval by the difference rather than the 
sum of the two positive terms (1 - £)t>12(f) and (1 + f)u2i(f)- Thus for 
appropriate individual transition rates it is possible for X(ij) to change 
sign one or more times. As exemplified in Figure 4-15, the effect is to 
generate one or more peaks in e2V<i). This occurrence of multiple modes 
has key anthropological significance, indicating that two or more distinct 
patterns of culturgen usage, often widely divergent, have relatively high 
likelihood for the same culture group. 

The number of modes in the function e2V<c} is equal to the number of 
zeros on ( - 1,1) at which X((;')/Q(t;') passes from + to - as £ progresses 
toward +1 ; and the number of local minima is equal to the number of 
zeros at which X(tj')/Q (£') passes from - to + during the same change in 
f. All of these zeros are found at the points £8 E (— 1,1) for which the 
functions 

8(£) = (1 - 0 / 0 + 0 and mO = t*i(0/»ii(0 (4-35a) 

intersect: 

S(fo) = » ( 6 ) , foe (-1,1). (4-35b) 

The natural reference model with which to initiate a study of the rela
tions of Eq. (4-35) is again that with % a constant, independent of f. In 
general, the function g (f) diverges to + =° at £ = - 1 and decreases mono-
tonically to zero at £ = 1 (Figure 4-16A). For constant vti there is exactly 
one point £0 on ( - 1,1) at which Eq. (4-35b) is satisfied (Figure 4-16B). 
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Figure 4-15 The determination of modality in the ethnographic curve. The 
number and position of the modes in the ethnographic curve factor einp (upper 
pair of diagrams) are determined by the changes in sign of X(£') and thus of 
-ST(f')/(?(£') (lower pair of diagrams), since Q(£') > 0 everywhere on (- 1, 1). 

For vu constant, X(g) is a straight line of negative slope and passes 
through X = 0 at the point f0- Thus the factor e2V<£) associated with con
stant t)y is necessarily unimodal and its mode is located at f = f0. 

For uu(f) that vary slowly with f, the situation is essentially un
changed, since the ratio function 98(f) is also a weak function off. Models 
of this type are appropriate for decision and learning processes that 
have a relatively slight dependence on social patterns. The resulting 
factor e2V<t) will once more be unimodal (Figure 4-16C). Multiple modes 
occur only when 98(f) varies sufficiently to intersect g (f) more than once 
on (-1,1). A readily visualized example is provided by the exponential 
trend-watcher model 

»ii(0 = ate
a'(, vtl(i) = a3e-° ,f (4-36) 
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-1 (o 0 1 -1 0 -® l 

Figure 4-16 Root locus diagrams for the modes of e2rw. A, sketch of the func
tions^) = (1 — f)/(l + f). B, location of the mode for transition rates vis = con
stant. C, location of the mode for vtl only weakly dependent on f. D, mode bifur
cation in the exponential trend-watcher model of Eqs. (4-36) and (4-37). For 
a j < 1, meaning only weak dependence of the epigenetic rules on (, there is one 
root corresponding to one interior mode (line 1). For ax large (line 2), there are 
three roots and a bifurcation of e2n() to bimodal structure. 

generalized from the one studied by Weidlich (1972), where at > 0,j' = 1, 
2, 3 and from Eq. (4-35) 

»(0 = (aja2)e-™. (4-37) 

Plotted on a natural log scale, g(£) is an antisymmetric function and this 
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01 (£) is a straight line with slope - 2at and intercept In (a3/a2) (see Figure 
4-16D). For small values of at, £%(£) and g(ij) have exactly one point of 
intersection; but as ax increases, the slope of In <%(£) becomes increasingly 
negative until finally 94(f) cuts g(g) in three places. The factor e2Vle) be
comes bimodal. This is a specific instance of the mode bifurcation process 
illustrated qualitatively in Figure 4-15. 

In the space of ethnographic distributions P(ij), the sets containing dis
tributions that have a specific number of modes form natural families, all 
distinct. As the t>«(f) change through the action of learning, culture shift, 
and natural selection, P(i-) moves both over the membership of a set and 
between sets. In our models the i>y(f) contain adjustable parameters 
<*i, • • • , «M for characterizing these changes—see for example Eq. 
(4-36)—so that w«(f) = fij(f|fli, . • • , fl«), and a natural coordinate 
system is provided for each set of functions vti that differ only in the val
ues of at, . . . ,aM. Uniquely specifying a = (ai, . . . , aM) picks out a 
unique member of the set {uw(f|a)|a £ Sf C RM}. 

Small changes in the parameters a or in the analytic form of the vti (f |a) 
either shift P (f) locally within the set of unimodal or multimodal distribu
tions, or take the ethnographic curve from one such set to another. 
Changes of the latter kind are qualitative and we term them transition 
thresholds for the ethnographic curve. Depending on the structure of the 
underlying epigenetic rules and the constraints on the parameters a, a cul
ture group can have one or more transition thresholds beyond which its 
ethnographic distribution takes on qualitatively new properties, an ex
ample being two modes rather than one. In most cases of interest here, 
the subsets of the values am associated with the distributions having a spe
cific number of modes are continuous subintervals of R, the transition 
thresholds forming borders between them. Figure 4-17 provides an ex
ample of this phenomenon occurring in a population of exponential trend 
watchers. 

Two general conclusions concerning gene-culture translation can be 
immediately anticipated on the basis of the general translation equations 
(4-22) and (4-28) and the graphical models just used to evaluate (4-28). The 
first is that the epigenetic rules and their associated bias curves influence 
the positions and heights of the ethnographic curves, because they are ef
fective in moving areas around under the Q(f) and X(tj')/Q (f') curves and 
determine the changes in sign of the X (€')/()(£') values. The second gen
eralization is that amplification is likely to be powerful, because of the 
group size, the couplings between the behavior of group members, and 
the exponential position of V(f). A small change in the epigenetic rules, 
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Figure 4-17 Transition thresholds between the sets of unimodal and bimodal 
ethnographic distributions that occur in the exponential trend-watcher model, Eq. 
(4-36). For each bias ratio a3/o2 there is a transition thresholdaf. For a, > af the 
ethnographic curve is bimodal; forat < of it is unimodal. The curves are based on 
the evaluation of Eq. (4-22) for 0 < at < 2 and 1 == a3/at < 5. (Modified from 
Lumsden and Wilson, 1980a.) 



GENE-CULTURE TRANSLATION 131 

reflected in the transition probabilities of culturgen choice u«(£), can 
create a large change in the ethnographic curve. The extent of this amplifi
cation will be quantified in the sections that follow. 

Human Assimilation Functions 

The next step is to evaluate more explicitly the relation between the 
epigenetic rules, social influence on decision making, and ethnographic 
distribution. In this section we introduce the assimilation function, which 
specifies the influence exerted on individual choice of culturgens by the 
decisions already made by other members of the society. A wide range of 
possible forms of the function is considered, and the great sensitivity of 
ethnographic distribution to changes in innate bias and social responsive
ness, first deduced in the previous section, will be given rigorous form. 
We shall derive an amplification law, which poses a simple relation 
between the sensitivity of the ethnographic distribution and the magni
tude of the innate bias in individual choice behavior. We shall also review 
actual cases of behavioral development that permit estimates of innate 
bias and the first predictions of the gene-culture process in human beings. 

In developing more explicit models, the relation we seek is in effect the 
gene-culture translation process, T, which maps epigenetic rules and pro
grams of cognitive development into cultural patterns. As Figure 4-18A 
illustrates, the translation process can be conveniently visualized in geo
metric form. An objective of gene-culture theory is to estimate the magni
tude of the impact that changes in the epigenetic rules, acting through 
translation, have on the ethnographic distribution (Figure 4-18B). 

For convenience the relation i>0(f) will be called an assimilation func
tion; it gives rise to an assimilation curve, vu plotted against f. Few data 
exist that can be utilized to characterize real assimilation functions 
directly. It is therefore useful to develop a summary model of the 
information-processing stages that produce active assimilation functions, 
and with it explore a wide range of possible forms for the response of 
epigenetic rules to patterns of culturgen usage. The model, which is in ac
cord with the principles of human decision and choice psychology 
(Newell and Simon, 1972; Lindzey et al., 1975), considers that informa
tion extracted from the individual analysis of culturgen usage patterns is 
utilized to revise or update assimilation biases that would otherwise be 
employed. The values that characterize both the raw biases and the up
dated assimilation functions are shaped by the epigenetic rules. The 
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scheme is outlined in Figure 4 - 19A and its mathematical model is given in 
Figure 4-19B. The usage analysis stage assigns updating functions gij(^\a) 
and /t*(£|a), together with specific values of the parameters a = 
( « ! , . . . , au), such that the revised and activated versions wM of the 
"raw" or "innate" biases u% are 

««tf|a) = «&*«(£ l«) (4-38a) 

giving for / ^ j the transition rates (recall Eq. 4-5) 

%(£|a) = r,(f|a)«„(£|a) = MMf|a)I«iW£|a)] 

4 ifrhfui.fr) = »t/o(f|a). (4-38b) 

The categories of assimilation functions (4-38b) that we have consid
ered are shown in Figure 4-20. The most elementary constant function (vi} 

insensitive to £) and the step functions, if combined with high selectivity, 
will result in relatively uniform, easily predictable species-specific traits. 
They are most likely to occur during early infancy, when the most robust 
epigenetic rules direct behavior to certain limited and virtually inevitable 
choices. In Chapters 2 and 3 we documented possible examples in the 
vocabulary of color perception, phoneme formation, and several aspects 
of mother-infant bonding. Such f-insensitive rules are also likely to direct 
behavior under circumstances of low evolutionary transparency at any 
stage of a life history. Later we shall apply the constant function directly 
to the ethnography of brother-sister incest. The monotonic, "trend-

Figure 4-18, opposite The gene-culture translation process. The translation 
equations (4-22) and (4-28) map epigenetic rules vti into ethnographic distributions 
Pig). Hence there is a natural association between the space of conceivable %(f|a) 
rules and the space of ethnographic distributions P(ij). A: The translation process 
is shown for t>0(f|a) differing only in the parameter values a = (alt . . . , aM). 
Every point a in the multidimensional space R", of which a three-dimensional 
cross-section is shown, labels a unique epigenetic rule. Similarly, the translation 
equation (4-22) yields ethnographic probabilities P(0),P(1), . . . ,P(N), which 
form the natural components of a vector P = (P(0),P(1), . . . ,P(N)) in the space 
RN+1. B: When an event, symbolized as 3>, changes the epigenetic rules from a to 
a', the ethnographic distribution changes from P to P'. Hence the change 3>: a H> 
a' induces a change 'V: P H * P'. A key question is how far P moves when a is 
changed. C: The maps <I>, ¥ , and T form a commutative system, where T is the 
gene-culture translation operator realized by Eqs. (4-22) and (4-28). 

http://ifrhfui.fr
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Figure 4-19 Summary of the principal stages of cognitive information pro
cessing that lead up to active decision functions. 

watching'' cases are also very apt to occur. The existence of curves of 
this general form is implied by empirical data on intragroup cultural dif
fusion in Western industrial societies (Haggett, 1972; Hamblin et al., 
1979). 

At the small-group level, experiments by Asch (1951) showed that if a 
unanimous majority takes an unusual position contradicted by the evident 
facts, the percentage of people who prefer to follow rather than be a 
minority of one rises with group size. In Asch's arrangement conformity 
leveled off at 30-40 percent when the number of persons in the majority 
group reached about five. Milgram and associates (1969) obtained similar 
results in an experiment on the drawing power of crowds. Groups of col
laborators of varying size met on a crowded New York street and on 
signal looked up at a nearby tall building. The numbers of passersby who 
also looked up were then recorded. The contagion followed a pattern that 
could fit either of the two trend-watcher curves in Figure 4-20: 4 percent 



GENE-CULTURE TRANSLATION 135 

USAGE PATTERN DEPENDENCE OF THE RATE FUNCTIONS v^tf ) 
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Figure 4-20 The assimilation functions, or dependence of individual transition 
rates vti on the usage pattern of other members of the society. (Modified from 
Lumsden and Wilson, 1980a.) 

of the crowd followed when one person in the collaborator group looked 
up, 16 percent followed five, 22 percent followed ten, and 40 percent fol
lowed fifteen. 

The gene-culture translation model reveals that ethnographic distribu-
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tions are sensitive to changes in the assimilation functions; in the geomet
ric picture developed in Figure 4-18, even small displacements <I> in the 
space of epigenetic rules can produce large displacements ^ in the space 
of ethnographic distributions. Documentation was provided in the pre
vious section of the qualitative changes in the structure of P(f) that 
accompany small changes in the sensitivity of the %(f) to usage patterns 
and take the ethnographic distributions across transition thresholds. A 
further important question concerns the general sensitivity of P (f) to 
changes in the genetic constitution of the society members that affect the 
magnitude of the raw biases u% and v%. Since evolutionary steps of this 
type are expected to be small, are they amplified in the process of 
gene-culture translation, or are they washed out by the culture depen
dence of the updating process? 

The answer is that they are amplified and have dramatic impact on the 
ethnographic distributions. In order to demonstrate this relation clearly, 
we take advantage of the structure of the exact translation equations 
(4-22) and consider the four-way comparison shown in Figure 4 -21 . The 
P(0\$i.nl)'] and Pa)[i;(ni)] are two ethnographic curves; the members of 
the culture group characterized by i*1' have innate biases v%, while the 
individuals underlying the distribution i*0' have innate biases t$*. Both 

b c 

/b \ 

^L—i -"^ 1 \ - n, 
n l , l n l , 2 

Pl0,(n,) 

\/K Ay ., 
n l , l n l ,2 

Figure 4-21 Definition of the amplification factor A for innate epigenetic biases. 
Note that the values of n,,„ and nli2 are variable and have been arbitrarily placed 
under the modes of the ethnographic curves solely for purposes of clarity. Further
more, the definition of A can be applied to ethnographic curves of arbitrary shape. 
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populations are steady state, of size N, and have the same repertory of 
updating functions /«(£|a). In other words, the members of the two culture 
groups differ only in the values of their innate biases. 

Define the amplification factor A as the ratio of the relative magnitudes 
of i*0)[f («!)] and /^"[^(rti)] at two different values of nu say nul and n u : 4 

Thus A is a relative measure of the difference in the structure of /*0) and 
P"'. As Figure 4-21 shows, our selection of a two-point comparison 
allows this measure to express differences in the overall structure of the 
two distributions. And A appears to be a useful quantifier of changes rela
tive to a preselected reference curve that are induced by changes in the 
values of the v%. Evaluating Eq. (4-39) through employment of the cogni
tive model (4-38) and the exact expression (4-22) for the ethnographic dis
tribution yields 

r „ 0 „0*"|ni,i-nj,i A - WM <4-40) 
A family of natural reference curves is the set associated with uj | = DJjf, 
namely cultures of innately unbiased organisms. Then v\%/vl% equals 
unity and the amplification equation simplifies to 

= (rg/r?)B'>i-n,.2(Hl!i/M?2)ni',_ni'2 • 
(4-41) 

Let the difference nul - n1A be denoted by 8 and the ratio (i^i/t)?2) of in
nate biases by %—recall Eq. (4-32); then the amplification law (4-41) is 
concisely expressed: 

A = (&o)8- (4-42) 

When the values of the reentrance rates r J and rjj are equal, £%o is given by 
the ratio of the innate decision likelihoods w^ and u\2. A net measure of 

4. Here we use the integer variables appropriate to the discrete distribution (4-22) and re
call tnat f = f(«i) = 1 - 2nJN, where n, is the number of c,-users. 
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overall relative difference is given by 

A„ e t = 2 A" <4"43> 
nj,i ,ni,2 

Since at least as far back as late Pleistocene times, gene-culture coevo
lution and translation have occurred in hunter-gatherer bands consisting 
of fifteen to seventy-five individuals (Wobst, 1974; Hage, 1976; Buys 
and Larson, 1979). The exponentiation process explicit in (4-42) then 
permits even slight differences in v% relative to u?j* to be greatly amplified 
and hence to have large effects on the ethnographic curve. Isoclines of A 
are shown in Figure 4-22 for a group of twenty-five individuals. The ef
fects for larger groups would be exponentially greater. 

The amplification law expressed in Eqs. (4-40) to (4-42) is universal in 
the sense that it covers all organisms whose assimilation functions are 
approximated by the general model (4-38). The observable consequences 
for values of A very different from unity will hinge on the structure of the 
reference distribution .P<0). The factor A departs most strongly from unity 
when the comparison, points nul and n u are widely separated and yield 
large values of \nltl - nu2\- This will place either or both n1A and nu2 in the 
wings of the ethnographic distribution for groups of hunter-gatherer size. 
An example of this circumstance can be seen in Figure 4-23. The group is 
composed of exponential trend watchers with r\ = r§. The left panels of 
the figure illustrate a reference state i*0)[£(«i)] with u}f = v\% and the 
right panels /*"[£(«i)]. Below the transition threshold the ethnographic 
curves decrease rapidly for |f| > 0, and the result of a small change in the 
v% is qualitatively unnoticeable (upper panels). Beyond the transition 
threshold, however, i*0)[f («i)] has substantial mass to either side of f = 
0. The effect of a mere 1-percent change in each v% , for which A = 1.5, is 
then sufficient to give a macroscopic shift in the structure of ^ " [ f («i)] 
(middle and lower panels). 

The amplification factor A obeys a concise and intuitive law (4-42) and 
is a relative measure based on proportions instead of absolute differences. 
Additional information about the significance of gene-culture amplifica
tion is provided by measures that are large when the absolute changes in 
P(f) are large. We can begin to quantify the latter type of change directly 
and include perturbations in the updating functions /u(£|a) by equipping 
the spaces of epigenetic rules and ethnographic distributions (Figure 
4-18) with metric or distance functions. Each of these spaces can be 
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Figure 4 -22 The amplification factor A, for a wide range of bias ratios v% Jv\2-
The isoclines are labeled by the decision ratio u%Ju\2 assuming r\ = r%. Note that 
the ordinate scale is natural logarithmic. To obtain the A corresponding to n1A — 
nia in the range - 1 , - 2 , . . . , -25 , reflect the present diagram around the ab
scissa axis. The isoclines are calculated for a group of twenty-five individuals. 

equipped with the natural geometry of R*, where K = M in the epigenetic 
space and K = N + 1 in ethnographic space. Let X! and x2 be two points 
in RK; then we say that the distance between \ t and x2 is 

d(xlt x2) = <xj - x2|xi - x ^ 1 (4-44) 
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Figure 4-23 The amplifying effect of epigenetic rules on social pattern. This 
series of ethnographic curves is based on the exponential trend-watcher case, 
where the probabilities of a change in culturgens are v12 = r^ul^e"1* and vtl = 
r^u^e'"11 respectively, with r? = r% = 1. Above the transition threshold af, e2V(() 

bifurcates, and Pig) has two readily discernible modes for the threshold a j* — 1.0 
when w?2 and wiji are such that |M2I/M?2| is on the order of unity. Left panels: The 
P(0 series shows the effect of increasing sensitivity to social ambience (culturgen 
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choices by other persons) at zero intrinsic bias 4>, that is, in the case where <t> = 
«i? ~ «si = 0 and %> = 1. The F(£) curve remains symmetric around f = 0. 
/7/gto panels: The P(£) series shows the qualitative effect of a very small <£ 
(= -0.01) and an 9&o = 102 both below and above the transition point. The eth
nographic curves were calculated from Eq. (4-22) in the case of a group of 
twenty-five individuals. (Modified from Lumsden and Wilson, 1980a.) 
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where (• | •) is the usual inner product 

<x|y> = £ xkyk. (4-45) 

The standard definition supplied in Eq. (4-44) merely generalizes the no
tions of Euclidean distance, familiar from two and three dimensions, to 
real vector spaces of arbitrary but finite dimension. When the epigenetic 
rules are shifted through a distance 

</(a,a') = (a - a'|a - a')"2 = h (am - a'm)Am , (4-46a) 

the ethnographic distribution moves a distance 

</(P,P') = <P - P'|P - P')1'2 = [ 2 (P("i) - P'(ni)f\m (4-46b) 

The analog for an ethnographic curve /*(£) with continuous £ is 

d(P,P') = [ £ [/>(£) - P'(0]2dij'2 (4-46c) 

Unlike A, d(P,P') is not naturally suited to the structure of P[f («x)], 
and concise analytic results are not available. However, the distance 
functions are readily evaluated numerically so it is possible to map out the 
Euclidean distance moved by an ethnographic curve when its epigenetic 
rules, specified by a, are shifted by a given amount. Rules having many 
parameters ax, , . . , au, M » 1 require an epigenetic space of high di
mension and produce a cumbersome mapping problem. Here we will use 
examples with two or at most three parameters. The findings are illus
trated in Figure 4-24. For a hunter-gatherer group of size twenty-five, the 
ethnographic distribution space is twenty-six dimensional. 

On the whole the values for Eq. (4-46b) appear more modest than 
those for the amplification factor A. This is to be expected since d (P, P') is 
composed of arithmetic differences between quantities P{nx} and /"("1), 
which are necessarily bounded between zero and unity. The amplification 
factor A, in contrast, can be arbitrarily large or small depending on the 
ratio 5&o of the innate biases. The distance shifts documented in Figure 
4-24 are placed in perspective by noting that the distance between the 
two most extreme conceivable forms of ethnographic curve, which we 
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Figure 4-24 Euclidean distances in a space containing the ethnographic distributions, (Eq. 4-22). 
The calculations are illustrated for exponential trend watchers with vu = wye*"1*. Note that the 
value a i = 0 corresponds to the ^-independent epigenetic rules vtj = constant. A shows the distance 
d of ethnographic distributions, each determined by a specific value of 98o = U2i/u\2, from the refer
ence distribution with 98„ = 1.0 (tabula rasa state). The absolute rate of displacement \dd/d9t\ is very 
high initially, but tapers off as the distributions approach the vertices of the unit simplex (see also 
Figure 4-25). B shows the distances between adjacent distributions on the representative orbit 
u\2 — 0.1, «§i = 0.1(1 + k), k = 1, . . . , 9 . Thus A is the distance between the distributions with 
u%i — 0.1(1 + k) and i/j^ = Q.\k. The results for the other models of Figure 4-20 are similar. 
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call P*(rii) and P**(nt), is only 

</(P*,P**) = y/2 ~ 1.414 (4-47) 

where ' * ^ = {o! £ = 1, 2, . . . , iV ( 4"4 8 a ) 

and ^ * ^ ) = { ? ; ; ; : X f " ' ^ " 1 (4-48b) 

(Figure 4-25A). The set of realizable curves forms a fairly tight cluster in 
its space RN+1, occupying the diagonal face of the unit simplex (Figure 
4-25B). Thus the distances of 0.05 and larger accompanying small abso
lute changes in the t>y(£|a) cover a significant amount of the "territory" 
accessible to P in RN+1. These results confirm again the sensitivity of the 
ethnographic distribution to the structure of the epigenetic rules. 

Although the values attained by the amplification and distance factors 
are remarkable, the estimates provided by Eqs. (4-42) and (4-46) are likely 
to be conservative. In real cognitive systems the network of epigenetic 
rules is expected to be reticulate (recall Figure 4-1) more often than it is 
univalent as idealized here. Changes in any single v% then affect the opera
tion of not just one, but many different epigenetic subsystems. Further
more, learning and long-term semantic memory, guided by a reinforce
ment processor tuned to selective advantage (see Chapter 3), will amplify 
the raw biases v% themselves over time, leading to increasingly large am
plifications and to significant changes in the ethnographic curves as the 
pull of the genetic leash translates upward to the cultural level. Rigorous 
theoretical study of these more complex effects in gene-culture transla
tion for the time being remains an open problem. 

In summary, a barely detectable amount of selectivity in an epigenetic 
rule operating during the behavior of individuals can strongly alter social 
patterns. Even when the assimilation functions are relatively insensitive 
to social patterns, small differences in the %(£) still have a substantial 
qualitative impact on the ethnographic curves. Many of the disparities de
picted in the illustrations are large enough to be readily apparent in thor
ough ethnographic surveys. They demonstrate the powerful but hitherto 
largely unappreciated linkage we believe to exist between the behavior 
patterns that have been the principal concern of the experimental psy
chologists and the social patterns that are traditionally studied by anthro
pologists, sociologists, and economists. 

Are the human epigenetic rules sufficiently specific to create such 
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Figure 4-25 A: The two extreme conceivable ethnographic distributions. Under 
P*^^ all cultures are 100-percent c2-users with unit probability. The opposite is 
the case for P* *(«,). B: Because 2„, P(«i) 4 1, the vectors P of the ethnographic 
distributions in RN+1 are restricted to the diagonal face F of a tetrahedron with 
apex on the origin and sides of unit length. This body is the unit simplex in RN+1. 
The distributions P*(n.i) and P**^^ correspond to points P* and P** on vertices 
of the simplex. 

marked constraints on the cultural patterns? The answer is that they often 
are; in some cases they exceed the marginal levels just demonstrated by 
one or two orders of magnitude. In Table 4 - 1 we have summarized the 
cases known to us in which approximate values of relative assimilation 
probabilities can be estimated from experimental data. These examples 
are limited principally to initial enculturation, but it is reasonable to sup
pose that the innate biases carry over into later transitions between the 



Table 4-1 Estimates of innate preferences by young children. The preferred culturgen is arbitrarily designated ct, and the 
estimated probability of choice of this culturgen over c2 is denoted «21. (Modified from Lumsden and Wilson, 1980a.) 

Alternative responses 
Age at first 
response «2l/«12 Later social effects Source 

Preference for sugar 
(sucrose, fructose, 
glucose, lactose) 

Discrete four-color 
classification over con
tinuous or other discrete 
classifications 

Preference for schematic 
pattern of human face 
over similar designs 

Preference for intermedi
ate complexity in visual 
design: approximately 10 
turns in figures as 
opposed to 5 or 20 turns 

Fear response to 
strangers 

Infant holding: women 
carry babies on left side; 
men carry them at ran
dom on left or right 

Newborn 

4 months 

Newborn 

Newborn 

8 months 

Adult; possibly 
traceable to sex 
differences in 
object-carrying 
behavior that 
extends back to 
preadolescence 

0.6/0.4 to 0.8/0.2 
according to sugar and 
at 0.2-0.3 M 

Approaches 1.0/0 in 
fully color-sighted 
persons 

20.51/0.49 to >0.6/0.4 
according to design 

aO.55/0.45 

>0.75/0.25 

0.6/0.4 to 0.7/0.3 
according to age of 
infant 

Sugar preference extends at least 
into childhood and influences 
adult cuisine 

Linguistic color classifications 
across cultures can be mapped 
from one-to-one to three-to-one 
onto the four categories 

Long term focusing on face, es
pecially eyes; facilitation of par
ent-offspring bonding, and per
haps later forms of interpersonal 
bonding 

Followed by comparable degree 
of preference in school-age chil
dren; adults also prefer interme
diate complexity, with a redun
dancy of about 20 percent 

Possibly contributes to early 
group distinctions and hostility 
to strangers and out-groups by 
children and adults 

Proximity to heartbeat soothes 
infant, possibly facilitates mother-
infant bonding 

Mailer and Desor 
(1974), Chiva 
(1979) 

Ratliff(1976), 
Bornstein (1979), 
Wattenwyl and 
Zollinger (1979) 

Freedman (1974) 

Hershenson et al. 
(1965), Young 
(1978) 

Hess (1973), 
Argyle and Cook 
(1976), Eibl-
Eibesfeldt (1979) 

Salk (1973), 
Lockard et al. 
(1979) 
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culturgens. This persistence of bias is in fact well marked in the cases of 
sugar preference, color classification, and infant holding. 

There have been relatively few such developmental studies, and the 
responses have not been investigated with reference to their dependence 
on the behavior of the rest of the society. However, the examples cited 
are not likely to be very flexible in this regard, because they are either pri
mary in nature, entailing relatively fundamental sensory discrimination, 
or else occur in socially invariant circumstances such as early physical 
contact between mother and infant. In fact, the values that have been as
certained may prove to be among the highest that actually exist, for the 
reason that extremely inflexible and selective rules are those most likely 
to catch the attention of experimental psychologists. Yet as demonstrated 
by the projections of Figures 4-21 to 4-24, far less selective rules can still 
create powerful canalizing effects. For this reason we expect the essential 
qualitative results of the translation model to prove robust. 

Because virtually no psychological or ethological studies have been 
conducted with gene-culture translation in mind, few data relevant to the 
assimilation functions appear to exist beyond those listed in Table 4-1 . 
Similarly, almost no ethnographic curves are available that can be linked 
directly to assimilation data. Nevertheless, certain categories of behavior 
are sufficiently well known and appear tractable enough to encourage fur
ther analysis. We have selected three examples of such categories to illus
trate the great potential diversity of gene-culture structures. The first is 
brother-sister incest avoidance, which is a strongly "biological" case pos
sessing a large but covert adaptive value (homozygosity reduction) and 
underlain by a relatively simple but powerful epigenetic rule. Next, the 
fissioning pattern of Yanomamo villages is treated as a complex social 
phenomenon, which nonetheless appears to stem from relatively simple 
and quantifiable epigenetic rules. The phenomenon is typical of a class 
of great concern to anthropologists who explore the ecological basis of so
cial patterns. Finally, variation in women's dress is an ultimately "cul
tural" phenomenon that might seem at first to lie beyond the reach of 
biological rules. We shall show that in fact it can be analyzed in a novel 
manner by recourse to gene-culture theory. 

Brother-Sister Incest Avoidance 

In searching for illustrations of the process of gene-culture translation, 
we begin with the case of the nearly universal avoidance of marriage and 
full sexual relations between brothers and sisters. The epigenetic rule ap-
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pears well established: a deep sexual inhibition develops between people 
who live in close domestic contact during the first six years of life. The 
evidence suggests that the process is of a relatively simple form and one 
especially tractable to analysis. In particular, the epigenetic rule strongly 
biases individual development but is unresponsive, or at most weakly res
ponsive, to choices made by other members of the society. In this section 
we construct a model with a flat assimilation curve, which yields an eth
nographic distribution in the form of a binomial density function (Eq. 
4-49). We then employ a normal distribution approximation for the ethno
graphic curve in large societies. Although data accumulated by social sci
entists are too few to draw the actual ethnographic curve, the available 
information indicates that the mean value is close to that predicted by the 
model. Also, an illustration is provided for the principle that even rigid 
epigenetic rules can give rise not only to amplification effects, but also to 
substantial cultural diversity, with the diversity nevertheless conforming 
overall to a particular probability distribution (the ethnographic curve). 

Many human societies tolerate and even encourage marriages between 
first cousins, but nearly all forbid it between siblings and half-siblings. A 
very few societies, including the Incas, Hawaiians, ancient Egyptians, 
Buganda, and Bunyoro, institutionalized brother-sister incest in the case 
of royalty or other groups of high status. The taboo was abrogated only 
amidst ritual and mythic justification. Furthermore, van den Berghe and 
Mesher (1980) note that the incestuous males were polygynous, behavior 
that resulted in outbreeding and higher personal genetic fitness. Because 
of the general human trend toward hypergamy, especially in such patri
lineal societies, high-ranking women were less likely to marry downward 
in rank and hence were more susceptible to matches with their brothers. 

The avoidance of sibling incest is generated by a strong epigenetic rule 
in which close domestic familiarity during the first six years of life neutral
izes sexual attraction (see Chapter 3). This rule has been verified by 
studies in Israel and Taiwan that are separate from the mass of largely an
ecdotal cross-cultural accounts just cited, and they can be used as inde
pendent information in estimating the process of gene-culture translation. 
In modeling the phenomenon, we recognize two culturgens, outbreeding 
and brother-sister incest. The exact level of incest demarcation then must 
be specified. It can entail marriage or equivalent long term bonding, full 
sexual activity, and the procreation of children, or it can be defined at any 
lower level of intensity down to and including transient, casual sexual 
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contact. We consider here the more extreme forms, including the practice 
of full sexual intercourse with or without marriage-like bonding. 

From studies of the interactions of unrelated children raised together 
in Israeli kibbutzim (Shepher, 1971) and Taiwanese villages (Wolf, 1966, 
1968, 1970; Wolf and Huang, 1980), we can tentatively assign a value of 
the transition probability u21 in favor of outbreeding (culturgen ct) close 
to unity and u12 in favor of brother-sister incest (culturgen c2) close to 
zero. Our reasoning is as follows. The young people in the large Israeli 
sample never chose heterosexual intercourse or marriage with unrelated 
children with whom they had been raised, even in a permissive environ
ment that encouraged matches within the kibbutzim. Kaffman (1977) re
ports that this pattern of preference has been maintained during the subse
quent period of "sexual revolution" in the Israeli society at large, 
although he reports anecdotes of some amount of heterosexual activity (of 
an unspecified nature) among adolescents of the same kibbutz. Hence, 
when given free rein, the young people express a virtually absolute prefer
ence for marriage outside their domestic group, a response that matches 
the general aversion to brother-sister mating existing in other, more con
ventionally organized societies. Put another way, the likelihood of transi
tion to outbreeding approaches unity in a society that is uniformly out
breeding but otherwise offers free individual choice. 

The Taiwanese studies permit an evaluation of preference in a society 
that has an intermediate level of culturgen usage. Wolf considered the ef
fects of "minor marriages," in which unrelated infant girls are adopted by 
families, raised with the biological sons of the family in a typical 
brother-sister relationship, and later married to the sons. Even in the 
region of Taiwan where such arrangements were common practice, com
prising approximately half of all virilocal marriages, they were generally 
resisted by the young people who participated. 

If the nineteen families analyzed by Wolf's 1966 report, for example, 
the young couples refused to go ahead with the match in fifteen of the 
cases. In two cases one member of the pair died in childhood, while the 
two remaining couples married. Couples in the larger samples subse
quently analyzed showed a higher level of acquiescence, but resistance 
was still extremely strong and the results far less successful than the 
major marriages contracted in the same region. Twenty-four percent of 
the minor marriages ended in divorce, whereas only 1.2 percent of the 
major marriages did. In 33.1 percent of the minor marriages the woman 
was reported to have committed adultery, as opposed to 11.3 percent of 
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the major marriages. During the first twenty-five years after the wedding, 
minor marriages produced 30 percent fewer children than major mar
riages, and many of these were reported to be products of the adulterous 
relations. There were some reports of parents having to coerce young 
people to consummate minor marriages, even to the point of threatening 
physical punishment, but no accounts of coercion in major marriages. 
Thus when the culturgen usage was approximately 50 percent (£ ~ 0), the 
preference was still strongly in favor of outbreeding. The preference may 
well be as close to absolute as in the Israeli kibbutzim, because the minor 
marriages of Taiwan were arranged and compelled by the parents. This 
assessment is supported by the fact that following the Japanese occupa
tion of Taiwan, and a consequent weakening of parental authority, minor 
marriages fell from about 50 percent to 10 percent in virilocal arrange
ments (Wolf, 1970). 

The phenomenon of sexual inhibition due to early propinquity appears 
to exist in other societies, as indicated especially by anecdotal accounts of 
the Trobrianders, Tallensi of Ghana, and Tikopians (Fox, 1980). 

It is of considerable interest that a parallel epigenetic rule has been dis
covered in free-living chimpanzees (Pusey, 1980). At the Gombe National 
Park, Tanzania, females abruptly dropped their association with their 
brothers and other males closest to them when they entered their full es-
trous cycles. As a result, sexual activity was rare between siblings and 
between mothers and sons. In addition, most or all adolescent females 
transferred to other chimpanzee communities, sometimes permanently, 
as a result of greater attraction to unfamiliar males during occasional 
visits to the other groups. In general, inbreeding appeared to be avoided 
as a consequence of reduced sexual attraction between individuals who 
were familiar with one another during immaturity. Because the chim
panzee is genetically the closest species to man, the epigenetic rule in
hibiting incest in both species may be truly homologous, in other words 
based on a genetic prescription that has persisted from a common an
cestor. 

The ethnographic curves for the case of brother-sister incest indicated 
by the Israeli and Taiwanese data have a simple but revealing structure. 
Since the i>«(f) appear to be insensitive to f (in spite of the fact that young 
people can be coerced to act against their own personal preferences), 
these transition rates can be approximated as positive real constants and 
the formulas (4-22) and (4-28) for the ethnographic curves can be solved 
exactly. The epigenetic rules are represented graphically in Figure 4-26. 
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Figure 4-26 The epigenetic rules inferred for brother-sister incest. The cul-
turgen cx is incest avoidance and c2 is the incestuous relationship. A: Individuals 
currently avoiding incest have a strong intrinsic preference to continue doing so. 
B: Individuals engaging in incest have a strong intrinsic tendency to switch to out
breeding. These epigenetic rules are considered to be largely independent of the 
observed practice of others, as indicated in the flat Mo(|) curves of C and D. 

For the discrete-f representation applicable to all group sizes (Eq. 4-22), 
the ethnographic curve is, in terms of the number of outbreeding individu
als nt, the binomial density 

P(nt) = ( ^ ) p»' (1 - p f - » \ n, = 0, 1, 2, . . . , N (4-49) 

with probability parameter p set by the assimilation functions: 

P "= lW(l>12 + W*l)- (4-50) 
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Recalling that for i ^ j , v(i = r4wu, we find 

P = (1 + TtiinMii,,)-1 = (1 + 0t-'Y\ (4-51) 

where in the second step we have used Eq. (4-32). 
Ethnographic distribution (4-49) has mean Np and variance Np(l - p); 

thus if population sample estimates are available for these two mo
ments, then the relative values of v12 and v21for the individual epigenetic 
rules can be inferred. The most probable number of outbreeders in the 
group is nf such that 

(N + l)p - 1 < n? < (N + l)p (4-52) 

(Feller, 1958:140). When in a group of size N the transition rates are such 
that 

v2l > NV12 (4-53) 

pancultural avoidance of incest, corresponding to a value nf = N, be
comes the most probable state and the mode of J°(ii) is located at f = 
- 1. The value of P(nx) at n{ is for N *z 25 roughly proportional to the in
verse of its standard deviation: 

P(nf) ~ [2TTJVP(1 - p) ] - m . (4-54) 

Equation (4-54) illustrates an important organizing principle of gene-
culture translation stated in general terms earlier, namely that even rigid 
and highly selective epigenetic rules are compatible with cultural diver
sity. This is reflected in the values of P(nf): even for an extreme p = 0.99, 
a band of size twenty-five has P(25) ~ 0.8 and one of size seventy-five 
has P(75) ~ 0.46. In the first case 20 percent of bands observed would not 
show pancultural incest avoidance, while in the second more than half 
would have some degree of incest activity. It is the probabilistic pattern of 
cultural diversity across many societies and across the histories of indi
vidual societies that is determined by the epigenetic rules. 

Figure 4-27 presents a series of ethnographic curves based on Eq. 
(4-49). In this illustration we have taken the transition values to be inde
pendent of the culturgen possessed by the individual, in other words set 
Ti = T2, ul2 = u22 and u21 = « „ . The mean number of outbreeders is 
then given by the linear relation 



GENE-CULTURE TRANSLATION 153 

-1.0 -0.6 -0.2 •0.2 •0J6 •1.0 

0.9 

0.8 

0.7 

0.6 
F 

•0.5 

- 0 . 4 

•0.3 

- 0 . 2 

• 0.1 

.J I I i_ 

P(f ) 

20 15 10 5 
NUMBER OF NONINCESTUOUS MEMBERS, n, 

Figure 4-27 Ethnographic curves derived from the brother-sister incest model. 
The size of the group is N = 25. /'(fKorn, = 0, 1, . . . , 25 was calculated using 
Eq. (4-22). Only f values corresponding to these nt values are realizable. (From 
Lumsden and Wilson, 1980b.) 

nt = utlN (4-55) 

(Figure 4-28). The strong aversion to the incestuous relationship when 
the social arrangements are such as to make the liaison all but a fait ac
compli suggests that this special case is a useful approximation to the real 
epigenetic rules. It is possible that a better approximation to the holding 
times is 0 < T2 < 1 < rx, so that once individuals have commenced out
breeding they reevaluate that preference only occasionally. Furthermore, 
such an epigenetic rule system accelerates once an incest error is made 
and increases the transition rate r2u21 from incest to outbreeding. In this 
"satisfaction limit" r2 > rx it follows that 

P ~ «2l/"21 = I- (4-56) 

The corresponding ethnographic distribution is concentrated around nx 

N. 
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n l 12.5 

Figure 4-28 The incest avoidance case. Displacement of the mean of the ethno
graphic curve P(i) with changes in the assimilation probability utl. Drawn for a 
group with N = 25 members (see Eq. 4-55). 

In the large-JV limit N S: 25, P(g) is approximated by the continuous-f 
equation (4-28). Evaluating (4-28) by direct integration, 

P(& 
Nil! 

(2tr)» 
-NPI2 (4-57) 

if u12 = v21. If v12 and v21 are unequal but not too different, then the eth
nographic distribution (4-49) is again very accurately approximated by a 
normal probability density with mean p. = Np, variance o-2 = Np(l - p) 
(see, for example, Feller, 1958:168; Hamburg, 1977:206). For the incest 
case, v12 < vtl, so that v12 and v21 are very different in absolute value. 
The ethnographic curve is skewed far toward f = - 1 and an approxi
mation using the normal density is less accurate.5 The exact solution of 
the translation equation (4-28) in the general case of K ^ ^ D41 is not 
restricted to |vs l - v12\ < 1 and gives the ethnographic distribution 

P(f) = Cifi - tff A-» e"M*. 

In terms of the function Q(g), 

(4-58) 

(4-59) 

5. A popular rule of thumb holds that the normal approximation works well when Np > 5 
and N(\ - p) a 5 (Hamburg, 1977:206). For the case of ult = 0.1 and utl = 0.9 in Figure 
4-27, Np = 22.5 but N(l - p) = 2.5 and the conditions are not met. 
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The quantity C is a normalization constant given by 

C 1 = 1*1 

such that 

[$"\[^^)-y(NA,W^)] 

(4-60) 

4> = vl2 - v21 

)8 = v12 + v21 (4-61) 

The symbol c is defined by 

I 1 if v12 < v21 
€ = \ (4-62) 

1 — 1 if v12 > v21 

and the y(v) are incomplete gamma functions of the first kind (Abram-
owitz and Stegun, 1965:260). The principal merit of Eq. (4-58) is that for 
large N the simple threshold condition (Figure 4-29) 

NA - 1 = 0 (4-63) 

gives an estimate to within several percent of Eq. (4-53) those values of 
the assimilation functions necessary to make complete avoidance of in
cest the most probable ethnographic state. 

Although few exact ethnographic data are available, anecdotal ac
counts of a wide range of societies (Murdock, 1949; Berelson and Steiner, 
1964; van den Berghe and Mesher, 1980) suggest that the true curve is 
closest to that generated by u21 = 0.99 than to the others displayed in Fig
ure 4-27. This is the qualitative result to be expected from the strength of 
the epigenetic rule of incest avoidance revealed by developmental studies 
(Shepher, 1971) and makes pancultural incest avoidance the most proba
ble ethnographic state in culture groups up to size approximately 100. 

Although the ethnographic data support a ^-independent system of 
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Figure 4 -29 Qualitative behavior of the ethnographic curve for brother-sister in
cest. Q(t-) is monotone increasing on (-1,1) and emtl* is monotone decreasing. 
For NA - 1 > 0, there is an interior mode (A); when TV" A - 1 < 0, the mode is 
pancultural avoidance of incest (B). Magnitudes of the three curves have been 
drawn to show the mode position clearly. 

epigenetic rules as a first approximation, a more accurate model incorpo
rates gradual, monotonic shifts upward in v12 and downward in v2i as f in
creases. The relative inflexibility of the epigenetic rules implies that a 
first-order Taylor series fitted to t>0(£), 

vu (i) ~ v„ ( f ) + ( £ - £ * )dvti (£*) /di (4-64) 

where 

- l < f < l , f £ [ - l , 1], 

is a good approximation. These epigenetic rules are linear functions of £. 
Discrete variable analogs of the relations (4-64) are thus 
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t>2l("l) = V21(0) + nifl21 
(4-65) 

and v12(nl) — v12(0) + (N — ni)a12 

with slope parameters atj. The magnitudes of the ai} are related to the 
vti(0) by the condition of small relative change over nx = 0,1, . . . , N: 

fln/[»n(0) + uii(0)] «§ l 
(4-66) 

and a*i/l>i2(0) + t)21(0)] « 1. 

In the special case a12 = a21 of equal but opposite rates of change in the 
%(wi)» the general translation equation (4-22) has a concise solution. It is 
the contagious binomial density (Coleman, 1964): 

( \ r \ n i - l JV-m-l IN-1 

„)u^ + ko n (i-po + ^)/r i ( i + ^ ) 
(4-67) 

with Po 4 u21(0)/[i;12(0) + t;21(0)] (4-68) 

( = aii/[»i,(0) + 1^(0)]. (4-69) 

For incest t, < 1 and the behavior of this P{nt) is essentially that of the 
binomial ethnographic distributions treated earlier. 

In conclusion, brother-sister incest provides a relatively direct entree to 
the gene-culture amplification problem because of the robustness of its 
epigenetic rule and the binary nature of the cultural choice. Additional 
rules of sexual preference can be sought in the following gradients ad
duced by Murdock (1949) from ethnographic data: 

(1) The influence of ethnocentrism, with close nonsibling members of 
an individual's culture being most preferred and members of very alien 
cultures and different physical races being least preferred. 

(2) The influence of exogamy, with a decline in preference in going 
from nonrelatives to relatives. 

(3) The tendency to prefer heterosexual over homosexual relation
ships. 

(4) The influence of age, with females one generation or more older 
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than the male being less preferred by the males, and females in the same 
age group or younger being more preferred. 

A linkage between quantitative developmental and ethnographic 
studies might be achieved with reference to any one of these rules of 
sexual preference and would result in an additional testing and clarifica
tion of the process of gene-culture coevolution. 

Fission in Yanomamo Villages 

For the second example of gene-culture amplification we take the more 
complicated behavior leading to village fission and emigration by the 
Yanomamo, a South American tribal group. The basic epigenetic rules of 
individual behavior underlying the response are not known, although they 
can be inferred to entail at least in part the more basic forms of binary 
group recognition and bonding (see Chapter 3). We utilize an intermedi
ate ansatz motivated by the data: beyond a critical village size, aggres
sion and strife become unbearable to a sufficient number of village 
members to induce emigration by part of the population. In the model we 
suggest, which appears compatible with the data, individuals can become 
very sensitive to the decision of others on whether to stay or depart. How
ever, this pattern of responsiveness (in other words, the assimilation func
tion) depends on the size of the group. Thus the epigenetic rules are 
context dependent. Assimilation functions are postulated to be of a step-
function or steep logistic form, such that decisions on the part of family 
groups to stay or leave can be changed by either alterations in village size 
or shifts in the day-by-day aggregate of individual choices. The resulting 
ethnographic curves are unimodal or multimodal and can change from 
one such form to another as a consequence of relatively small shifts in the 
parameters of the epigenetic rules. This example also illustrates how fu
ture studies of developmental psychology might be designed to illuminate 
even the more subtle and complex forms of group behavior described in 
the literature of cultural anthropology. 

The approximately fifteen thousand Yanomamo of southern Venezuela 
and adjacent portions of Brazil are organized into villages containing from 
40 to 250 people. As shown by Chagnon (1976, 1977), the members of 
each village are tightly linked by intricate bonds and rituals of kinship, 
and they are all in close daily contact. The Yanomamo are exceptionally 
aggressive. Their frequent wars are almost always over women, since the 
acquisition of wives by barter, raiding, and seduction is a goal fueled by a 



GENE-CULTURE TRANSLATION 159 

cultural emphasis on polygyny. When Chagnon asked the Yanomamo 
men why they fought, they answered approximately as follows: "Don't 
ask me such stupid questions! Women! Women! Women! That's what 
started it! We fought over women!" These emic reports match the etic 
evaluations carried out by Chagnon. There is also a high level of interne
cine squabbling, often over women but also involving both sexes in 
matters of status, food, and various domestic issues. 

Because the Yanomamo population is growing and expanding its range, 
there has been a long history of village multiplication by fission (Figure 
4-30). Fission results from accumulated strife and tension, which in
crease disproportionately as the population grows in size. When the vil-

Villaqe D 

Figure 4-30 The fissioning pattern of Yanomamo Indian villages in Venezuela. 
A, idealized; B, observed. (After Chagnon, 1977.) 
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lage can no longer be held together by the bonds of kinship, marriage 
arrangements, and the relatively weak authority of the headman, a single 
dispute can trigger the departure of a family group. This critical level is 
often reached when the population exceeds eighty to a hundred individu
als. Fissioning is rare in villages with less than eighty members, regardless 
of the level of internal strife. The reason is that a village must have at least 
ten able-bodied men to engage in raiding and defense. With an ordinary 
age-sex distribution, this cohort of adult males will be found only in 
groups with a total of forty to sixty members. Consequently a village must 
be composed of at least eighty members in order to produce two self-
sufficient villages when it divides (Figure 4-31). 

In terms of gene-culture theory, it is practical to treat this behavior of 
the Yanomamo as a binary decision: to stay together or to separate. The 
assimilation functions with reference to this pair of alternatives vary ac
cording to the size of the group. There is an overall high transition rate 
from "depart" to "remain" when the village contains about one hundred 
people or less, gradually giving way to the strong reverse tendency as the 
population size approaches two hundred individuals. Chagnon notes that 
villages expand until they reach an apparent "critical mass." When the 
group is small, squabbles die down quickly and individuals are relatively 
unresponsive to isolated instances of strife. But beyond a certain popula
tion size, small confrontations inflame rapidly and spread throughout the 
entire group. 

These effects can be approximated by the threshold decision logic 
shown in Figure 4-32. Culturgen cx is the "remain" culturgen and c2 is 

I.Or-
VILLAGE * " y ^ 
FISSION / 

PROBABILITY / 

0.5 - / / 
/ B^ X 

m 1 ^ - " I I 
50 100 150 

VILLAGE SIZE 

Figure 4-31 Quantitative models of fission probabilities for Yanomamo villages, 
based on the accounts of Chagnon (1976, 1977). A, low external pressure from 
warfare and low internal kinship; B, high external pressure from warfare and high 
internal kinship. 

200 
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Figure 4-32 Threshold structure postulated for the Yanomamo decision rules 
utj. A, smooth, logistic-type model; B, step-function model. The behavior of the 
vi} is similar. 

the "depart" culturgen. The decision rules ««(£) are responsive to pat
terns of social conflict, as represented by the frequency of individuals 
who have engaged in a confrontation and prefer the "depart" culturgen 
c2 . These individuals act both as spreading centers for c2 and as foci of so
cial pressure for the conversion of others from Ci to c2. The ^-dependence 
exhibits a threshold effect: for any group size there is a £t below which 
pressure to depart is largely ignored and above which it is highly effective. 
In the more general case, the possibility of neophobia (or status quo main
tenance) must be accommodated. It shows up in the approximation being 
used as a second threshold, £0» below which £ must fall in order to pro-
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mote a significant likelihood for a "departer" to again become a 
"stayer." 

The position of the thresholds and the values of ««(£) are TV-dependent 
as shown in Figure 4-32. Although real systems will not follow exactly 
the step-function approximation represented in the B series of Figure 
4-32, this Yanomamo model can be analyzed quite completely. Simula
tions made using smooth approximations to the logistic form of the assim
ilation functions, such as the saturable trend-watcher model of Figure 
4-20, reveal that even for moderate slopes of the ujj(f) at £0, fx little accu
racy is lost with the step functions. Let us therefore consider in some de
tail the impact of threshold decision rules on stationary ethnographic 
curves. 

Figure 4-33 sets out the notation for the step-function approximation to 
the assimilation curves. Below f0 advocacy for village unity is sufficient to 
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Figure 4-33 Threshold model of the assimilation functions, where the vtl is the 
probability per unit time of transitions between the "depart" and "remain" cul-
turgens. 
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induce an increased v21 value, blt that a member advocating fission will 
become a stayer. This v2l value falls to b2 when the advocacy for stay
ing together weakens and f becomes greater than £0- When the propor
tion of villagers advocating fission grows beyond £1, even those pre
viously in favor of staying together jump to the v12 value a2 that the 
assimilation rules will switch to the alternative option of splitting the 
village. Below £x this v12 value is ax. The epigenetic rules guiding the de
cisions are therefore envisaged as containing two semantic triggers. 

From Eq. (4-27) 

X(() = (1 - 0i>n(0 - (1 + 0» , i (0 

= [»i.(0 - »,i(0] - [»i.(0 + ». ,(0]f (4-70) 

This equation has the form of a straight line 

X = m£ + b (4-71) 

with ^-dependent slope 

m = -[»!,(£) + 02i(0] (4-72) 

and ^-dependent intercept 

b = «„(£) - 02i(0- (4-73) 

Since both v12 and u2i are always > 0, it follows that m ^ 0. Reading from 
Figure 4-33 the various values of t>12(0 and v2i(£) an£l employing Eqs. 
(4-71) to (4-73), we obtain the following explicit equations for Z ( 0 in the 
model: 

for - 1 < £ < ft: * ( 0 = (a, - fet) - (fll + fcx)l 

for f, < £ < f,: Z ( 0 = (a, - 6.) - (ax + b2)£ (4-74) 

for ix < £ < 1: * ( 0 = (a, - *,) - (a, + &»)£. 

This is a felicitous result, because X(g) is shown to generate a distinct 
straight-line segment of negative slope in each of the three regions. Simi
larly, for the function Q(g) we obtain the following: 
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for - 1 < £ < ft: Q{£) = ^ [(fll + bt) - (ax - bt)f\ 

for ft < £ < &: G(0 = jj K«i + *») - (fli - *>i)£] (4-75) 

for ft < £ < 1: g ( 0 = ^ [(«! + M - (fl. - b2)H 

which is again a system of straight-line segments. The slopes of these seg
ments are positive, zero, or negative depending on the values of the a} and 
the bt. 

Figure 4-34 shows the effects of increasing the postthreshold assimi
lation values a2 and bx on the shape of the ethnographic curve for the Yan
omamo population, in the case where there is no prethreshold preference 
for one culturgen over the other. The phenomenon of greatest interest in 
this sequence is the existence of transition thresholds at which P(£) splits 
from unimodal to multimodal. The change occurs when X(g) acquires 
multiple zeros and creates one or more corresponding lateral peaks in the 
ethnographic distribution. This is the circumstance illustrated in the se
quence of panels shown in Figures 4-35 and 4-36. 

It can be seen that even a mild threshold response exercises a profound 
effect on the ethnographic distribution. This responsiveness itself is pos
tulated to be genetically canalized; it can follow a rigid surface rule 
regardless of the remainder of the environment and history of the society, 
or it can be relatively flexible at the surface, adapting the individual to 
particular conditions by means of a relatively firm core strategy. In the 
phenomenon of village fissioning, the Yanomamo might be exhibiting 
assimilation rules about group size, composition, and complexity that are 
quite inflexible overall. The rules could in fact be a general primate trait, 
as Chagnon (1977) has suggested. It is clear from Chagnon's data, how
ever, that information on the particular details of intravillage relatedness 
and external warfare is weighted into decisions concerning fissioning. The 
pattern of responsiveness can therefore vary from one culturgen category 
to another through strict genetic programming; in some instances it can 
vary from one environment and history to another within the same cul
turgen category. The important point, once again, is that even under the 
regime of a rigidly fixed response curve and a genetically canalized cul
turgen preference, there can be substantial cultural diversification. This 
counterintuitive result is another reason for stressing that the mechanisms 
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Figure 4-34 Ethnographic curves for the threshold assimilation rules approxi
mating Yanomamo village fissioning (see Figure 4-33). The mean times TJ and r2 

between social events that force culturgen reevaluation are taken to be unity for 
both ct states. The curves show the effect of increasing assimilation responses bx 

and a2 beyond the thresholds f0 and & as indicated in the legends. Curve 1 is 
below the transition thresholds, the rest are above. For all P(f), £i = - f0 = 0.25; 
fll = b2 = 0.1. Curve 1: a2 = bt = 0.1. Curve 2: a2 = bl = 0.3. Curve 3: a2 = 
bt = 0.6. Curve 4: a2 = bx = 0.99. The large impact of small absolute changes in 
the epigenetic rules is apparent. For all four cases the group size is twenty-five and 
Eq. (4-22) is used directly. P(0 is trimodal above the transition threshold in this 
sequence, although for a2, bt z 0.6 the central mode has negligible value. 

underlying cultural diversity can be understood fully and in a predictive 
manner only with reference to the epigenetic rules. In most cases they 
await clarification by appropriate empirical studies of cognitive and 
behavioral development. 

In the fissioning process the prethreshold and postthreshold assimila
tion probabilities are biased by events that accompany changes in village 
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Figure 4-35 The effects on X(f) of thresholds and of increasing postthreshold 
response to patterns of depart/stay advocacy. A: Thresholds are absent and the vtj 

are independent off. The reference state shown is for vl2 = vtl. X(j-) is antisym
metric about f = 0. B and C: The threshold in t>21(f) is at f = f0 with bt > b2 (re
call Figure 4-33). Asbt increases, the slope of X(£) on (-1,£0) grows increasingly 
negative, until, at b? = «i(l - f0)/U + fo). X(£) finally intersects the f-axis at f0 

(in B). For bx > bf, Z(f) cuts partly below the f-axis, inducing a lateral peak in 
P(ij). (See also Figure 4-36.) D: The same as B and C, but with a threshold at 
f = f! in the decision rule w12(f) and the assimilation function i>12(f). 

size (recall Figure 4-30). In small villages (N < 100-150) a "depart" deci
sion is unlikely and those making it will probably switch back quickly. In 
large villages (N > 200-250) confrontations increase in frequency and 
duration, and the assimilation biasing reverses; a "depart" decision be-
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P(£) 

Figure 4 -36 The consequences of the transition threshold applied to Yanomamo 
village fissioning on X(g) and the ethnographic curve, which is defined by /*(£). 

comes increasingly likely and more sensitive to advocacy (& —*• 0). A vil
lager in the "depart" state is also less likely to reverse his decision. 

The impact of this size-dependence on the ethnographic curve is de
duced in Figure 4-37. The function X(tj) is negative for individuals in 
small villages over much of ( - 1, + 1), reaching zero at f < 0. The ethno
graphic curve has a single peak close to £ = - 1, the point where there is a 
consensus to stay. In large villages AT(£) is positive over much of 
( - 1, + 1), reaching zero at £ > 0. The ethnographic curve peaks near the 
consensus to depart (f = + 1), and the anthropologist doing repeated 
samples on villages in this state will find a P(g) skewed far to the right. 
Figure 4-38 makes these predictions quantitative with P(g) curves calcu
lated from Eqs. (4-22) and (4-28) for specific values of £0, fi, «i, a2, bt, 
and b2. Although vastly oversimplified, the gene-culture translation 
models in the two-culturgen Markov decision approximation account for 
significant features of the village fissioning process. 
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SMALL VILLAGE LARGE VILLAGE 

Figure 4-37 Derivation of the ethnographic curve P(£) for Yanomamo village 
fissioning. g(f) is on the order ofN'1 and is converted graphically into NQ(g) to 
make it visible on the scale of Z(|). 



GENE-CULTURE TRANSLATION 169 

A 
1.0 

0.5 

-1.0 -0.5 ~~~ 0.0 0.5 1.0 

C 
B 

9.0 

8.0 

7.0 

6.0 
P ( * > 5.0 

4.0 

3.0 

2.0 

1.0 

-1.0 <X5 OO 0.5 1.0 

Figure 4-38 Ethnographic curves for the Yanomamo assimilation rules of Fig
ure 4-33. A, curve 1: The small-AT pattern of assimilation rules holds, with & = 
0.9, a, = 0.05, a2 = 0.1, £0 = -0.9, bt = 0.9, bt = 0.7 in the notation of Figure 
4-33. Curve 2: large-Af pattern of assimilation rules, with f, = —0.85, a^ = 0.8, 
a2 = 0.95, £0 = -0.95, fc, = 0.05, b2 = 0.01. For ease of comparison, both pat
terns were calculated for a village with a population of twenty-five. Pig) was 
derived from Eq. (4-22), for which only values of £ such that (N/2)(l — f) = inte
ger are meaningful. B: The same as A, except that the Fokker-Planck equation 
(4-28) is used to approximate P(g) for large groups of actual size 100 (curve 1) and 
150 (curve 2). In B, £ is a continuous variable and all values on ( - 1, 1) are mean
ingful. 

Fashion in Women's Dress 

In this final case study we consider ethnographic evolution that is cyclical 
and thus never converges to a steady state in the manner of incest avoid
ance and village fissioning. The data we use concern fashion in women's 
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clothing over a 350-year period. They reveal wide fluctuations in such fea
tures as waist height and decolletage, some of which appear to follow a 
cycle of about 100 years. Even though we do not know the basic epige-
netic rules underlying the style preferences, they entail what intuitively 
seem to be two interacting forms of competition: among couturiers to 
lead in innovation, and among women to gain status. In addition, the 
fashions swing back and forth across central values that conform to the 
true body shape, such as a waistline positioned around the actual waist. 
In our translation model we add a 100-year time cycle to the assimilation 
function. The transition rates at which individuals switch from one style 
to another depend not only on the choices made by others but also on the 
position of the society as a whole in the 100-year cycle. A simulation of 
the data is generated. Although individual behavior is here based on over
simplified epigenetic rules, we are convinced that an improved connec
tion can be made with the aid of future studies in developmental psychol
ogy, and we expect that translation models of fashion change of the kind 
proposed here will be correspondingly refined. 

In dialect, paralinguistic gestures, dress, and a few other forms of social 
behavior, people select among a broad but far from unlimited array of cul-
turgens. The members of a society adopt only one or a relatively few at 
any one time, then shift to new choices with the passage of months, years, 
or generations. The phenomenon has been documented in fine detail in 
the study of women's formal dress by Richardson and Kroeber (1940), 
who took measurements from European and American paintings and 
fashion magazines from 1605 on. The principal features were claimed to 
oscillate back and forth through periods lasting about 100 years. During 
each century, for example, waist height went from high, near the bustline, 
to short, hugging the hips, and then back up to high again. Similar excur
sions occurred in dress length and decolletage (Figure 4-39). There ap
pears to be an ideal although largely unappreciated pattern within these 
fluctuations toward which fashion gravitates: a long full skirt, the waist as 
slender as possible and in its true anatomical position, and much of the 
shoulders, arms, and upper portions of the bosom exposed. 

Episodes of unsettlement occur within the long runs of dress data, 
during which there is more aggressive experimentation and overall varia
tion in style. These developments often take place during periods of social 
and political upheaval such as the Napoleonic era and the modern world 
wars. But they also occur when the dress pattern evolves too far in one 
direction or another—toward, say, too short a skirt length or too high a 
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Figure 4-39 The Richardson-Kroeber data on several dimensions of women's 
dress in European and American fashion for the period 1788-1936. The numbers 
are the percentage of the line drawn from the mouth to the feet. The lines give the 
five-year running averages and the points are the yearly means. (Modified from 
Richardson and Kroeber, 1940.) 

waistline. Although styles fluctuate around the "ideal" pattern, they do 
not converge toward a steady state in its vicinity. Innovation is built into 
the system. Competition among couturiers initiates experimentation and 
inevitably triggers departure from the contemporary mode. 

These observations can be built into an elementary translation model. 
There they illuminate the fact that the ethnographic distributions (4-22) 
and (4-28), originally conceived as steady states, can also be applied to 
certain types of time-dependent historical processes. A given style com
ponent or set of components can be divided arbitrarily into two catego
ries, for example high and low for waist height. The historical evidence 
suggests that in the case of waist height there is no innate preference for 
either of these culturgens, provided the dividing line between them is 
made at approximately the anatomically natural midwaist level. Because 
of unrelenting innovativeness, there is no relative frequency of the two 
styles, f, at which the values of the assimilation functions v2i(i;) and 
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t>i2(f) remain fixed. We can further characterize the tyj(f) by noting that 
as the styles approach either of the extremes, that is toward very high or 
very low waistlines, the transition rate in style choice shifts to favor the 
opposite style. 

A consideration of human sociobiology suggests the motive forces: 
status competition among adult females and subsistence competition 
among couturiers, each reinforcing the other. For centuries novelty in 
adornment has provided positive status tokens for women. Furthermore, 
to lead one's peers in fashion rather than merely to stand apart is the goal. 
The prestige symbolized by successful innovation increases access to in
formation, social dominance, and attention from males. 

Couturiers are engaged in a different form of competition, the outcome 
of which determines both their subsistence and their social position. Their 
only strategy is culturgen innovation and propagation. The goal of most is 
to move fashion away from the accepted norm, either by embellishment 
or, in the case of most haute couture, radical redesign. Wide variation is 
inevitably generated, but when an attribute such as waist height exceeds 
limits set by anatomy or transgresses nudity taboos and other group 
norms, a rebound will occur. This redirection of innovation can be sudden 
or gradual, and it will tend to be most abrupt in societies through which 
cultural information flows rapidly and widely. 

In their original study Richardson and Kroeber anticipated key ele
ments of this mechanism and cited earlier precedents, but assessed them 
all pessimistically. The required cognitive mechanisms of valuation, deci
sion, and communication seemed closed to objective study. The gap 
between individual and culture also appeared impassable. This is no 
longer the case. Earlier, in Chapters 2 and 3, we showed that cognitive 
psychology has become empirical and sophisticated enough to make the 
processes underlying human judgment and decision accessible to mea
surement. Furthermore, the models of gene-culture translation we have 
developed show that no formal, in-principle barrier exists between the 
patterns of human thought and those of culture. 

Thus a consideration of what appear to be elementary traits of human 
behavior leads to the expectation that the cultural dynamics of fashion 
will show some aspects of temporal pattern, with styles replacing one an
other in dynastic succession. To incorporate this process within the 
present model, consider two style culturgens ct and c2. For example, Ci 
can be "low waist" and c2 "high waist"; hence v12(i) is the assimilation 
function for a low- to high-waist transition and v21(i;) the function for a 
high- to low-waist transition. This is the type of binary decision that faces 
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all trend watchers—either to stay with current usage or to adopt a novel 
style. 

Prevailing usage is now time dependent, with f = f (/) and both v12 = 
v12{^,t) and v21 = v21(g,t), functions of time. The steady environmental 
conditions suitable for brother-sister incest and the Yanomamo village fis
sioning no longer exist. For the first time we encounter an ethnographic 
curve P(t;) with permanently dynamic properties. 

The Richardson-Kroeber data imply, however, that on the time scale of 
human decision making and communication the style changes are slow. 
Their cycle lengths are on the order of 100 years. Rather than solve the 
complete dynamic problem, we shall introduce an adiabatic approxi
mation that is accurate under the conditions just cited. In this approxi
mation the vti(i;,t) change in time, but only slowly, and at each moment 
the group is at or close to the steady state P(g) that would apply to the 
current vti(^,t). This is made possible by the relative speed of decision 
and communication, whereby the group as a whole "relaxes" rapidly and 
adjusts itself to the prevailing conditions. Of course when relaxation is not 
rapid and the viS(^,t) accelerate, which has occurred in the past during 
revolutionary eras and wartime, the adiabatic approximation is no longer 
accurate and the full dynamic problem must be solved. But for initial 
models of the Richardson-Kroeber process, adiabaticity is sufficient. 

Although the adiabatic approximation can be used on uy(f,/) of general 
form, to accord with the basic Richardson-Kroeber model we make the 
assimilation functions cyclic processes v{j = w«(0 G R with period 100 
years (Figure 4-40A). A generalization of the model to incorporate com
plex ^-dependence, overtones, and randomness is feasible (see for ex
ample Wang and Uhlenbeck, 1945), but it will require careful attention to 
the statistical properties of the time-series data as well as to the specific 
mechanisms of prestige competition. 

In the present case the ethnographic curve has the time-dependent 
structure 

P{nltt) = ( ^ ) p(tr (1 - p(t))N-n' (4-76) 

where p(t) is the time-dependent analog of Eq. (4-50), namely 

pit) = «,!(/)/[»!, (0 + v21(t)] (4-77a) 

~ ««(/)• (4-77b) 
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Figure 4-40 Gene-culture amplification for the Richardson-Kroeber model of 
fashion change. A, individual assimilation rules; B, dynamics of mean style usage. 

The second step, (4-77b), gives the form of p(t) when the assumptions un
derlying the limiting form, (4-55), are obeyed. The mean style usage pat
tern at time t is 

| ( 0 = 1 - 2p(t) (4-78a) 

~ 1 - 2«11(/). (4-78b) 

The quantity f (f) is the theoretical construct corresponding roughly to the 
Richardson-Kroeber cycle. In the simplest case (4-78b) |(f) has a period 
of 100 years. The behavior of this |(f) is sketched in Figure 4-40B, and 
the corresponding motion of the ethnographic curve is shown in Figure 
4 -41 . 

The dynamics of the transition probabilities vtJ(t) have been modeled 
here as a purely phenomenologic process. The gene-culture mechanisms 
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Figure 4-41 The ethnographic cycle for the Richardson-Kroeber process of 
fashion change. 

underlying the dynamics of culturgen-culturgen competition will be 
treated in Chapters 6 and 7. 

While the regime of quantitative style competition models can be ex
pected to include some periodic systems, our adiabatic amplification has 
focused on periodicity in order to reflect the essential Richardson-
Kroeber hypothesis. The extent to which the fashion data warrant this 
conjecture about periodicity is a related but for the most part separate 
question. In view of the wide attention the work by Richardson and 
Kroeber has received, however, their original published data (1940) de-
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serve to be scrutinized using modern techniques not employed by the 
original investigators. From this perspective one notes that a statistically 
significant statement regarding cycles on the order of a century generally 
requires at least 400 years of sequential data (Box and Jenkins, 1970), 
roughly three times the data used by Richardson and Kroeber. Our own 
calculations of the periodograms and power spectra corresponding to the 
dynamics of these fashions display features suggesting cycles about one 
century long, but their statistical significance is dubious. We therefore 
feel that until more evidence is gathered, the classic fashion cycles remain 
largely hypothetical and may ultimately prove to be an artifact of a more 
complex, perhaps chaotic time-series process. 

Can Culture Have a Life of Its Own? 

We have perceived culture as the product of a myriad of personal cogni
tive acts that are channeled by the innate epigenetic rules. The "invisible 
hand" in this marketplace of culturgens has been made visible by charac
terizing the epigenetic rules at the level of the person and translating them 
upward to the social level through the procedures of statistical mechanics. 
Gene-culture coevolutionary analysis runs counter to the organicist con
ception of many social scientists, which views culture as a virtually inde
pendent entity that grows, proliferates, and bends the members of the 
society to its own imperatives. 

Cultural determinism has been given many shades of meaning by social 
anthropologists over the years, as noted in the reviews by Marvin Harris 
(1968, 1979), Hatch (1973), and Leaf (1979). The extreme form dismisses 
biological feedforward altogether. According to White, for example, 
"Culture exerts a powerful and overriding influence upon the biological 
organisms of Homo sapiens, submerging the neurological, anatomical, 
sensory, glandular, muscular, etc., differences among them to the point of 
insignificance" (1963:116). Hence, he claims, culture possesses a life of 
its own: "Flowing down the ages, it embraces the members of each gener
ation at birth and molds them into human beings, equipping them with 
their beliefs, patterns of behavior, sentiments, and attitudes. Human 
behavior is but the response of a primate who can symbol to this extraso-
matic continuum called culture" (1949a:379). As a result, culture must be 
sui generis, comprehensible only through an autonomous discipline of 
culturology, because it "changes and develops in accordance with laws of 
its own, not in obedience to man's desire or will. A science of culture 
would disclose the nature and direction of the culture process, but would 
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not put into man's hands the power to control or direct its course" 
(1948:213). 

Evidence accumulated during the past ten years concerning cognitive 
epigenesis, which we analyzed in Chapters 2 and 3, negates this extreme 
interpretation. Culture is in fact the product of vast numbers of choices by 
individual members of the society. Their decisions are constrained and 
biased in every principal category of cognition and behavior thus far sub
jected to developmental analysis. In the present chapter we have shown 
that even small propensities to behave in one manner in preference to an
other tend to be exponentially amplified into strongly distinctive cultural 
patterns. Furthermore, and of considerable importance to social theory, 
measurement of the amplification is technically feasible. Gene-culture 
theory leads to the inference that laws governing culture qua culture must 
exist, but they can be synthesized from the principles governing the mind. 
The derivation of social pattern from biologically grounded individual 
cognition is not just logical; it appears to provide the only method for 
gaining knowledge of the organic mechanisms underlying such principles. 

What form do cultural laws take? The gene-culture translation model 
developed in the previous sections can lead to a partial answer. It was 
shown that a key measure of cultural pattern is the culturgen proportion £, 
and Eqs. (4-21) and (4-26) are the dynamical laws governing its probabili
ty. These formulations yield still other equations that define the history of 
£ experienced in particular cultures. For example, during periods of his
tory when the ethnographic curve Pig, i) is sharply peaked around a single 
mode, € is never far from its mean |(f), and |(f) obeys a law of cultural 
evolution 

where the function X is given by Eq. (4-27a). When P(i;,t) is broad or has 
multiple sharp peaks, one can either resort to the full ethnographic curve, 
to coupled equations of motion for the moments (£*), k = 1,2, 3, . . . 
that follow directly from P(i;,i), or to laws for the stochastic motion of £ 
itself (see for example Mortensen, 1969, and Goel and Richter-Dyn, 
1974). Furthermore, in a chapter that gives attention to the simplest 
models of gene-culture translation, we should note that the formal tools 
are not limited to largely unstructured social systems containing just two 
culturgens and a single cultural pattern variable £. Although compara
tively less well understood, methods are available for handling many cul-
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Figure 4-42 The dynamics of | (0 , the average value of f, in the steady ethno
graphic state. The modes of/>(£) represent local attractors for the motion of |(0-
Individual societies change stochastically, with the result that they are able not 
only to move against the overall trend but also, in the bimodal case, to cross over 
between stationary subdistributions (the dotted line in D). 

turgens at once and for synthesizing the covering laws for their diverse 
measures of structure and process (for background see Appendix 4-3; 
Haken, 1977; Nicolis and Prigogine, 1977; Penrose, 1979). These tech
niques and their background hypotheses will require attention in increas
ingly sophisticated applications of gene-culture theory connecting genes 
through epigenetic rules to the cultural laws they underlie. 

One nevertheless might conceive of the possible emergence of institu
tions and customs so powerful, so able to command resources through het-
erarchic feedback, that they grow and proliferate even while contra
vening the epigenetic rules and lowering genetic fitness. In such a case 
then, surely we can speak of culture's acquiring a life of its own, utterly 
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independent of individual concerns. But no, not at all; we have merely re
turned to the leash principle of Chapter 1. It is possible to demonstrate 
that no cultural juggernaut will persist indefinitely under such ill-fitting 
conditions. The cognitive core rules might permit a changing of the assim
ilation function in reaction to the new cultural milieu, generating a new set 
of individual developmental probabilities (see Figure 3-3). The evidence 
shows that such flexibility exists but is very limited against the scale of 
conceivable biological possibilities. If epigenetic rules are contravened, 
they can be expected to exert a steady pressure until the culture is rea
ligned into a more congenial form. Only by changing the genetic basis of 
the epigenetic rules or of the more fundamental cognitive core rules them
selves could a previously maladaptive culture be preserved indefinitely. 

Finally, it should not be forgotten that the cultures obedient en masse to 
the stationary ethnographic distributions are not individually stationary. 
Single societies can and do shift in the proportions of the alternative cul-
turgens assimilated by their members. As suggested in Figure 4-42, the 
form of the ethnographic curve affects not only the likelihood of the 
occurrence of the culturgen usage pattern in individual societies but also, 
via the covering laws for £, the probability of the trajectory they will 
follow during cultural evolution within both the stationary and the time-
dependent distributions. In the case of single-peaked distributions, illus
trated in Figure 4-42A and B, states closer to the mean are more likely to 
occur than states farther away, so that | , the expected value of £ (the pro
portion of culturgens) is attracted to the most probable state. A similar 
circumstance obtains for the neighborhood of the two peaks in the case of 
the bimodal distribution (Figure 4-42C and D). An intermediate state 
(here g = 0) serves as a barrier between the two modes. However, the 
time course of each system is stochastic, so that actual trajectories are not 
smooth but erratic, permitting the occurrence of chance crossovers 
between the two subdistributions. 

Summary 

Gene-culture translation is the biological feedforward through the epige
netic rules of individual development to the formation of social patterns. 
The general properties of human socialization and enculturation are 
favorable to the reconstruction of translation by means of statistical 
models. In the great majority of societies culture is systematically passed 
along not just by the nuclear family (the "ordinary" circumstance in some 
industrialized Western societies) but by a much broader array of relatives 
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and parent surrogates. This condition ensures a relatively uniform expo
sure of younger people to most culturgens. Even though later exchanges 
of information are channeled to some degree through guilds and other 
preference groups, the overall transmission occurs rapidly and evenly 
enough in many instances for culturgen adoption to be accurately 
described by relatively simple diffusion models. The dissemination pat
terns of many kinds of culturgens studied by social scientists during the 
past twenty years can be derived from elementary assumptions about in
formation exchange, imitation, and evaluation. These processes in turn 
are causally linked to the epigenetic rules and core decision procedures of 
individual development. 

As a result, gene-culture translation is not exclusively a feedforward of 
individual decisions to the level of social patterning. Often the proportion 
of other members of the society utilizing a given culturgen, together with 
additional macrocultural properties, affect the probabilities that an indi
vidual will adopt that culturgen. We have made this relationship explicit 
in the assimilation function %(£), where the transition rate from use of 
culturgen / to use of culturgen j is a function of f, defined so that f = - 1 
when no one possesses culturgen,/ and + 1 when all possess it (see Figure 
4-13). The influence of the group is enhanced by the effects of reification, 
through which the mind treats organizational properties and group norms 
as though they were discrete entities with an independent existence. This 
mental operation simplifies the decision process of the individual and con
verts the culture into a heterarchy, in which different levels of organiza
tion feed back upon one another. Assimilation functions, like epigenetic 
rules that generate them, are considered to be biological traits. Our frag
mentary information indicates that they vary greatly among behavioral 
categories, and their effects amplify differences in the dependent social 
patterns (Figures 4-17 and 4-21 through 4-24). 

In order to model gene-culture translation, we have explored the indi
vidual decision-making process. The important determining element in 
quantifying social patterns is the transition probability per unit time 
among competing culturgens. This rate can be related exactly to the prob
ability of culturgen adoption and the waiting time between decision events 
in a way that makes its estimation practicable. The society is envisaged as 
a system in flux, so that the proportions of members carrying alternate 
culturgens composes a probability density distribution. This distribution 
is called the ethnographic curve; it gives the frequencies of societies uti
lizing each proportion of the competing culturgens (for example in 0.4 of 
the societies, 0.5 of the members utilize d and 0.5 utilize c2; in 0.05 of 
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the societies 0.9 of the members utilize c t and 0.1 utilize c2; and so on 
through all culturgen frequencies; see Figure 4-12). As the proportions 
change in the course of cultural evolution, so do the transition probabili
ties, in accordance with the assimilation functions that characterize the 
behavioral category. We have provided the master equation for the trans
lation of the assimilation function into the ethnographic curve, as well as a 
Fokker-Planck equation that permits a slightly less exact but sometimes 
more convenient evaluation of culturgen dynamics. A general formula for 
the ethnographic steady state is also applied. 

Two findings of general significance have emerged from the translation 
models. The first is that even small differences in the epigenetic rules, as 
reflected in the assimilation function, are magnified in the resulting ethno
graphic patterns. Even differences as low as 0.02 in the intrinsic bias 
toward competing culturgens, possibly below the detectable level in 
standard studies of behavioral development, can generate differences 1.5 
times greater or more in the corresponding modes of the ethnographic 
curves. An amplification law has been derived that provides an exact and 
simple relation between the magnitude of the intrinsic bias, the values off 
selected for analysis, and the amplification observed in the ethnographic 
curves (see Eq. 4-42). Where bias has been measured in a variety of devel
opmental studies, the values are mostly an order of magnitude greater 
than those required to produce easily detectable effects in ethnographic 
data (Table 4-1). 

The second finding is a corollary of the first: even when the underlying 
epigenetic rules and assimilation functions are rigidly constrained by 
genetic prescription, they can generate wide cultural diversity (see for ex
ample Figure 4-23). Fine tuning in these innate parameters can create 
large shifts in the dependent social patterns. Additional variation arises 
from the probabilistic nature of ethnographic distributions due to contin
uing flux in the decisions of individuals. 

Although suitable data concerning the epigenetic rules exist in some 
developmental studies and can be used to construct rough ethnographic 
curves, we know of no case in which information on both individual 
development and ethnography are sufficient to examine the full linkage 
between the two levels. Perhaps the closest approach is encountered in 
the category of brother-sister incest. It is possible to make an approxi
mation of the assimilation function, which on the basis of developmental 
studies is considered to be relatively insensitive to social context. We 
have derived the relatively narrow range of ethnographic curves in which 
brother-sister incest should lie. The available ethnographic measures, 
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which are largely anecdotal, appear to fall within the predicted range. An
other case chosen for analysis is village fissioning in the Yanomamo Indi
ans, where the assimilation function seems to approach a step form based 
on the tension between kinship ties and intravillage strife. A third ex
ample is fashion in women's dress, which fluctuates through a period of 
about a hundred years. The rebound apparently arises from the conflict 
between competition for status through innovation and exclusiveness and 
the tendency to adhere to natural body form. These three case histories 
demonstrate some of the great variety to be found in the assimilation func
tions and their deduced ethnographic effects. They also illustrate the na
ture of the data that will be required to link developmental psychology 
and human sociobiology to the remainder of the social sciences by means 
of quantitative theory. 

Appendix 4-1 

Cognitive Dynamics and 
Algorithmic Languages 

In the search for a formalism that expresses naturally and concisely the 
component processes of cognition, much attention has been focused re
cently on algorithmic languages, or information processing languages 
(IPLs). These systems deal explicitly with information processing and 
symbol manipulation (see Newell and Simon, 1972; Schank and Colby, 
1973; Norman and Rumelhart, 1975; Lindsay and Norman, 1977; Colby, 
1978). Although principally employed in psychology and machine intel
ligence research, they are also suitable for many applications in cognitive 
anthropology and in ethnosemantics (Abelson, 1973; Colby, 1973, 1978; 
Simon, 1979). 

When written out in full, hypotheticodeductive models expressed in 
IPL dialects resemble programs written for electronic computers, and they 
have the same inherent advantages and limitations. It is our view that 
formal IPLs, because they are both precise and embedded in theories of 
symbol manipulation, can be very useful for organizing models and for 
clarifying in a cross-cultural perspective otherwise vague ideas about cog
nitive mechanisms. 

Hypotheticodeductive models of cognition can also be expressed in the 
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language of dynamics. The objective of this form of model is to capture 
the properties of the mind that are best described by numbers. Thus 
throughout Chapter 4 we have used the equations that govern the dynam
ics of Markov processes in order to predict how many people in a society 
use a particular culturgen at any given time. But the IPL and the equation 
of motion approaches are not disjunct. While the formal statements of an 
IPL model specify each step followed by a cognitive mechanism, equa
tions of motion show the mechanism in action. As a consequence there is 
an intimate relationship, only partially understood, between these two 
basic ways of treating the mind. Here we wish to illustrate this deep con
nection by using a particular case from ethnography. We shall present it in 
the context of a model based on the theorems of Gregg and Simon (1967). 

The Warao Indians of Venezuela are a water people dependent upon 
dugout canoes for transportation and fishing. Over a long period ex
tending through adolescence and young manhood, the Warao male learns 
and perfects the skill of canoe building for which his people have been cel
ebrated through history. But as Wilbert (1976) has shown, the attainment 
of maturity as a canoe builder does not finish the Warao male's socializa
tion experience. Many aspire to the status of moyotu, or master 
craftsman, where the myths of the canoe craft are acquired and com
munication with the canoe spirits is established through the dream state. 
The appropriate chants and rituals for this esoteric communion are 
learned. The yeoman builder-shaman brings his mystic experiences under 
the guidance of an already established master craftsman. The master's 
role is relatively passive; little overt instruction is provided and the initi
ate is left to discover and to experience the hypotheses behind the myth-
world for himself. Hallucinogenic smoke inhalation and physical isolation 
help to induce the dream states. Specific dream experiences, viewed as 
communication with spirits, are attained by the initiate and reported to 
the master. The master acts as judge. When the initiate reaches the state 
when the hypothetical mythworld has been constructed in the initiate's 
mind and experienced correctly according to social norms, the master 
pronounces the period of apprenticeship over. The initiate enters the 
group of master craftsmen, and his prestige and power within the society 
attain new heights. His own welfare and that of his relatives is manifestly 
improved. "It is the genius of Warao culture," Wilbert states, "that en-
culturation along informal and nonformal channels succeeds so well in 
motivating the developing craftsman by holding out new goals each time a 
change in personal identity becomes desirable." 

On the basis of the ethnography it is possible to write a simple IPL 
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model for the gradual structuring of the initiate's thoughts under the 
master's guidance. It has the following form, with M the master and / the 
initiate. 

Ml: Do M3; then do M4. 
II: If current hypothesis G dream, 

then response «— "Have experienced mythworla." 
else response <- "Have not experienced mythworld." 

M2: If response = correct response, 
then reinforcement *— "Master says 'Yes. '" 
else reinforcement <— "Master says 'No.' " 

12: If reinforcement = "No," 
then current hypothesis <— 15. 

M3: Generate dream in initiate via dream state 
(sampling randomly from each pair of possible outcomes on 

attribute structure of dreams) ( ^ generated dream) 
dream «— possible dream. 

M4: If correct hypothesis G dream, 
then correct response <— "Have experienced mythworld." 
else correct response <— "Have not experienced myth-

world." 
15: Generate hypothesis (sampling randomly from possible 

hypotheses) (=> new hypotheses) 
current hypothesis «— new hypothesis. 

MO: Do Ml, do II, do M2. 
If reinforcement = "Yes," 

then tally of initiate's progress = tally + 1, 
else tally <- 0, 

If tally = K = full set of experiences, 
then halt, 
else do 12, then repeat MO. 

This model of Warao enculturation is a direct adaptation of a 
concept-learning model created by Gregg and Simon (1967), written in a 
somewhat informal mode appropriate to the present example. It illus
trates the form that cognitive models of the Wilbert data could take if ex
pressed in algorithmic, symbol-manipulative form. Such information-
processing or algorithmic explanations are intentionally mechanistic and 
well suited to implementation on computers. Gregg and Simon demon
strated that this model of discovery obeys an equation of motion that can 
be mapped exactly onto a Markov process. They number the hypotheses 
or possible hypotheses from 1 to 27V, assigning 1 to correct hypothesis 
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and 2 to its complement on the attribute structure of the stimulus (in our 
example, the dream). If the current hypothesis is /, and the initiate has 
made a correct interpretation, his cognitive system is said to be in state 
iR. If a wrong response is made, it is in state iW. There are 4N - 2 acces
sible states, two for any possible hypothesis chosen, except for the first 
two. Their matrix of the transition probabilities for the Markov process 
then has the structure shown in Figure 4-43A. Furthermore, take AR 
as an aggregate state such that the initiate is in AR if he is in iR, i ^ 1; 
W an aggregate state equivalent to iW, i = 2, . . . , N; and R equivalent 
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Figure 4-43 The transition probabilities for the Gregg-Simon concept-learning 
model. A, complete transition matrix; B, aggregated matrix. 
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to IR. Then it is possible to show that the initiate's cognitive dynamics is 
equivalent to the much simpler, three-state, aggregate Markov process 
shown in Figure 4-43B. 

These and similar results illustrate the rich connections between the 
IPL and equation-of-motion approaches to learning and cognition. The 
epigenetic rules emphasized in our development of gene-culture theory 
are the cognitive mechanisms that ultimately produce the transition prob
abilities within the state matrix; in other words, they are part of the infor
mation and symbol manipulation strategies that give the IP algorithm its 
specific structure. 

Appendix 4 -2 

Deriving the Motion Equation 
of Culturgens 

Use Eq. (4-24) to rewrite (4-2la) as 

dtP{Nvi,Nvt,t) = N(vi + Av)v12[N{Vi + Av),N(v2 - Av)] 

• P[N(Vl + Av),N(v2 - Av),t] 

+ N(v2 + AI/)D21[N(»'1 - Av),N(v2 + Av)] 

• P[N(.pt - Av),N(v2 + Av),t] 

- N{v1v12[Nv1,Nv2] + v2v2l[Nvt,Nv2]} 

• P[NVl,Nv2,t]. (4-A1) 

Defining P'(vx,v2,i) = P{NvlyNv2,t) and ^ ( i / j , ^ ) = vjle(,Nvi,Nv2) and 
dropping the primes, we can write Eq. (4-A1) as 

dtP(vi,v2,t) = N(vt + AV)D12(I'1 +• Av,v2 - Av)P{vx + Av,v2 - Av,t) 

+ N(v2 + A I O I ^ J ^ - Av, v2 + Av)P(v! - Av,v2 + Av,i) 

- NlviVuiVi^i) + J'2u2i(»'i,»'2)]/
>(i'i,i'j,rt. (4-A2) 
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Expanding the right-hand side of (4-A2) to second order in (Av), we find 
that 

dtP(vlyv2,t) ~ 

|_ \dvt dvj 2 \dv\ dvxdv2 dv\)J 

• VxVuiy^VtWiv^VtJ) 

+ N [1 ~ Av {k ~ ir2)
+ iAf (If - a ^ + £*) ] 

v2vil(v1,v2)P{vl,v2,t) 

- Wk«i i ( j ' i , ^ ) + viVil{v1,v,)]P(v1,va,t). (4-A3) 

But Av = l/N by definition, with the result that 

dtP{vi,v2,t) ~ (— -j^-J [viVlt(v1,v1)P(v1,vt,t)] 

+ JN H ~ irj Mi.C'i.^O'i.'*.')] 

+ 2^{~-k + irj Imll.vW*.*:® (^4) 

after collecting terms in (4-A3). 
Collecting terms in (4-A4) gives 

dtP{vt,v,,t)~ 

+ 2N fe ~ a^j [^^("i '"*) + »V»i(»'i,»*)]P(i'i,i*,fl. 

(4-A5) 
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The variable £ contains all of the information expressed by the two cul-
turgen frequencies vx and v2, and it follows from 

£ = v2 — v1 and vx + v2 = 1 (4-AS) 

that 

vt=\<l+& and Vl = ~ (1 - &. (4-A7) 

By the chain rule for a function f = f(v1,v2) = f[vt(f),v2((;)], 

df=d£dpi_+d£dv2_= _]_d£ + I i £ 
(4-A8) 

Hence 

2ii--k+-k- (^A9> 

Using Eqs. (4-A7) to (4-A9) in (4-A5), we obtain 

a,P(f,0 ~ - 2 ^ [ i (l - £)»„(£) - i (l + f W f l ] P(f ,0 

+ ^ ^ [ | (1 - * X . ( 0 + \ (1 + f)».i(f)] />(£,')• (4-A10) 

Hence we obtain the approximate equation of motion 

^ [*(flP(£,0] + ^ d,P(£,r) = - £ [*(0P(f,O] + ^ [fitfWtf.O] (4-Aii) 

where 

* ( 0 = (1 - 0 » » ( 0 - (1 + 0« i i (0 (4-A12) 

and fi(f) = ^ (1 - 0»«(f) + jj (1 + f)wii(f). (4-A13) 

The generation of partial differential equations from master equations 
such as (4-Al) is sometimes called the Kramers-Moyal technique. For re-



GENE-CULTURE TRANSLATION 189 

views and further discussion see Haken (1975), Gortz (1976), Horst-
hemke and Brenig (1977), and Nicolis and Prigogine (1977). 

Appendix 4-3 

An M-Culturgen Model 

Let M culturgens, c,, . . . , cu, be accessible to each society member. 
When M > 2, the amplification equation can be derived by a direct gener
alization of the two-culturgen case. 

The allowed transitions are of the form 

( n l t . . . ,Tii + 1, . . . ,nk - 1, . . . ,nu) 

?=s(#i1, . . . ,rij, . . . ,nk, . . . ,nM) (4-A14) 

for which the master equation is 

— Pint, . . . ,nM,t) = 

2£i2£=i ("i + l)vsn(ni, • • • ,n} + 1, . . • ,nk - 1, . . . ,nM) 
i+k 

• P(nt, . . . ,11} + 1, . . . ,nk - 1, . . . ,nM,t) 

" E H I W " ^ ^ ' . . . ,n,, . . . ,nk, . . . ,nM) 

i*k 

• P(nx, . . . ,ns nk, . . . ,nM,t). (4-A15) 

Defining the culturgen frequencies vk = nk/N,k = 1, M, one obtains for 
0 < vk < 1 the Fokker-Planck equation of motion 

^v,t) = - | ^ [X^Pivj)] + i f | ^ [Qik{v)P(y,tK 

(4-A16) 
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where 

*i(") = 5 £ i t ^ M " ) - «V>*(»0] (4-A17) 

pV""1 YJL, [viVsAv) + vk,vk,j(v)] when./' = k, 
and &*(*) = tw (4-A18) 

I - AT^i/ji^iO + ^ ^ ( v ) ] when 7 ^ A:. 

In contrast to the two-culturgen case, there is no easy procedure for 
getting at the stationary distribution unless the X3 and Qik have very 
simple properties. The difficulty can often be circumvented by clustering 
the culturgens into two sets, and proceeding with the analysis for the 
two-culturgen case. 

Appendix 4 - 4 

The Stationary Solution 

From Eq. (4-26), 

dtP(£,t) = - -^ [X(OP{t,»] + ^ [fi(f)P(f,/)] (4-A19) 

we seek P(tj) such that 

J>_ dtPii) = 0 = - £ [*(0P(0] + ^ [ 2 ( 0 ^ ( 0 ] 

= ^ ' ( 0 (4-A20) 

where 

7(f) = - * ( 0 P ( 0 + \j-£ [Q(€)PWl (4"A21) 

the so-called probability flux. It is evident that dtP(^) = 0 when J(g) = 
constant. 
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What is the value of this constant? We know that the society is of con
stant size N, so that system state transitions that take N to any different 
value are forbidden. In terms of g, this means that £ is bounded between 
- 1 and +1 . Consequently no probability density P(f) has a chance to 
progress beyond the interval [- 1, + 1], and f = - 1 and f = + 1 are re
flecting boundaries for the stochastic process f (f). But since /(f = -1) 
and J(f = +1) are simply the loss or gain of amounts of P(ij) at the 
boundaries, whatever enters the reflecting boundaries is certain to be re
flected back, and hence the net flow J(l- = - 1) and J(f = + 1) must be 
zero. 

However, /(f) is constant in the stationary state everywhere on 
[- 1, + 1], and it can be concluded that for the boundary condition 

dtP(& = 0 if and only if /(£) = 0, - 1 < f < 1 (4-A22) 

Then, from Eq. (4-A21), 

- X($Pi€)+\j£ [Q (€)P(0] = 0- (4-A23) 

or 

[~Xi€) + \ % ( f )] Pi& + \ Q{& % (f) = °' (4"A24) 

or 

or 

In Pig) = 2 j 1 %£L d£ - In Q({) + constant, (4-A26) 

which gives the form 

^ ' - ^ • • K f u H (4-A27> 
where C is a normalization constant. 



CHAPTER FIVE 

The Gene-Culture 
Adaptive Landscape 

Our treatment of gene-culture amplification makes it clear that the in
teraction between genes and culture is especially simple when the epige-
netic rules function independently of the cultural surround or any learning 
experiences. We have reviewed the evidence that several important 
cases, including brother-sister incest, patterns of color naming, and 
mother-infant bonding appear to approximate this condition closely. Such 
epigenetic rules guide the assembly of behavioral programs in a manner 
little influenced by the existence or nature of other culturgens. The rela
tive simplicity of such rules makes them the natural point from which to 
obtain our first concrete visualization of the coupling between genetic and 
cultural evolution. Our purpose in this enterprise is to formulate coevolu-
tionary pictures, in mathematical form, that incorporate the reciprocity of 
the two modes of change. We wish to draw conclusions from the pictures 
about the evolutionary mechanisms that lead to the prevalence of specific 
types or designs of epigenetic rules. 

Whenever possible the equations and their antecedent arguments will 
be written in a form parallel to that used in conventional population 
genetics, in order to emphasize both the similarities and the differences 
between pure genetic evolution and gene-culture coevolution. By this 
means we shall show that it is possible to marshal a substantial number of 
existing concepts from theoretical population genetics and ecology to ana
lyze certain aspects of gene-culture coevolution, particularly the exis
tence of adaptive peaks for the epigenetic rules, the effects of environ
mental heterogeneity, and the role of purely phenotypic variation within 
populations. 

A straightforward model of a social population with epigenetic rules 
independent of usage patterns is formulated in the early sections of this 



THE GENE-CULTURE ADAPTIVE LANDSCAPE 193 

chapter. It is a simplified version of the models developed in Chapter 4 
and is suitable for application to evolutionary time scales. Its epigenetic 
rules are shaped by two alleles at a single locus, and the population repro
duces across partially overlapping generations. Since it is clear that 
single-locus models are useful for theory, but by no means obvious that 
they are relevant to real cognitive systems, we first gather the evidence on 
this question. Current findings about trait control by polygenes and by 
major genes suggest that properly applied single-locus models will find 
useful application. We split our treatment of this point between the 
present chapter and the one following. In the next section we examine the 
status of population genetics in general, reserving for Chapter 6 a more 
detailed treatment of the profound effects that mutations at a single locus 
can have on the structure of neural circuits, brain ontogeny, and the 
dynamics of cognition and behavior. 

Since our objective is to draw conclusions about the effects of selection 
forces on the evolutionary trajectories of epigenetic rules, we begin with a 
time-independent ecology and constant selection pressures. The model is 
then sufficiently simple to demonstrate the existence of an adaptive land
scape for the gene frequency dynamics; this landscape is a novel entity 
built from components of both the epigenetic rules and the fitness coeffi
cients. Its principal merit is the clarity with which it exposes the tight 
coupling between selection forces and epigenetic rules in the coevolu-
tionary process. 

Next we turn to environments that vary in time or space. By applying 
both fitness set arguments and the Haldane-Jayakar method, we obtain a 
first classification of the type of epigenetic rules selected in heterogeneous 
environments. In the final section we treat the role of developmental noise 
and phenotypic variability in the coevolution, deducing that the major 
conclusions achieved earlier carry over unchanged and that variance in 
the epigenetic rules plays a potentially important secondary role in 
shaping the evolutionary trajectory. 

In order to begin the treatment of adaptive peaks it is useful to envis
age, in the manner of Wright (1932, 1970), local arrays of genotypes de
ployed onto the surface of a landscape, with elevation symbolizing their 
adaptive values. Think of a two-dimensional grid on which all possible ga
metes or diploid recombinants of a population are mapped. Beyond it 
stretches the surface of all possible gametes or recombinants that can be 
generated by mutation and the immigration of new allelomorphs from 
nearby populations. A literal, point-by-point visualization of the adaptive 
landscape is difficult, if not impossible, because the ultimate potential 
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genotypic diversity is astronomically large.1 Furthermore, for n polymor
phic loci every combination and its fitness would require a diagram in 
(n + l)-dimensional space. But a rough geometric conception of the land
scape has often proved valuable. It is an analog that allows a rapid initial 
grasp of the process of evolution, and it has led to more precise formula
tions for restricted cases in the theory of population genetics, as reviewed 
for example by Turner (1970) and Edwards (1977). 

The topography contains hills and mountains of high genetic fitness and 
valleys of low genetic fitness. Often the prominences are clustered into 
ranges, representing major adaptive categories such as the ungulate type 
among mammals, the finch type among birds, and the caste-prolific forms 
of social insects. Each population occupies a patch on the surface of the 
landscape. More precisely, the population is made up of various numbers 
of individuals possessing the genotypes represented by points on the sur
face. Evolution proceeds as natural selection multiplies the genotypes on 
the upper edge of the slope and eliminates those on the lower edge. The 
rate of progression is a function of the relative frequencies of the alleles 
and the fitnesses of their genotypic combinations. In the diallelic case, for 
example, where p and q are the gene frequencies and W is the mean 
fitness, 

W = p2WAA + 2pqWAa + (f Waa, (5-1) 

and the rate of gene frequency change is 

Ap = £!jL—— per generation. (5-2) 
2W dp 

Thus the frequency of individuals located on points of the surface con
taining an a allele increases as a function of the frequency of a and the 
mean fitness of the diploid genotypes generated by A and a. Such an ideal 
evolving population can achieve a steady state when most or all individu
als possess the genotype that occupies the nearest adaptive peak. Or it 
can settle indefinitely around genotypes located on a saddle point or on an 
intermediate point of a knife-edge crest, where each departure is more 

1. Fifty diallelic loci alone can generate 7 x 1023 diploid combinations, or approximately 
the number of molecules in a gram molecular weight, while one thousand diallelic loci, an 
ensemble actually exceeded by many species of higher plants and animals, can generate 
more combinations than there are atoms in the visible universe. 
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likely to move it down a steep slope than farther up along the crest. The 
population can also be deflected from its upward course by genetic drift or 
by the immigration of disadvantageous gene combinations from other 
populations. Either of these events can have sufficient impact to carry the 
population to another slope and start its progression toward a second, 
previously unattainable adaptive peak. 

A more concise conception of the adaptive landscape is generated by 
the use of points on the surface to represent the genotype frequencies of 
the entire population. Thus one point P1 is the location of a population 
with a particular set of frequencies of AA, Aa, and aa respectively. The 
elevation of the landscape is W, the mean fitness of the population defined 
in Eq. (5-1). Populations tend to evolve in such a way as to gain in mean 
fitness; that is, they move from Px to other frequency combinations, say 
P2 and P3, that possess higher mean fitnesses. This is the visualization we 
shall apply later in the chapter in an extension of the theory to gene-
culture coe volution. 

The models of classic population genetics typically treat the adaptive 
topography as if it were static through evolutionary time. But the land
scape is more accurately described as a seascape of thick syrup. Through 
evolutionary time, peaks slowly subside while nearby valleys fold upward 
into ridges and hills. The resident populations move through zigzagging 
trajectories; most are trapped in troughs and die out. Some regions of the 
surface can become even more fluid. To be explicit, important changes 
can occur frequently during the course of a single life cycle: forest fires 
strike, prey species die out, famine deepens, new predators invade, but 
then a rich nutfall is discovered, and so on. 

The evolutionary trajectories seldom if ever lead directly toward global 
optima, that is, toward the highest but invariably distant mountain ranges. 
Conceivably there is an ideal ant—with a huge brain and steel jaws, 
perhaps—but it is not within reach of the ten thousand contemporary 
species of Formicidae during the remaining time allotted to them or to any 
other form of life on earth. A great variety of other only slightly inferior 
designs can be imagined, but they too represent virtually unattainable 
adaptive peaks. For this reason long-range evolution is excessively diffi
cult if not impossible to predict, and extremum principles have proved to 
have limited utility in evolutionary biology (Oster and Wilson, 1978). 

Yet the conception of the adaptive landscape can illuminate the 
short-term histories of species and help to estimate the accuracy and pre
cision of the adaptedness of populations to their environment. For ex
ample, the caste of the leaf-cutter ant Atta sexdens that gathers fresh 
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vegetation to serve as the substrate for growth of symbiotic fungus con
sists in workers with head widths 2.2-2.4 mm. This is precisely the 
group, falling within a total colony head-width range of 0.6-5.4 mm, that 
experiments have proved to be optimum according to the criterion of 
energetic efficiency (Wilson, 1980b). When models were constructed that 
projected additional short-range behavioral evolution, the leaf-cutting 
caste was found to be within 10 percent of the theoretical optimum caste 
(head width 2.6-2.8 mm). Thus in its crucial foraging activity Atta 
sexdens can be said to be both optimal and nearly optimized; it is located 
very near the top of a local adaptive peak. 

The study of adaptation is most likely to progress through such small 
steps. Like soft landers scanning a few square kilometers of the surfaces 
of unknown planets, optimality techniques can be applied to experi
mentally tractable species to provide close views of the process of 
short-term evolution. Crude maps of local adaptive topography can be 
drawn, making it possible eventually to reconstruct evolutionary theory 
on a firmer empirical base. 

The Genetics of Populations 

Population genetics, the discipline charged with analyzing the dynamics 
of gene frequency change and the adaptive landscapes, has created a so
phisticated theory based on the facts of Mendelian and molecular 
genetics. But it remains weak in its connections to the rest of biology, in 
particular to the study of epigenesis and behavior and to ecology, the field 
most concerned with the pressures of natural selection. This disparity is 
partly the result of historical accident. Much of the experimental research 
on population genetics has been devoted to Drosophila fruit flies, whose 
natural ecology is exceptionally difficult to study, and to Homo sapiens, 
which has the most complex and least tractable development and eco
logical relationships of any organism. It is important to note some of the 
difficulties in population genetic analysis and the constraints they place on 
immediate future studies of gene-culture coevolution. 

Application of the basic theory to real systems is hampered by the po
tentially great complexity of interaction of gene loci above the two-locus 
case (Lewontin, 1974; Barker, 1979). First of all there is epistasis, defined 
as nonadditive interactions in the effects of alleles located on different 
loci. In some cases epistasis consists in the complete masking of the phe-
notype of alleles on one locus by those on another. However, it also in
cludes more subtle phenomena, such as intermediate degrees of suppres-
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sion across loci and multiplicative contributions by the loci to a common 
phenotype. 

When alleles from more than one locus contribute to a single character, 
they are called polygenes, and the inheritance is said to be polygenic or 
multifactorial. Multifactorial inheritance defined in the broadest sense is 
all but universal; the variation of few if any traits is totally under the con
trol of a single locus. Variation affected by polygenes can be expressed in 
any one of three ways (Haiti, 1980). It can be deployed into discrete 
classes, such as the number of bristles on the thorax of a fruit fly and the 
number of petals in a flower. Or the variation can incorporate a threshold: 
when a sufficient number of polygenes of a particular kind is present in a 
specified environment, the trait is expressed; below this number (in the 
same environment), it is absent. Examples in human beings include dia
betes and schizophrenia. Finally, in what is probably the prevailing mode 
of expression, polygenes influence continuous variation among a vast 
array of traits in most categories of anatomical features, physiological 
processes, and behavior. Some polygenes affect the activity of others and 
hence are epistatic. Other kinds of polygenes simply contribute to the 
phenotype in an additive fashion. 

Another major form of interlocus interaction is linkage disequilibrium, 
the departure from random association of alleles on different loci that 
occurs when the loci are located on the same chromosome. If alleles at 

and b2, representing two loci, are found mostly on one chromosome and 
a2 and bx are found mostly on the second, homologous chromosome, the 
combinations axb2 and a2bt are likely to be more frequent among the ga
metes of at least the next few generations than would be expected from 
chance alone. Sometimes this linkage disequilibrium results simply from 
random genetic drift or the mixing of previously isolated and genetically 
different populations. The more interesting case, however, is the epistatic 
interaction of alleles. If alleles reinforce one another in such a way as to 
gain higher fitness than the fitness they possess when alone, they can at
tain a stable linkage disequilibrium. In a changing environment, or in the 
face of repeated invasions from other, genetically different populations, 
the linked alleles will appear to be a "supergene'' prescribing a set of phen-
otypes different from those prescribed by alternative genes on the same 
loci. If a supergene heterozygote possesses a higher fitness than its 
respective homozygotes, the disequilibrium can be stable even in a 
steady-state, closed population. Examples of such assemblages that ap
pear to have been stabilized by the coadaptiveness of their member al
leles, with or without heterozygote superiority, have been well docu-
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mented in field studies. They include the genes that control shell color and 
banding in the land snail Cepaea (Jones et al., 1977) and some of the con
stituent alleles of the chromosome inversions of Drosophila (Dobzhan-
sky, 1970; Dobzhansky et al., 1977). 

The effects of linkage on microevolution can be complex. Theoretical 
studies indicate that genes can be included in equilibrium ensembles by 
the hitchhiking effect, and under various conditions multiple gene fre
quency equilibria can arise, some in stable linkage disequilibrium and 
others in linkage equilibrium (Maynard Smith and Haigh, 1974). 

The effect that is the inverse of interaction among loci is pleiotropy, the 
multiple phenotypic effects of single alleles. Although one component of 
fitness might be increased by the presence of a given allele, a second, un
suspected component might be diminished. Pleiotropic effects often cut 
across anatomy, physiology, and behavior (Futuyma, 1979). In the 
Norway rat the gene achondroplasia causes an overall abnormal growth 
of cartilage early in embryonic development, which in turn creates an 
inability to suckle, an occlusion of the incisors, and deficient pulmonary 
circulation. Pleiotropic effects can also be epistatic. For example, the mu
tation su-pr both suppresses the purple eye mutation in Drosophila and 
enhances the expression of hairy wing, which is yet a third mutation 
responsible for the growth of excess bristles. 

Because of their nonlinearity and often surprising effects, interlocus in
teractions and pleiotropy militate against exact genetic analysis of all but 
the simplest biochemical traits. Yet population and developmental 
genetics are today moving swiftly toward solution of less tractable 
problems of the kind encountered regularly in the study of complex anat
omy and behavior. It is relatively easy to get an order-of-magnitude esti
mate of the number of loci involved in polygenic control (Milkman, 1979; 
Haiti, 1980). Substantial progress has been made in the chromosomal 
mapping of polygenes in Drosophila (Thoday, 1979; Thompson, 1979; 
Thompson and Kaiser, 1979). Rough estimates of the number of poly
genes have been made in the case of maze learning, morphine sensitivity, 
and dominance behavior in mice (Oliverio, 1979). Where explicit infor
mation cannot be immediately obtained about the genes themselves, a 
large armamentarium of techniques has been developed to estimate the 
heritability of traits. These permit close approximations of the relative 
contributions to phenotypic variation of the genotype, environment, and 
genotype-environment interaction (Falconer, 1960; Jinks, 1979; Cloninger 
et al., 1979a,b; Hartl, 1980; Karlin, 1980a,b). 

Some authors have nevertheless remained pessimistic about the pros-
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pects of analyzing polygenic systems at the level of the population. If the 
human genome comprises on the order of a hundred thousand genes (as in
dicated for example by McKusick and Ruddle, 1977), and if a sizable frac
tion of these influence the variation of particular traits, the permutations 
of phenotype and fitness are astronomically large and the traditional dy
namical equations of population genetics based on one or two loci can no 
longer be put into service (Lewontin, 1974). However, current research 
suggests that the problem may not be nearly so formidable as the more 
naive arithmetic exercises suggest. Thompson and Thoday (1979) have 
expressed the matter as follows: "There is little evidence that the number 
of polygenes affecting any particular trait is exceptionally large. Indeed, 
in those instances in which gene number has been studied in detail, a very 
limited number of loci account for the great majority of the genetic varia
tion." To take one of the more carefully analyzed examples, Spickett 
(1963) characterized three polygenes that account for most of the known 
variation in sternopleural bristle number of Drosophila melanogaster. In 
the realm of behavior, Kovach's (1980) study of color preference in quail 
chicks has implicated four to eight segregating units of inheritance. 

Moreover, many systems observed in natural populations are not under 
the control of polygenes as defined in the narrow sense, with multiple loci 
making roughly equal contributions to phenotypic variation. There is in
stead a single major gene (or "switch gene") whose effects may be altered 
to some degree by modifiers. During the past ten years numerous 
single-locus mutants have been identified in Drosophila that alter behav
ior and information processing through the modification of individual 
steps in virtually every conceivable episode of cell assembly, his
togenesis, and functioning of the nervous system (Hall and Greenspan, 
1979). Their various effects touch most of the sensory modalities and 
range in magnitude from very minor to massive and lethal. Some even 
alter particular forms of learning ability, including the x-chromosome am
nesiac, which reduces memory and apparently nothing else. 

Examples of relatively simple forms of control in human heredity in
clude a major gene affecting certain forms of spatial ability (Ashton et al., 
1979) and what is probably a dominant autosomal gene that confers on 
adults the ability to produce lactase, and hence to digest milk. The fre
quency of the latter trait shows a large amount of variation among human 
populations, closely correlated with the use of milk and milk products in 
the diet (Kretchmer, 1972). When ensembles of loci are involved, their al
leles are sometimes stably linked into segregating units by inversions, 
translocations, or strong epistatic interactions and as such can be treated 
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by the more elementary models of population genetics based on few-locus 
systems (Dobzhansky, 1970). 

Microevolutionary studies that focus on major genes and blocks of 
genes have been conducted on a diversity of species of butterflies, moths, 
Drosophila fruit flies, flowering plants, and other organisms. It is not un
common to observe selective advantages of 20 percent or higher under 
natural conditions (Ford, 1971). We see no reason to doubt that similar in
formation at the genie level can be obtained for directional microevolution 
in human populations, such as the increase in brachycephaly in Central 
European populations during the past seven hundred years (Bielicki and 
Welon, 1971), the shortening of stature and lightening of skin pigment in 
equatorial forest pygmies and pygmoids during the past twenty thousand 
years (Hiernaux, 1977), and the presumed increase in endurance and re
sistance to pain of Papuans during a still unknown period of time (Gaj-
dusek, 1970). The prospect is brightened further by rapid progress in 
human genetics as a result of the electrophoretic separation of isoalleles, 
the full chemical characterization of enzymes, and other molecular tech
niques. By 1977, according to McKusick and Ruddle, 1,200 human genes 
had been identified, of which 210 were mapped onto a particular chromo
some. At least one gene had been located on each of the twenty-three 
pairs of chromosomes. Although most of these genes affect primarily ana
tomical and biochemical traits, many alter behavior as well. Of equal sig
nificance, the first human genes have now been isolated and chemically 
characterized (Derynck et al., 1980). 

We suggest that an efficient strategy of research on the genetic basis of 
brain and behavioral microevolution will be to concentrate on cases in 
which the variation of relatively well defined epigenetic patterns is con
trolled by a major gene, or at most a relatively small number of polygenes. 
The evidence accumulated thus far indicates that these simpler systems 
are common and will be increasingly accessible with the aid of biochemi
cal techniques. The single-locus and few-locus models arising in applica
tion of gene-culture theory to these systems are also relatively simple and 
will therefore generate a rapid increase in our understanding of both the 
organisms and the basic theory. 

The Existence of the Coevolutionary Landscape 

If we proceed on the assumption that the genetic analysis of social behav
ior is feasible, an exact theory of coevolution must start by asking two 
questions of basic importance. Does a gene-culture adaptive topography 
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exist that is in any sense comparable to the pure genetic topography? And 
if so, can the theory of population genetics and ecology be extended to 
characterize the gene-culture topography in a manner that enhances the 
analysis of coevolutionary strategies? We have been able to answer both 
of these questions affirmatively for the classic case of one locus. There 
exists a function of gene and culturgen frequencies for specified survival 
rates, reproductive rates, and epigenetic rules that increases or at least re
mains constant in each successive generation. As a result, equations of 
motion can be written for gene-culture coevolution that extend conven
tional population genetic theory into a new domain. 

The generations in the idealized populations that we shall consider 
overlap in time except for their respective periods of reproduction. The 
generations are made to be quasi-discrete in a way that allows for a trans
parent accounting of gene frequencies. The life cycle of an organism 
engaged in gene-culture coevolution within this population proceeds in 
successive steps: 

(1) Zygotes are formed and the young grow and develop. 
(2) The young pass through an enculturation period. Biased to a 

greater or lesser extent by the particular epigenetic rules they have in
herited genetically, the young acquire a specific repertory of cultural 
schemata. The process of culturgen innovation plays a key role in the con
tinuing coevolution. When the frequency of a culturgen is low, a few 
deaths or emigrations can result in its abrupt loss from the population and 
hence a drop in cultural diversity. As a necessary condition for the indefi
nite maintenance of both culturgens, we suppose that the members are in
novators. As a result culturgens cx and c2 are continuously rediscovered 
and are thus always accessible to the juveniles. 

(3) As the elders die off, the young survive and reproduce at rates set 
by the culturgens they have assimilated. Although the alleles shape cogni
tive epigenesis, it is the culturgens expressed in actual behavior that de
termine fitness. For these organisms culture has become a crucial part of 
the adaptive repertory. The young adults mate at random with respect to 
the genes and culturgens. 

(4) The offspring of the young start the next life cycle. 
Each of the principal conditions in these steps can be eased to a sub

stantial degree without dire effects on the qualitative conclusions now to 
be derived from the more rigid elementary version. 

The pattern of enculturation is consistent with the known rules of social
ization in cultural animals (Bonner, 1980) and the great majority of eco
nomically more primitive human societies (Williams, 1972a,b). In the case 
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of human beings, the young are taught by a substantial portion of the adult 
members of the group both within and outside the family, so that in many 
categories of culturgens there is a relative homogeneity in the teaching 
and learning processes. Furthermore, hunter-gatherer groups, in which 
most gene-culture coevolution has taken place, have throughout human 
history contained only about fifteen to seventy-five individuals (Wobst, 
1974; Hage, 1976; Buys and Larson, 1979). Thus it is realistic to posit a 
case in which there are uniform enculturation practices throughout the 
society within any given generation. (See Chapter 4 for a fuller discussion 
of enculturation.) 

In the simplest case, the coevolution of two alleles (A,a) and two cul
turgens (ci,c2) is traced by following the population repetitively through 
its life cycle: 

Zygotes. In a population of Nt individuals at time t, the numbers of the dip
loid genotypes among the zygotes are given by the Hardy-Weinberg dis
tribution: 

p?Nt + 2ptqtNt + q}Nt = Nt (5-3) 

where pt and qt are the frequencies of the two alleles A and a, and 
Pt + qt= I-

Enculturation. Most protocultures and eucultures are likely to fall some
where between the two extreme strategies of enculturation shown in Fig
ure 5-1 A. For human beings the assimilation of culturgen alternatives 
and their retention in long term memory has been firmly demonstrated for 
categories of experience involving both observational and vicarious 
learning (for a detailed review see Rosenthal and Zimmerman, 1978), in 
accordance with everyday introspection. The limiting case of saturation 
by a single culturgen during enculturation is therefore of greatest interest 
in those cases where individuals do not switch culturgens following an ini
tial episode of evaluation and decision. This pattern is expected to occur 
in categories of thought shaped by the primary epigenetic rules and the 
subset of relatively selective and inflexible secondary epigenetic rules, 
such as those governing fears and phobias. It might also characterize 
epigenetic rules that are flexible and thus entertain multiple culturgens, 
yet summon feelings of extreme neophobia once the individual has made 
an initial decision. This condition appears to typify the activation of spe
cific codes of moral conduct and religious ideology, systems of thought 
that can become extremely persistent once installed in the mind. 
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Figure 5-1 The full decision process in the life cycle, which entails encultura-
tion (passage from c0, or no culturgens) as well as later decisions to retain the 
same active culturgen or to shift to the alternative choice. A: Enculturation in 
which exactly one culturgen from each culturgen category is used. Thus the 
epigenetic rules shut down the learning and choice process as soon as one member 
of the category is learned, or following the first choice between learned alterna
tives. B: More realistic enculturation strategy with multiple culturgens learned, 
followed by continued decision making. LTM = long term memory. 

Furthermore, as cultures grow in complexity and there is an accompa
nying increase in the number of culturgens circulating within a social 
group, strategies devoted to the acquisition of all or even a large fraction 
of the set of existing culturgens will cease to be efficient unless a macro-
evolutionary reorganization occurs in the brain systems that serve long 
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term memory. The reason is the relatively lengthy times needed to write a 
culturgen into long term memory (approximately 10 seconds per each old 
chunk incorporated within the new chunk; see Chapter 3). The organism 
simply does not have the time to "know everything" and must cede to 
others certain rights to information. But for our present purposes it is suf
ficient to note that a full-assimilation strategy will again be most relevant 
for protocultural groups, in which relatively few culturgens circulate, and 
for the eucultures of small hunter-gatherer bands, in which jack-of-all-
trades enculturation is still practiced. 

In Chapter 4 we dealt in depth with both the epigenetic mechanisms of 
decision making and their consequences for cultural structure and 
change. In this chapter we propose to treat in detail the consequences of 
the epigenetic strategy displayed in Figure 5-1A for gene frequency 
changes on evolutionary time scales. Thus each juvenile comes to rely on 
a single culturgen. The epigenetic rule that biases individuals toward ct or 
c2 is inflexible; in other words, we shall in this chapter direct our attention 
toward ^-independent assimilation curves like those of brother-sister in
cest. Chapter 6 will then introduce a unified mathematical theory in which 
the interaction of genes and culture is based upon the far more general 
models of the coevolutionary process shown in Figure 5-IB. 

As described in the previous chapters, the epigenetic rules generate 
probability distributions for the acquisition and utilization of various cul
turgens within a given culturgen category. For convenience these distri
butions will again be called usage bias curves (or, in the interest of brev
ity, just bias curves). The quantity u(ck\G(Gj) will be the probability that 
following enculturation the individual will have chosen to use the cul
turgen cfc, on which it relies for the rest of its life (see Figure 5-2). When 
the context is clear, the symbol u{ck\GiGj) will be abbreviated to uk. 

u(ck|AA) u(ck|Ao) u(ch|ao) 

Figure 5-2 An example of usage bias curves in which there are two culturgens 
(ci and c2) and two alleles (A and a). The curves result from the operation of 
epigenetic rules during development, which in turn are under the control of the al
leles. 
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Selection. The fitnesses W«(cfc) will represent conventional absolute se
lective values, with 2Wtj(ck) being the total number of gametes produced 
by an organism that has used ck throughout the prereproductive period T. 

We now define an absolute fitness value vector for genotype ij as 

Wu = [Wti(Cl), W4j(c2)]. (5-4) 

Similarly, a usage bias vector for genotype ij is defined: 

Us = [«(ci|y),M(c,|y)]. (5-5) 

The components of Ww are simply the conventional absolute selective val
ues, one for each culturgen. Similarly, the components of L« are the pre
disposition values of the bias curves, which are derived from the geneti
cally determined epigenetic rules. Let ° denote the dot product operation 
between vectors. 

The frequency of allele A after one generation of gene-culture transmis
sion is 

Lag , , , , 
Pt+1 PIWAA ° UA + 2ptqtV/Aa o L A a + q?Y/aa ° L a a ' KD~°> 

This expression may be usefully compared with the equation for gene fre
quency change in the case of ordinary genetic transmission: 

= PIWAA + ptqtWAa , _. 

Pt+1 rfWju + 2ptqtWAa + q?Waa-
 KJ " 

Similarly, population growth dependent on gene-culture transmission is 

Nt+1 = NtinfYfju o LAA + 2PtqtWAa ° hAa + 9?Wao ° Laa), (5-8) 

which compares with population growth dependent on conventional 
genetic transmission: 

Nt+1 = Nt(p?WAA + 2ptqtWAa + qjWaa). (5-9) 

Thus ordinary fitness Wi} is replaced by gene-culture fitness W(J ° Ly. 
The epigenetic rules transform the genetic landscape by creating bias 
curves that "fold into" the topography based on genotypes alone (Figure 
5-3). 
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Figure 5-3 The individual gene-culture fitness landscape for a genotype GtGs 

and culturgen series c*. The mean fitness is a linear combination of selective val
ues Ww(cjt) over the culturgens c*. The weighting factors are the epigenetic rule 
values uk = u(ck\GiGj). Insofar as the epigenetic rules and the fitness values are 
expressions of the activity of the underlying genotype, there will be parameters, 
including the epigenetic rules themselves, that determine the location of a specific 
genotype on this individual fitness landscape. 

The topography can now be characterized more explicitly. We define 
the population-average gene-culture fitness <WL) by the following equa
tion: 

<WL> = pfY?AA o LJU, + 2ptqtWAa ° LAa + #W«« ° U , . (5-10) 

The gene frequency dynamics expressed in Eq. (5-6) is equivalent to a 
dynamics 

A/>= |p«z , -^ ln<WL> (5-11) 
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on the (WL) surface, where Ap = p,+ 1 - pt is the frequency change in a 
generation. In the expected manner of an entity moving upward on a land
scape, the population evolves so as to maximize its mean gene-culture 
fitness, (WL). It finds equilibria at the zero-slope points of the landscape 
surface, and the standard theorems concerning single-locus trajectories 
then apply. 

The abundance of the culturgens can also be derived. Let l{j(ck) be the 
probability that a newly enculturated young organism survives the prere-
productive period Tto become a fertile adult. The number of cx culturgens 
in the time t adult phase is given by 

nu = lAA{cl)u(c1\AA)p^Nt + Uaic^uic^A^lptqiNt 

+ laaicJuicMaWtNt. (5-12) 

The number of c2 culturgens is obtained by replacing ct with c2 every
where. The culturgen frequencies are then 

v\ = «i/(«i + n2) and v2 = «2/(«i + "2) (5-13) 

and the parameter £ of cultural organization is given by 

Z = v%-vx. (5-14) 

It can readily be seen that if gene-culture coevolution favors an all-AA 
population on a static landscape, the developing young in the population 
will saturate on the AA bias curve, and the culturgen frequencies among 
the adults will be determined by /^(c,)*/! and 1AA(C2)U2. Similarly, an 
all-aa population will saturate on the aa bias curve. If a stable polymor
phism is attained, by heterozygote superiority or some other special se
lection regime, the associated culturgen frequencies are a function of all 
three genotypes and are given by Eq. (5-13). 

The determination of the ethnographic distribution P(£) for this culture 
is now straightforward. Since there is no opportunity for the society 
members to reevaluate their initial choice of culturgen, they cannot 
switch between cx and c2. The usage pattern is fixed at the value of £ given 
by Eq. (5-14), and P(g) itself is a Dirac delta function centered on this £. 
Hence for the present class of epigenetic rules the corresponding ethno
graphic curves are easily worked out. 

This basic model captures gene-culture transmission in the case where 
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genetic fitness of individuals is determined by their personal genotypes 
and social behavior. A more complete model will eventually incorporate a 
full measure of inclusive fitness, in which the effects of personal behavior 
on the fitnesses of kin are tracked explicitly; increments to the fitness of 
kin are devalued by the coefficient of relationship (r = V2 for siblings, Va 
for first cousins, and so forth) and then added to the base level fitness of 
the individual. In the original formulation by Hamilton (1964) the relation
ship was conceived as additive and can be expressed most concisely as 
follows: 

w = 1 + 8w + e, 

where 1 is the basal reference level, 8w is the individual's contribution, e 
is the kin effect, and w is the total fitness. More general formulations will 
allow for nonlinear effects between ego and its relatives and among the 
relatives, a circumstance especially likely to exist in complex eucultural 
systems; for example 

w = 1 + f(e) + 8w(e). 

Heterogeneous Environments 

In evolutionary time, spanning in most cases ten generations or more, few 
adaptive topographies are static. The environment of the population is 
inevitably heterogeneous in time. Qualities important to the survival and 
reproduction of its members fluctuate, often violently. Even if for some 
period the physical environment remains approximately constant the 
biotic environment, composed of predators, parasites, competitors, sym-
bionts, and food species, is certain to change. In the human environment 
the socioeconomic structure itself can be altered drastically, with or 
without accompanying ecological change (see Figure 5-4). 

Figure 5-4, opposite Examples of environmental fluctuations of importance in 
gene-culture coevolution. These variations can be ecological or social, and they 
can occupy vastly different time spans. Here we see seasonal changes in the prin
cipal food plants of the £ Kade San of the central Kalahari Desert; annual rainfall 
at Visakhapatnam, India, over an 85-year period; and Sorokin's estimates of 
major social disturbances in Europe, including social, political, and religious 
upheavals, during a 1,400-year period. (Modified from Tanaka, 1976; Thomas, 
1971; and Sorokin, 1957.) 
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Generation length affects the manner in which the evolving population 
responds to particular forms of environmental fluctuation. If many gener
ations pass during the course of one upward or downward turn, the popu
lation will tend to track the change with genetic evolution. If many re
versals in the environmental conditions occur within single generations 
and repeatedly through multiple generations, the population is likely to 
acquire an intermediate or even polymorphic genotype that reflects the 
statistical properties of the fluctuation. At the same time it may follow 
each twist and turn with short term cultural adjustments. But in both 
cases the overall gene-culture fitness depends on the length of the period 
that the population tracks the environment (Figure 5-5). For the fruit fly 
Drosophila pseudoobscura the onset of a single summer is a secular cli
matic trend covering several generations, and the frequency of its chro
mosome inversions changes in perceptible microevolution. For man the 
same period is a brief seasonal shift having little or no effect on gene or 
chromosome-type frequencies. 

The spatial environments of most species of animals are also heteroge
neous. When individuals pass from one habitat to another or from one 
kind of food item to another at frequent intervals during their lifetimes, 
that collective portion of the environment is said to be fine-grained. When 
the organisms remain within one patch or choose one dietary item consis
tently for relatively long periods, the environment is said to be coarse
grained. The dividing line between the two categories depends on the 
mobility and longevity of the species. What is fine-grained to a human 
being is often coarse-grained for an insect or other small animal (Figure 
5-6). As Levins (1968) and other population biologists have shown, the 

1000 YEARS 

100 YEARS 

TIME t 
u_ 

Figure 5-5 The genetic fitness of a culturgen (ct) in a fluctuating environment. 
The fitness is not a single value, but deployed in a frequency distribution. 
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Figure 5 -6 Variation in the grain of heterogeneous environments according to 
the size and mobility of the species. To the human family the tree is part of a 
fine-grained environment, an entity visited and deserted at frequent intervals. To 
the colony of weaver ants the tree is a coarse-grained patch, on which it remains 
for most or all of its life. The ant workers treat leaves as part of a fine-grained divi
sion of the tree, but the scale insects they visit (to collect sugary excrement) may 
reside permanently on one leaf and hence treat it as a coarse-grained patch. (Origi
nal drawing by Karen S. Ku.) 
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degree of fineness of each environment profoundly influences the purely 
genetic strategies of species adapting to it. The concept of grain is readily 
extended to include the cultural environment. In a fine-grained environ
ment, for example, the individual moves often among tribes or protocul-
tural groups, encountering different culturgens at relatively frequent 
intervals. 

The molding of gene-culture transmission to heterogeneous environ
ments can be approached using an optimization technique first introduced 
by Levins (1962, 1968). His fitness set theory provides a convenient di
gression from our main line of development because it is one component 
in a set of powerful and refined optimization methods relevant to evolu
tionary biology (Maynard Smith, 1978; Oster and Wilson, 1978). Despite 
its simplicity and its ambiguity about the choice of fitness-maximization 
rule, Levins' technique generates interesting and important predictions 
about phenotypes best suited to heterogeneous environments. Since it 
is not yet apparent what sort of optimization rules might hold for the 
majority of realistic gene-culture models, we have for the most part relied 
on the more basic equations of gene frequency change elsewhere in the 
book. On the basis of our observations about the gene-culture landscape, 
however, we feel that it is appropriate to anticipate the situation some
what and illustrate the type of gene-culture problem to which fitness-
maximization arguments can be extended. In the following development 
we shall adapt conventional fitness set procedures, the background and 
limitations of which have been treated elsewhere (Levins, 1962, 1968; 
Strobeck, 1975; Maynard Smith, 1978). The disclosure of optimization 
principles that cover many types of gene-culture systems will warrant 
more detailed optimization models than are justified at present. 

A single phenotypic variable x is used to summarize the epigenetic rule 
design in more concise form. In the two-culturgen case it replaces w(ci), 
the probability of selecting cx as opposed to c2; thus u(c2) = 1 - x. In this 
simplest of cases, knowledge of x provides all of the information required 
concerning the bias curve. 

Now consider an environment that alternates between two states, Ex 

and E%. In Ex the culturgen cx is very adaptive compared to its alternative 
c2, while in E2 it is deleterious. If the gene-culture topography were static 
and the environment remained in Et, a total commitment to culturgen cx 

would represent a peak on the landscape toward which the population 
would be expected to climb. In an environment consisting entirely of E2, 
the peak would lie at x = 0. Suppose, however, that there is a temporal 
succession of Ex and E2, as for example in the series 
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The fluctuation can be due either to changes in the environment or to 
movement of the organisms back and forth between patches in the two 
states. What is the optimal gene-culture "choice" in such a case? 

Referring back to the basic model, we now define the expected fitness 
of a genotype with phenotype x in any particular generation: 

Wt(x) = Wt(Cl)x + Wt(c2)(l - x), (5-15) 

where Wt(ci) is the absolute selective value associated with full ct usage 
during the prereproductive period T in generation /, and Wt(c2) is the 
value for full c2 usage. Thus Wt(x) is the mean fitness of an individual in a 
population composed of pure jc-morphs. Rearranging Eq. (5-15), we ob
tain 

Wt(x) = [Wt(Cl) - Wt(c2)]x + Wt(c2), (5-16) 

which forms a straight line with slope [Wt(ci) - Wt(c2)]. As depicted in 
Figure 5-7, the slope is positive when Wt(ci) > Wt(c2), which occurs in 
the Ex environment, and it is negative if Wt(ci) < Wt(c2), which occurs in 
the E2 environment. The two conceivable cases are given in the upper and 
lower pairs of figures respectively: partial culturgen matching occurs 
when both culturgens confer some amount of genetic fitness, while in 
complete culturgen matching each of the culturgens has zero fitness in one 
of the environments. 

Examine the right-hand diagrams in Figure 5-7. The .S?-curve defines 
the set of admissible loci in fitness space onto which a member of the pop
ulation can fall. For every x there is a coordinate [WOtl/st), W(JT|£2)], 

which is a point on if. The question of interest is, Which point or set of 
points on S£ is best suited to the pattern of environmental change? 

In answer it can be said that optimal adaptation to a heterogeneous 
environment is achieved by one or the other of two general classes of 
tactics. The first procedure is to invest in a single best-adapted pheno
type, which in the case of a gene-culture system is the epigenetic rule 
parameterized as x. The second procedure is to deploy a mixture of 
epigenetic rules. To illustrate the latter case we shall suppose that two 
alternative rules, xt and x2, are present in the population with frequencies 
v and (1 - v) respectively. The two states can be maintained discretely by 
one or the other of two devices: either balanced genetic polymorphism en-
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Figure 5-7 The genetic fitness of bias curves, varying by the predisposition to 
use one culturgen over another, in two environments. The upper pair of diagrams 
(partial culturgen matching) illustrates a case in which bearers of culturgen ct are 
better adapted to environment Et, but bearers of c2 have some ability to survive 
and reproduce also (and the reverse is the case in environment E2). The lower pair 
of diagrams (complete culturgen matching) illustrates a case in which c2-bearers 
have zero fitness in E, and crbearers have zero fitness in E2. The points P, desig
nate the fitness values obtained when one culturgen is always chosen over another 
(x = 0,1). i? is the fitness space of the population. 

tailing two or more alleles, or else reliance on bifurcation in the develop
mental pathway, which can be programmed with a single allele or some 
other monomorphic genetic arrangement (see Figure 5-8). The first case 
corresponds to ordinary genetic polymorphism (Dobzhansky et al., 1977). 
The second is found, for instance, in the program of caste differentiation 
in the social insects (Oster and Wilson, 1978; Brian, 1979) and can be ap
plied by functional analogy to major role differentiations within human 
societies. Similarly, and regardless of the mechanism underlying the 
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Figure 5-8 Differentiation of usage bias curves (and the combinations of epige-
netic rules producing them) within a population. Left, the curves originate from dif
ferent genotypes; right, the curves originate from an environmentally triggered bi
furcation in development, with the total pattern of developmental response being 
determined by a single genotype. 

polymorphism, the theory can be applied both to cases in which indi
vidual-level selection prevails and to those in which group selection is 
dominant. The special circumstances in which group selection can be
come important, particularly among highly organized societies and 
certain types of structured populations, have been discussed by E. O. 
Wilson (1975), Oster and Wilson (1978), and D. S. Wilson (1980). 

The mean fitness in environment Et is 

F , M = vWbifa) + (1 - v)W(x2\E1), 

while that in environment E2 is 

F2(y) = vW(Xl\E2) + (1 - v)W(x2\E2). 

(5-17) 

(5-18) 

These equations can be plotted into the right-hand diagrams of Figure 5-7 
by forming them into coordinates 

= v • {[WOclE*), WfrilE,)] - [W0c2|£x), W(x2\E2m 

+ [Wta|E1),Wta|£k)], (5-19) 
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which constitute a vector running for a distance proportional to v 
between the points [WOc^), W(x2|E2)] and [W(xl\El), WOcjEj)] on SB. It 
follows that there are two ways to reach any point on 5£. The population 
(that is, the whole breeding population, society, or progeny group) can de
ploy monomorphs that possess the x-phenotype matching the point. 
Alternatively, the population can deploy a mixture of morphs such that 
their ^-values straddle the single x-monomorph value just cited. For ex
ample, if the optimum monomorph is 0.5, morphs of 0.4 and 0.6 could be 
deployed equally well. An infinite number of other values can be used to 
generate a mixture with the same mean intermediate value. 

With the bias curve fitness space identified, it is possible to consider at 
greater length the effects of differing patterns of environmental fluctua
tion on gene-culture coevolution. An entree into this problem is provided 
by the distinction between coarse-grained and fine-grained environments. 
Suppose that at intervals on the order of a generation or longer, a 
hunter-gatherer band shifts out of one principal habitat into another. For 
example, it may move from forest to grassland and back, or stay in one 
home range as the environment passes through cycles of forest encroach
ment and deforestation caused in turn by major fluctuations in rainfall. If 
W is the mean absolute fitness of individuals in the band, the ratio of the 
number of individuals to the initial number after n generations is W. If P 
is the proportion of generations spent in the first habitat, where the fitness 
is Wt, and (1 - P) is the proportion spent in the second habitat, where the 
fitness is W2, then for the case of purely genetic transmission 

Wn = WnPWna-P)^ 

W = WpW2
l~p), (5-20) 

and Wi = WllPWip-1)lp. 

The equivalent expressions in gene-culture transmission are 

W(x) = [W(x\El)]
p[W(x\E2)]

a-p) 

(5-21) 
and W(x\Et) = W(x)VP[W(x\E2)]

(p-1)lp. 

Suppose instead that the portion of the environment in the natural-
selection regime of the hunter-gatherer band is fine-grained; for example, 
two different forms of food items alternate repeatedly during one genera-
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tion or even during the course of a single day. Through generation after 
generation there is a more or less constant flow of approximately the same 
mixture of these food items. The genetic fitness consequently will be 
based on the summation of the proportions of the two forms of items en
countered within generations. In the conventional case of genetic trans
mission the fitness is the arithmetic mean 

W = PW1 + (1 - P)W2 

(5-22) 

and W, = \ [W - (1 - P)W2], 

and the equivalent expressions in gene-culture transmission are 

W(x) = PlWixlEt)] + (1 - P)[W(x\E2)] 
(5-23) 

and W{x\Ex) = j [W(x) - (1 - P)W(x\E2)]. 

The goal in the optimality problem is maximization of these mean fit
ness functions. The solution of the problem for particular populations is the 
intersection of the curves of highest average fitness (Eqs. 5-21 and 5-23) 
with Z£, the actual fitness sets of the populations (see Eqs. 5-16 to 5-18 and 
Figure 5-7). In Figure 5-9 we have performed this operation for the gen
eral case of coarse-grained environments. It can be seen that the max
imum mean fitness hyberbola is likely to touch the true fitness space at an 
intermediate position. The population has the option of adopting either a 
single relatively unselective bias curve or a mixture of selective bias 
curves whose mean probability of usage equals the probability of usage of 
the unselective curve. 

Figure 5-10 depicts the expected outcome in fine-grained environ
ments. Here the solution is very different from that in coarse-grained 
environments. The population should choose one or the other of two rela
tively selective bias curves. Depending on the degree of differentiation of 
the microenvironments being encountered in a fine-grained fashion, it is 
possible for the species to evolve the capacity to make only a single 
response. This extreme result corresponds to the case labeled "complete 
culturgen matching" at the bottom of Figure 5-7. 

Next consider the special but potentially important case in which the 
alternative culturgens are coadapted. This expression means that assimi-
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curves of 
constant average 

fitness, W 

W(x|E2) 

increasing 

C, C 2 

OR 

PLUS 

_L J_ 

Figure 5-9 Optimization of the genetic usage predisposition in coarse-grained 
environments. The population should evolve toward a single relatively unselec-
tive bias curve or a mix of specific curves that produces a mean equal to the pre
disposition value of the unselective curve. 

lation by the population of one culturgen alone confers less fitness; 
various members of the society must respond to both culturgens. 
Hence there is a division of labor even within the realm of a single cul
turgen category, such as the production of different but related cutting 
tools to handle two species of prey, where both tools are needed but to 
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constant average 
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OR 

Figure 5-10 Optimization of the genetic usage predisposition in fine-grained 
environments. The population should evolve toward a single relatively specific 
bias curve. 

different degrees according to the availability of the prey. This is the cir
cumstance depicted in Figure 5-11. Regardless of whether the environ
ment fluctuates in a coarse-grained or fine-grained manner, the optimal 
solution is the same: a single relatively unselective bias curve. The point 
9" marking the position of multiple, selective bias curves (Eq. 5-19) lies 
within i? and is not competitive with the unbiased morph. When the Et 

and E2 fitness curves are separated far enough on the jc-axis, the fitness 
curve becomes bilobed, instead of single-lobed as depicted in the right-
hand panel of Figure 5-11. Small shifts in the slope of the population-
average fitness curves (the straight lines in the right-hand panel) can move 
the optimum point abruptly from one lobe to the next. Thus it is possible 
under these special conditions for the optimum bias to change markedly 
and discontinuously with a relatively modest change in the environment. 
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GENETIC 
FITNESS, 

Wt 

increasing 

USAGE PREDISPOSITION, X 

£? 

Figure 5-11 Optimization of the genetic usage predisposition in the special case 
of coadapted culturgens belonging to the same culturgen category. 

But as long as the overlap between the Et and E2 curves extends to at least 
their respective modes, the optimum bias is still intermediate in value. 

These various qualitative results are summarized in Table 5 - 1 . For 
each of the entries the quantitative structure of the usage bias curves is 
obtained by applying the equations just derived. These curves in turn 
specify the pattern of culturgen usage in the population, and consequently 
P(g) is fixed as before. 

We are unlikely to proceed much further with this mode of optimality 
analysis until additional details are known concerning the epigenesis of 
bias rules and environmental fluctuation. Nevertheless, the models do 
lead to the following fairly general principle of genetic assimilation: for 
the class of epigenetic rules considered here, the more uniform the envi
ronment encountered by individuals in a life stage through many genera
tions, the more selective will be the learning rules evolved in that life 
stage. If members of a particular age group encounter approximately the 
same stimuli in the same proportions and context generation after genera
tion, then by definition they exist in a fine-grained environment. The 
species will tend to evolve epigenetic rules that yield specialized 
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Table 5 -1 The optimum bias curves for societies in heterogeneous 
environments. 

Relationship of culturgens 

Environment 

Not coadapted (division 
of labor based on cultur
gens not advantageous) 

Coadapted (division of 
labor based on culturgens 
advantageous) 

Coarse-grained: changing 
roughly every generation 
or less frequently (for 
instance, the principal 
environment changes in 
time, or the group moves 
to a new habitat) 

Fine-grained: changing 
many times within a gen
eration (for example, 
resources change through 
daily cycles or season
ally, or the group moves 
through multiple sub
divisions of the en
vironment) 

Either one relatively 
unselective bias curve or 
multiple selective bias 
curves 

One selective bias curve 

At low niche variance, 
one relatively unselective 
bias curve. At high 
variance, multiple selec
tive bias curves. 

At low niche variance, 
one relatively unselective 
bias curve. At high 
variance, one relatively 
selective bias curve. 

responses on the part of the age group to a limited array of stimuli. The 
group with the most predictable environment is that composed of infants 
and small children, who also possess the richest array of selective epige-
netic rules thus far discovered. It is furthermore true that the array of stim
uli and requirements presented by the infant to its mother are nearly 
invariable, while the mother's attachment to the infant entails some of the 
few specialized rules thus far discovered in adults. This correspondence 
appears to support the main thrust of the optimality arguments. Yet it may 
be the result of biased sampling, since the relatively naive, uncomplicated 
behavior of the very young makes them the easiest subjects in the search 
for epigenetic rules. 

Adaptation to coarse-grained or heterogeneous environments calls for 
an intermediate phenotype, which can be achieved by the deployment of 
either unselective bias curves or a mixture of specialized morphs. In light 
of this result we can appreciate the significance of the evolutionary step 
that made possible the secondary epigenetic rules of reentrant decision, 
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choice, and valuation. As Figure 5 - IB shows, some individuals are able 
to retain knowledge of multiple alternatives and choose between them ac
cording to context. Epigenetic rules of this kind in effect combine multiple 
"morphs" into one "phenotype," different morphs being "released" ac
cording to circumstance. We can therefore postulate that the invasion of 
heterogeneous environments tends to result in a selection pressure fa
voring the more advanced form of cognitive mechanism shown in Figure 
5-1B. 

The Role of History 

The trajectory of gene-culture coevolution is prescribed by the initial gene 
frequencies and the fitness parameter Wy ° htj. But it is also influenced by 
the specific history of the evolving population—in particular, whether the 
features of the environment exercising selection fluctuate moderately or 
violently, and if violently, whether the catastrophes are frequent or rare, 
evenly spaced or clumped. Yet the formulation of general laws and the 
description of specific histories are complementary, not opposed. The 
laws reveal the mechanism behind the rich surface detail. In conjunction 
with historical data they can be used to predict the emergence of historical 
patterns. Of equal importance, the laws reveal what elements of history 
are necessary in order to explain the patterns. 

We shall adapt an approach presented by Haldane and Jayakar (1963) to 
introduce a limited class of historical patterns to the gene-culture coevolu-
tionary model. Instead of a single fitness value of W(j ° L ( j, consider the 
time series in which the value varies from one generation to the next over 
a period of N generations. In the case of two alleles the data take the fol
lowing form: 

,N ° i-'AA 

W^a,! ° Lxa .W^a .z ° hAa , . . . , W^aJV ° ^Aa (5-24) 

" a a , l ° *-*„<,, Waa>2 ° l-'aa > • • • , vVaafl ° '-'aa 

where 1,2, . . . , N are subscripts labeling the generation. In the case of 
A dominant and a recessive, the contemporary terms in the first two lines 
can be labeled as 

gt = VfAA.t ° UA = V/Aa,, ° Ua • (5-25) 
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Returning to the equation of discrete generation dynamics in gene-culture 
coevolution, where p is the frequency of A and q the frequency of a, we 
recall that 

„ P?WAAJ ° LAA + PtqtWAa.t 
P,+l

 PWAAJ ° LAA + 2ptqtY/AaJ = LAa + qWaajt « Laa'
 KD'M) 

Substituting gt in this equation and rearranging, we obtain 

Pt+i = P* + P t t i ~ - (5-27) 
pf + 2ptqt + qf 

Wgq^ ° L00 

gt 

Now define the function ft to be 

ft = V1aa.t°Ua/gt. (5-28) 

This is the fitness of aa relative to AA/Aa. It allows us to rewrite Eq. 
(5-27) in the compact form 

„ Pt + Pt% ,r ?Qx 
Pt+i = 2 , o ~—I—7- (5-29) 

Pt + 2ptqt + qf • ft 

Application of Haldane-Jayakar analysis to this modified gene-culture 
form, by the procedure presented in Appendix 5 - 1 , leads to some conclu
sions of general interest. For example, it can be shown that the recessive 
allele a cannot be eliminated during a span of N generations if its 

1 " 
arithmetic-average relative fitness-r; ^ ft exceeds one, which is by defini-

«=i 

tion the relative fitness of the AA and Aa genotypes over each of the N 
generations. Hence, for an epigenetic rule prescribed by a homozygous 
recessive to persist, its average relative gene-culture fitness must exceed 
that of AA and Aa. It is similarly true that A cannot disappear from the 
population during the N generations if the geometric-mean relative fitness 
of the competing recessive homozygote aa is less than one, in other words 
if 

[/«./*• • - / J 1 W < 1 - (5-30) 

When these two results are combined, conditions are revealed by which 
multiple bias curves can be maintained even in the face of what appears at 
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first to be countervailing selection. Suppose that the bearers of culturgens 
favored by aa are more fit most of the time, generation after generation, 
but more vulnerable to occasional catastrophes. The theory predicts that 
a polymorphism will result. The allele a will be sustained by the higher 
arithmetic mean fitness of its homozygotes, but kept from spreading by 
the infrequent catastrophes during the same time period, provided these 
events depress the geometric mean below unity. 

Next consider the consequences of incomplete dominance and hetero-
zygote superiority, in which Aa generates a distinct usage bias curve (in 
turn due to distinctive epigenetic rules) that confers superior fitness. The 
time series of gene-culture fitness is again given by Eq. (5-24). The series 
terms can be divided in each generation by YfAa.t ° L to yield 

JAA.I i J AAA y • • • , JAAJt 

1 , 1 , . . . , 1 (5-31) 

Jaa.i > Jaa.i > • • • , Jaaji • 

By a procedure outlined in Appendix 5-2 the following results have 
been obtained. The a allele cannot be lost during the period of N genera
tions if the heterozygote-scaled fitness of the homozygote AA has a geo
metric mean of less than unity. Symmetrically, the A allele cannot disap
pear during the same N generations if the heterozygote-scaled fitness of 
the homozygote aa has a geometric mean of less than one. 

A somewhat similar result has been obtained in the heterozygote-
superiority case by Feldman and Cavalli-Sforza (1976) in an interesting 
diallelic model in which two states occur, "skilled" and "unskilled," the 
probabilities of which depend on the parent's phenotype and the off
spring's genotype. Time series were not employed, so that selection pres
sures were assumed to remain constant; also, transmission was limited to 
parents and offspring. Under these special circumstances it was found 
that a stable genetic polymorphism will result when the heterozygote-
skilled parents rear more skilled offspring than homozygote-skilled 
parents, but only if the skill provides a substantial genetic selective ad
vantage. For example, if a skilled teaching parent raises 80 percent of Aa 
offspring to be skilled as opposed to 70 percent of AA and aa offspring, 
the selective advantage of skilled individuals over unskilled ones must ex
ceed one-third in order to achieve a stable genetic polymorphism. This 
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conclusion is in accord with classic population genetics models, although 
the elevated level of selection required to sustain the polymorphism is an 
unexpected result of the complex form of transmission specified in this 
special case. 

The time-series models we propose go further by incorporating specific 
histories. They reveal the interplay of ordinary and catastrophic episodes 
of selection in the context of diverse modes of enculturation, including the 
band-wide pattern prevailing in primitive societies (see Williams, 
1972a,b). This relationship is likely to have existed during the millions of 
years of gene-culture coevolution in the preliterate era. Lee (1976), for 
example, has documented the occurrence of drought years in the home 
range of the Botswana San people. Eleven years classified as severe 
(55-69 percent of overall mean annual rainfall) occurred during a forty-
six-year period, with one year classified as very severe (less than 55 per
cent of overall mean rainfall) recorded. Such episodes drastically affect 
movement of the bands and long term social relationships among them. 

The findings from the time-series models also enhance the general con
clusion reached earlier from optimality analysis that coarse-grained envi
ronments promote polymorphism and flexible response. If that portion of 
the environment to which the bias curves are directed remains fine
grained long enough, the genotypes prescribing the rules will tend toward 
homozygosity, and homozygous genotypes that favor strongly biasing 
rules will prevail. Major environmental change at frequencies of approxi
mately one (or less) per generation "rescue" the population from such 
specialization, directing it back toward both genetic heterozygosity and 
nonuniform epigenetic rules. But if the coarse-grained changes are truly 
rare, so that the geometric fitnesses are insufficiently altered, and the 
changes are catastrophic as well, the shifts in gene frequency will come 
too late. A response Ci strongly favored by an epigenetic rule could be 
rendered dangerous by a change in the environment, requiring a shift to 
an alternative response c2. With the rule prescribing a heavy bias toward 
the first response in particular, or an intractable fidelity to the category to 
which people are enculturated, the capacity to change might be inade
quate. For example, chronic tribalism, if it is indeed based on firm 
learning propensities toward xenophobia and aggression (Wilson, 1978), 
could prove too strong to overcome even when alternative strategies of 
conflict resolution are available and—in a nuclear age—necessary. Spe
cialized, biased learning rules "fly in the face of common sense" not be
cause of some immanent perversity but because of the particular past tra
jectories of genetic history. 
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The Role of Phenotypic Variation 

The models presented thus far posit fixed bias curves; for every genotype 
Gi Gj and culturgen ck there is a single epigenetic rule value for culturgen 
usage, u(Ck\GtGj). It is more realistic, however, to expect the presence of 
some purely phenotypic variation in the u values, the circumstance illus
trated in Figure 5-12. Several important theoretical questions are posed 
by this additional condition. Do variable bias curves differ in fitness from 
fixed bias curves that have the same values of W. Is the variance itself an 
adaptive feature, or is it simply noise in the gene-culture transmission? 
And finally, does the existence of such variation alter the main conclu
sions drawn earlier concerning the gene-culture adaptive landscape? The 
answers can be expected to throw light not only on the role of phenotypic 
variation but also on the distinctions between single-locus and polygenic 
systems. 

Note that in the variable system, as in the fixed system, ux + u2 = 1. 
Let us define P(u\ij)du as the probability that a diploid genotype Gfij has 
a value of u (cj) lying between the values u and (u + du) during the prere-
productive period. Integrating over u, we see that for 

genotype AA: p?Nt uP(u\AA)du assimilate Cj 
Jo 

pfNt (1 - u)P(u\AA)du assimilate c2 
Jo 

genotype Aa: 2ptqtNt I uP(u\Aa)du assimilate cx 

Jo 
(5-32) 

2p,qtNt (1 - u)P(u\Aa)du assimilate c2 
Jo 

genotype aa: qfNt uP(u\aa)du assimilate c^ 
Jo 

qfNt (1 - u)P(u\aa)du assimilate c2 
Jo 

Since by definition /J uP(u\ij)du = (u)ti is the mean value of u under 
the probability distribution P(u\ij), we can rewrite Eq. (5-32) to state that 
for 
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PHENOTYPIC VARIATION ABSENT PHENOTYPIC VARIATION PRESENT 

freq(u,) freqdig) 

Figure 5 -12 The presence and absence of phenotypic variation in the usage bias 
curves. The bell-shaped curves on the right are the frequency distributions of the 
usage probabilities u; the mean values of ux and w2 are the same in both diagrams. 

genotype AA: p?Nt(u)AA 

pfNt(l - (u)^) 

assimilate cx 

assimilate c2 

(5-33) 

and so on in parallel expressions for Aa and aa. It follows that the alloca
tion of naive classes is governed solely by (u)iS, the means of the norms of 
reaction P(u\ij), and not by any other statistical property of the pheno
typic variation. In particular, the variance plays no explicit role. 

By tracing the enculturated population through the survival and repro
duction schedules prescribed by the genotype and assimilated culturgen, 
we arrive at the rate of change in frequency of A in the diallelic case: 

»*-?£*«»« (5-34) 

where {WL) is the hypersurface of the gene-culture landscape, defined as 
before (Eq. 5-10) except that (u}^ replaces u^c^ij): 

(WL> = p?W^ o LAA + 2ptqiWAa o L^a + q?Waa ° La 

L4j = ((u)u, 1 - (u)i}). 
(5-35) 
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Thus only the mean values, and no other statistical properties of the vari
ation in the learning bias curves, enter into the gene-culture coevolu-
tionary landscape. The general conclusions based on invariant curves are 
preserved. 

This result has further interesting implications. As long as the mean 
value of u is the same (for example, the probability distribution is sym
metric), the variance can drift in a neutral manner from narrow to broad 
or broad to narrow (Figure 5-13). Even when the variance itself is under 
genetic control, perhaps as the pleiotropic effect of genes active in other 
behavioral processes, the conclusion to be drawn is nevertheless that the 
effects on variance will remain neutral with reference to selection on the 
epigenetic rule. This permissiveness could theoretically promote a diver
sity of bias curves within populations, not only between families but 
within families. In extreme cases it could lead to a quasi-polymorphism of 
behavioral roles. 

If the variance drifts in such a way as to become broader, it will tend to 
enhance gene-culture coevolution. For it will uncover any new, adaptive, 
superior values of u that exist, one or more of which can then be incorpo
rated through genetic assimilation as the new central tendency (see Figure 
5-14). The genotypes prescribing the mean value of the usage predisposi
tion are altered by natural selection, and they will tend to be accompanied 
by a novel pattern of variation around the new mean. It is further true that 
unselective curves, both with (w) values close to 0.5 and 0.5, are least 
restricted in the amount of variance that can be accumulated, whereas 
comparable but more selective curves, with (u) close to 1 and 0, will be 
most restricted (Figure 5-15). To see why this must be so, consider the ex
treme case of (w^ = 1, (u2) = 0; here no variance is possible. As a re-

Figure 5-13 Variation in the usage bias curve. The amount is adaptively neu
tral, as long as the mean remains the same. As a result the variance can drift to 
either broad or narrow. 
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Figure 5-14 Genetic assimilation of a new and superior mean. The genetically 
based but adaptively neutral broadening of variance in the usage bias curves 
around a mean «0 can lead to the "discovery" and capture of a new, adaptively 
superior mean ut. 

suit, genotypes prescribing unselective bias curves are expected to be 
more vulnerable to replacement. 

It is possible that limits will also be set on the variance of u by the same 
gene loci determining the mean of u. Alleles on them will be less vulner-

Cl c2 

Figure 5-15 Variance in the usage bias curves. The amount is expected to be 
greatest when epigenesis is relatively unselective (A) and to diminish as it be
comes increasingly channeled (B). 
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able to replacement and hence persist longer. The same is true for gene 
loci that prevent the variation from becoming asymmetric and hence 
reach farther along the u scale in one direction or the other. However, 
such insulation, being based on second-order selection, is likely to be un
stable. Stability is achieved when the mean value of u attained is the most 
adaptive on the full 0-1 scale. At this point the variance can also become 
neutral, as we have demonstrated. 

Summary 

This chapter develops our first concrete model of the coupling between 
genetic and cultural evolution. In it we demonstrate that an adaptive 
topography in a simple type of gene-culture coevolution exists and can be 
described with general dynamical equations. We use the language of con
ventional population genetics to emphasize the similarities and dif
ferences between pure genetic evolution and gene-culture coevolution. 
By this means we call into service some of the basic theory of population 
genetics and evolution and thereby clarify the effects on the evolution of 
epigenetic rules created by environmental heterogeneity and phenotypic 
variance. 

The gene-culture fitness function is then Wfj ° Ltj, where Wjj is the 
genetic fitness vector of individuals of diploid genotype GjGj who possess 
the culturgens of the series Ci, c2, . . . , cM, and L -̂ is the epigenetic 
rule vector. Where the mean gene-culture fitness of a population is desig
nated as (WL), the rate of change of gene frequency in the diallelic, 
discrete-generation case is 

On a static landscape (WL), the population will evolve so as to stabilize 
gene frequencies (for example, all AA or all aa in the case of two alleles A 
and a), and its members will saturate on the bias curve prescribed by this 
final genotypic distribution. 

Real environments, however, are heterogeneous in space and time. The 
true landscape is more accurately described as a viscous seascape, in 
which peaks subside into depressions and populations must move toward 
more complex solutions that integrate gene-culture fitness through time. 
When the environments are coarse-grained, that is, when changes occur 
on the order of once per generation or less, the average gene-culture 
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fitness is the geometric mean. The maximum potential fitness curve is a 
hyperbola that touches the real fitness space at a point prescribing a rela
tively unselective usage bias curve (see Figure 5-9). When the environ
ments are fine-grained, shifting frequently within single generations, the 
average gene-culture fitness is the arithmetic mean and the maximum po
tential fitness curve is a straight line that intersects one or the other of the 
ends of the real fitness space. The result is the genetic prescription of rela
tively specific usage bias curves (see Figure 5-10 and Table 5-1). These 
models lead to a general rule: the more uniform the environment encoun
tered by individuals in a particular life stage through many generations, 
the more specific will be the epigenetic rules evolved for that life stage. 
This prediction is supported by the fact that the richest arrays of selective 
epigenetic rules have been detected during early childhood and in other 
circumstances where encounters are uniform and predictable. However, 
the correlation is based on a possibly biased sample, and the rule cannot 
be considered to be established. 

Haldane-Jayakar analysis has been applied to the model in order to 
incorporate a simple form of history. In one case examined, two usage 
bias curves are prescribed by A- and aa respectively in a diallelic system 
with complete dominance, where the aa curve is selectively superior 
generation after generation but is more vulnerable to occasional 
catastrophes. If the arithmetic gene-culture fitness mean of aa is above 
one and the geometric mean below one, a not unlikely combination, the 
two alleles will be maintained in a polymorphic mixture. Thus the idio
syncratic histories of populations affect gene-culture coevolution in ways 
that cannot be assessed by classic analysis alone. A new interpretation 
can be placed on the propensity to acquire and retain certain destructive 
culturgens in spite of a newly acquired rational understanding of their 
peril. 

If the mean value of an inherited usage bias curve is at the adaptive 
maximum, phenotypic variation in the predisposition has no influence on 
fitness. Only the mean values, and no other statistical properties in the 
bias curves, enter into the gene-culture coevolutionary landscape. Gen
eral conclusions based on the simpler case of invariant bias curves are 
therefore preserved. In addition, conclusions based on the single-locus 
model can be extended to many systems of polygenic inheritance gen
erating continuous variation. Because of the adaptive neutrality of pheno
typic variance, the variance can drift in such a way as to become broader 
or narrower, creating greater or lesser amounts of behavioral heteroge
neity within populations. The variance will tend to broaden maximally in 
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equiprobable bias curves and minimally in curves with high selectivity. If 
some degree of selectivity other than the contemporaneous mean value 
becomes more adaptive, an increase in phenotypic variation will lead to 
an earlier attainment of this new, more adaptive bias by the population. 
There will be a tendency to incorporate the bias (and hence shift to a new 
epigenetic rule) through genetic assimilation, followed by a return to se
lective neutrality of the variance 

Appendix 5 - 1 

Environmental History and the Fate 
of Dominant /Recessive Alleles 

The Haldane-Jayakar method creates an "elastic bounce strategy'* in 
which the gene frequencies rebound when they fall to sufficiently low 
levels. Having achieved the specified conditions, the frequencies cannot 
be eliminated. We follow Roughgarden's (1979) development. 

The gene frequency laws are, w i t h / = pf + 2ptqt + qfft, 

P m = (l//)Pr (5-A1) 

and q,+1 = [{pt + ftqt)/f]<lf (5-A2) 

A 
Let z, = pt/qt; then 

Zt+l — 
tot + Pt 

z,(l + it) 
/,(1 + z , ) + z,(l - / , ) ' 

Hence 

(5-A3) 

zt+1=^f. (5-A4) 
M "•" Jt 
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We next develop an equation for Az = z,+1 - zt: 

. _ zt{zt + 1) _ z,(l + z,) - zt{zt + / ,) 
Z( + ft Zt + ft 

= 2,(1 - / , ) = z((i - y ; ) + / t g - / , ) -MI -ft) 
(zt + ft) zt + ft 

_ d -ft)(zt+ft) ft(l-ft)_n n Ml-ft) 
Zt+ft Zt+ft U Jt) Zt+ft 

={i-f4i-z^f]=^-^ Zt+ft' 

Therefore 

Az, = (1 - / , ) — ^ j . (5-A5) 
Zt + / , 

If a cannot be eliminated, then it must increase once it becomes suffi
ciently rare. But a rare means qt is small, which implies that ztpt/qt is 
large. 

Consequently we require that z, decrease when it becomes sufficiently 
large. For very large z,, the Az, of Eq. (5-A5) simplifies to 

Az, ~ 1 -f (a rare). (5-A6) 

Hence Az < 0 if the requirement is / , > 1 during that generation. For a 
persistent net recovery over the N generations, it is required that 

2 Az, ~ 2 (1 - ft) = N - 2 / t < 0, (5-A7) 

yielding 

jfl,ft>h (5-A8) 
r=i 

which is the arithmetic average result. 
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The strategy for A is slightly different. For A to resist elimination, it 
must rebound when sufficiently rare. Now A being rare means that p < \, 
and consequently zt - pt/qt < 1 also. To develop the required formula, A's 
frequency must be made to increase once A is sufficiently rare. We build 
the quotient 

Zt+1 _ 1 Z((l + It) _ Zt + 1 _ 1 + Zt 

Zt Zt Zt +ft Zt+ ft Zt+ft + Ztft - Z,ft 

1 + Zt 1 
f,(l + Zt) + Zt(l -ft) , Z,(l - / , ) 

ft+ (1 + zt) 

ft 
r, i fed-/«)]]• 

1 [/«(1 + z*)]J 

When A is rare, zt is near zero and (5-A9) becomes 

Now we cumulate over N generations by multiplying: 

ZJV+I 

Zl 

Ztf+i Zfi Zfi-t 

ZN Z/yr-i Zjv-2 

1 1 1 
fN fN-1 fN-2 

ZAT-2 

ZjV-3 

1 
/ l 

z2 
Zl 

(5-A9) 

- ^ ~ -7 (A rare). (5-A10) 

For A to increase over these N generations the necessary condition is that 

^ ± i > l . (5-A11) 
Zl 

Hence (fif2 . . .fN)~1>l, which means that 

/ i / i . • • / » < 1 (5-A12) 

or equivalently 
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C/i/.. • . / * ) 1 W < 1 . (5-A13) 

In words, the geometric mean must be less than one. 

Appendix 5-2 

Environmental History and the Fate 
of Alleles with Heterozygote Superiority 

We proceed as in Appendix 5-1 to obtain the dynamics 

Zt+i=flZt*Jzt (5-A14) 
M "+" Jt 

where for brevity ft = fAA,t and / ? = faa,t • 
To explore a allele rebound, we form the quotient zt+1/zt and rearrange 

Eq. (5-A14) into 

For a rare, zt —* oo and the right-hand side of Eq. (5-A15) simplifies to 

~ ff (a rare) (5-A16) 
Zt 

This can also be seen directly from Eq. (5-A14). Thus 

— ^ - r ^ - • - r ~ ^ - ^ - i - • • • # • ( 5 - A 1 7 > 
Zl ZN ZN-t Zx 

The a allele will rebound if zN+1/zi < 1, which yields the geometric mean 
conditions 

ftfi- • -tt< 1 (5-A18) 

and (ftft- • -n)im<i. (5-A19) 
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The requirement for the A persistence is similar. For A rare, z( is <€ 1, 
and taking this limit in Eq. (5-A14) gives 

^ ~ -5 (A rare) (5-A20) 
zt Jt 

and thus ~~{nn- • -f%ri. (5-A2D 
z l 

For A to rebound during this history, zN+l/zi > 1 is required. We obtain 
at once the geometric mean conditions 

nn- • • / » < i (5-A22) 

and inn- • -nyIN< 1. (5-A23) 



CHAPTER SIX 

The Co evolutionary Circuit 

It has often been said that mind and culture can only be understood holis-
tically. We believe this to be true, but in a sense largely unappreciated by 
scientists who work exclusively in physiological time as opposed to evo
lutionary time. The structures of mind and culture are most effectively un
derstood as developmental processes, underwritten by genes whose fre
quencies are the product of the protracted interaction of social behavior 
and selection forces working from the environment. Thus to understand 
culture fully is not just to perceive the rich detail of which it is composed, 
but to follow through each step in the coevolutionary circuit—from phys
iological time and cultural evolution, to evolutionary time and genetic 
evolution, and back again. 

As we began to trace the circuit in earlier chapters, we proceeded from 
the genetic constraints on individual development in the form of epige-
netic rules to the way in which the rules are translated upward into societal 
patterns. We next examined the inverse process, which is the impact of 
natural selection on learned social behavior as it is transferred from cul
ture back to the epigenetic rules through the genes. In the first approach 
we dealt with very simple cultures that were based both on usage-
independent epigenetic rules and on a highly simplified connection 
between epigenetic rules, the cognitive processing of information, and the 
selection forces at work in the system. Thus we established the existence 
of a gene-culture adaptive landscape and identified the very general fea
tures of simple coevolution in heterogeneous environments. 

It is time now to attempt a more comprehensive formulation. We wish 
to incorporate epigenetic rules that use information derived from cultural 
organization, basing the coevolutionary models more fully on the pro
cesses of learning, valuation, and decision. In other words, we shall put 
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the gene-culture translation models into evolutionary time and study the 
revolutionary mechanisms that can generate substantial changes in the 
frequencies of both the culturgens and the associated genes. 

The key is a deeper analysis of epigenesis, one that incorporates the 
cognitive machinery and goes further, to identify the units of inherited 
cognitive design whose fate under natural selection determines the 
epigenetic rules. We perform this analysis in the next three sections, 
beginning with a discussion of developmental neurogenetics and psy-
chogenetics, then moving to an examination of the node-link structures of 
long term memory as the ultimate biological theater of interplay between 
genes and culturgens. Then with this new view of gene interaction we are 
equipped to formalize the required mathematical models and analyze the 
coevolutionary mechanisms, together with the prime movers that shape 
the coevolutionary trajectories. 

Epigenesis 

It has become clear that the future of general microevolutionary studies 
lies in the refocusing of genetic analysis on development. This is particu
larly the case for human social behavior, the class of phenotypes most re
moved from the DNA templates. One can go further and say that the traits 
most tractable to genetic dissection are not the finished products them
selves (kin groups, territoriality, hypergamy), but rather their underlying 
epigenetic rules. Once these rules have been characterized, they can be 
traced forward to adult behaviors and then translated into societal pat
terns, with the aid of the kinds of techniques utilized in earlier chapters. 
The more selective and inflexible the rule, the more likely it is to yield 
clear results at this preliminary stage of investigation. Examples of behav
ioral categories that seem most promising include color naming, incest 
avoidance, mode of infant carrying, phobias, and facial expressions. Not 
only can the epigenesis of such behaviors be readily studied at much 
greater depth than in the past, but mutations affecting these behaviors and 
the underlying neurobiology may be found and characterized by methods 
already routinely employed in human genetics. 

The amplification of genetic prescription occurs generally in the forma
tion of the nervous system. Much of the brain and sensory system of 
mammals develops by waves of differentiation of populations of cells. 
Neighboring zones have distinct origins and differ from one another in cell 
architecture (M. Jacobson, 1978a,b). In the development of the neocortex 
of rats and mice, cells originate in waves from the germinal epithelium 
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lining the ventricle, then migrate through upper zones of cells to reach 
their final destination. Eventually six layers are assembled, in such a way 
that the cells migrating first form the deepest layer and those migrating 
last become the outermost layer. The controls that direct this intricate 
choreography are unknown, but they create a set of positional rules and 
responses to gradients far less complex than the final patterns themselves. 
As Bullock and colleagues (1977) state, "It seems most likely . . . that 
the migrating cells are genetically programmed to move (in unknown 
ways) toward an appropriate chemical environment, along a chemical gra
dient or series of gradients, diffusible or built into the cells passed en 
route. The phenomenon may not be greatly different from that of chemo-
taxis in leucocytes or bacteria." When the cell primordia approach other 
types of nervous or muscular tissue, they respond in specific ways by al
tering the growth and differentiation of their dendrites and more proxi
mate cellular components (Wessells, 1977; Patterson, 1979). In principle a 
large number of responses can be generated by the interactions of rela
tively few kinds of elements, each capable of only a limited array of deci
sions (Hillman, 1979; Szentagothai, 1979). 

The relation between genes and neurons in vertebrate brains is more 
homeomorphic than isomorphic (Changeux and Danchin, 1976; Bullock et 
al., 1977; M. Jacobson, 1978a; Cowan, 1979). A gene or set of genes does 
not specify individual neurons. Rather, genes inaugurate programs of 
growth and migration and the general rules of neuron interaction that lead 
to brain ontogeny. For example, just two forces are necessary and suffi
cient to direct the vertebrate neural plate into its keyhole shape: a dif
ferential and programmed constriction of the apical surfaces of the plate 
cells, and movement to the midline by the plate cells overlying the noto-
chord (A. G. Jacobson, 1978). Each neuron is affected by certain rules 
prescribed by multiple genes, while each gene addressed to the nervous 
system affects assemblages of cells. 

This fundamental relationship is reflected clearly in the nature of the 
mutants that alter the nervous system. For example, the temporal retinal 
cells of albino mammals (which are homozygous for a single recessive al
lele) project their axons across the optic chiasma to the opposite side of 
the brain, in contrast to the cells of normal individuals, which remain on 
the same side. In mice of the mutant strain BALB/cJ, the hippocampal 
mossy fibers form an mrrapyramidal synaptic field instead of the usual 
infra pyramidal field (M. Jacobson, 1978a). As Figure 6-1 shows, gran
ule and Purkinje cell populations are selectively affected in the reeler, 
weaver, and staggerer mouse mutants with premature cell death, neuronal 
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Figure 6-1 Qualitative rearrangements in the mouse cerebellum induced by mu
tations at a single locus. The resulting behavior patterns are diagnostic for the 
trait. A, normal; B, homozygous weaver; C, homozygous reeler; D, homozygous 
staggerer. Ba-basket cell; CF-climbing fiber; G-granule cell; GII-Golgi type II cell; 
MF-mossy fiber; P-Purkinje cell; PA-Purkinje cell axon; PF-parallel fiber; 
S-stellate cell. (Modified from Rakic, 1979.) 
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malpositioning, and disturbed synapse formation (Rakic, 1975a,b, 1979; 
Caviness and Rakic, 1978). In Menkes disease, an inherited cerebel
lar pathology in man, Purkinje cells develop multiple dendritic trees in
stead of the normal single arbor (Purpura et al., 1976; Williams et al., 1978). 
Thus it is easily possible for a single allele to create profound changes in 
both neural anatomy and behavior. Such gene-controlled changes can be 
simultaneously widespread and extremely specific. The sev mutation in 
Drosophila, for example, disturbs the entire compound eye of the insect, 
but does so by eliminating precisely the same photoreceptor cell (R7) from 
each ommatidium (Hall and Greenspan, 1979). 

The developing nervous system acts in many ways like a population of 
semi-independent organisms. Neurons are produced in excess and there 
is a "natural selection" among them, with most of the malpositioned or 
unconnected cells dying out (Changeux and Danchin, 1976; M. Jacobson, 
1978a; Cowan, 1979). When a larger amount of target tissue is provided 
experimentally, the excess cells survive. Thus the weeding process is not 
due to intrinsic malfunctions of the growing elements but is imposed by 
properties of their extrasynaptic environment. Variation in the neurons of 
a particular class, originating in chromosome rearrangements, somatic 
mutations, or the ordinary statistical noise of development, is followed by 
a narrowing of the products through cell death. Looked at another way, 
the selection process constitutes part of the canalization of the brain. 

The traditional view that canalization produces a vertebrate brain made 
up largely of vast but haphazardly connected nerve nets, with fine struc
ture beyond the capacity of the genes, is no longer acceptable. A verte
brate brain grounded on ultrastructural specificity is part of the "quiet 
neuroscientific revolution" (Szentagothai and Arbib, 1974; Rakic, 
1975a,b; Schmitt et al., 1976; Schmitt and Worden, 1979). Neural assem
blages in vertebrate cerebral cortex, thalamus, tectum, reticular forma
tion, cerebellum, retina, and olfactory bulb are now seen to consist of in
terpenetrating modules or arrays of cells, organized in patterns that repeat 
both in and between organisms (Rakic, 1975a, 1979; Shepherd, 1974; 
Cowan, 1979; Szentagothai, 1979). Epigenesis achieves a previously un
suspected precision of neuronal form, location, and connectivity, a view 
supported by anatomical work on isogenic invertebrates. The connec
tivity patterns of identifiable neurons are remarkably constant both 
between organisms and between the two sides of the same organism (Le-
vinthal et al., 1975; Goodman, 1978). This neural templating can reach out 
as far as the second order of dendritic branching (Macagno et al., 1973) 
and along at least the initial courses of axons (Cowan, 1979). Rat hippo-
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campal cells continue to develop their characteristic form when prop
agated in tissue culture (Banker and Cowan, 1977). Neural connectivity 
is equally specific, but includes multiple strategies of cellular addressing. 
In optic ganglia of flies, connections between ommatidia and lamina car
tridges are one-to-one (Strausfeld, 1976; Braitenberg, 1977). In vertebrate 
brain stem, some stellate cells address other neurons through a character
istic space-filling efflorescence of their dendritic trees (Ram6n-Moliner 
and Nauta, 1966). 

The exact rules and genetic mechanisms leading to precision and pat
tern formation in nervous systems are currently unknown, but the evi
dence from other developmental models is revealing. These cases under
line the fact that embryogenesis of the brain and therefore of the mind 
itself is an open system from the RNA outward. Furthermore, as we shall 
see in the next section, there is no fundamental break in this process 
between tissue formation and behavior. Learning can be defined as 
epigenesis that takes place largely outside the womb. And much of 
learning, like morphogenesis, can be construed as a canalizing device, a 
process that guides members of the species through various sets of stimuli 
to approximately the same steady state in relation to food, mates, and 
other aspects of the environment (Bateson, 1976). 

The body of Drosophila is assembled from a number of parts, each of 
which arises from a primordial group of cells in the blastula. Each group 
differentiates as a local field (Benzer, 1973; Garcia-Bellido, 1975). Simi
larly, the color patterns of the wings of butterflies and moths are deter
mined independently in each wing cell and arise from the deposition of 
pigment with reference to a definite focus. Nijhout (1978) and other inves
tigators have shown how striking changes in the patterns can arise from 
relatively minor alterations in the "interpretation landscape," a gradient 
system whose value at each point in the morphogenetic field is a measure 
of how positional information is interpreted. Single allelic substitutions 
and minor cautery on developing wings can cause major changes in the 
total pattern. 

A model system for the precise control of morphogenesis by genes is 
that of scutellar bristles in Drosophila. The recessive sex-linked mutation 
scute (sc) reduces the number of bristles on the scutellum from four to one 
or two. Rendel (1967, 1979) demonstrated that the frequency distribution 
of flies homozygous for wild type (+ +), heterozygous (+sc), and homo
zygous for scute (scsc) can be explained by a model in which bristle-
making ability differs among genotypes and varies according to a continu
ous, normal distribution about the mean of each genotype. Bristle-making 
ability is very similar in + + and +sc flies but substantially lower in scsc 
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individuals, producing some of the observed dominance relationship of + 
over sc. When Rendel conducted selection experiments in which the 
number of bristles was varied within sc -bearing lines, he found that minor 
genes alter the number of bristles of scute flies. These homozygous indi
viduals proved to be canalized at four bristles when the mean was raised 
to 3.5. Through the selection on scute flies the bristle number of wild-type 
sibs was eventually raised to over four, and it was further shown that at 
higher means sc + flies had an average of 1.5 fewer bristles than + + flies. 
By selecting on a further set of modifying genes, Rendel demonstrated 
that scute genotypes can be canalized at two bristles. Richelle and Ghy-
sen (1979) have extended the notion of a bristle-making capacity into a 
model of the distribution of an actual diffusible, bristle-inducing sub
stance, called a chaetogen. Any cell that receives a concentration of chae-
togen above a certain threshold value becomes determined to produce a 
bristle. The synthesis of the bristle-making substance in turn is an all-
or-none response of cells to positional cues within the imaginal disk that 
contains them. A cluster of cells engaged in making chaetogen will give 
rise to a single peak of the substance and hence a single cell will be deter
mined as a bristle maker. Even a moderately precise, probabilistic reading 
of positional information by many cells, conforming to relatively simple 
rules, can result in the highly accurate positioning of individual bristles. 
Relatively simple alterations in the suggested parameters of positional 
reading closely reproduce the bristle patterns of wild-type and mutant 
strains of Drosophila (Ghysen and Richelle, 1979). 

Experiments on the genetics of laboratory populations of Drosophila 
and a few other kinds of organisms have shown that when developing 
organisms are stressed by being placed in extreme environments, the 
combinations of genes operate so that the final product in canalized traits 
is still close to the population norm. The epigenetic rules for canalization 
produce a qualitative response only to specific signals from the environ
ment. The reduction of genetic diversity in the population by selection or 
inbreeding is accompanied by a reduction of genetic diversity within 
single organisms—in other words, by the occurrence of homozygosity at 
a larger number of loci. More extensive homozygosity in turn sometimes 
causes an increased variation of the affected trait, with larger numbers of 
individuals deviating from the norm that prevailed prior to the impover
ishment. The means by which genetic diversity per se might promote ca
nalization has not been demonstrated, but some authors believe that larger 
numbers of genes generate a greater number of feedback mechanisms, 
such as rate-dependent reactions and growth-rate compensation, that are 
able to control and coordinate development more precisely (for example 
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Thompson and Thoday, 1979). When these mechanisms are coarsened or 
eliminated by the simplification of their genetic blueprint, phenotypic 
variation increases, less fit individuals are produced, natural selection in
tensifies, and combinations of genes are reassembled that channel individ
uals back toward the norm. This is probably how specificity in the epige-
netic rules of brain structure and social behavior has been shaped, and 
why the rules are typically under the control of multifactorial inheritance. 

Genetic assimilation is related to canalization and developmental ho
meostasis in the following way. Sometimes the controlling polygenes are 
lax enough to permit deviations far outside the phenotypic norm. Alterna
tively, an exceptional change in the environment can evoke an extraordi
nary developmental response, even in a rigidly canalized system. Because 
of the superficial resemblance of the resulting forms to mutations, they 
are called phenocopies. In the original, now classic analysis of the phe
nomenon, Waddington (1953) obtained Drosophila flies lacking cross-
veins in their wings by the simple procedure of exposing the pupae to heat 
shock. When the individuals displaying crossveinlessness were then se
lected for further breeding, the genes most prone to allow the deviant 
development were automatically favored. In time the deviant phenotype 
began to appear in many individuals even in ordinary environments. Thus 
Waddington was able to isolate a strain of Drosophila that consistently 
lost the crossveins even in the absence of heat shock treatments. The trait 
had been genetically assimilated. 

It follows that the multifactorial genetic control of traits is a theater of 
unusual opportunity for gene-culture coevolution. By cultural experi
mentation and the continual exploration of new environments, protocul-
tural species are likely to test the potential of the genes that prescribe 
epigenetic rules of behavior and to produce novel responses that are the 
equivalent of behavioral phenocopies. When these responses confer se
lective advantage, the genes possessed by individuals tend to shift into a 
new frequency distribution, prescribing epigenetic rules that channel 
development toward the new response. It is possible for relatively few 
genes to shape the salient features of important brain structures and psy-
chobiological responses because much of development involves the 
growth and differentiation of cells as groups that conform to holistic pat
terns. Such a genetic shift can therefore be rapid. 

The Ontogeny of Mind 

In Chapters 2 and 3 we characterized the key operations of cognitive 
activity, which are perception, information processing (including short 
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term and long term memory), valuation, and intention. We shall now 
examine the set of cognitive processes and information storage strategies 
known as long term memory more closely and suggest how their proper
ties can be acted upon by natural selection to guide genetic evolution. 

It is useful to begin with the distinction between episodic and semantic 
memory first made by Tulving (1972). Episodic memory recalls specific 
events and thus concerns particular persons, objects, and actions that 
reenter the conscious mind through a time sequence. Semantic memory 
recalls meaning in the form of related concepts, which are classes of ob
jects and events, or else their abstracted, symbolic surrogates. Clearly se
mantic memory originates in episodes and almost inevitably evokes the 
recall of some of them. But the human mind also has a strong tendency 
to generalize episodic memory into concepts and higher-level entities, 
which then constitute the "nodes" or reference points in long term se
mantic memory. These concepts are not necessarily words. Although 
many are labeled by words, some are not. 

Nodes are almost always linked to other nodes, so that the recall of one 
summons several others. The links could be of various kinds: operational, 
in which for example an object and an action are associated; ascriptive, in 
which particular properties such as color or swiftness are attached to an 
object or action; denotative, calling up a word or some other symbol; and 
emotional, evoking feelings that typically are "difficult to put into 
words." Particular networks of nodes form schemata, the broader ideas, 
plans of action, and criteria to which the brain constantly refers in gen
erating almost all forms of behavior. They are the meaning structures by 
which human beings organize new information and make decisions (see 
the reviews by Lindsay and Norman, 1977, and Wickelgren, 1979a,b; and 
a consideration of the special properties of visual imagery by Kosslyn, 
1980). 

In an early, influential study Quillian (1967) proposed a "spreading-
activation" theory of long term memory (LTM). His initial purpose was 
to devise a superior computer-search technique based upon a model of the 
brain, but subsequently Collins and Quillian (1969), Collins and Loftus 
(1975), and others transformed the basic technique into a more explicitly 
psychological theory. In essence, the brain is considered to learn by con
structing a growing network of related concepts, which are semantically 
primed by the particular links created in long term memory. When new 
episodes and concepts are added, they are processed by a spreading 
search through the network that attempts to find links with previously es
tablished nodes. Thus a novel form of fruit would be quickly classified by 
its physical properties, its edibility, the circumstances under which it was 
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encountered, and so on, resulting finally not just in its association with 
other kinds of fruit but also with a repertory of emotional feelings, recol
lections of previous but similar discoveries, memories of dietary custom, 
and so forth. 

Specific details of various individual network models have been ques
tioned, but the basic conception appears to be consistent with a growing 
body of experimental evidence. Furthermore, it is our impression that the 
principal rival hypotheses, embodied in the set-theoretic and feature-
comparison models (reviewed by Loftus and Loftus, 1976), are comple
mentary to the conception of a node-link structure rather than exclu
sionary. 

For the purposes of the theory of gene-culture coevolution, node-link 
structures can be denned as the form in which culturgens reside in 
long term memory. More precisely, a particular culturgen can be circum
scribed, if necessary by the set-theoretic procedure suggested in Appendix 
1 - 1 , and sets of nodes and node links mapped onto it. The values asso
ciated with a culturgen, or more precisely the memory nodes to which it is 
linked, can be objectively measured by the semantic differential tech
nique of Osgood and associates (1957) as well as by linguistic analysis. As 
illustrated in Figure 6-2, subjects are asked to place words or objects ac
cording to scales in each of an array of qualities, such as rough-to-smooth 
and beautiful-to-ugly. The list can be expanded until it encompasses vir
tually all of the conceivable links of importance in the mind of the person 
interviewed. 

The characterization of long term memory as the activity of semantic 
networks is consistent with prevailing explanations of several other as
pects of behavior and mental process. Physical activities are thought to be 
guided by motor programs or "sensorimotor schemata" (Lindsay and 
Norman, 1977). Each performance, such as eating and walking, follows a 
schema for an organized sequence of motions, during which information 
received through the sensory system is coordinated step by step with 
appropriate motor movements. In much of animal behavior the schemata 
are strictly inborn, having been assembled within the brain during mor
phogenesis and in the absence of learning. If we stipulate that cognition in 
the broad sense is information processing by animal brains, then it is rea
sonable to suppose with Griffin (1976) that even such hardwired networks 
can constitute a substratum for cognition and be linked to more reflective 
activities similar to human consciousness. In the case of operant learning 
by both animals and human beings, sensorimotor schemata are carved out 
of a wider array of actions performed during the course of exploration and 
play (Fagen, 1981). Sequences of activities that are rewarded are linked to 
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Figure 6-2 The semantic differential technique. Subjects are asked to place 
words or objects on a subjective scale for each of an array of subjective qualities, 
permitting the assessment of memory links to particular culturgens. This example 
compares the concepts of "man" and "woman." (Modified from Lindzey et al., 
1975; based on Jenkins et al., 1958.) 

goal nodes and repeated at need. In children the sensorimotor stage of 
development is succeeded by a period of "preoperational thought," in 
which the sensorimotor schemata can be activated mentally and mental 
experiments are possible. During subsequent development more ad
vanced feats of abstraction, logic, and mental hypothesis testing are 
added (Piaget, 1952). 

When organisms are predisposed to form certain semantic networks as 
opposed to others, the result is directed cognition, including prepared 
learning in the sense used to describe the results of earlier studies of overt 
behavior (Seligman, 1972a,b; Shettleworth, 1972). In Chapters 2 and 3 we 
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saw that multiple forms of prepared learning occur in human beings and 
constitute important elements in the epigenetic rules. When an innate bias 
extends to the way words are linked in the formation of phrases and sen
tences, the result is deep grammar, an undeniably unique human property 
(Slobin, 1971; Chomsky, 1972)—but one about which we understand very 
little. 

Still more subtle mental phenomena can be interpreted as the employ
ment of episodic and semantic networks. When an attempt is made to re
call an event from the distant past, it is difficult or impossible to remember 
all of the details. The conscious mind then engages in refabrication 
(Loftus and Loftus, 1976): it fixes on a few clearly remembered facts and 
searches through memory for additional plausible nodes to complete a 
satisfying schema. Once completed, the refabricated schema can become 
a more enduring feature of long term memory, and the true facts are then 
difficult to distinguish from the details that were summoned to fill the 
gaps. 

Problem solving entails a related kind of activation spreading through 
the node-link structures as well as the discovery of new nodes and con
nections (Newell and Simon, 1972; Simon, 1979). Fresh concepts are at
tained by mental operations used to solve problems that resist searches 
through the easy accesses of the mind's problem space. Recent research 
on problem solving suggests that expertise is based to a large extent upon 
the memorization of facts, as common observation tells us. However, the 
expert also possesses a rich store of higher-level schemata that serve as 
rapid guides to the various parts of the knowledge store. The physical 
intuition of physicists and engineers, for instance, may consist in large 
part in the capacity to manipulate rapidly and efficiently chunks com
posed of many related facts (Larkin et al., 1980). There is good reason to 
believe that appropriate studies of long term memory and problem solving 
will eventually illuminate the deep cognitive processes that are loosely la
beled talent, judgment, imagination, and creativity. We can expect to re
fine the diagnosis by Boulding (1978) that "the great difference between 
biological and social evolution is that, whereas prehuman organisms oc
cupy niches and expand to fill them, the human organism is a niche-
expander creating the niches into which it will expand." 

Cognition and Genetic Fitness 

In this brief examination of brain epigenesis we have traced the ontogeny 
of cognitive activity from genes forward to long term memory. Virtually 
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every step in this marching order of biological causation is under active 
investigation by one group of specialists or another, and their relations are 
becoming increasingly clear. When the translation from epigenetic rules 
to cultural patterns is added (Chapter 4), it becomes possible to visualize 
the full extent of the linkage between genes, mind, and culture. 

In Figure 6-3 we have sorted the steps of the gene-culture circuit into 
the four basic levels of biological organization. The first two levels 
(molecular, cellular) are ascended by anatomical and physiological 
epigenesis in the manner traditionally perceived within biology. The next 
level (organismic) is understood by examining the basis of the epigenetic 
rules of cognition and behavior. The highest level, that of the population 
and hence of society and culture, can be quantified through the analysis of 
gene-culture translation. Finally, the patterns of population structure and 
growth affect gene frequencies through natural selection. 

It is in the last step, entailing the process of natural selection, that our 
theory finds its greatest challenge. The crux is the manner in which selec
tion operates on culture. As we documented in Chapter 1, some cul-
turgens undeniably provide superior genetic fitness over others. But how? 
In particular, one needs to know the role played by cognition itself in me
diating the fitness of culturgens. Until we have some answers, the feed
back from culture to genes cannot be reliably investigated with the models 
of population genetics. We need to characterize the transformation from 
culturgens to the genetic fitness conferred by sets of culturgens: 

Cl,C2, . . . , C M I * W{C1,C2, • • . ,CM). 

Because culturgens interact with one another in long term memory, this 
mapping is not trivial. 

From recent findings in cognitive psychology we can start to investigate 
the general form of this relation and go on to provide more realistic ele
mentary genetic models. The key fact is that the brain operates on 
meaning. When a culturgen is assimilated, it is not merely stored as an 
isolated element in long term memory, where it awaits recall and use in 
the manner of a card flipped from a file. It becomes a node linked to other 
nodes and hence part of a broader meaning structure. An important dis
tinction can be made between "cold" and "hot" links of a node. A com
pletely cold link is purely informational, associating the node with another 
that corresponds to a physical quality, an action, or definitional relation. 
A hot link stimulates an emotional feeling. The formation of such links in
volves circuits within the limbic region, although other connections to the 
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cortical region exist through the fibers of the brain reward system (Rout-
tenberg, 1978). Most nodes, and therefore most culturgens, possess mul
tiple links of both kinds, and the extent to which they reenter the con
scious mind depends on the context in which the concept is evoked. Thus a 
taxonomist sitting in a museum studies the many biological traits of the 
tiger (Panthera tigris) and associates it with other species of cats into a 
formal higher taxon, the family Felidae. Little emotion is evoked by this 
exercise. But the same person walking alone at night in a Thai forest is 
charged with fear at sensing the nearby presence of a tiger. For the mo
ment at least, his mind makes no effort to continue his classification of the 
Felidae. 

The nodes, therefore, are seen as elements of various chunks, sche
mata, and plans that are summoned according to circumstance. Some of 
the schemata are highly abstract, others are sensorimotor and concerned 
with programs of physical action or the mental conception of such action. 
Some parts of long term memory are cognitive manifestations of the cul
turgens and can probably be mapped onto them isomorphically. An arti
fact is a culturgen that may be used in a precise, invariant manner. A 
hammer will be struck according to a simple motor plan or sensorimotor 
schema. But it is also an object with physical properties that allow us to 
connect it through the recall of concepts to other kinds of hammers, 
sledges, and related instruments. It can become part of still other, meta
phorical concepts—the hammer of God, the futility of John Henry's 
hammer, harsh construction between the hammer and anvil. Finally, the 
culturgen can be a pure mentifact, a wholly mental construction based 
entirely on symbols or imaginary creatures and objects. We can employ 
the hammer itself as a physical culturgen, as in archaeological analysis, 
or we can place it within certain behaviors, stories, and metaphors that 
constitute the other principal categories of culturgens. 

The cognitive characterization of culturgens permits a formulation of 
the relationship between culture and genetic fitness. Fitness is clearly not 
the product of an artifact lying in a toolshed or a mentifact circulating in 
the recesses of long term memory. It is a function of explicit behavior, of 
muscular contraction and the motion of parts of the body. The mind of the 
human being intervenes to impose an immense new realm of order and 
process between learning and explicit behavior. It integrates experience 
while searching for alternative schemata and new ways to achieve its 
goals. The mind accumulates behavioral options out of experience and 
ceaseless conscious activity, during which old experiences are relived, 
new ones imagined, and both evaluated by their affective links. The 
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knowledge structures grow like chemical polymers, adding nodes and 
links with each new experience, and shedding others as disuse causes 
them to fade beyond the reach of recall (see Figure 6-4). 

Mental activity and outward behavior are based on memory, the epi
sodic and semantic networks of nodes and links. The networks are built 
up in response to experience in forms organized by the epigenetic rules. 
This canalization results in part from sensory screening, which causes 
perception to be limited to narrow segments of the immense arrays of 

Figure 6-4 The development of the mind, envisioned as a polymer-like growth 
of semantic networks in long term memory. Many of the nodes, designated here 
as ct, form the core stimulus associations of the culturgens. Others, designated 
as tt(, comprise the emotional associations or hot semantic nodes linked to the 
culturgens and are used in valuation. Node-link structures can be built up by 
gradual accretion of nodes, as suggested in sequence 1-4. They can also be altered 
by the breaking of memory links and the formation of new links by the separated 
components, as shown in diagram 5. 
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physical stimuli impinging on the body. It results in part from a tendency 
for certain nodes in long term memory to form links differentially to other 
nodes associated with the limbic and brain reward system, so that they 
are more likely to become positively or negatively reinforcing. Thus 
bonding results from the virtually automatic positive linking of mothers 
and infants during their initial contacts, while snakes, heights, and other 
typical objects of phobias are almost equally likely to form negative links. 
Finally, the canalization results in part from the peculiar constraints that 
lead to algebraic rules of risk estimation and other forms of decision 
making, as described in Chapter 3. Canalization in the generation of the 
semantic networks leads to a substantial convergence of the forms of 
mental activity among the members of societies and even among people 
belonging to different cultures. Idiosyncracies in concept formation and 
valuation obviously distinguish one human being from another. But the 
epigenetic rules are sufficiently tight to produce a broad overlap in the 
mental activity and behavior of all individuals and hence a convergence 
powerful enough to be labeled human nature (see Wilson, 1978). 

Culture can be heuristically defined as the cognitive and behavioral out
comes of the totality of shared culturgens defined in this new sense. Reifi-
cation and symbolization are seen as devices for creating and codifying 
culturgens for more efficient processing, storage, and recall. Language is 
the means whereby the culturgens are labeled and swiftly juxtaposed to 
assemble and communicate vastly more complex knowledge structures, 
such as narratives, instruction, and art. Language further serves to trans
mit meaning from one person to another, from one long term memory into 
another, quickly and efficiently. Under the influence of the epigenetic 
rules, the culturgens shared in such a manner will tend to possess similar 
core meaning and to evoke similar behavior. 

The components of long term memory can be regarded as forming a 
hierarchy. Nodes and sets of closely linked nodes constitute chunks or 
schemata, and sets of schemata can be delimited from other parts of long 
term memory. All of the culturally induced nodes and links stored in the 
memory of an individual constitute his received portion of the culture. For 
purposes of analysis it is useful to denote as knowledge structures any set 
of nodes and links in long term memory, from a single node to chunks to 
the entire contents of long term memory susceptible to cultural mediation. 
Segments of knowledge structures can be mapped onto culturgens and in 
many instances are isomorphic with them. Given the rules that can be in
ferred about the formation of knowledge structures, we are in a position 
to begin with their simplest forms, much as the geneticist begins with ele-
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mentary diallelic inheritance, and gradually expand their size and com
plexity. 

The full sequence connecting culture to genetic fitness is suggested in 
Figure 6 -5 . An individual is enculturated by exposure to the culturgens of 
other members of the society. This information is incorporated into long 
term memory under the influence of the epigenetic rules, and the resulting 
knowledge structures become the culturgens of the learning individual. 
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Figure 6-5 The complete sequence linking culture and genetic fitness. Cul
turgens (ci, . . . , cM) are encoded in long term memory in the form of polymer
like knowledge structures (K) and later translated into behavioral acts; both 
processes are guided by the epigenetic rules. The behavioral acts (blt . . . , bN) 
determine genetic fitness. 
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Other epigenetic rules influence his recall, valuation, and decision 
making. The resulting behavioral acts then determine his genetic fitness. 
We can therefore speak of a fitness function W(K) of particular organisms 
bearing specific knowledge structures, segments of which in turn can be 
traced back through socialization to the culturgens and in many instances 
regarded as identical with them. 

In the determination of genetic fitness, a diversity of selection pressures 
test the behavioral acts emanating from the mind. Selection, by imposing 
differential mortality and fecundity, tests not only the behavioral acts but 
also the knowledge structures of long term memory, the culturgens com
posed of the knowledge structures, and the epigenetic rules that guided 
the formation of all of these elements. 

The knowledge structures themselves can theoretically be inherited as 
hardwired processes within the brain. Such purely genetic transmission 
occurs in many lower animals. But in Homo sapiens, this is the case in at 
most a tiny minority of behaviors, and these are predominantly reflexive 
and autonomic in nature. Almost all of human behavior is based on 
knowledge structures that are learned to some degree. What is inherited 
are the storage and processing capacities of long term memory and the 
epigenetic rules. These are the physiological properties of the mind most 
directly subject to genetic evolution, and they are properly made the prin
cipal focus of the natural selection models. 

Within gene-culture theory such models can be given mathematical 
form. Thus notions about mechanism, otherwise vague, can be made pre
cise, and we are able to articulate with maximum clarity the chains of 
inference that connect our postulates with assertions about real systems. 
Furthermore, we can propose minimal standards that realistic models of 
gene-culture coevolution must fulfill. They include first of all the percep
tion of a complete circuit, one that loops upward from genes through 
epigenetic rules and cognition to macroculture, then back through the 
fitness effects of behavior to the genes. Second, they incorporate postu
lates about cognitive and behavioral mechanisms. The existence of the 
epigenetic rules means that the mind is an active entity shaping its own 
growth, not a passive receptacle of impressions. Culturgens do not enter 
long term memory like kernels of grain filling an urn. Knowledge struc
tures are composed of interacting nodes, of which many or most corre
spond to culturgens. A third condition of realism is the recognition that 
genes produce the epigenetic rules that under environmental boundary 
conditions direct the assembly of knowledge structures and ultimately of 
the whole mind. As a result the prescriptors of cognition and behavior 
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cannot be assessed as "x percent genes" and "y percent culture." The 
true causation is fully epigenetic and not decomposable in any naive addi
tive sense. 

In addition, individuals perceive group properties, and there is conse
quently a feedback from macroculture to cognition. Individuals are seen 
to reify the institutions of their society, while the products of the reifica-
tion learning rule color the algebra of thought. The phenomena to be pre
dicted by coevolutionary models are more than the patterns of change in 
gene frequency; they are also cultural history as expressed in the ethno
graphic distributions. 

Gene-culture theory therefore goes far beyond conventional notions 
about the evolution of a "capacity for culture." It specifies the key step 
required to understand either euculture in man or protoculture in other 
animals: the evolutionary study of epigenetic rules. It provides the body 
of data required to begin the program and assembles the necessary mathe
matical techniques from a variety of disciplines. With these tools we can 
start to reconstruct the trajectories in organic evolution that lead eventu
ally to culture. 

At the present time almost nothing is known about human evolution 
from this vantage point. Progress has been impeded by the lack of both an 
adequate data base and evolutionary postulates powerful enough to en
compass the human mind. As a consequence there is an urgent need for 
precise models that treat part or all of the gene-culture circuit. The evolu
tionary models discussed in the previous chapter and the similarly incom
plete models treated by other authors (to be reviewed presently) only begin 
to fill this gap. It is our belief that further progress in the subject requires 
models designed according to the criteria set forth above. 

In this chapter we develop and explore one such family of models. We 
focus on individual fitness rather than group fitness, because it is both 
more tractable and evidently the level that dominated during at least the 
first steps leading to euculture in the primate line. The model, which re
veals the workings of a novel and complex selection mechanism, has 
proved mathematically challenging in spite of our simplifications. It nev
ertheless achieves a complete tracing of the circuit of coevolution and 
reveals some of its distinctive phenomena. 

Previous Studies on Coevolution 

Before proceeding to the mathematical formulation, we may find it useful 
to consider previous studies on the coevolution of genes and culture. 



THE COEVOLUTIONARY CIRCUIT 257 

Many biologists and social scientists have written on this subject, espe
cially during the past ten years. Their contributions are summarized and 
very briefly evaluated in Table 6-1. The listing is not exhaustive, but we 
believe it to be representative of the diverse forms of research conducted 
and to include the principal substantive advances to the present time. 

Four of the research efforts have approached issues relevant to our own 
conception of gene-culture coevolution. S. T. Emlen (1976, 1980) argued 
that even when behavioral patterns are purely cultural in transmission, 
they are likely to be adaptive in a biological sense and hence difficult to 
distinguish from patterns that are transmitted by partial or pure genetic 
means. The same principles of population biology can be applied to both; 
the theory of "ecological sociobiology," which interprets social patterns 
as adaptations to the environment, can in this view be pursued without 
immediate reference to the role of genetic constraints in the development 
of behavior. 

Durham (1976, 1978, 1979) developed a similar argument: pure culture 
can be, and in general is expected to be, Darwinian. "Simply stated, my 
hypothesis is that the selective retention in biological and cultural evolu
tion generally favors those attributes which increase, or at least do not de
crease, the ability of individual human beings to survive and reproduce in 
their natural and social environments. This perspective has the advantage 
of explaining both how human biology and culture can be adaptive in the 
same sense . . . and how they may interact in the evolution of human at
tributes" (1979:54). For Durham coevolution means the joint and poten
tially independent contributions of genes and culture to behavior, rather 
than coevolution in the sense employed by biologists of two systems 
mutually altering each other (see for example Janzen, 1980). The mecha
nisms through which biology and culture might be coupled were therefore 
not pursued in his analysis. 

In a set of ingenious models Boyd and Richerson not only examined the 
outcomes of coevolution in the strict sense but visualized genes and cul
ture as two systems engaged in a kind of game played for control of the 
behavioral phenotype (Boyd and Richerson, 1976; Richerson and Boyd, 
1978). They recognized correctly that phenotypes maximizing cultural 
fitness (that is, the most rapid transmission of the culturgens) might not be 
the same as those maximizing genetic fitness (the most rapid transmission 
of the genes). There is consequently a "struggle" between genes and cul
ture for the preferred steady-state behavior of the population. In this 
process the genes generally hold the upper hand, because the "capacity 
for culture" is under genetic control and hence adjusted to optimize 



Table 6-1 A synopsis of previous work on the relation between genetic and cultural evolution. 

Reference Problem addressed Methods Major result(s) Comments 

Dahlberg (1947) 

Campbell (1965) 

Alexander 
(1971, 1979a,b) 

Genetic predisposition 
toward class member
ship 

Directive forces of 
cultural evolution, with 
special reference to 
social organization 

Single-locus model of 
population genetics 
with individual-level 
selection. Cognition, 
social interaction, gene-
culture coevolution not 
explicitly considered 

Microevolutionary argu
ment by analogy to 
organic evolution 

J. M. Emlen 
(1967) 

Genetic contributions 
to human social 
behavior 

Macroevolutionary 
argument; posits role of 
natural selection but 
does not contain an 
explicit model. Cogni
tion and mode of cultur-
gen transfer not con
sidered 

Evolution of the 
capacity for social 
learning and culture; 
adaptiveness of social 
patterns; "reconcilia-

General arguments from 
sociobiology and evolu
tionary theory, with 
emphasis on kin selec
tion and nepotistic be-

In a steady-state society 
a gene promoting 
success will be concen
trated in upper socio
economic classes within 
a relatively few 
generations 

Processes of variation 
and selection in social 
systems parallel those 
in genetic evolution 

Natural selection 
affects which behaviors 
are positively and which 
negatively reinforcing, 
and hence determines 
those forms of social 
behavior most likely to 
be transmitted by 
culture 

Support for the general 
hypothesis that "human 
individuals, like other 
organisms, have 
evolved to interpret 

An interesting if greatly 
oversimplified model 
that has not been ex
plored further, although 
a similar idea was de
veloped intuitively with 
reference to IQ by 
Herrnstein (1971) 

Anticipates later adap
tation of natural selec
tion theory to human 
culture 

Foreshadows later 
findings on epigenetic 
rules and directed 
learning 

Foreshadows but does 
not express an explicit 
theory of gene-culture 
coevolution 



tion" of Darwinism and 
social theory 

havior. 

Wilson 
(1975, 1978) 

S. T. Emlen 
(1976, 1980) 

Genetic contributions 
to human social 
behavior 

Similarities between 
genetic and cultural 
adaptation in the 
shaping of adaptive 
behavior 

Micro- and macroevo-
lutionary arguments 
from models of indi
vidual and group selec
tion. Cognition and 
mode of culturgen 
transfer not explicitly 
considered 

General arguments and 
documentation from 
behavioral ecology and 
sociobiology of both 
animals and human 
beings. Specific models 
of gene-culture co-
evolution not pursued 

Durham 
(1976, 1978, 1979) 

Coevolution of human 
biology and culture 

Micro- and macroevo-
lutionary arguments. 
Gene frequencies, 
cognition, and social 
interaction not ex
plicitly considered 

their best interests (not 
necessarily consciously) 
in terms of reproductive 
maximization" 

Directed learning 
evolves as a genetic 
product and channels 
cultural evolution. 
Ethical values derived 
from genetically 
evolved controls in 
limbic system 

In response to par
ticular environments, 
genetic and cultural 
evolution will yield 
social patterns that are 
similar if not identical. 
Therefore ecological 
sociobiology can be 
studied independently 
of the mode of trans
mission 

Cultural traits are 
retained according to 
the same criterion as 
natural selection. Slack 
can be introduced into 
time-energy budgets by 
cultural adaptations 

Foreshadows but does 
not develop current 
gene-culture theory 

See text 

See text 

(continued) 



Table 6-1 (continued) 

Reference Problem addressed Methods Major result(s) Comments 

Feldman and 
Cavalli-Sforza 
(1976, 1977, 1979) 

Boyd and 
Richerson (1976); 
Richerson and 
Boyd (1978) 

Gene-culture coevolu-
tion; the general phe
nomenon of "complex 
transmission" of both 
genes and purely pheno-
typic variants 

Gene-culture coevolu-
tion. Evolution of the 
capacity for culture and 
strength of genetic 
constraints on culture 

Single-locus, single-
culturgen model, vari
ance analysis; includes 
teaching of offspring by 
parents. Cognition, epi-
genetic rules not 
considered 

Static optimization 
theory. Coevolution 
visualized as a game 
between genes and cul
ture. Cognition, epi-
genetic rules, and social 
interaction not ex
plicitly considered 

Conditions deduced for 
the maintenance of gene 
frequency poly
morphism through 
heterozygote advantage 
in complex transmis
sion. Dependence of the 
polymorphisms on the 
parameters of the learn
ing process. Existence 
of oscillatory and 
multiple stable gene 
frequency equilibria 

Enumeration of circum- See text 
stances in which pheno-
types of a population 
evolve to either the 
genetic optimum, the 
cultural optimum, or an 
intermediate state, 
under the influence of a 
variety of fitness 
functions 

See text (Chapters 5 
and 6) 



Rice et al. (1978); 
Cloninger et al. 
(1979a,b) 

Karlin 
(1979a-d; 
1980a,b) 

The genetic and cultural 
factors that influence 
transmission of a trait 
from parent to off
spring; techniques for 
separation of the effects 
of the two classes of 
factors 

Dynamics of pheno-
types controlled by 
both genes and 
culturgens 

Multifactorial genetics 
modified to include cul
tural transmission. De
tailed consideration of 
intrafamilial pathways 
of cross-generation in
formation transfer. 
Cognition, epigenetic 
rules, and social pat
terns not explicitly 
considered 

Models of multifactorial 
genetics in discrete gen
erations, including con
sideration of both indi
vidual and sexual selec
tion. Correlation equa
tions, usually linear, 
between genotypes and 
between phenotypes. 
Cross-generation com
munication, usually 
between parents and 
offspring. Cognition, 
epigenetic rules, and 
social patterns not 
explicitly considered 

Formulation of mathe
matical techniques to 
measure correlations 
between parents and 
offspring, between sib
lings, and between kin-
group members and 
neonates with reference 
to cultural transmission 

Extension of models of 
multifactorial inheri
tance to simultaneous 
consideration of many 
genotypic, phenotypic, 
and cultural character
istics. Idea of the 
"vector phenotype." 
The models emphasize 
phenotype-phenotype 
correlations 

None volutionary; 
natural selection not 
considered 

(continued) 
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Reference Problem addressed Methods Major result(s) Comments 

Thomas (1971); 
Jochim (1976); 
Winterhalder 
(1977); Binford 
(1978); Hames 
(1979); Reidhead 
(1979, 1980); 
Smith (1979, 
1981); Keene 
(1981) 

Pulliam and 
Dunford (1979) 

Individual behavior and 
culturgen usage as 
adaptations to the 
environment 

Evolution of learning 
strategies with special 
reference to human 
behavior 

Optimal foraging 
theory; linear program
ming; optimality and 
satisficing concepts 
from behavioral ecol
ogy. Models tested with 
ethnographic data. 
Emphasis on maximiza
tion of net energetic 
profit. Gene-culture co-
evolution implied in 
some cases but not 
explicitly formulated 

General arguments from 
sociobiological and 
learning theory. Non-
social foraging prob
lems evaluated numeri
cally. 

The human mind 
assigns greater utility to 
culturgens and be
haviors that have high 
reproductive value (or 
its equivalent in ener
getic yield) in par
ticular environments 

Natural selection de
signs learning behavior 
in such a way that adap
tive acts are positively 
reinforcing and non-
adaptive acts are 
negatively reinforcing 

See discussion of 
behavioral ecology 
(Chapters 3 and 5) 



Bonner (1980) Evolution of culture in 
animals 

Comparative analysis 
of data from zoological 
literature 

Fagen (1981) Evolution of play and 
capacity for innovation 

Single-locus, discrete-
generation models of 
population genetics, in 
which the alleles pre
scribe phenotypes that 
are high or low in inno
vative capacity. Cultur-
gens spread by imitation 

This first synthesis in an 
evolutionary perspec
tive shows that animal 
protocultures are sur
prisingly widespread 
and diverse 

The first systematic 
theory of the genetic 
basis of innovation. 
Among the results: 
social learning puts a 
drag on the spread of 
innovator alleles be
cause noninnovators 
can profit from the cul-
turgens introduced by 
the more costly inno
vator genotype. Critical 
innovation rates are re
quired to sustain the 
innovator allele; epi
sodes of innovation and 
spread of new cultur-
gens throw allele fre
quencies into oscillation 

Play and innovation are 
important components 
of gene-culture coevo-
lution and are likely to 
assume a larger role in 
more advanced models 
with expanding cultural 
arrays 
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genetic fitness. When the phenotypes can be produced by genes alone, 
culturally transmitted behaviors will be allowed only when they result in a 
genetic optimum. The Boyd-Richerson models pertain to steady-state res
olutions of the gene-culture "game" and are almost wholly free of content 
from genetics, neurobiology, and psychology. As a consequence the 
models do not provide means for measuring and relating phenomena and 
cannot be used in the literal analysis of human social behavior. Neverthe
less, game-theoretic and optimization techniques are potentially fruitful in 
the study of human behavioral evolution. This is especially so if particular 
uses of gene-culture transmission can be identified and characterized as 
evolutionarily stable strategies, which are adaptations adopted by a critical 
proportion of the evolving population and thereafter unopposed by any 
parallel adaptations immediately available to the population (Maynard 
Smith, 1974, 1976; Dawkins, 1980). 

An explicit coevolutionary model has been studied by Feldman and 
Cavalli-Sforza (1976) in connection with their more general analysis of 
"complex transmission," or the compound inheritance of genetic and 
purely phenotypic variation (see also Feldman and Cavalli-Sforza, 1977, 
1979). Their model stipulates a single culturgen—"skilled"—which can 
be attained from the unskilled state. The capacity to acquire the skill is 
dependent on the genotype of the offspring and the skilled or unskilled 
state of the parents. A balanced polymorphism can exist in the case of two 
alleles when the heterozygotes learn the skill more readily than do the ho-
mozygotes, but only if the skill provides a moderately strong selective ad
vantage. We have discussed this result in Chapter 5, in connection with 
the general problem of adaptation to heterogeneous environments. The 
Feldman and Cavalli-Sforza model is another step in the right direction. 
However, because this model is fundamentally ad hoc (in other words, 
proposed and utilized independently of postulates about underlying mech
anism), to date it has been only weakly heuristic. Furthermore, it lacks 
explicit treatment of many features that we believe are important for 
understanding gene-culture coevolution, such as cognitive information 
processing, choice among culturgens, epigenetic rules, and sensitivity of 
individuals to trends manifest in cultural patterns. 

Modeling the Coevolutionary Circuit 

Early in our own study we realized that coevolution cannot be effectively 
grasped unless the entire circuit of causation is traced as a virtually com
plete process, from the genome of individual organisms to the cultural 
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pattern of the society as a whole and back around again. The reason is 
that the cultural society is a heterarchy instead of a pure hierarchy; the 
epigenetically guided actions of the individual members create the cul
tural patterns, but the patterns influence the actions and, ultimately, the 
frequencies of the underlying genes themselves. Thus in order to model 
the process effectively, it is necessary to identify and to interlock the full 
array of phenomena that lead in small steps completely around the 
gene-culture circuit: the gene frequencies, epigenetic rules, socialization, 
cognition, cultural pattern, and sensitivity to usage pattern by the re
mainder of the society. We found this task to be difficult but not intrac
table. 

In the family of models to follow, the interaction of genes and culture is 
characterized from existing information about cognition and sensitivity to 
usage pattern in human societies. The interaction is extended into evolu
tionary time in order to envisage changes not only in cultural pattern but 
also in the gene ensembles and epigenetic rules. A life cycle is incorpo
rated in which the offspring produced in a large, randomly mating popu
lation are socialized by both their peers and the older generation. Alter
native culturgens are learned and evaluated through exploration, play, 
and observation. Later they are employed during a prereproductive 
period in the gathering of a resource, which can be broadly defined ac
cording to circumstances to mean either food and other limiting 
resources or territorial ownership and other modes of control by which 
resources can be gathered in an unimpeded manner. Individuals choose 
between two culturgens under the influence of epigenetic rules. Genetic 
variation is permitted in the degree of bias in the epigenetic rules, the 
amount of sensitivity to peer and parental usage, and the function by 
which resources are converted to genetic fitness. 

A number of phenomena, some of them previously undiscovered, are 
revealed by our investigation of the model. The tabula rasa state, in 
which no innate bias exists in culturgen choice, is shown to be unstable, 
easily replaced by any of a wide range of biasing epigenetic rules. The 
time scales for this replacement are calculated. Sensitivity to usage pat
tern increases the rate of evolution in epigenetic biasing and hence the 
genetic assimilation of culturgen use. This catalytic effect might have 
contributed to the rapid evolutionary increase in human brain size asso
ciated with the onset of gene-culture coevolution. Culture slows the rate 
of genetic evolution, but coevolution still occurs rapidly enough for the 
genes to track many culturgen changes. On the basis of the results of the 



266 GENES, MIND, AND CULTURE 

model we propose a "thousand-year rule" for this type of system: the al
leles of epigenetic rules favoring the features of more successful cul-
turgens can largely replace competing alleles within as few as fifty gener
ations, or on the order of a thousand years in human history. 

Finally, coevolution is revealed to be based on a novel form of 
frequency-dependent selection. Under certain conditions, in particular 
when genetic fitness declines after a certain amount of resource has been 
harvested, selection leads either to stable genetic polymorphisms or to 
chaotic fluctuations in gene frequency. In the latter regime, coevolu-
tionary history would be both unpredictable and arbitrarily complex in a 
well-defined sense. The genes would not move toward an optimal geno
type. We suggest that this phenomenon can enhance genetic diversity, di
vision of labor, and individuality among highly eucultural organisms. 

The Model Life Cycle 

The core of the model is the life cycle introduced in the evaluation of the 
gene-culture adaptive landscape (Chapter 5) but now elaborated to intro
duce aspects of individual cognition and response to the social environ
ment. The details are summarized in Figure 6-6. For analytic conve
nience we have modified the human life cycle in two ways. First, the 
population is made large and randomly mating, in order to exploit the 
deterministic equations of population genetics. Second, the generations 
are quasi-discrete, meaning that adults persist long enough to enculturate 
juveniles but die before the next breeding phase takes place. These fea
tures are not profound deviations from the human condition, and they 
permit a simpler and more abstracted description of the life cycle that can 
be utilized in initial studies of populations of both human beings and pro-
tocultural species. 

The ethnographic curve is adjusted during each generation according to 
the genotypes of the individuals and the culture of their parents. The 
curve, which constitutes the cultural pattern, is calculated for the two-
culturgen case, that is, for the classic anthropological case of binary 
choice and binary classification. The culturgen choice by each individual 
and the usage pattern of the rest of the society determines the effective
ness of the individual in exploiting the environment. The effectiveness in 
turn determines the individual's genetic fitness. Variation in genetic 
fitness among the members of the society is translated into an alteration of 
the gene frequencies in succeeding generations. It is not necessary at this 
stage of the analysis to make a distinction between individual and inclu-
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Figure 6-6 The idealized life cycle used to study the coevolutionary process. 

sive fitness, so that special effects of group and kin selection can be ig
nored. 

The offspring, then, are produced during a discrete reproductive period 
toward the end of the life cycle. They proceed to assimilate both of two 
culturgens, ct and c2, into their long term memory. The exact form of 
their knowledge structures is determined to a large extent by the struc
tures held by the adults and the manner in which the adults enculturate 
the offspring. The juveniles also record impressions of how many adults 
use each of the two culturgens. During exploration and play they assess 
the culturgens still further by means of lessons, games, practice, and con
versation. The learning can be direct, in which case the juvenile employs 
the culturgen with or without tutelage, or it can be purely observational in 
form, consisting in unrewarded learning that occurs when one individual 
watches the activities of others (see reviews in Alcock, 1969; Hinde, 1970; 
and Bateson, 1976). During exploration and play the juveniles also ob
serve one another, adding to their perception of the uses and value of the 
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culturgens. In later life this information will be consulted repeatedly to 
help make decisions about the serious uses of the culturgens. 

Thus the result of socialization, of imitation, and of exploration and 
play is a knowledge structure that has two capacities. First, it contains the 
schemata corresponding to the culturgens themselves; and second, it con
tains information that partitions the environment into situations calling for 
culturgen Ci or for culturgen c2 • For simplicity we assume that this classi
fication exhausts the set of possible events. 

In order to evaluate the competing culturgens, the juvenile mentally 
connects their use with the various contingencies of the events, such as 
prey to be hunted, shelters to be built or enemies to be confronted. The 
event classification, by which the individual matches culturgens with 
environmental contingencies, is composed of mutually interpenetrating 
sets, as visualized in Figure 6-7A. Because the sets overlap, the deci
sions made by individuals are probabilistic rather than deterministic (Fig
ure 6-7B). It is conceivable that an organism with unlimited cognitive 
resources could achieve a flawless separation of such events (Figure 
6-7C). However, all living organisms, including man, have a finite capac
ity and limited time in which to make decisions. 

In Chapter 3 we reviewed the evidence that the human brain has 
responded evolutionarily to this framework of constraints by the use of 
the principles of fuzzy logic, which is represented by the convention of 
overlapping sets of event classification. Fuzzy logic translates directly 
into the existence of finite culturgen transition probabilities, a basic condi
tion used in our earlier models of gene-culture coevolution. To take a con
crete example, imagine a Polynesian fisherman selecting between two 
kinds of hooks. His position off the reef and the water conditions there 
suggest the species of fish most likely to be available. His judgment is 
based on memories of the gradients of marine environments in which he 
and others of his village have fished before. From one extreme set of con
ditions to another, the usefulness of one of the kinds of hook rises while 
that of another declines. For many parts of the fishing grounds the choice 
can never be absolutely clear. The fisherman consequently has a certain 
probability of selecting the first kind of hook and another probability of 
selecting the second kind. 

The development of the knowledge structures and their later valuation 
are constrained by the epigenetic rules. Other epigenetic rules shape the 
way in which the patterns of culturgen use among parents and peers are 
incorporated into the final decision probabilities (see Chapters 2 and 3). 
Genetic changes in the society as a whole consequently influence the 
strategy by which the final probabilities are calculated. 
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The adults of the previous generation die at the end of the enculturation 
period and their offspring enter the prereproductive period. During this 
time the group members use the culturgens to gather a resource that sub
sequently will be turned into gametes. These simple expressions are 
meant to serve as a shorthand for larger and possibly more complicated 
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classes of phenomena. To gather a resource means either literally to ac
cumulate food in a direct manner or else to secure a richer subsequent 
harvest through the establishment of territory, attainment of rank in a 
hierarchy, formation of economic and political alliances, or other devices. 
To turn the resource into gametes means to contribute to the zygotes that 
form the next generation; the number thus deployed depends on the suc
cess of the individual during the period of environmental exploitation. 
The choice of culturgens determines both the strategy of exploitation and 
the reproductive success. 

Each foraging bout begins with a new decision concerning the cul
turgens, such as the hook to be employed, the kind of foraging team to be 
organized, the means of protection against inclement weather, and so on 
through many diverse categories. On the basis of the decision the individ
ual uses the chosen culturgen of a given category to gather resources at a 
fixed rate throughout the episode. The beginning moments of new epi
sodes are exponentially distributed through time, a condition stipulated 
and explained in Chapter 4 (see Figure 4-8). The foraging environment 
remains constant, so that the manner in which it is classified by individ
uals (Figure 6-7B) remains always the same. Under this special condition 
the decision probabilities are constant and the Markov approximation to 
gene-culture translation is accurate. 

The accumulation of resource for the purposes of reproduction stops at 
the end of the prereproductive phase. In the next phase the resource is 
converted to gametes according to a fixed fertility rule and emitted into a 
random mating system. The fertility rule tallies the benefits resulting from 
the resource harvested, after the benefits have been discounted by the 
costs incurred from the construction, maintenance, and use of the cogni
tive processors responsible for socialization, reification, and decision 
making. The variation in fertility due to alternative culturgen usage is the 
sole cause of variation in absolute fitness among the genotypes in the pop
ulation. It is straightforward to extend the model to include mortality ef
fects in the neonatal, juvenile, and reproductive periods, but for clarity 
we do not include these additional parameters here. 

The features of the relevant epigenetic rules, and hence the transition 
probabilities ««(£), are controlled by a single major gene with two alleles, 
A and a (Figure 6-8). The corresponding processors can differ in accu
racy of operation, in complexity, in cost of construction and maintenance, 
and in cost of use per computation. We expect that a higher degree of 
accuracy will generally require more complex and expensive processors, 
resulting in trade-offs among feasible system designs during the evolution 
of the brain. 
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rates vv are prescribed by a single major gene with two alleles, A and a. (The 
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While the genes prescribe the epigenetic rules, which in turn shape the 
decision behavior, the culturgens determine the reward. In the model this 
relation has been made fully restrictive: an individual of genotype AA 
using Ci does exactly as well as one of genotypes Aa and aa using the 
same culturgen. Although it is possible to include pleiotropic effects, we 
have limited the action of the gene to the epigenetic rules. In this simpli
fied version the model exposes the key role of culture as the interface 
between phenotype and environment. It also emphasizes the basic nature 
of genetic changes that affect the neurobiological subsystems within the 
individual. 

As the juvenile period ends and the adult prereproductive period 
begins, the ethnographic curve of adult behavior forms. We have chosen 
the case in which the prereproductive period is sufficiently long for the 
ethnographic curve to be at steady state during most of its span. This con
dition requires the prereproductive period to contain many decision points 
at which culturgens can be switched, as is the case in human life history. 
Each generation is therefore characterized not only by a particular gene 
frequency distribution but also by a steady-state ethnographic curve, 
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which specifies the frequency distribution of specific patterns of culturgen 
usage. 

In Chapter 4 we showed that the ethnographic curve is grounded in the 
epigenetic rules. The transition rates vtj in the individual choice of cul-
turgens provide the translation from genes to culture. In the present 
model the ethnographic curve and the gene frequency curve combine in a 
coevolutionary system. Specific gene frequencies produce specific distri
butions of individual epigenetic rules. The subsequent decisions about 
culturgen use not only generate the ethnographic curve but also fix the re
productive success of the group members. As the gene frequencies 
change, so do the distribution of epigenetic rules and the ethnographic 
curve. But the epigenetic rules feed on information derived in part from 
the ethnographic curves of both the current and preceding generations. 
Variation in reproductive success induces a change in gene frequencies 
across generations, which in turn induces a shift in the ethnographic 
curve. 

The model will permit exact specification of this coevolution. Equa
tions of motion can be written for the gene frequencies pt of the popula
tion and for the variables vt corresponding to the expected frequencies of 
culturgen use by the society as a whole. The two sets of equations form a 
coupled system, where 

pt = function of genes, culturgens (6-la) 

vt = function of genes, culturgens (6-lb) 

and they will be seen to be driven by a novel and remarkably effective 
selection mechanism. 

Multiple Culturgens and Innovation 

The cognitive definition of culturgen provides the means for enhanced 
realism in the two-culturgen model. We have just shown that it is possible 
to build a substantial model on the simplest, most rigid conception of two 
culturgens, in which the two forms must be judged distinct by virtually 
any criterion employed and no innovation occurs to add further cul
turgens. Although this is a useful approximation to some real-world cir
cumstances, the model is not actually so restrictive. Gene-culture theory 
encompasses problems involving many culturgens (recall for example Ap
pendix 4-3, and see our discussion of culturgen biogeography in Chapter 
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7). In this section we note how the present model applies to the many-
culturgen case. 

In the simplest extension to the case of three or more culturgens, the 
array can be clustered into two sets, composed of either one very distinc
tive form versus all the rest, or else two subpopulations of culturgens that 
differ most from each other (see Appendix 3-1). Indeed, the members of 
the two subpopulations might be closely similar or identical in terms of 
one or more shared, perceivable properties. The properties make up a 
core or feature cluster by means of which culturgens can be sorted and 
analyzed. If this is the case, then ct and c2 become symbols for two dif
ferent assemblages of core features that can be preferred, and the epige-
netic rules determine the frequencies with which the ci-heuristic and c2-
heuristic will be utilized. The data available to us (see Chapter 3) indicate 
that many of the valuation heuristics at work in human beings function in 
this manner. 

Suppose that an epigenetic rule increases the use of a heuristic in which 
a specific core of features are valuated positively. Then if these features 
correlate with reproductive success, the epigenetic rule is likely to be at 
an evolutionary advantage with respect to an epigenetic rule under which 
more arbitrary or reproduction-curtailing culturgens are favored. Many 
culturgens can be involved, as long as each one can be valuated according 
to heuristics c^ and c2. The intensity of the evolutionary competition will 
decrease as the overlap between the two sets of core features increases, 
and it will increase as the superior rule moves closer to the "optimal 
core." 

Innovation can be handled in a similar way. Since the number of spe
cific culturgens is arbitrary in this extension of the model, the culturgen 
populations can expand or contract. In the dynamics of culturgen change 
any invariant or slowly changing properties of the culturgens act as identi
fiers that can attract epigenetic rules. The net reward gathered by an indi
vidual under such circumstances varies with the available culturgens. The 
simplest case, which applies in the sections to follow, stipulates that cul
turgen turnover, if present, produces a negligible change in expected 
reward. The model can be extended to innovation-dependent rewards by 
introducing phenomenological equations that make the reward structures 
for the ct- and c2-heuristics into functions of time. 

We do not suggest these refinements in the ethnology of binary classifi
cation in order to foreclose a better analysis of the innovation process in 
future, second-generation models of gene-culture coevolution. Such an 
advance is clearly needed, and a stepping-stone is already provided in the 
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theoretical treatment by Fagen (1981) of play and innovation. Rather, we 
wish to emphasize the power and flexibility of two-"culturgen" models, 
whose utility parallels the two-allele case in theoretical population 
genetics. It is equally notable that the classification of culturgens is an im
portant form of investigation in itself, since it can shed light on the innate 
processes of cognition during the formation of knowledge structures. 

The Gene-Culture Translation 

In deriving the ethnographic curves from the epigenetic rules, we con
tinue to use the notation introduced in Chapter 4. The ukm are the transi
tion probabilities between culturgens k and m, and the vkm are the transi
tion rates, or probabilities per unit time. The superscript ij denotes the 
genotype GtGj. Given a mean time Tk

J between decisions for a GtGj indi
vidual using culturgen ck, we have fork^m the relation u*k

3
m = rk

j vh
J
m. 

The uk*m and v*k
}
m can be influenced by the cultural patterns of both the 

parental and the offspring generation. It will be convenient to denote this 
dependence in several equivalent ways: first, through the variable «i, the 
total number of individuals using culturgen cx; second, through the fre
quency vt = nt/Nt, where Nt is the total number of individuals in the cur
rent generation; third, through the order parameter £ = 1 - 2nJNt = 
1 - 2vx (recall Chapter 4); and finally, through the variable n?, which is 
the number of ct- users in the genotype GiGj subgroup of the culture. 
Hereafter we will write vx as v. Thus for the purposes of the model 

«ft.(«i) = uM") = «&.(£) = uMni\nia,nr) (6-2) 

and similarly for the i$m. We shall use this notation interchangeably as de
manded by context. 

Since the cultures of two generations impact the epigenetic rules, the 
relation ujim = u%m(gt,it-i) holds by the end of the juvenile play period. 
Throughout the prereproductive and reproductive periods &_! plays a 
parametric role. For the time being we retain it implicitly, writing 
uimiit, 6-i) as HJ4i(f () or Wfcm(£)- Similar statements hold for the other con
ventions shown in Eq. (6-2). 

The process of gene-culture amplification in this model is more compli
cated than in the culture group analyzed in Chapter 4, because with three 
genotypes present the system is no longer homogeneous. The population 
is made up of organisms that differ in their rules of decision, yet still in
teract with one another. The natural ethnographic curve for such a popu
lation is 
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8 « , < , « r , ' ) = the probability that, at time /, 
nAA genotypes AA are using culturgen cx, 
and so on. (6-3) 

The $(0 is a probability function on the three-dimensional state space of 
coordinates (nf A,n(a,"ia), where 0 < n\A < NAA, 0 < w?a < NAa, and 
0 < n\a < JVaa (see Figure 6-9A). In generation t 

NAA = p?JV„ AT-4" = 2ptqtNt, Naa = <tfJV,. (6-4) 

The time scale of observation is sufficiently fine that within any small in
terval dt at most one individual can switch culturgens. Then the only al
lowed transitions are those between state vectors (nfA,nA",«?") a nd 
(.riA',nAa',n1a') such that 

«{ = 2 ("?)' = ^n[i±\=n1± 1, (6-5) 
(ij) (0) 

in other words, between nearest neighbors (Figure 6-9B). Using the argu
ments developed in Chapter 4, one readily finds that $(0 obeys the equa
tion of motion 

j{<S(nAA,nAa,nr,t) = 

- [riAvAA(.nAA,nAa,nT') + / t f V 2 « \ « i a , " i a ) + nfaV}UniA,nia,n1a) 

+ nAAviA(nAA,nAa,n^a) + niavA'l(niA ,nAa ,ri?) 

+ n%avfi(niA,nAa,n1a)] cS{niA,nia,nT,t) 

+ (niA + l)»ft(/if* - l,/ifa,«?a) <S(nAA - \,nAa,ri?,t) 

+ (nAa + l)vii(nAA,n^a - 1,/if) <S(niA,nAa - l,nf,t) 

+ (nga + l)pg?(n^,nf°,n?° - 1) <S(nAA,nla,n1a - 1,0 

+ (nAA + 1) vtfiiti* + 1, «?*,»?") y(riA + l ,n f ,n?a,0 

+ (nia + l K K / i f S n f + l,n?°) ^(/Ji^,«ia + l,w?V) 

+ (n?a + l)D?l(^,nf°,«;a + 1) <$(niA,nia,n1a + 1,0 (6-6) 
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Figure 6-9 The ethnographic state space of a population composed of three 
genotypes (AA, Aa, ad) that affect the epigenetic rules of choice between cul-
turgens. Each dimension is the number nAA, nAa, or n"" individuals of a particular 
genotype possessing culturgen c t . The number can range from 0 to Na, the total 
number of individuals GtGj in the population. A, representation of a complete 
state space; B, the possible transitions within a portion of the state space. The 
population can at most shift from its original position to an adjacent position 
during any small time interval dt. 

for 0 < nf4 < NAA, 0 < nAa < NAa, 0 < ri? < Naa, with similar equa
tions for the boundary states. 

By assumption, the duration T of the prereproductive interval is suffi
ciently long that the ethnographic curve is at steady state for all but a 
negligible fraction of T. From Figure 6-9 it is clear that every state 
(niA,nj",nia) is connected to every other state inAA', n$a', /zffl') by at least 
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one path of allowed transitions joined chain-like, end to end. Since in addi
tion tt'kJ

m(£) and u'm*(f), k ^ m, are both nonzero, we conclude that a steady 
state <S(nAA,n^",nli') of Eq. (6-6) exists, is unique, and constitutes the 
single attractor for every initial ethnographic distribution of the system 
(Schnakenberg, 1976). 

The equation of motion (6-6) can in principle be solved exactly for the 
steady-state ethnographic distribution <S(niA,nAa,nia). The necessary 
techniques are discussed in standard sources such as Schnakenberg 
(1976) and Haken (1977). However, the resulting formulation is not con
cise and generally requires the aid of the computer. In this initial study we 
need an approach that gives concise, readily grasped, analytic solutions 
of Eq. (6-6) even if some accuracy is lost. The key properties of 
<S(nAA,nAa,nf) are thereby opened to immediate study. Based on the 
existence proof for the steady state, an approximation holds for culture 
groups which are not too small and which are not close to transition 
thresholds that shift the ethnographic curve from unimodality to multimo-
dality. Under these circumstances <&(nAA,nAa,nia) will be unimodal and 
sharply peaked, and throughout the prereproductive period the usage pat
tern variables f, nly and v deviate only slightly from their modal values. 
Furthermore, the distribution mean will lie very close to the mode and we 
have the relations 

v ~ v, t; ~ £, "i ~ «i, (6-7) 

and so on, where the overbar denotes mean value. The steady-state solu
tion of (6-6) can then be approximated by replacing f with f in the assimi
lation functions. The culture is treated as a group of organisms rearranged 
from interacting with one another to interacting with an independent, 
mean field of cultural order. The mean-field technique is a powerful 
approximation for related systems (see for instance Reif, 1965:430-435). 
We use it self-consistently; we shall show that the value off, V, or nt is 
not added to the theory as an extra unknown but can be calculated 
directly. Furthermore, the methodology is exact in the special case, ex
emplified by incest, in which the group members are independent decision 
makers and the epigenetic rules consequently are independent of current 
values of f. 

The basic distribution is then 

&%(t\v) = the probability that an organism of genotype G{G) 
is using culturgen ck at time / given that 
the mean cultural order is v. (6-8) 
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The equations for the £%(t\v) are 

-jt*¥(t\v) = - »&(P) J\j(t\v) + v&(p) W(t\v) 

-jt W (t\v) = vi1, (P) J{' (/|P) - v\\ (p) W (f|P) 

which have the steady-state solution 

WW = »ft(p)/»°(p) 

where 

vi3(i>) = v&(p) + vUv). 

(6-9) 

(6-10) 

(6-11) 

The approach to this steady state is exponentially fast on time scales com
pared to the rate at which decisions are made: 

S"(t) = Wo) exp [r«(f - to)] 

where Ju(t) is the vector [f¥(t\v),f\i(t\v)] and 

1 

(6-12) 

exp rr«(r - /,)] = 
»U(P) 

«&(P) v%(p) 

tft(P) »?,(P) 

t exp[-i>u(PXf -fo)] 
»M(P) 

«ii(P) -v'Mv) 
(6-13) 

Thus after many decision points entailing a culturgen switch, the second 
term will be negligible compared to the first term and Su(t) will approach 
the steady state (6-10). 

Since the group members are decoupled from one another (although 
still sensitive to the mean usage field), we can write 

cS{niA,nia,nT) ~ «(nf*) «(«ia) ®(«ifl), (6-14) 

a product of three independent, single-variable ethnographic distribu-



THE COEVOLUTIONARY CIRCUIT 279 

tions. In turn, the ^(«iJ) can be expressed in terms of the &\l(V). Since 
tfi(i>) is the probability of observing a cfc-user when the individual chosen 
is of genotype G/3,, and ^(n^) is the probability that the genotype G{G} 

subgroup contains exactly /ijj such causers, ^(«ij) must be the bi
nomial distribution 

«(«?> = ( ^ j ) [^ij(i>)]niU[i - ^nnr"-"^. (6-15) 

For each Nu a 25 the binomials are well approximated by Gaussians and 

<S(niA,nia,nr) ~ ]\ [2*rATw ̂ ( 1 - #t)lTm 

• exp [(njj - Nu WY/IN" J*jj(l - J?)]. (6-16) 

Self-consistency requires that 

n1= 2 "i « (« f ,«i°,«ia|»0- (6-17) 
n{A,n{",rtfa 

But «t = nAA + nAa + «fa, so that 

«i = 2 (nf + n f + M?°) »(nii*,ni°,/i?a|»>) 

= 2 if1 « ( « ? » + 2 "ia «("i"l»») 

+ ^ "?a « ( " ? » • (6-18) 

In Eqs. (6-17) and (6-18) the conditional dependence of ^ on the mean fre
quency v is indicated explicitly, rather than implicitly as in the preceding 
equations. By (6-15) each of the three sums in (6-18) is the mean of a bino
mial distribution with probability parameter S^(j>) over Nu individuals. 
Thus 

2 n? <S(n¥) = 2V*.*?(P) (6-19) 
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and we obtain the implicit equation for n^. 

«j = NAAi4i(p)/v*A(p) + A^°i^?(p)/ir4a(p) + Naavl'[(v)/vaa(v). 

(6-20) 

Expressing this relation in terms of the mean usage frequency P = nJNt 

we find that in generation t 

pfvAA(V) 2ptqtvi?(i>) qfvfiiv) 
V vii(P) + Vtf(p) »fS(P) + »2f(P) Bff(P) + »i?(P)' 

(6-21) 

Equation (6-21) is a coevolutionary equation for the culture pattern of c t . 
We note three significant aspects of its structure. First, it is explicitly 
dependent on the gene frequencies. Second, Eq. (6-21) is an implicit equa
tion for P and in general will be nonlinear. It will not ordinarily yield ana
lytic solutions for P. Third, (6-21) incorporates a dependence on the P of 
the previous generation. Thus the history of both genetic and cultural evo
lution are important in the model. 

Equation (6-21) completes our formulation of the cultural dynamics in 
the mean-field approximation. The first step in determining the dynamics 
of the gene frequencies is a calculation of the resources gathered during 
the prereproductive period. 

The Reward Structure 

The reproductive success of the members of the society is a function of 
the quantity of resource they harvest during the prereproductive period T. 
To revert to the case of the Polynesian fishermen, use of the more appro
priate of two hooks at various selected sites around and beyond the reef 
will yield more fish, and ultimately a higher reproductive potential, than 
use of the less appropriate hook. In parallel manner, one particular code 
of land ownership, or one form of the sexual division of labor, or one kind 
of exchange system among relatives will yield a higher resource during 
the prereproductive period than its alternative. 

An individual of any genotype G{Gj using culturgen ck obtains the 
resource at the rate of Jk units per unit time. However, this amount is not 
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the net harvesting yield, because the cognitive processing required to 
evaluate usage at each decision point requires brain tissue, time, and en
ergy. The computation apparatus must first of all be built from neurons; 
its maintenance requirements in energy (or resource) units may be desig
nated the bearing costs Lu. Whenever the apparatus is employed at a de
cision point to carry the individual from usage state k = 1, 2 to usage state 
m = 1, 2, a cost in energy (or resource) units is exacted that may be 
termed the transition cost Cu. 

For prereproductive periods that contain many decision points, the net 
expected resource gathered is given by the asymptotic expression (How
ard, 1971a,b) 

RV(T) = gijT + °Ry, k = 1, 2 (6-22a) 

where gu is the expected gain or net resource harvested per unit time by 
an individual or genotype G(Gj. Following the general theory of semi-
Markov reward processes, we find that 

g" = 2 4t[(J* - L") + (T^r1 2 ukLC"] (6-22b) 
fc=l m = l 

for our system. The quantities 7?# are constants that contain the effects of 
initial conditions, in particular the first culturgen used during the prere
productive period. We shall evaluate °R)i shortly. For large values of J as
sumed in the model guT > °Ry and it is accurate to simplify Eq. (6-22) 
to the ^-independent expression 

RU(T) = g"T. (6-23) 

We lose little generality by taking T\J = iiJ = T", which is the equivalent 
of saying that the mean time between successive decisions is the same for 
both causers and c2-users. We can therefore estimate the total transition 
cost during the prereproductive period as CvT/r, where T is viewed as 
independent of the genotype. We also visualize the bearing costs as real 
costs in resource units and hence use the net fluxes 

7j - Li}, J2 - Lij (6-24a) 

rather than the gross fluxes 

Ju J2 (6-24b) 
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to obtain the reward equation 

R^iT) ={JDet)
i}T+ CUT/T 

= (Ji - LiS) J^T + (72 - LiS) ty'T + C'T/r 

4 *'gJross - L"T + C T / T . (6-25) 

The angular brackets denote an average over the frequencies &{* and &$. 
For short prereproductive periods the asymptotic formula (6-22) is not 

accurate and one must use the exact solution 

R[>(T) 

RJt(T) vij(v) 

+ • 
1 (q'j ~ qH)v%(V) 

(<rff - qiJHJi(v) 

+ 
exp[-t;"(y)rl 

[v^mj 
iq? ~ q'WMv) 
(<?\j - qVW'iW 

(6-26) 

where the qli are the rates 

m=l,2 

Equation (6-26) follows from the balance equations 

= qV + £ a'k>mR>m 

(6-27) 

m<t) 
dt 

a)im = 

4 jm, k ^ m 

- 2 »&•'• k = m 

(6-28) 

(6-29) 

obtained for the reward process from equations (6-9) (chapter 8 of How
ard, 1960). 

The second term on the right side of (6-26) is composed of the constants 
°RkK The first term is the linear growth term, and the third term is an expo-



THE COEVOLUTIONARY CIRCUIT 283 

nentially decaying term corresponding to the approach of the ethno
graphic curve to the steady state. We note that its time scale for decay is 
proportional to [uw(P)]-1 and conclude that the asymptotic formula (6-22) 
is suitable for the long prereproductive period of the model life cycle. 

The Fertility M a p 

Let F ° be the fertility map that takes the net reward /? ' J(r) into the ga
metes produced during the reproductive period: 

Fij:/?"(D | * F»[Rij(T)] (6-30) 

such that the number of gametes emitted by each genotype GjGj is 
2FU[7?U(T)]. Gamete union is at random, and the survival of the gametes 
is independent of the gene carried. Also, the number of offspring pro
duced is linearly proportional to the number of gametes emitted. To 
express the last relation in more realistic terms, we can say that the 
number of gametes emitted is directly proportional to the number of 
sexual unions that produce children. There is increasing evidence from 
human studies that the "correct" choice of culturgens, leading to social 
and economic success in the opinion of the people employing those cul
turgens, results in more such mating and hence higher reproductive rates 
in at least the economically more primitive societies (see for example 
Alexander et al., 1979; Chagnon, 1979; and Irons, 1979). 

Let pt+l be the frequency of allele A in the zygotes subsequently 
formed. Then 

Pt+i = (FAApf + FAaptqt)F^ (6-31) 

and 

Nt+1 = NtF (6-32) 

where 

F = FAApf + 2FAaptqt + Faaq2
t. (6-33) 

Although Eqs. (6-31) through (6-33) have the general form familiar from 
conventional population genetics, we note that the F" are not arbitrary 
constants. Instead, they are functionals of the reward structure R^iT). 
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Through these quantities the Fu depend on the epigenetic rules. The 
epigenetic rules in turn are sensitive to the patterns of culturgen usage, 
and this behavior links the reproductive success of the group members to 
their culture. Inspection of Eq. (6-21) reveals that additional features 
characterize this intricate selection mechanism. The mean usage pattern V 
depends on the gene frequencies. But the reward Rtj(T) is composed in 
part of the term (Jnet)

u given by the sum (Jt - Lij) &i(i>) + (J2 - Lu) • 
&2(v). Thus the reward structures and fertilities are also dependent on gene 
frequency, and frequency-dependent selection is operating. We arrive at 
an important new feature of the coevolutionary process: insofar as gene fre
quency trajectories can stabilize at or around interior points 0 < pt < 1 in 
frequency-dependent selection, the possibility exists that one of the out
comes of reification learning rules or other processes that allow individu
als to track macrocultural patterns is the maintenance of genetic diversity 
underlying cognitive systems. Later we shall note ways in which stabiliza
tion can occur. 

This very interesting form of frequency dependence does not appear to 
be an artifact of the mean-field approximation. The exact epigenetic rules 
depend on the macrocultural variable nt: 

viim = i£,( i i) . (6-34) 

where 

ni = niA + nAa + «?"• (6-35) 

Although the quantities nAA, nAa, and n\a seem rather irreducible, let us 
note that they can be written in the completely equivalent form 

n[i = „«Ar« (6-36) 

where vli is clearly the frequency variable n^/N*3. But then 

HAA = vAAptNt ( 6 . 3 7 ) 

and so on, which reveals the explicit dependence of the i#m on the gene 
frequencies. In words, this result reminds us that in the population, nAA is 
a function of two key variables: the propensity of an individual AA to use 
Cj, and the total number of AA's present. The latter is an explicit function 
of the gene frequencies, so frequency-dependent selection is unavoidable 
given (6-34). 
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The General Coevolutionary Equations 

Given Eqs. (6-21) and (6-31), we are ready to write down the coevolu
tionary equations that summarize the dynamics of gene frequencies and 
culturgen frequencies in this model. There are two stages in the life cycle 
at which it is natural to formulate the coevolutionary equations. The first 
is the start of a new generation, t + 1. At that moment the genes being 
tracked lie in the zygotes, which have yet to be enculturated, while the 
culturgens are the exclusive possession of the postreproductive parents in 
generation /. Let vf+1 denote the crusage frequency that characterizes the 
parental generation. Then from (6-21) and (6-31) the coevolutionary equa
tions are 

i*i = P?viUv?+i,v?)/[vittf+i,P?) + ttff (ifci.tf)] 

+ 2p(<7^?(vf+1,vf)/M(W;1,W') + ttff(W+1,vf)] 
(6-38) 

+ «f i«( i* i , i f ) /[»s(w;„if) + « ( * i ^ ) ] 

Pt+i = F-iiptF^Wnrf) + ptqtF
Aa{vf+l,v?y\. 

The second natural stage is the prereproductive period. The parents die 
as it starts, so both genes and culturgens are confined to a single genera
tion. The mean usage frequency is Vt+1, determined by Eq. (6-21). Since 
there is no mortality, the gene frequencies that characterize the prerepro
ductive adults are the same as the zygotic gene frequencies of (6-31). Then 
with the stipulation that/? refers to the prereproductive stage, we have 

vt+i = phivii(vt+1,v,)/[vii(v,+l,vt) + i4$(vt+i,vt)] 

+ 2pt+1qt+1vii(yt+1,V,)/[v^(Vt+1,Vt) + vA$(vt+1 ,vt)] 
(6-39) 

+ 9 ? + 1 f § 1 f c + 1 , ^ ) K f o i , ^ ) + «i?(Pm,i>«)] 

Pt+i = F-^pfF^iVtJt-J + ptqtF
Aa(Vt,Vt^)] 

and vt is determined by Eq. (6-21). System (6-38) is both convenient and 
somewhat more concise than (6-39), and results to be discussed below 
refer to the zygotic stage. 
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Specification of the Parameters 
In order to make concrete application of the general coevolutionary equa
tions, it is necessary to specify their parameters. From the myriad possi
bilities we have selected examples that appear to be qualitatively realistic 
on the basis of existing information from developmental and social psy
chology. And from the various alternatives that appear realistic we have 
chosen those that are among the simplest and most tractable. 

Epigenetic rules. Exponential assimilation functions were used, because 
of evidence that they occur in some categories of behavioral development 
(see Chapter 4). The assimilation function was modified further in a way 
that accommodates some amount of history and the propagation of tradi
tion. The formula tightly captures the potential trade-off during socializa
tion between the tendency to watch the age-peer group and the tendency 
to watch the older generation: 

uii = uiU exp {-<4i[PilZt + (1 - &!)&]} 
(6-40) 

uii = «&o exp {+atf[/8tf & + (1 - /3^)tf]} 

where 0 < /3&£ < 1, and similarly for the genotypes Aa and aa. The usage 
pattern of the peer group is &, with t-f the pattern of the parental genera
tion. The parameter o#m specifies the sensitivity to the culturgen usage 
patterns & and ff; when it is zero, the individual ignores the patterns. 

The mean-field approximation as we have used it here restricts the 
assimilation functions to conditions such that the ethnographic curve is 
unimodal and sharp. In order to guarantee these properties we have lim
ited the values of thea&U to 0 < a#m < 0.2. An examination of the ethno
graphic curves calculated in Chapter 4 indicates that in this parameter 
range the criteria of unimodality and sharpness are readily fulfilled. Such 
small values of the ajfcJ

m mean that the organisms are weakly coupled, a cir
cumstance under which the method, which approximates the culture as a 
group of mutually independent individuals interacting with a static social 
institution, is relevant. Our highly conservative strategy therefore pre
cludes exploration of those regions in parameter space where a*J

m is large 
and the organisms are strongly interacting. For some choices of the assim
ilation function exact solutions to the full master equation (6-6) are fea
sible, given detailed balance methods similar to those employed in 
Chapter 4. However, the subject lacks a general theory of reward for in-
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teracting systems of this type; in order to estimate the RU(T) using ex
isting methods, then, our small-a, weak-interaction restriction appears to 
be a useful step to make at this time. 

As a result the epigenetic rules (6-39) cover more ground than is appar
ent at first sight. Small values of the a#m or a stipulation of weak interac
tion imply that any wfcm(f) or i#m(£) is only weakly dependent on £. Thus 
each of them can be approximated by a first-order Taylor expansion, 
which is a linear, monotonically increasing or decreasing function of the 
usage parameter. Equations (6-40) are subject to these conditions and 
thus are representative of all assimilation functions when the a*k

}
m are 

small. We have retained the forms (6-40) rather than linear functions be
cause they model in a concise way the keeping of residual, nonlinear 
terms. 

The fact that the assimilation functions can be linearized also leads to 
an approximate, analytical solution of the implicit equation (6-21) for v. 
Let us write 

E'Kv) = uJJ,/[i>& + vi\] (6-41) 

and expand around v = 0: 

Eli(v) ~ Eu(0) + i f i ^- (0)v + negligible higher-order terms. (6-42) 
dv 

Define eiS = ^"(O) and e\j = dEu(0)/dv. Then 

V = p ? ( ^ + eiAv) + 2ptqt{eAa + e\av) 

+ qKeaa + elav). 

Therefore 

v - V(eAAp? + eAa2p,qt + efqf) = pfeAA + 2ptqte
Aa + qfeaa 

and 

*=T^& (6"43) 

where ( ) G denotes the gene frequency average. 
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We now have an exact formula for the mean ct culturgen usage v in 
weak member-to-member interaction. Trial work has shown that in the 
case of ajim s 0.2, Eq. (6-43) is accurate to within several percentage 
points of the solutions to the exact equation (6-21), calculated either nu
merically using Newton-Raphson methods or graphically from intercept 
plots. Equation (6-43) is therefore useful in simulations that track the 
gene-culture trajectories over hundreds or thousands of generations and 
require fast, efficient algorithms for v. 

The parameter/3fcJ
m in Eq. (6-40) specifies the individual's focus of atten

tion. When/3fcJ
m = 1.0, attention is directed entirely at peers; when/3jtjm = 

0, it is directed entirely at parents, storing in long term memory the impact 
of the usage pattern maintained by the parents during the play period. For 
/3fcJ

m < 1.0, there is a transmission between generations not only of cul-
turgens but also of information pertaining to patterns of culturgen usage. 
For simplicity we have taken all /$„, as equal with reference to both the 
genotypes GjGj and the transitions km. Similarly, we have taken a$m — a. 

Our simulations have shown that for 0 < a < 0.2 the variation of /3 
over [0,1] has little qualitative effect on the overall course and rate of evo
lution. Therefore, unless explicitly indicated, the graphs that follow per
tain to the case /3 = 1. 

Phenotype cost. It is necessary to provide a measure of the cost of cogni
tion. Let us define a cost-free tabula rasa state as follows: 

"iJ2,o = *4*i,o = 0.5 Complete indifference to c t and c2; random selec
tion, no further processing, and no cost 

a& = «2Ji = 0 No ability to perceive or utilize usage patterns, 
and no cost 

0iJ2 = $2i - 1 No attention to parental usage, and no cost 

Then any genotype can be described by a vector of six components 
("iio.Mlio.aii.^i./SiiA'O, and the tabula rasa state is (0.5,0.5,0, 
0,1,1). We take the bearing cost L° and transition cost C11 on the part of 
the cognitive processors as monotone rising functions of their distances d 
from the tabula rasa vector. Specifically, 

L« = ey"d - 1 
(6-44) 

and C = es"d - 1. 
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We shall discuss some of the implications of these rising cost functions in 
a subsequent treatment of the causes of the rarity of the eucultural state in 
evolution (Chapter 7). By trial and error it was found that the values y'' = 
1 and 8° = 0.1 give realistic behavior over the range of the epigenetic 
rules we wish to explore. They result in bearing and transition costs per 
unit time on the order of 1 to 10 percent of the reward rate. These loads 
approximate the size of the drain that would be put on a total energy 
budget by an organism with a ratio of brain weight to body weight in the 
primate range. For every generation T = 0.1 and T = 10 time units. 

Resource yield. Culturgen ct was selected as the more efficient of ct and 
c2 . The figures that follow, unless otherwise noted, show the evolutionary 
behavior of the population when Jt = 1 and J2 = 0.2, so that the effi
ciency of ct is five times that of c2-

Fertility function. After some experimentation we settled on a basic rela
tion that gives a decreasing fertility return-to-scale as more resources are 
harvested: 

Fi3 = F« a x [ l - exp ( - * « * « ) ] . (6-45) 

This function models the intuitive notion that because of the existence of 
other biological constraints, fertility must eventually level off with higher 
resource yields R11. In particular, we expect the processing of the 
resource to be slowed by increasing difficulties in transport, storage, and 
processing (see also Oster and Wilson, 1978). Since only the epigenetic 
rules are considered to be distinguished by the genotypes, Fj j a x was set 
equal for all genotypes. Also, b" was given the value of 0.1, which places 
the society members short of the asymptotic, "saturated" portion of the 
fertility curve. 

Conclusions from the Model 

We have shown that it is possible to capture all the key steps in the full 
coevolutionary circuit in the form of a model that yields explicit gene fre
quencies and culture patterns. Even prior to specification of the parame
ters, this formulation demonstrates that natural selection in gene-culture 
coevolution is frequency dependent. Equations (6-21) and (6-38) express 
the key relations of the dependence: the rate of culturgen change is a func
tion of the frequencies of the genes that underwrite the epigenetic rules, 
and the rate of change in these frequencies is in turn a function of the pro-
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portions of the culturgens. The form of selection is unique. It also pro
duces some remarkable phenomena, which can be explored with the 
exactly specified form of the model. In the sections to follow we shall 
interpret the most important of these effects. 

Pure tabula rasa is an unlikely state. In all cases examined, directed 
cognition due to genetically biased epigenetic rules replaced undirected 
cognition, in other words the pure tabula rasa state, when the two were 
set in competition (see Figures 6-10 through 6-13). This result confirms 
the separately derived demonstration in Chapter 1 that even with rela
tively modest culturgen innovation rates a tabula rasa species will almost 
always depart eventually from its strategy of pure cultural transmission, 
and revert to some form of gene-culture transmission. 

Sensitivity to usage pattern increases the rate of genetic assimilation. 
The rise in the slopes of the rate curves of Figure 6- IOC means that when 
individuals are more sensitive to usage by other members of the society, 
the evolutionary replacement of inferior epigenetic rules is accelerated. 
The same effect is manifested in the enhanced replacement rates of Fig
ures 6-11C and 6-12C, which incorporate usage sensitivity (a = 0.2). 
These rates are higher than those in the curves of Figures 6-1 IB and 
6-12B, generated under identical conditions except for the absence of 
usage sensitivity (a = 0). 

The relation can be expressed in a different way by saying that genetic 
assimilation is generally hastened by sensitivity to usage pattern. Suppose 
that two culturgens are adopted by a species for the first time. One cul
turgen provides higher fitness than the other, but at first there is no clear 
preference between them because no biasing rule exists in the cognition of 
the species members. In time new genotypes appear by mutation or immi
gration and direct cognition in favor of the more efficient culturgen; the 
constituent alleles now compete with the older, tabula rasa alleles. In 
species where individuals are already sensitive to the usage patterns of 
other members of their society, the rate of replacement is increased. In 
other words, genetic assimilation of the favored culturgen proceeds more 
quickly. 

The catalytic relationship between usage sensitivity and genetic assimi
lation may in fact be reciprocal. If favorable culturgens spread more rap
idly among genotypes with greater usage sensitivity, those genotypes 
themselves will be favored by second-order selection, and sensitivity will 
tend to increase. In Chapter 1 we characterized the autocatalytic quality 
of gene-culture coe volution in the human species, which led to an extraor
dinarily rapid evolutionary increase in brain size. It is possible that the 



Ap, 

.1 

.08 

.06 

.04 

.02 

0 

-.02 

-.04 

-.06 

-.08 

^ ^ 
~/^Z-

1 1 
.1 .2 

a=0 

i i i i 
.3 .4 .5 .6 

Pt 

AA.Aa 

(U|2fl.U21,0) 

a (.1. .9) 
b (.2, .8) 
c (.3, .7) 
d (.4, .6) 

I I I 
.7 .8 .9 

vs 
vs 
vs 
vs 

1 
1.0 

aa 

lu12,0.u21,o' 

(.5,.5) 
(.5, .5) 
(.5, .5) 
(.5,.5) 

B 

Ap, 

AA.Aa aa 

<U12,Q.U21,0> '"12.Q.U21.01 

a UK,.95)vs (.95, .05) 
t .1, .9) vs (.9,.l ) 
( .2, .8) vs ( . 8 , 2 ) 
( .3, .7) vs ( .7, .3) 
(.4, .6) vs (.6, .4) 

f (.45, .55) vs(.55,.45) 

.2 .3 
a 

Figure 6-10 Evolutionary competitions between organisms bearing 
different epigenetic rules. The curves show the change in one generation, 
Ap(, expected if the initial gene frequency is pt. Thus pt+i = Pt + Ap( 

and the entire manifold of possible trajectories can be read off from these 
diagrams. The allele coding for the crbiased epigenetic rule is dominant. 
Curves a to d in panel A show competitions between tabula rasa orga
nisms and organisms with various degrees of directed cognition. Curves 
a to / i n panel B show competitions between organisms biased toward c, 
and organisms biased toward c2. This case models the situation in 
which a new, more efficient culturgen (cj) suddenly appears in a popula
tion adapted to culturgen c2. Panel C shows the effects of nonzero values 
of a at the representative point p, = 0.1. Thus A is Ap( when pt = 0.1. 
The evolutionary competitions are those treated in panel B. The influ
ence of 0 < a < 0.2 is slight. 
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Figure 6-11 Genetic evolution in which the inferior epigenetic rule is 
prescribed by the homozygous recessive genotype (aa). In panel A its 
rule is (wfio = 0.6, «2i,0 = 0.4), a representative set of transition proba
bilities that biases development toward the less efficient culturgen c2. The 
starting frequency is p0, represented by the diagonal. Evolution is fol
lowed by proceeding upward from the diagonal and reading off points on 
the trajectory at generations 5 through 100. By tracing various trajec
tories, we can obtain a qualitative picture of the time course of the 
various phases of evolution. Panels B and C present the same family of 
curves for the special case of tabula rasa (wff.o = «2?,o = 0.5). In B the 
individuals are insensitive to culturgen usage by others (a = 0); in C they 
possess moderate awareness (a = 0.2). 
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Figure 6-12 Genetic evolution in which the inferior epigenetic rule is 
determined by a dominant allele (A). The conventions are as in Figure 
6-11. 



294 GENES, MIND, AND CULTURE 

4 

CO 
•z. o 

Ld 

l i . ? 

cr 
CD 

5 1 
o 

t5" 
o 

.1 .2 .3 .4 .5 
SELECTIVE VALUE OF THE 

EPIGENETIC RULES 

Figure 6-13 Evolutionary times required for partial allele replacement (from 
Po = 0.1 to pt = 0.9 for the favored allele) under different selection pressures and 
where the epigenetic rules are prescribed by dominant and recessive alleles respec
tively. The selective value is defined as 1 — Fsa»/pi"tt where Fsup is the gametic 
yield of the superior epigenetic rule and F lnf the yield of the inferior epigenetic 
rule. 

mechanisms of usage sensitivity played a key role in this unique episode. 
Human beings are acutely sensitive to macrocultural patterns around 
them by virtue of the processes of reification and symbolization, which 
permit a more rapid processing, storage, and evaluation of information, 
including perceptions concerning social behavior. Thus the autocatalysis 
might have proceeded through the mutual reinforcement of assessment of 
the social environment, which was enhanced by reification, and genetic 
assimilation of an ever expanding array of culturgens, which broadened 
and sharpened the skills of tool use and social manipulation. 

Culture slows the rate of genetic evolution. At the same time that usage 
sensitivity and reification accelerate the overall progress of coevolution, 
cultural transmission itself tends to slow genetic evolution within the co-
evolutionary process. Compare, for example, the rates of genetic change 
in the A (tabula rasa) versus B (biased genotypes) panels of Figures 6-10 
through 6-12. In each case the rate is slower where tabula rasa genotypes 
are present, for individuals with tabula rasa genotypes hold on to a larger 
share of the favored culturgens. Those who adopt c^ as opposed to c2 

Po = 0.1 
p t = 0.9 

Superior epigenetic rule 
by dominant allele 

Superior epigenetic rule 
by recessive allele 
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(one-half do so in our model) succeed at least as well as individuals with 
other genotypes who adopt ct. When genotypes are not tabula rasa and 
bias learning away from ct, they are replaced more quickly by genotypes 
that bias learning in the direction of cx. 

However, the resistance of tabula rasa genotypes is only the extreme 
case of the general principle that cultural transmission slows the rate of 
replacement of disfavored genotypes. Any propensity to acquire the more 
successful culturgen, in other words any value of u21 above zero, will 
slow the rate of replacement of the prescribing genes below what would be 
the case if u21 = 0. When u21 = 0 and ul2 = 1, we have the extreme case 
of pure genetic transmission of culturgens, comparable to the instinctive 
behavior of lower animals. The rate of replacement of the genotype pre
scribing u12 is the maximum possible, all other circumstances being equal, 
and the trajectories of gene frequency change can be described by the 
equations of conventional population genetics. It is also true that anything 
less than strict determinism by the favored genotypes will slow their in
crease, because the propensity of even a small percentage of individuals 
to adopt the less successful culturgen will reduce the margin of selective 
advantage. 

Changes in gene frequency during the coevolutionary process can nev
ertheless be rapid. Although gene-culture transmission slows the rate of 
change in gene frequency below that possible in pure genetic transmis
sion, the rate can still be much higher than intuitively expected. Under 
some circumstances genetic evolution can proceed as rapidly as cultural 
evolution. 

An inspection of the curves of Figures 6-10 through 6-13 illustrates 
this principle very well. Even when the innate bias is mild in comparison 
with the biases demonstrated in human developmental studies (see Table 
4-1), the rate of change in gene frequency can be high enough to achieve 
partial replacement of one allele by another within as few as ten genera
tions, or about two hundred to three hundred years. Thus in some so
cieties genetic evolution can occur during periods of time when there is 
relatively little culturgen innovation and change. 

We suggest the existence of a rough fifty-generation rule for popula
tions able to exploit highly efficient new culturgens. For mankind in par
ticular this amounts to a thousand-year rule: during a period of this length 
substantial genetic evolution can occur in the epigenetic rules of cultural 
transmission, resulting in such effects as the genetic assimilation of cul
turgen preference and the assimilation of bias toward specific decision 
heuristics. The estimate is by order of magnitude. Only under extreme 
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conditions can an allele be totally or nearly substituted in as few as one 
hundred or two hundred years; but substitutions can occur under a wide 
range of conditions in a thousand years. 

The thousand-year rule is an intriguing result. During more than 99 per
cent of the four-million-year history of mankind, people lived in hunter-
gatherer bands in which cultural evolution proceeded relatively slowly. 
Rapid culturgen innovation began in a few populations only about thirty 
thousand years ago, and even then the turnover of principal culturgen 
types sometimes required millennia. Similar cultural conservatism, ex
tending to centuries or even to millennia, has persisted to the present time 
in a few hunter-gatherer and economically primitive agricultural and 
herding societies. Furthermore, we must remember that any invariant 
properties of rapidly innovated culturgens provide stable cores of features 
that can be recognized during cognition and used to choose particular 
responses. The opportunities have existed, through time spans tens and 
even hundreds of times sufficiently long, for the genes to track culture and 
bias the epigenetic rules to favor the most successful forms of culturally 
transmitted behavior. 

This is not to say that every nuance of culturally transmitted behavior 
in prehistory was hardened genetically in the form of very specific epige
netic rules. The rate of coe volution depended also upon the amount of 
genetic variance underlying the epigenetic rules. Selectivity in turn was 
affected by the amount of heterogeneity in the environment, which pro
moted either mixed rules or more general single rules. But the results of 
our model do suggest that time has been more than adequate for substan
tial coe volution and the establishment of some degree of epigenetic bias in 
virtually every category of cultural behavior. 

In order to provide a clearer picture of the extent of this genetic assimi
lation, a more detailed theory of genetic tracking is needed than the one 
provided in Chapter 5. The following principles are likely to be included. 
Within the thousand years usually required, tracking will be closest and 
the epigenetic rules most selective when only a relatively few well-defined 
culturgens or culturgen cores can possibly exist, as in the cases of the lim
ited, clear-cut choices of incest avoidance, personal bonding, recognition 
of kin, and territorial definition and defense. The same trend will be en
hanced when the environment is most nearly uniform in space and time, at 
least with reference to the contingencies that are met by the culturgens of 
interest. In contrast, genetic tracking will be least advanced when cul
turgens are numerous, not clearly distinguishable, or possess very similar 
or identical selection values. Such culturgens are likely to turn over at in-
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tervals much shorter than a thousand years, and hence details about them 
will be less subject to genetic assimilation. Some culturgens within a 
major behavioral category are likely to be too evanescent for tracking at 
the same time that others are basic and their feature cores stable enough 
to be tracked, creating composites of epigenetic rules with greatly varying 
selectivity. Thus it may be significant that particular features of women's 
dress have fluctuated rapidly in most Western societies (see Chapter 4) 
—but not the wearing of clothing itself, or the main body-conforming 
features of the dress, or the uses of fashion in the communication of tribal 
membership and tribal status. 

As the opportunities for genetic tracking are improved, cognition is 
likely to evolve so as to sharpen culturgen definition by enhanced recogni
tion of core features. This improvement can facilitate a higher degree of 
programming in the formation of knowledge structures and hence reifica-
tion. Such self-reinforcement of epigenetic rules might create prototype 
knowledge structures that serve as the basis of the archetypes recognized 
in Jungian psychoanalytic theory. If there is any substance in this specula
tion, the archetypes may be the more complex knowledge structures that 
tend to develop in a wide range of environments and make repeated 
appearances in dreams and myths. 

Gene-culture coevolution can promote genetic diversity. As the sum
mary equations (6-21) and (6-38) demonstrate, selection within the 
coevolving system is frequency dependent. For the values of a and the 
fertility rule used thus far, the effects of frequency dependence are un
impressive. But qualitatively new phenomena leading to sustained 
polymorphisms appear when one begins to incorporate the effects of 
culturgen-culturgen linkage in cognition, division of labor, and economic 
exchange. This condition widens the array of conceivable circumstances 
under which intermediate gene frequencies can be stabilized and hence 
sustains a larger amount of genetic diversity within populations. 

Consider the fertility rule depicted in Figure 6-14. Genetic fitness does 
not increase monotonically without limit as more and more resources are 
harvested. Instead, there is alimit/?max beyond which fitness begins to de
crease. If this suppression is relatively weak, the allele biasing individuals 
toward the more successful culturgen will proceed on to fixation. If it is 
sufficiently strong, the competing alleles will stabilize at an intermediate 
frequency. And if it becomes even stronger, the gene frequencies enter a 
chaotic regime in which they fluctuate widely. These three outcomes are 
illustrated in Figures 6-15 through 6-18. 

Fitness suppression is a common phenomenon in human societies. In 
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Figure 6-14 The suppression model of gene-culture coevolution. Beyond a cer
tain amount of resource harvested (/?max)> genetic fitness F begins to decline be
cause of suppressing influences from the society or environment. 

the !Kung San hunter-gatherer bands of the Kalahari, excessive attempts 
to raise personal status or to accumulate excessive amounts of material 
goods are met with ridicule and hostility. The result is the maintenance of 
nearly egalitarian societies (Lee, 1969; John Pfeiffer, personal com
munication). However, when !Kung bands settle near larger communities 
of other tribes, they become more openly self-serving and possessive (Pa
tricia Draper, personal communication). At least some other hunter-
gatherer peoples, such as the Tiwi of Australia, appear to tolerate higher 
levels of economic or social success. 

In economically more complex societies, specialization and division of 
labor introduce another kind of suppression effect. Excessive production 
of goods and services leads to intensifying competition, unstable markets, 
and ultimately a reduction in absolute benefits to the specialized produc
ers. Rising costs in transport, storage, and processing can also play an in
hibitory role. It is apparent that regardless of the cost functions at lower 
levels of production, a threshold level i?max must exist beyond which the 
absolute return in benefits begins to drop. The result will be not just a 
spreading of economic and social roles, as expected from elementary eco
nomic theory, but a diversification of the genetic basis that underwrites 
the capacity to assume each role separately. 

This result does not imply the partitioning of human-like societies into 
genetic castes. Rules of exogamy and the opportunities in most societies 
for some amount of socioeconomic mobility and occupational change mil
itate against such an extreme phenomenon (Wilson, 1975). Indeed, even 
the caste system of India, which is the strongest and most elaborate on 
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Figure 6 -15 Gene frequency changes in the suppression model of gene-culture 
coevolution. The diagonals (thin lines) represent the condition in which no genetic 
change occurs from one generation to the next. The other curves (thick lines) rep
resent the amount of change due to different degrees of suppression: above the 
diagonal, gene frequencies increase; below it, they decrease. A and if: at low sup
pression (damping constant D = 0.1) alleles biasing individuals toward successful 
culturgens proceed to fixation, but at a somewhat higher level (damping constant 
D = 2.5 and 10) they proceed to a stable equilibrium with the alternative allele. At 
still higher levels (C and D) the gene frequencies enter chaotic regimes (see 
Figures 6-16 to 6-18). In the present figure and those that follow, the evolutionary 
competition takes place between a dominant allele A and a recessive allele a. When 
allele A is present the innate biases take the values uii_0 = Uil0 = 0.2 and uii_0 = 
"21% = 0.8. In the homozygous state aa, however, these biases change to u^.o = 0.8 
and W2i>0 = 0.2. In all genotypes the reification parameter is a = 0.2 and the 
parameter of attention structure is /3 = 1.0. 
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Figure 6-16 A Li-Yorke trajectory in the gene frequency changes under a high 
level of suppression. A cycle of period 3, and hence chaos, exists in the model. 
See Li and Yorke (1975) and May (1976). Under such conditions the structure of 
the trajectories of both gene and culturgen frequencies is very complicated. For 
every integer i = 1, 2, 3, . . . , there is an initial frequency p0 of A. such that the 
gene frequency is periodic in time, with period /. Furthermore, there is an uncount
able number of initial gene frequencies for which the evolutionary trajectories 
wander erratically. This wandering behavior can be quantified statistically (see 
Figure 6-18). 

earth and has been in existence over two thousand years, is maintained 
largely if not entirely by cultural conventions; members of different castes 
differ from one another only slightly in blood type and other measurable 
anatomical and physiological traits. What this suppression-diversification 
hypothesis does suggest is the existence of a higher level of genetic diver
sity concerned with the epigenetic rules of many of the principal social 
and economic roles in some gene-culture systems. It also implies a high 
degree of individuality among group members in the genetic basis of 
behavior. Whether or not human beings have crossed such a threshold in 
their gene-culture coevolution remains to be seen. 

The Significance of Coevolutionary Models 

Even in its restricted form, the coevolutionary model we have employed 
has yielded several principles of general interest. If the thousand-year rule 
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Figure 6-17 Changes in gene frequency and culturgen usage frequency in the 
suppression model of gene-culture coevolution. A and B: at lower levels of 
damping (D = 2.5 is illustrated), the trajectories approach steady-state polymor
phisms. C and D: at higher levels of damping (D = 50 is illustrated), the trajec
tories occupy a chaotic regime. 

and the suppression-diversification effect in particular apply to human 
beings, they indicate an evolutionary process radically different from that 
generally accepted in biology and the social sciences. The conventional 
view is that significant genetic evolution requires thousands of years and 
largely came to a halt in human populations thirty thousand years ago or 
more, after which cultural evolution took over as virtually the sole agent 
of change. But the coevolutionary model shows that substantial genetic 
evolution of cognitive traits can occur within only one thousand years 
and is very likely to have proceeded right into modern times. The conven
tional view also sees genetic variation in cognitive ability and perceptual 
and motor skills as noise, the result of random fluctuation around the 
species norm. Such variance has been enhanced by gene flow between 
populations and the cumulative effects of various pathological mutations. 
But the coevolutionary model reveals that part of the variation may stem 



302 GENES, MIND, AND CULTURE 

Damping = 800 

Figure 6-18 The statistical distribution of gene frequencies in the chaotic regime 
of the suppression model. Although the individual gene frequency trajectories are 
erratic, they show well-behaved statistical properties. Here, the histogram shaded 
gray gives the frequency with which a single evolutionary trajectory visited each 
often intervals 0.3 unit wide on the interval [0.1, 0.4]. Frequencies were tracked 
for 5,000 generations in the model, using Eq. (6-43) to provide a rapid evaluation 
of the cultural usage parameter V. This histogram samples the stable distribution 
(Li and Yorke, 1975) approached by all initial gene frequencies under these condi
tions. Similar behavior obtains for v. A Li-Yorke trajectory is superimposed upon 
the iteration curve Pt+i(Pt>-

from a peculiar diversification effect that in turn results from diminishing 
returns-to-scale in the conversion of behavior into genetic fitness. If this 
effect exists, the genetic individuality of human beings is part of an adap
tation that has resulted in a more efficient functioning of the society as a 
whole. 

These and other principles can be explored and tested with the aid of 
families of explicit coevolutionary models. The particular version we 
have employed was chosen to demonstrate that such studies are capable 
of tracing the full coevolutionary circuit. Once sufficient empirical infor
mation is accrued on the properties of each of the steps in the circuits, 
such as the assimilation function and fertility map, realistic simulations of 
gene-culture coevolution will contribute to a richer and more solidly 
based theory of human biology. 
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Summary 
In this chapter we incorporate the full coevolutionary circuit into the 
formal theory in order to envisage simultaneous evolutionary changes in 
genes, mind, and culture. The account begins with the principles of 
epigenesis in the nervous system. Among the most important of these is 
the generalization that mutations inaugurate changes not in single neurons 
but in the field gradients and properties of cell form that affect whole pop
ulations of neurons. Only a relatively few such developmental rules are 
needed to reach precision in neuronal form, location, and connectivity. 
Although these rules are under the control of polygenes, the introduction 
of single new alleles can induce major modifications in specific features of 
brain structure and behavior. 

The exact rules of pattern formation in the human brain are still 
unknown, but some of their general features can be inferred from the re
sults of studies of epigenesis in other organisms. In some cases the com
plex form and patterning of cells appear to depend upon the diffusion of 
inducing substances. The patterns are canalized by the interactions of 
genes. Genetic assimilation is most rapid when this canalization is less 
restrictive, or else when extreme environmental events occur frequently 
enough to generate many phenotypes markedly different from the popula
tion norm. It follows that the polygenic control of traits is a theater of 
unusual opportunity for gene-culture coevolution. By cultural experi
mentation and the continual exploration of new environments, species are 
more likely to test the potential of the genes that prescribe epigenetic 
rules of cognitive development and to produce novel results. When the 
behaviors eventually emitted also confer selective advantage, the genes 
tend to shift into different frequency distributions that prescribe epige
netic rules biased toward the new responses. 

Neuronal and cognitive development are tightly linked processes that 
continue unbroken from the early embryo to full maturity. Learning can 
be regarded as cognitive epigenesis within and beyond the womb. Recent 
studies on long term memory have cast considerable light on the assembly 
of the cognitive structures that form the schemata by which the mind re
calls information, evaluates new contingencies, solves problems, and 
directs motor activity. We utilize this new conception to relate culturgens 
to mental activity and by this means to evaluate their genetic fitness as the 
outcome of learning and reasoning (see the summary in Figure 6-5). 

We then construct a model that includes the main steps around the en
tire coevolutionary circuit. A life cycle is stipulated in which the offspring 
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are socialized by both their age peers and the parental generation. The 
young learn and evaluate all the culturgens of the society by means of 
exploration and observation. At some future date they use this stored in
formation to exploit the environment (see Figure 6-6). In particular, indi
viduals learn and later choose between two culturgens under the influence 
of epigenetic rules that are prescribed by two alleles. Variation is per
mitted in the degree of bias in the epigenetic rules, the amount of sensitiv
ity to peer and parental usage, and the function by which resources gar
nered during exploitation of the environment are converted into genetic 
fitness. 

The time scales of genetic change in this type of coevolution, along with 
a diversity of interesting effects (some of them previously unsuspected), 
have been revealed by investigation of the model. The tabula rasa state, in 
which no innate bias exists in culturgen choice, is shown to be unstable, 
easily replaced by any one of a virtually unlimited range of biasing epige
netic rules. Sensitivity to usage pattern increases the rate of evolution in 
epigenetic biasing and hence the genetic assimilation of culturgen use. 
This catalytic effect might have contributed to the rapid evolutionary in
crease in human brain size associated with the onset of gene-culture co-
evolution. Culture slows the rate of genetic evolution, but coe volution still 
occurs quickly enough for the genes to track many forms of cultural evo
lution. We have summarized our inferences by a thousand-year rule: the 
alleles of epigenetic rules favoring more successful culturgens can largely 
replace competing alleles within as few as fifty generations, or on the 
order of one thousand years in human history. It is thus possible that sub
stantial genetic evolution occurred during historical times and continues 
even today. 

Finally, gene-culture coevolution appears to be based on frequency-
dependent selection. Under certain conditions, and in particular when 
genetic fitness declines after a certain amount of resource has been har
vested, selection leads to such intermediate evolutionary states as stable 
genetic polymorphisms or chaotic fluctuations in gene frequency. This 
phenomenon may have enhanced genetic diversity, division of labor, and 
individuality among human beings. 



CHAPTER SEVEN 

The Biogeography 
of the Mind 

Culture can be analyzed in a novel way with the aid of the theory and 
methods of biogeography. We can think of the human mind as an island, 
into which culturgens immigrate like species of organisms, and where 
they occasionally evolve into new forms ("innovation") or become ex
tinct. Although the analogy is unavoidably crude, it leads to unexpected 
insights concerning the size and diversity of cultures. 

Consider that the larger the island, meaning the larger and more power
ful the capacity of long term memory, the lower the extinction rate of 
node-link structures and the larger the eventual equilibrium number of ac
tive culturgens. The more distant the island, meaning the greater the isola
tion of the individual organism from surrounding cultures, the lower the 
immigration rate of culturgens into long term memory and the smaller the 
equilibrium number of culturgens. Although a steady-state cultural diver
sity can under some circumstances become extremely large, that level 
will nevertheless be below the pool of culturgens available to the society. 
In the case of literate societies, the level will settle far below the pool. The 
mind is limited in the number of culturgens it is willing to entertain. Fur
thermore, there is competition among the culturgens recognized as dis
tinct alternatives within each culturgen category, and those most highly 
valued extinguish their competitors. Often particular representatives of 
various culturgens link together into strong holistic ensembles that pre
vent colonization of long term memory by new culturgens and hence sta
bilize not only the size of the individual's share of the culture but also the 
composition. When these closed communities are finally broken by strong 
new invaders, for example during the course of conversion or revitaliza-
tion, the individual's share of the culture may enter a rapidly changing 
period that leads to either impoverishment or enrichment. 
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The society as a whole resembles an archipelago. Its constituent islands 
are the separate minds of its members, which exchange culturgens far 
more frequently among themselves than they do with the units of neigh
boring societies. For purposes of analysis the society-archipelago can be 
treated as a single large insular unit. Ethnography therefore becomes the 
biogeography of archipelagoes in this special sense. 

In order for these biogeographic analogies to be transformed into the 
real phenomena of human behavior, it is necessary to incorporate the 
actual processes of cognition and social interaction as independent vari
ables that control the immigration and extinction of culturgens. In the sec
tions to follow, we first recast relevant aspects of ethnography in 
island-biogeographic terms, then reexamine in this new context the cogni
tive processes that determine the discrimination and choice of culturgens. 
At the end we try to relate this approach to the important question, first 
raised in Chapter 1, of why human-level euculture has occurred so rarely 
in the history of life, and we ask whether the evolutionary route taken by 
the human species is the only one open to any organism. 

Cultures as the Biotas of Archipelagoes 

The basic island-biogeographic model, modified from the original form 
used for biological species to accommodate culturgens, is presented in 
Figure 7-1. Real islands and cultures are dynamic, evolving systems that 
rarely if ever occupy an exact steady state. Yet it remains true that on 
ecological time scales the total number of species changes relatively 
slowly on many islands. Similarly, cultures may pass through periods of 
vigorous innovation accompanied by culturgen turnover, but episodes 
during which total cultural diversity and complexity expand dramatically 
are rare. Thus the theory of equilibrium or steady-state island biogeog
raphy is an excellent starting point for this new branch of ethnology. 

The space in which the culturgens accumulate is the minds of the 
members of the society, the equivalent of the archipelago in the original 
theory of island biogeography (see MacArthur and Wilson, 1967). The 
archipelago-society can be treated as one insular ensemble, in other 
words as though it were a single space open for occupation by competing 
culturgens. Societies that are high in culturgen innovation, or are in close 
contact with many surrounding societies, either through geographic prox
imity or more efficient channels of communication, will receive novel cul
turgens at a relatively high rate. However, this immigration rate can be 
expected eventually to decline as the number of adopted culturgens 
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Figure 7-1 The island-biogeographic model applied to culturgen numbers pos
sessed by entire societies. The predicted equilibrium numbers c increase in pass
ing from societies that are small and isolated to those that are large and in close 
contact with neighboring societies. 

grows, because the number still remaining to be adopted must shrink to a 
level where only a few probably less valued culturgens in the pool of sur
rounding cultures are still available for assimilation. In the absence of fur
ther information, we have represented the rate as a monotone declining 
function of c, the number of culturgens already assimilated. As the formu
lation in Figure 7-1 suggests, societies that are relatively isolated have 
lower immigration curves than those in close contact with surrounding so
cieties. 

The extinction rate of culturgens is the rate at which culturgens are lost 
entirely by the society or at least withdrawn from its active store. All 
other things being equal among the societies compared (that is, in the ab
sence of substantial variation in societal organization that speeds commu
nication or enhances the incentives to learn), large populations can be ex
pected to retain culturgens longer, because the chance that every member 
of the society will discard a given culturgen is smaller when there are many 
people instead of only a few. Hence the extinction curve of large societies 
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is lower than that of small societies. On the other hand, the extinction rate 
is not expected to be strongly influenced by the degree of isolation of the 
society from other societies. 

A steady-state cultural diversity, defined as the number of active cul-
turgens possessed by the society in periods when the number is neither 
increasing nor decreasing, is reached when the extinction rate equals the 
immigration rate. Note that the equilibrium exists in the numbers of cul-
turgens only. Particular culturgens may be replacing others in quick suc
cession, yet in a pattern that equalizes the extinction and immigration 
rates and hence does not alter the standing number of active culturgens 
possessed by the society through time. 

Three relationships of potential importance for the social sciences have 
been discovered in the biogeography of organisms. The first is the area ef
fect, which is simply the increase in the number of species of a given 
group (such as birds or flowering plants) with an increase in the space the 
species occupy. The relationship among islands of varying size but 
varying degrees of isolation from the mainland is 

s = bAz (7-1) 

where 5 is the number of species on a particular island, A is the area of the 
island, and b and z are fitted constants that differ from one kind of organ
ism to another, as from birds to flowering plants. The exponent z varies 
least; in most kinds of organisms it falls between 0.2 and 0.4 (MacArthur 
and Wilson, 1967). Preston (1962) showed that if the relative number of 
species that contain various numbers of organisms is lognormally distrib
uted, and if there is some threshold number of individuals below which a 
species becomes extinct, then z = 0.263, a theoretical value that falls 
within the lower part of the range of estimates obtained from field studies. 

The second biological phenomenon of probable relevance to cultural 
evolution is the distance effect: among islands or archipelagoes of equal 
size, the number of species at equilibrium decreases as isolation in
creases. The third is the turnover principle: the more rapid the growth in 
the number of species during the buildup to equilibrium, the higher the 
turnover rate at or near equilibrium, in other words the higher the number 
lost and also gained. In the special case where the immigration and extinc
tion curves form straight lines (they are shown as concave in Figure 7-1), 
the turnover rate at equilibrium is 

r = S/T (7-2) 
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where r is the turnover rate in some unit of time chosen for convenience, s 
is the equilibrium number of species on the island, and T is the time re
quired to reach equilibrium from s = 0 (MacArthur and Wilson, 1967). 

These basic principles of species biogeography can be applied to the 
evolution of cultural richness, but not in the exact form envisioned in the 
elementary models. Indeed, even in biological systems the basic model is 
relevant only in restricted conditions and must be modified in sometimes 
complex ways to fit other specialized conditions (see the review by 
Relou, 1979). In the case of cultural evolution the modifications are cer
tain to be more profound. Yet they are worth pursuing for the light they 
will shed on the mechanisms that create and maintain social complexity. 

One principal alteration must be in the characterization of the immigra
tion process. The immigration rates of culturgens cannot be regarded as 
largely independent of population size, unlike those of species. The grav
ity model of interaction, which is supported by empirical evidence from 
human geography (Haggett, 1972; Stephan, 1979), states that the social in
teraction between two localities is a direct function of the product of the 
sizes of their populations and an inverse function of the distance between 
them. Consequently, immigration curves can be expected to rise not only 
with proximity, as shown in Figure 7-1, but also with increasing popula
tion size (which would favor a rise in culturgen immigration because of in
creases in the rate of innovation as well). 

In human studies it is important to make a distinction between diversity 
as measured by the number of culturgens within single cultures and diver
sity at a higher level measured as the number of cultures occupying an is
land or some other circumscribed land area. In the first case the society is 
the island and culturgens are the species; in the second case a literal 
landmass is the island and the cultures are the species. Terrell (1974, 
1977), who was the first to apply biogeographic equilibrium theory to eth
nography, took the second approach in analyzing the languages of the Sol
omon Islands. The number of languages found on particular islands is re
lated to the landmass of the islands by the linear function 

y = 0.0052* + 0.7812. (7-3) 

The relationship suggests that as new areas become available, immigrants 
simply occupy them, form new tribal units, and eventually evolve distin
guishable languages. The basic equilibrium model does not apply in this 
example, since there is no turnover of coexisting entities. On the other 
hand, Terrell showed that the equilibrium model can be used to character-
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ize variation in the number of words shared by different villages. As the 
number of such cognate words increases, the loss ("extinction") rate of 
shared words increases, while the rate of borrowing decreases until a bal
ance is struck between the two processes. 

The other principal ethnographic measure, of culturgen diversity within 
individual societies, has not to our knowledge been examined in an ex
plicit manner with reference to biogeographic theory. However, Carneiro 
(1967) has provided useful data relating the number of organizational 
traits in particular societies to the number of individuals constituting 
the societies. He considered only the presence or absence of organiza
tional traits, such as craft specialization, nuclear family, taxation, service 
specialization, hierarchy of priests, and slavery. Technological and ideo
logical qualities were ignored. Among the one hundred societies cata
logued by Carneiro, ranging in complexity from hunter-gatherer bands to 
large tribes, the number of traits increased approximately as 0.6 Noe, 
where N is the size of the population (see Figure 7-2). 

The comparison between species-area curves and cultural diversity 
curves is direct, because the areas of islands entered in the species-area 
estimates are generally regarded to be approximated by a linear function 
of the population sizes of the resident species. We are not aware of data 
relating population size to the size of the area occupied by the culture 
groups named in Figure 7-2. The simplest hypothesis is again that of uni
form population density. Under this assumption the number of traits is 
proportional to A06. The areal exponent 0.6 lies well above the range 
0.2-0.4 occupied by the area-species curves of various kinds of organ
isms. However, human populations are not always so conveniently dis
tributed. Marked variations in population density p characterize at least 
the more complex societies organized around population centers. Typical 
patterns relating p to the distance d from a center of the population are the 
negative exponential form 

p = poe-**, a ~ 1 (7-4) 

and the power law 

p = pod'", 2 =s a s 20 (7-5) 

(Haggett, 1972). The linkage of cultural diversity to geographic area is 
more complex in these circumstances than in simple island biogeography. 
For example, given a single population center and the density function, 
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Eq. (7-4), the population size N is related to area A - nd2 by the ex
pression 

N = 2T7P0[1 - (1 + 7r-1/2A1/2) exp (-TJ--1 /2A1 /2)]. (7-6) 

For small centers, N varies as A1 and the cultural diversity follows A0-6; 
but for large A, TV saturates to 2np0 and the cultural diversity becomes vir
tually independent of the area. The areal diversity exponent z is thus a 
variable, with O s z £ 0.6. The precise effects of spatial patterning on the 
island-biogeographic exponents characteristic of real culture groups, such 
as those illustrated in Figure 7-2, remain unexplored. 

On the other hand, there are marked differences between the assembly 
rules of groupings of species and groupings of culturgens. The most im
portant is the existence of a stronger interdependence among organiza
tional traits than occurs among species. As each organizational trait is 
added, it is more likely to favor and even to require the addition of others. 
Such mutualistic symbiosis also occurs among colonizing species but is 
much less common, and this circumstance alone may explain the lower z 
values of the area-species curves. As the size of human societies in
creases, new organizational traits are needed to continue the orderly con
duct of the group. Once introduced, their extinction rate is lower and their 
persistence time correspondingly longer, just as an increase in the area of 
island habitats reduces the extinction rates of species of organisms living 
in them, lengthens their persistence time, and raises the overall equilib
rium species diversity on the island. But in addition, the higher organiza
tional traits do not necessarily exclude lower ones. Unlike interacting 
species of organisms, they tend to be added onto the behavioral repertory 
in a hierarchical and complementary manner and even to promote the 
adoption of still other culturgens that enhance communication. As a con
sequence the number of organizational traits, and probably other kinds of 
culturgens as well, can be expected to rise more quickly with an increase 
in population size than is the case in species of organisms. 

Carneiro cites an instructive example of the details of hierarchical 
growth in the social structure of the Plains Indians. During most of the 
year the populations were broken into independent bands, each of which 
was loosely organized under a chief with limited authority. During the 
annual summer buffalo hunt, ten or more bands came together to form 
temporary aggregates of several thousand persons, and a more complex 
organization was adopted. The band chiefs organized themselves into a 
council and elected a paramount chief. Men's societies were activated to 
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perform specialized functions; a prominent example was the temporary 
police force that kept order during the hunts, marches to new sites, and 
sun dances. 

The distance effect predicted by the basic biogeographic model has not 
to our knowledge been considered systematically by ethnographers. 
However, the idea has been intuitively expressed by Jones (1977) in his 
analysis of the culture of the Tasmanian Aboriginals, who became extinct 
in the mid-1800s. Although information concerning these remarkable peo
ple is scarce and judgment difficult, Jones suggests that they were cul
turally depauperate in comparison with the Australian Aboriginals and 
most other hunter-gatherers. They apparently did not use bone points, 
boomerangs, or spear throwers. Although fish were readily available, the 
Tasmanians did not catch them for food. Also, the culture possessed few 
if any rituals involving large groups of people. Jones argues that the Tas
manians simply lost these various adaptations during their long isolation 
from the Australian mainland. In terms of the biogeographic model, this is 
the equivalent of saying that the extinction rate of culturgens remained 
the same as in populations of comparable size elsewhere, but owing to the 
reduction of the immigration rate of replacement culturgens, the total 
number of culturgens descended to a new, lower equilibrium level. This 
interpretation must be regarded as tentative. At least one anthropologist 
(Horton, 1979) has disputed Jones's explanation. He suggests that the cul
ture was not as strongly depauperate as the largely anecdotal accounts 
from the early 1800s suggest. Even some of the reductions might have 
been special adaptations to the Tasmanian environment rather than a con
sequence of random loss. 

However the particular case of the Tasmanians is eventually resolved, 
the distance effect and random cultural pauperization are potentially 
fruitful hypotheses if explored against the larger background of the 
models of island biogeography. They can be further strengthened by anal
ysis of the kind of area-trait data assembled by Carneiro and by historical 
studies of appropriately chosen societies, especially those undergoing 
growth and major organizational changes. 

Finally, biogeographic theory can be usefully adapted to focus attention 
on the survival rate of newly introduced culturgens. Most contemporary 
societies are bombarded by new culturgens that are competitive with the 
ones in predominant use. It would be useful to know the probability that a 
newly introduced culturgen adopted at first by only one person will persist 
and spread through at least part of the remainder of the society. How long 
will the culturgen be used by at least someone in the population? Models 
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that conceptualize a "demography" of culturgens can provide answers to 
questions of this kind. 

Let us envision a society of N persons as N receptacles, each of 
which can receive or lose a given culturgen. Suppose that at first just one 
person possesses the culturgen in active form. Within some interval of 
time—say, a day or a year—the culturgen can spread to a second person, 
or a third, or to the whole population of N members. During the same 
period that new individuals acquire the culturgen, others lose it, through 
death, forgetting, or conscious choice. The assimilation of the culturgen 
can be regarded as under the control of epigenetic rules that determine its 
rate of acquisition and rejection. To a lesser extent possession is under 
the direct control of genetic fitness, which affects whether the individual 
will die at an earlier or later date. The established results of.island bioge-
ography suggest that under such circumstances there may exist a critical 
population size beyond which the time required for the extinction of a cul
turgen becomes very long. Once past this threshold a sufficient number of 
refugia, in the form of individual minds, would communicate at a rate suf
ficient to guarantee the culturgen a minimum occupancy of one mind over 
substantial time periods. An example of this phenomenon is shown for the 
case of biological organisms in Figure 7-3. The takeoff phenomenon re
vealed by the model further suggests that the number of culturgens pos
sessed by a society will increase steeply with an increase in the size of the 
society. It seems likely that the value of z will be even higher in many cul
turgen categories than that observed in the organizational traits (Figure 
7-2). 

A more exact characterization of culturgen survival and diversity must 
await the fitting of survivorship models to realistic assimilation functions. 
In this enterprise gene-culture theory will be greatly assisted by the so
phisticated formal models of information diffusion and disease spread 
now under study in mathematical sociology and epidemiology (Coleman, 
1964; Bartholomew, 1973; Bailey, 1975; and Hamblin et al., 1979, provide 
introductory treatments of these fields). Indeed, there is much in the liter
ature of both disciplines to recommend vigorous application to island 
biogeography itself. 

Culturgen Packing 

With the delineation of culturgen immigration, extinction, and survival 
time, we can extend the biogeographic model one step further to examine 
culturgen packing. Cultural diversity depends on the number of cul-
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Figure 7-3 The mean survival time of a biological population given as a function 
of the birth rate X, death rate fi, and the size of the population, in the case where 
X = 2 per year. Similar thresholds to long survival times may exist for culturgens. 
(Modified from MacArthur and Wilson, 1967.) 

turgens that can be incorporated into the mind. At low and intermediate 
levels of diversity, new culturgens should be added readily, because the 
small number already assimilated renders new culturgens easier to iden
tify and less likely to be excluded by those already present. At high levels 
of diversity the likelihood of confusion and competitive interference is 
greater, especially among culturgens of the same category. We can imag
ine a level at which packing is complete. Cultural diversity will then have 
reached a dynamic equilibrium: as each new culturgen is added, an old 
one is dropped. 

The condition can be characterized more exactly as follows. Let 
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Ci, . . . , CM be a system of M culturgens. Suppose that there is a cul-
turgen cM+1 that is initially at zero frequency, and ScM+i is an event such as 
an innovation or importation that suddenly raises the frequency from zero 
to a small but finite level. If Scu+i dies away to zero, or cM+i displaces 
some other culturgen, we say that the system is fully packed. If in addi
tion Scu+i always dies away and no other culturgen is eliminated, the 
system is closed to invasion by cu+1. On the other hand, if 8cM+1 remains 
nonzero, and especially if it grows in magnitude, the system can be said to 
be partially packed and open to invasion by cM+l. 

Recall that culturgens can be classified into three categories. Artifacts, 
such as tools, dwelling places, and clothing, can be transmitted from one 
generation to the next. They will affect behavior even if, in the extreme 
imaginable case, they are unaccompanied by instructions. Behavior, in
cluding speech, the use of tools, and other forms of transmissible activity, 
constitutes the second principal category of culturgens. Finally, menti-
facts (Huxley, 1958) are usefully distinguished as a third category, even 
though they blend imperceptibly into behavior at one end of the range of 
their variation. 

Mentifacts play an especially powerful role in culturgen packing. They 
are the nearly pure creations of the mind, the reveries, fictions, and myths 
that have little connection with reality but take on a vigorous life of their 
own and can be transmitted from one generation to the next. Mentifacts 
are the most striking products of reification, the process that is a diag
nostic feature of the human mind. Although far from being concrete en
tities, mentifacts occupy a central position in the life of every society. 
They often serve multiple functions through the differentiation of their 
meaning into several layers. Wilbert (1979) has provided an unusually 
clear example in the case of the Haburi saga, a myth of the Warao Indi
ans. While accounting outwardly for the origin and ecology of the people, 
this legend permeates the culture in three distinct roles: 

To the Warao child the Haburi saga is a story crackling with adven
ture, detailing episodes of ogre chases, defeats, and triumphs. To the 
average adult, on the contrary, the episodic itinerary of the myth ex
plains a terrestrial arrangement of resources and corresponding 
means of exploitation. To the sages of the tribe the myth conveys 
deep religious imports establishing as it does a link between mankind 
and the gods. 

Constructions such as the Haburi saga extend to virtual infinity the 
number of culturgens that can be created. But of course only a limited set 
can be fitted together into a culture. 
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The potential growth of a culture depends not only on the culturgens 
that are active, in other words accepted and in current usage, but those 
that are kept in a passive state, meaning that they are remembered or at 
least recorded. The great divide in the evolution of cultural richness was 
the attainment of literacy. The number of passive culturgens that can be 
stored by preliterate societies is limited by the durability of unused arti
facts and the memorization of oral traditions (recall the 10/ Rule dis
cussed in Chapter 3), but in literate societies it is theoretically almost 
unlimited. As the passive store grows in printed records and on film and 
tape, the immigration rate of culturgens into the active culture also inevi
tably rises. Information is retrieved and resynthesized, forgotten authors 
are revived and reinterpreted, and old theories are revitalized with the ad
dition of new facts. A much higher culturgen equilibrium is reached as a 
result; we say that culture has been vastly enriched. For example, Indian 
tribes of California produced 3,000 to 6,000 artifact types, but the armed 
forces of the United States landed 500,000 artifact types at Casablanca in 
World War II (Steward, 1955). The ratio of passive'to active culturgens 
also increases enormously, as well as the ratio of active culturgens at 
large in the society to those possessed by its individual members. 

According to Marshack (1979), literacy of the most primitive kind 
began far back in Paleolithic times and had become relatively well devel
oped some thirty-two thousand years ago. It took the form of scratches on 
ornaments, pieces of bone and clay, stones, and cave walls. The scratches 
were arranged by means of repeated motifs into descriptive classes such 
as meanders, fishlike images, and parallel lines. The patterns evidently 
transmitted records and messages. An increase in the abundance of the 
marks coincided with the invention of representational cave art in 
Europe, as well as with substantial increases in the number and stylistic 
design of artifacts in Europe and Africa (Isaac, 1972; Trinkhaus and 
Howells, 1979). The fossil record indicates that during the same period, 
human populations were expanding and Homo sapiens sapiens was in the 
process of replacing H. sapiens neanderthalensis. The symbols and repre
sentational art may have been used to register membership, status, and 
position, and to communicate among groups (Gamble, 1980). 

What sets the limits of the packing process? We are particularly inter
ested in the active culturgens that constitute living cultures. It is obvious 
that individual categories of culturgens are greatly enlarged when they be
come the objects of economic specialization. The Maori language recog
nizes 20 categories of greenstone used in axes, the Eskimos 100 categories 
of seal, some Amazon-Orinoco Amerindians 1,000 species of plants, and 
the Arabs 6,000 attributes of camels. Still, it is clear that there is an 
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overall limit to the size of the active culture possessed by an individual or 
a society. As particular technologies, art forms, and institutions rise to 
prominence, others recede from practice and eventually from memory 
(Price, 1975). We suggest the operation of three constraining processes 
whose magnitudes are innate properties of the human brain: (1) discrimi
nation and categorization of the stimuli that identify culturgens, (2) capac
ity and recall in long term memory, and (3) valuation of the multiple cues 
provided by each culturgen. The examination of these mental processes 
must be the first step toward the ultimate goal of characterizing the 
packing process and predicting cultural diversity from principles of cogni
tion and behavior. 

Discrimination and categorization. Culturgens present configurations of 
stimuli that are perceived and evaluated by a complex sequence of fil
tering and association in the central nervous system (recall Figure 3-4). 
There is some chance that during communication the same stimuli will be 
classified differently by various members of the society. The com
munication system can be characterized by the probability P(cm\s) that a 
culturgen transmitted with a signal attribute structure s will be assigned 
the classification cm by the person perceiving it. The system can be de
signed according to an array of conceivable alternatives such as that de
picted in Figure 7-4. At one extreme we can imagine razor-sharp trans
mission: each stimulus or combination of stimuli unerringly conveys the 
identification of the culturgen for which it is meant to be diagnostic. The 
second, more realistic alternative is the fuzzy logic recognized in recent 
experimental studies of cognition (Rosch, 1975; Rosch and Lloyd, 1978; 
Brown, 1978): the mind evaluates the stimulus and decides on the cul
turgen prototype closest to it, with an intermediate probability of making 
one choice as opposed to another in the boundary regions. The overlap 
curves we have drawn are also consistent with the evidence adduced by 
Shepard (1958a,b) and Getty and his associates (1979) that confusability 
between signals is a monotone decreasing function of the distance 
between the stimuli. Getty and coworkers give the following relation as 
most likely for their experimental preparations: 

x(} = e-""" (7-7) 

where xti is the frequency of confusion between two stimuli, Dfj is the in-
terstimulus distance (which depends on the multidimensional scaling 
technique used), and a is the fitted "sensitivity" or discrimination factor. 
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Figure 7-4 Alternatives in the design of a cognitive system that classifies culturgens. The left dia
gram presents one extreme in a continuous array of possibilities; the culturgens (cm) are perfectly 
discriminated by means of sets of stimuli. In the right diagram ambiguity between the cells exists 
within a zone of overlap. In this fuzzy-logic case the zone is bell-shaped, with a midpoint of sd. 
Usage bias curves, labeled u(s), are superimposed to connect the measurement of discrimination to 
the remainder of gene-culture theory in the following way: once a culturgen has been identified, 
either correctly or incorrectly, it has a specific probability of being assimilated. 
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During the course of evolution the sensory systems and the brain have 
achieved certain intermediate degrees of discriminatory power. As we 
showed in Chapters 2 and 3, these levels vary greatly among the sensory 
modalities and categories of culturgens. The question of interest is, Do 
the levels represent evolutionary optima? If so, what are the determinants 
of the optima? The problem can be phrased more precisely as follows: 
Given that M culturgens must be recognized (Af color categories or M edi
ble plant species, for instance), what are the forms of the recognition 
function P(cm\s) that maximize genetic fitness subject to developmental 
and time-energy costs? 

In order to illustrate the interplay of the design features, let us model 
the overlap region centered on sd (see Figure 7-4) with a bell-shaped 
function, say of the Gaussian form 

f(s) = e^-^'^. (7-8) 

It is further reasonable to suppose that greater costs to the fitness of the 
individual are incurred when the signal is more ambiguous; in other 
words, the ambiguity costs are proportional to a", where a > 0. But a 
higher price is also exacted by the physiological development and mainte
nance of the supplementary cognitive apparatus needed to reduce ambi
guity. This second cost can be regarded as proportional to some inverse 
power of cr, for example a~0, where B > 0. 

Let B0 represent the gross fitness benefit accruing to an information 
processing system with perfect culturgen discrimination; hence tr = 0. 
Then at finite ambiguity this performance is degraded to B0 - aa". The 
development and maintenance costs must also be incorporated, yielding a 
net fitness contribution 

Bnet = B0- C(&) (7-9) 

where C(cr) is the cost function aaa + ba~B. The two terms in the cost 
equation generate rising and falling curves respectively, as illustrated in 
Figure 7-5. 

The optimal Bnet then requires the minimum value of the cost function. 
This quantity, which defines the optimal ambiguity or culturgen cell 
overlap <r0 for the system, occurs when 

o-o = (bB/aa)1Ka+0\ (7-10) 
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Figure 7-5 A model of the optimal ambiguity problem in the evolution of cul-
turgen transmission. As ambiguity increases during the evolution of the cognitive 
system, the costs to the organisms rise with the penalties caused by the ambiguity, 
but they also fall because of the lower physiological expense of the neurosensory 
apparatus that tolerates the ambiguity. 

Natural selection is expected to move the sensory and processing systems 
toward this level. If o-* is the ambiguity at which developmental costs 
equal fitness costs, then 

cr* = (b/a)llia+l3) (7-11) 

and 

<T0> <r* if a < 0 

<r0 = a* if a = 0 (7-12) 

<r0< <r* if a > 0 . 

A weakness of this first elementary illustration is the assumption that 
the optimum overlap is independent of d, the culturgen cell width. This is 
the equivalent of saying that the same amount of overlap is optimum for 
narrow cells (many culturgens) as for wide cells (few culturgens). But the 
ratio of overlap to cell width must become crucial near its upper limit. 
Even if the overlap were very small, ambiguity would still be intolerably 
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high if the cell width were equally small. Consequently, the parameter of 
interest for many conceivable categories of culturgens is the ratio of 
overlap to width. Consider for purposes of clarity a simple model in which 
the culturgen categories are rectangular cells of width d and overlap /, as 
shown in Figure 7-6. A cost model suitable for illustrative purposes is 

C(l) = al/d + b/l. (7-13) 

The optimal overlap /0 at the packing density represented by d is then 
(bd/a)112 and the minimal cost is 

Cnan = Ok) = 2{ab/dy'\ (7-14) 

A consequence of special interest in such formulations is that Cmin is 
rf-dependent. Hence if there exists a maximum tolerable Cmin for the 
system, there also exists a corresponding value of d and hence a max
imum number of culturgens that can be packed into the cognitive system. 
Cultural evolution beyond this complexity limit must therefore depend on 
a division of learning among the group members. 

An important feature of human cognition is that the amount of categori
zation attainable with different kinds of stimuli varies enormously. For 
example, luminance and loudness are perceived as continua and less often 
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Figure 7-6 A system of rectangular culturgen categories, where the culturgen 
cells Ci-04 have width d and overlap /. 
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made the subjects of symbols and words, whereas hue and pitch are per
ceived in more nearly discrete categories and are the subjects of a large 
vocabulary. In addition, pitch discrimination forms the basis of a large 
part of the human communication system. We suggest that if natural se
lection has shaped human cognition, a proposition for which there is sub
stantial evidence (see Chapters 1-3), it has moved discriminatory power 
toward optima in the various stimulus categories. Moreover, these ambi
guity optima impose limits on the number of active culturgens that can be 
packed into the long term memory of individuals. As a consequence they 
have almost certainly constrained the evolution of cultures. 

Capacity and recall in long term memory. Equally great variation occurs 
among the various sensory modalities with reference to learning capacity. 
Tastes and odors are memorized much more slowly than audiovisual stim
uli but are retained over longer periods of time. Some classes of stimuli 
are commonly fashioned into metaphorical symbols, while others rarely 
serve more than a simple denotative function. Numbers and other signals 
expressed in audiovisual form, for example, are easily chunked into com
plex assemblages that facilitate recall. They contrast in this respect with 
melodies and odors, which resist mnemonic clustering. 

Each of these properties of information processing, with its distinctly 
human parameters, exercises a deep influence on the number of cul
turgens that can be retained in long term memory and hence added to the 
active culture. At this early stage in the development of neurobiology and 
psychology it is only possible to speculate about the evolutionary history 
that led to the heterogeneous state of the cognitive system. The variation 
reflects the existence of the epigenetic rules, which we postulate to have 
been shaped by natural selection acting on their final consequences in so
cial behavior. The important point is that the peculiarities of the human 
mind are not to be regarded as simply given, but rather as evolutionary 
products that have been tested through the relative adaptiveness of the 
social systems over many generations. 

Valuation. The rates of culturgen immigration and abandonment depend 
on the strength of the emotional and semantic rewards induced by their 
identifying stimuli. But reinforcement of even the simplest culturgens is a 
complex phenomenon that entails multiple sensory modalities and dif
ferences in the values placed on various of the associated stimuli. It will 
be recalled that culturgens are constructed in long term memory by the 
polymer-like growth of nodes that are linked to one another. A single 
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node is established, such as the concept "dog," and a network of asso
ciated nodes grows around it. The linkages are created by experience and 
learning. Studies employing the semantic differential technique have re
vealed that some of the linked nodes are purely denotative. In the case of 
the central word "dog," for example, they might include "mammal," 
"very hairy," and "moderately fast." Others conjure up emotional feel
ing, which insofar as they can be expressed in words perhaps include 
"very friendly" and "attractive." The knowledge structure associated 
with a concept spreads amoeba-like across the semantic landscape. De
pending on individual experience, it can remain small or grow large. It can 
extend over a vast specialized domain ("carnassial teeth present," "terri
torial pheromone in male urine") that constitutes expertise, or it can be 
captured by the deep aversion of cynophobia that distorts or excludes 
many other of the possible associations. The knowledge structure can 
also be eroded or broken into fragments by the erasure of links in long 
term memory. 

Although the growth of knowledge structures depends heavily on indi
vidual experience, it is not randomly experiential in origin; not all links 
can be established with equal ease. To say that epigenetic rules exist is the 
equivalent of saying that certain pairs of nodes are much more readily 
linked than others. Human beings are more prone to learn a color vocabu
lary based on the modal hue perceptions than they are to learn one based 
on wavelengths located between the modes. They are also far more likely 
to develop neutral or antipathetic feelings concerning brother-sister in
cest, as well as phobias against snakes, hostile associations between 
strangers and territory, and so forth. As a result the general forms of 
knowledge structures tend to converge across cultures. 

A number of important questions are raised by these peculiarities in the 
cognitive process. The imagery of knowledge structures as polymers sub
ject to regular constraints, like molecular polymers formed in obedience 
to the laws of physical chemistry, is a potentially useful aid in the devel
opment of a more vigorous learning theory. It would be important to 
know, for example, the maximum length of a chain of neutral or lightly 
laden concepts and their survival time in long term memory. Or the role 
that topology plays in the growth of the knowledge structures: does it 
matter whether the links form straight chains, circles, or tightly cross-
bound polygons? 

Such an inquiry can be extended into evolutionary time by examining 
the feedback of polymerization patterns to the valuation of the culturgens. 
It has been well established that the reinforcement of a denotative cul-
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turgen, in other words its linkage to emotional nodes, can be changed 
from neutral or negative to positive through linkage to a second, posi
tively reinforced denotative culturgen (Brown and Herrnstein, 1975; 
Lindzey et al., 1975). In principle, continued linkage over a number of 
generations can genetically assimilate such secondary reinforcement by 
altering the epigenetic rules, and turn it into positive primary reinforce
ment. 

Why Is Euculture So Rare? 

A deep question in the biogeography of organisms is the frequency and 
raison d'etre of exceptional species. During the four-billion-year history 
of life, a very few evolutionary innovations have required extremely com
plicated intermediate steps and occurred only once, yet the organisms 
achieving them became so enormously successful that they altered the 
environment in major ways. The amniotic egg of the ancestral reptiles is a 
familiar example. It permitted the vertebrates to remain away from the 
water throughout their life cycle and thus to become the first large-bodied 
animals to penetrate virtually every terrestrial habitat. A second, less 
familiar example is the cultivation of symbiotic fungi on freshly cut vege
tation by leafcutter ants. The invention of this form of agriculture has 
made these insects the dominant herbivores in the New World tropics. It 
appears to have occurred in only one species, the ancestor of the attine 
genera Acromyrmex and Atta, among the millions of species of insects 
that have lived during the past 300 million years. A third and truly funda
mental example is the origin of the eucaryotic cell, which characterizes all 
higher organisms from green algae to man. This complex unit apparently 
was created by the symbiotic incorporation of primitive procaryotic cells 
into a host procaryotic cell to form the mitochondria, chloroplasts, and 
cilia. For over two billion years life had existed exclusively in the form of 
bacteria, blue-green algae, and other single-celled procaryotic forms. The 
first eucaryotic cells launched new phyletic lines that culminated in large, 
multicellular organisms able to colonize every part of the sea, land, and 
air. 

The geologically most recent example of a unique evolutionary product 
is euculture and the relatively enormous brain required to sustain it. In the 
course of achieving euculture the human species was the first to embark 
on gene-euculture coevolution. It invented reification, symbolization, and 
language, and magnified self-reflection until it could examine history and 
plan into the distant future. Through euculture mankind has literally al-
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tered the form of organic evolution. The time has come to try to answer 
the question we raised at the beginning of this book, that of why mankind 
is unique in this overwhelmingly important respect. Simply by compari
son with the other singular events of evolution, euculture can be reason
ably postulated to be reached by intermediate steps that are either 
improbable or else unstable and short-lived. Yet this interpretation pro
duces a paradox. If mankind's demographic success can be regarded as 
indicative, the reification learning rules, together with their cultural mani
festations, convey an enormous adaptive advantage. Then why have 
other large-bodied species—squids, eurypterids, fishes, reptiles, birds, 
and nonhuman mammals—not evolved repeatedly toward euculture? 

Several hypotheses compatible with our knowledge of macroevolution 
can be advanced to resolve the paradox. One is that high cognition in an
imals, including the prehuman ancestors, has been of advantage in only a 
few very rare environmental niches. The scarcity of opportunity, viewed 
from this standpoint, imposes a bottleneck on the advance of cognitive 
evolution, confining it to certain ecologically specialized life forms. This 
explanation is contravened, however, by the extraordinarily diverse eco
logical adaptations possessed by the most neuropsychologically advanced 
nonhuman mammals. It is enough to list the chimpanzee (tropical forest 
and savanna: ground-foraging, omnivore), gibbon (tropical forest canopy: 
arboreal, vegetarian), elephant (tropical forest and savanna: terrestrial, 
vegetarian, gigantic), wolf (cold-temperate forest: terrestrial, carnivore), 
and toothed whales (marine: carnivores). 

To cite this evidence is not to deny the existence of a special set of pre
adaptations favoring the origin of exceptional cognitive ability in man, of 
which penetration of a special niche can form a part. According to the pre
vailing "hunting hypothesis" (reviewed by Pfeiffer, 1969, and Wilson, 
1975), the ancestral Homo were unique among all previous creatures in 
possessing the following combination of adaptations: bipedal locomotion, 
hands free and able to be used more fully in tool making, intelligent at the 
start (on a level comparable at least with modern chimpanzees), and 
partly carnivorous with access to the large hooved mammals of the Afri
can savanna. Because the early Homo were also relatively small and 
physically unimposing, a premium was placed on tool using and coopera
tive, closely coordinated behavior, which in turn led to a rapid increase in 
brain capacity and finally to the eucultural breakthrough. Nevertheless, 
this hypothesis, if correct, merely identifies the exceptional combination 
of anatomic preadaptations, ecological conditions, and historical circum
stances that finally led one species to euculture. The fact remains that a 
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relatively advanced form of cognition short of that required for euculture 
has arisen repeatedly in animal species in a great diversity of habitats; and 
we are left with the problem of why complicated brains, once attained, do 
not evolve more frequently into brains competent for euculture. 

A second possible explanation for the rarity of the condition is based on 
the observation that the primitive species of Homo, including H. habilis 
and H. erectus, had an exceptionally diverse diet. Is it possible that eco
logically generalized species require larger brains, and that the human 
species is merely the extremum of this rule? The answer appears to be no. 
The two hundred living nonhuman species of the order Primates display 
an enormous variation in the degrees and kinds of their ecological special
ization (Napier and Napier, 1967, 1970; Eisenberg et al., 1972; Hill, 
1972). The variation is equally great in both small-brained forms, such as 
the lemurs and other prosimians, and large-brained forms, such as the 
anthropoid apes. Among the latter can be counted the ecologically spe
cialized orangutan (Pongo pygmaeus) and ecologically very generalized 
chimpanzee (Pan troglodytes). There appears to be little if any correlation 
across species between the degree of specialization and ecological suc
cess as measured in population density and breadth of geographic range. 
Even if a correlation does exist, it cannot be of sufficient magnitude by it
self to account for the peculiar phylogenetic distribution of eucultural 
capacity. 

In the absence of clear-cut ecological correlates, it seems appropriate to 
search as well for more internal constraints on the evolution of the highest 
levels of cognition and euculture. Like other macroevolutionary steps, 
the origin of euculture resembles the crossing of an activation threshold. 
The steps leading to the threshold become increasingly unlikely and 
short-lived, but once the threshold is crossed evolution accelerates. 
Progress is swift and certain. This imagery is not entirely contrived. The 
evolution of the human brain was in fact the fastest of any complex organ 
recorded in geologic history. Gene-euculture coevolution started when 
the Homo level was reached. Its outward appearance was that of an auto-
catalytic reaction, in which the products created hastened the process still 
further. 

What intrinsic feature is likely to progressively stiffen resistance to 
neural evolution prior to the attainment of the breakthrough? Surely it is 
the cost of the eucultural brain measured in terms of factors such as en
ergy and time; this cost increases with the capacity of the system, and in 
the absence of countervailing benefits acts as a severe load. Such a rise in 
cost with increased behavioral flexibility might at first seem unlikely. It 
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must be the case that cognitive schemata precise enough to maintain high 
levels of selectivity cost a great deal in production and maintenance. An 
organism might increase its genetic fitness simply by disposing of this 
filter and becoming a generalise But the exact opposite is the case. The 
organism deprived of automatic guides cannot choose blindly. It cannot 
be a tabula rasa. It must make the correct choice at each of many crucial 
moments, a capacity achievable only with a whole new array of cognitive 
machinery, including the neuronal circuits of memory, valuation, and de
cision making, and even abstract concept formation. 

The distinction between the two strategies is nicely illustrated by the 
various adaptations that utilize olfactory behavior. Many insect species 
respond automatically to the odor of particular sex attractants, alarm sub
stances, and other pheromones. The physiological requirements of this 
specificity are few. The male silkworm moth (Bombyx mori) makes a 
sexual response only to the chemical bombykol, and especially to 
one of the four geometric isomers of bombykol (trans-lO-cis-12-
hexadecadienol), a pheromone emitted by the female silkworm moth. 
This screening is entirely peripheral. The male catches the molecules on 
ten thousand specialized sensory hairs on each of his two feathery an
tennae. Each hair is innervated by one or two receptor cells that lead in
ward to the main antennal nerve and ultimately through connecting nerve 
cells to centers in the brain (Schneider, 1969). When we turn to mamma
lian olfactory behavior, as exemplified by territorial marking in the do
mestic cat, a whole new level of cognitive organization is encountered 
which is context specific. Cats do not just respond to the pheromones of 
other cats. They learn to recognize individual scent mixtures in the sign
posts of their rivals and to judge the whereabouts of the other animals by 
the degree to which the scent has faded. They then employ this informa
tion in deciding their own patterns of movement (Leyhausen, 1965). 

The greater subtlety of olfactory discrimination and virtually every 
other category of behavior in the cat has been obtained at the price of an 
increase in the number of neurons of no less than four orders of magni
tude, from 10s in the insect to 10" or more in the cat. The human brain, 
which may be the minimal instrument for reification and thus euculture, is 
even larger and more complex, containing approximately 10n neurons 
connected by 1015 synapses (Crick, 1979). About 20 percent of the brain is 
devoted to speech and language (Jerison, 1975), which are principal 
channels of euculture. This portion comprises widely separated areas of 
the cortex that must cooperate swiftly, precisely, and continuously during 
most events of communication and conscious thought. In the course of 
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fetal development the brain gains neurons at the rate of hundreds of thou
sands a minute. The possibilities for error are enormous during this 
growth and during later maintenance of the full-scale product. It is not 
surprising that neurologists and psychiatrists have compiled a long cata
log of genetic and environmentally induced pathological syndromes. As 
Kety (1979) has said, "The wonder is that for most people the brain func
tions effectively and unceasingly for more than 60 years." 

The attainment of high degrees of selectivity by flexible epigenetic rules 
incurs other costs. Judgments based on memory require long learning 
periods. In social species parental investment is an added requirement. 
Both forms of commitment reduce the immediate reproductive rate, be
cause the parents must spend their time rearing the young instead of 
breeding. The loss must be compensated for by an increase in life span 
and higher juvenile survival rates. 

As indicated in Figure 7-7, we postulate that the brain cost in genetic 
fitness rises as a monotone function of behavioral plasticity. In the formu
lation presented, the flexibility of an epigenetic rule is defined as the 
capacity of the rule to handle a variety of contingencies equally well. In 
other words, it measures the number and complexity of schemata, deci
sion options, behavioral programs, and cognitive heuristics that the 
system can apply to different situations while maintaining a consistently 
high level of "correct choice." A value near MIN indicates a minimal 
flexibility and means that the species is genetically determined to choose 
only one specific culturgen. The closer the approach to MAX, the more 
flexible the response. Because the contingencies have to be evaluated by 
cognitive mechanisms, which require in turn the investment of neurons, 
time, and energy, the cost of the response is expected to rise with its 
flexibility—that is, with the precision with which an increasing number of 
contingencies are met. 

On the other hand, the benefits of increased flexibility are not likely to 
be monotone in all cases. If they were, each behavioral category would 
tend to evolve either to complete flexibility or to complete specificity, as 
exemplified in Figure 7-7A and B. Although the evolution of behavioral 
repertories of most invertebrate species is dominated by the pattern of B, 
leading to rigid "instinctual" responses, some of the categories are inter
mediate in flexibility. These include the choosing and memorization of 
most sites, foraging pathways, and (in the case of social insects) the odor 
of the mother colony. In vertebrates, especially in man, intermediate de
grees of flexibility in both social and nonsocial learning are commonplace. 
We can therefore reasonably postulate the existence of nonmonotone 
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Figure 7-7 A hypothesis explaining the evolutionary rarity of human-level eu-
culture. The cost in energy, developmental mistakes, and maintenance errors 
rises monotonically with epigenetic flexibility, that is, as the flexibility values in
crease from MIN toward MAX. As illustrated in C and D, any one of a variety of 
nonmonotone benefit functions can fix optima at higher levels of epigenetic flexi
bility. 

benefit functions of the kind illustrated in Figure 7-7C and D. The shapes 
of these functions are likely to be particular to the social structure and 
environment of the species and perhaps can only be inferred from close 
empirical studies of the kind now routine in other topics of behavioral 
ecology and sociobiology. 

We view Homo as an evolving genus that beat the odds. It overcame 
the resistance to advanced cognitive evolution by the cosmic good fortune 
of being in the right place at the right time. The ancestral species had cer
tain preadaptations, including bipedalism, freed hands, a moderately 
complex brain by nonhuman standards, and a loose primate social organi
zation, which were put to service in the exploitation of a rich food source 
on the tropical savanna. The combination added sufficient advantage to 
the congealing effects of reification (see Wilson, 1978, for a review) and to 
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cognitive flexibility to outweigh their cost in natural selection. The eucul-
tural threshold could at last be crossed. 

Is Culture Necessary for Civilization? 

In addressing the question of why euculture is so rare, we should expand 
the inquiry to ask whether the highest state it engenders, civilization, re
quires gene-culture coevolution. Does civilization even depend on cul
ture? This is far from a frivolous question. Let us define civilization as a 
very advanced form of social existence, based on a written language, art, 
religion, and high technology. If we characterize it by these accomplish
ments and do not define it tautologically as the product of culture, we 
come up with an interesting new perception. Culture does not appear to 
be necessary for civilization. It is possible to imagine a world in which all 
of thought and behavior is anatomically preprogrammed in the brain, right 
down to the exact order of words used in complicated sentences. The use 
of language, construction and employment of tools, and economic trans
actions are context sensitive but predetermined in form. All that is 
learned are specific places and contingencies. A cantata may be sung at a 
festival, stirring feelings of deep pleasure through the audience, yet be en
tirely innate to the last note and inflection. The scientific report of a probe 
to a distant planet may be delivered at an international congress. The in
formation is new, but the concepts and terminology used to describe it are 
genetically inherited and invariant. 

It is possible in fact to envision three very different ways in which 
hypothetical brains can evolve a capacity for civilization. The first is by 
complete hardwiring, as suggested in the example just given. Conceivably 
the behavioral programs, semantic networks, and knowledge structures 
are already in place; such is the arrangement one would expect if termites 
had grown to immense size and produced a civilization. Or else there is a 
culture to be learned, but the transmission is of the pure genetic type (re
call Figure 1-3), with individuals having the capacity to assimilate only 
one culturgen or a narrowly defined set of culturgens in each category. 
Complete genetic determinism can include a sensitivity to context, so that 
for every environmental contingency E there is one and only one behavior 
B. The totality of such a repertory gives the outward appearance of psy
chic flexibility and even "free will," but in fact the responses are not sub
ject to modification by experience or reasoning. 

A second mode of psychic development is of course cultural transmis
sion. In pure cultural transmission, it will be recalled, the mind is not 
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epigenetically biased or directed in any respect toward the culturgens it 
adopts; the genes have lost control of the behavioral repertory to the envi
ronment. In the much more likely intermediate case of gene-culture 
transmission, there is an innate bias in the selection of culturgens, and 
the genes and environment participate jointly in cognitive development. 
Looked at another way, the genes have accepted culture as a partner; 
they have off-loaded part of the information to another form of transmit
ting system. In human evolution, which is based on gene-culture trans
mission, social learning was a brilliant epigenetic coup that vastly ex
tended the modes of operation and information capacity of the brain. 

Finally, one can conceive of a level of programming intermediate 
between complete hardwiring and gene-culture transmission, driven by a 
selectional, rather than an instructional, mechanism. The procedure, 
which can be called a schema activating system, is still genetically fixed 
but permits a flexibility of response to the environment. The brain 
develops a large but finite number of neural assemblies that have the 
capacity to develop into cognitive schemata. When such a system 
operates in the gene-culture mode, a particular culturgen or class of cul
turgens triggers the maturation of one of the assemblies into its predes
tined schema, by means of cell growth and differentiation, synapse for
mation and modification, or the establishment of fields of electrogenic 
activity. Once the schema is chosen in this manner, the primordia of 
other related schemata are blocked. The phenomenon is an extreme form 
of the "recognizer neuron" activation hypothesized by Edelman (in 
Edelman and Mountcastle, 1978). Our purpose in reviewing it here is to 
point out that such a brain system, if it existed, would leave the genes 
firmly in control of knowledge. It could exclude.social learning alto
gether, since endogenous triggers could activate specific schemata auto
matically. 

Thus there are at least three conceivable kinds of brains capable of sus
taining civilization, two of which can dispense with culture altogether. 
However, such a conception has little meaning and cannot be used to 
understand human evolution unless it is converted into a more rigorous 
theoretical formulation. To proceed let us first recognize a "civilization 
niche" of which mankind is the sole existing occupant of which we have 
knowledge. The formal problem can be stated precisely. We ask whether 
it is possible for genes to hardwire brains that contain a mature, eucultural 
complement of chunks, schemata, and knowledge structures. In other 
words, could the neural circuitry storing eucultural knowledge be laid 
down by a reasonable eucaryotic genome, coupled to an epigenetic 
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system that does not rely on social learning? Or is it necessary for genes 
to invent culture in order to invade the civilization niche? In short, are 
genes and culture partners of convenience or partners of necessity? Was 
the human solution the only one possible? 

The answers to all of these questions hinge on the epigenetic compressi
bility of the brain structures that in human civilization embody eucultural 
knowledge. Tissue structures with a high epigenetic compressibility can 
be built by relatively compact systems of epigenetic rules and small 
amounts of genetic code. Although the complete structural blueprint or 
description of such a finished tissue might be extremely large, the devel
opmental mechanism that builds the tissue is fully described by a very 
small blueprint. In contrast, tissues that are low on the scale of epigenetic 
compressibility require lengths of genetic code and systems of epigenetic 
rules with a blueprint as complicated as that of the tissue itself. Highly 
regular structures built from repeating modules or subunits typify com
pressible systems. Systems whose components are assigned by lottery 
and thus manifest large amounts of idiosyncratic information are classic 
examples of incompressible systems. 

Although kin networks, exchange relationships, mating and alliance 
systems, together with other forms of rule-based human behavior, often 
have simple and striking symmetry properties (see for example Levi-
Strauss, 1969a,b; Wallace, 1970), the compressibility of the associated 
neural circuitry is unknown. Given the absence both of data and of ade
quate theories of tissue epigenesis, we are obliged to rely on modeling 
techniques that are relatively weak. 

In the analysis to follow we shall use information theory, as first 
suggested by Bremermann (1963) but now applied to a more thorough set 
of neural and cognitive structures. We caution the reader that the method 
ignores the possibility that the epigenetic blueprint may be much smaller 
than the structural blueprint. Indeed, the genome is not a description con
taining a microscopic picture of the finished organism; rather, it acts as a 
code that feeds and generates a rule-based assemblage of epigenetic con
straints and developmental algorithms (see our overview of brain devel
opment in Chapter 6). Such rule-based epigenesis has great power over 
compressible structures, whereas our approach is most accurate for 
systems that are incompressible. Nevertheless, the arguments err on the 
side of overestimating the genetic requirements. Thus they are useful for 
mapping a first crude outer envelope of the evolutionary possibilities. 

We shall show that if the epigenetic blueprint is indeed as complicated 
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as the structural blueprint from which neurons and schemata can be read 
directly, it is not possible to fully program a human-sized brain and lan
guage structure with genes alone. It is possible, however, to prescribe 
some knowledge structures, as well as rules in the growth and differentia
tion of neurons, that reduce the amount of genetic specification required 
to some incomplete level. This amount cannot be exactly estimated, owing 
to the lack of an adequate developmental theory of brain structure. 

The haploid chromosome complement of man contains approximately 
2.9 x 10* nucleotide pairs (Dobzhansky et al., 1977), comprising on the 
order of a hundred thousand structural genes. At each nucleotide site 
there can exist any one of four bases, so that the information per nucleo
tide pair is log2 4 = 2 bits. An upper limit to the amount of information in 
the genome of one human being is therefore on the order of 1010 bits. The 
human genome is typical of most animals, especially the mammals. Many 
plants, as well as salamanders and some nonteleost fishes, have a haploid 
content between 1010 and 10n nucleotide pairs. Much higher contents, 
say 1013 or 1014, seem unlikely because of the difficulty of housing and 
maneuvering the requisite large bulk of nucleoprotein complexes within 
cells of conventional size. 

There is no fundamental difficulty in specifying a versatile culturgen 
processor with the amount of information existing in human and animal 
genomes. With 109 bits, for example, it is possible to specify a processor 
that sorts 108 sensory signals into 108 culturgens. A comparable potential 
exists in the specification of epigenetic rules. In the special case of com
pletely specific rules, which assign assimilation probabilities of 1.0 to the 
favored culturgen and 0 to the others, the number of culturgens that can 
be managed is in fact exactly equal to the number of nucleotides. Thus the 
genomic size, even when interpreted in the narrow information-theoretic 
sense, is not confining on the more stereotyped behavior evolved by most 
kinds of animals or even on the protocultures of more intelligent forms 
such as macaques and chimpanzees. 

However, the genome does at first appear to be severely limiting in the 
specification of neural circuitry. The curves of Figure 7-8 suggest that a 
human-sized brain cannot be totally specified by a straightforward 
transfer of information from nucleotides to neurons. The problem is ex
acerbated by the existence of complex differences among the neurons. In 
most cases the cells integrate information received from many other spe
cific neurons. The information subsequently emitted by the cell is not a 
simple on/off signal. It is enriched substantially by variation in the fre-
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Figure 7-8 The genome size, in base pairs, required to contain the structural 
description of a hardwired brain structure with a specified number of neurons each 
having the same connectivity (number of neurons connected to the neuron under 
examination). The human nucleotide content and the amount of information 
needed to specify the human brain are indicated. 
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quency and duration of the action potential bursts, and by local pro
cessing based on passive waves. Thus the neuron is a unit that com
municates with its neighbors in an individualistic manner. 

As suggested in Figure 7-9, the size of the genome does not appear to 
preclude the full specification of hardwired knowledge structures. It is 
conceivable that a system could be constructed that matches the accom
plishments of human long term memory. To see why this is true, consider 
that there are approximately 3.15 x 107 seconds in a year, so that during a 
generous life span of 100 years, 3.15 x 109 seconds at most are available 
to assimilate new information. At a minimum of 10 seconds per new con-
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Figure 7-9 The genome size, in base pairs, required to contain the structural 
specification of a knowledge structure or semantic network consisting in N con
cepts. In this illustration each concept is joined to exactly M others by M distinct 
links, or relations of meaning, with no direct self-reference. 
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cept or concept chunk (see the description of the 10/ Rule in Chapter 3), 
this is equivalent to a final knowledge structure in long term memory con
taining 3.15 x 108 chunks if the individual does nothing but learn new 
concepts. If 10 percent of the life span is devoted to learning, 3.15 x 107 

chunks are assimilated. If a more modest 0.1 percent of the life span is 
used, 3.15 x 105 chunks are assimilated. 

However, as shown in Figure 7-10, the grammatical and semantic 
structure of language at the human level does exceed the capacity of the 
genome to encode it. Although a very large number of symbols can be en
coded separately, there is a strict limit to the length of the sentences that 
can be innately programmed in such a way that the truth value of each 
sentence is specified. For example, to possess a completely inborn vocab
ulary of 10,000 words and to speak in sentences of 10 words each would 
require a truly astronomical 1040 nucleotides, or 1016 kilograms of DNA, 
far more than the weight of the entire human species! 

We have emphasized that these results concerning the constraints 
seemingly imposed by the size of the genome are nevertheless compro
mised by an assumption implicit in the analysis. This is the visualization of 
the genome as specifier of tissue structures, rather than as the ultimate 
source of epigenetic rules that guide development. It is known that neither 
genes nor the nucleotides constituting them specify neurons on a one-
to-one basis. The epigenetic rules create fields and gradients within which 
neurons grow and proliferate (Bullock et al., 1977; M. Jacobson, 1978a). 
As we showed in Chapter 6, single mutations can alter entire zonal pat
terns and circuit structures entailing large populations of cells within the 
central nervous system. 

The main remaining theoretical problem is therefore the epigenetic 
compressibility of the minds possessed by adult human beings. We need 
to know exactly how much specificity at the level of the neurons can be 
and need be condensed into the genes. Is it possible or necessary to ac
curately grow every one of the approximately 1011 neurons of the human 
brain with the information in 2.9 x 109 nucleotides? To do so would be to 
lower the information curve of the human brain to the level of only 106 

neurons specified in a simple information-theoretic manner by the avail
able nucleotides in the genome (see Figure 7-8). 

Although this question cannot be answered fully at the present time, we 
can establish that the set of human-size brains attainable strictly on the 
basis of the human genome is vanishingly small. Consider the curve in 
Figure 7-8 that refers to the human brain. An information requirement 
equal to 1014 bits falls on the lower portion of this curve. There are 210" 
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VOCABULARY SIZE 
105 SYMBOLS 

104 SYMBOLS 

103 SYMBOLS 

10z SYMBOLS 

10 SYMBOLS 1 MAN 

MOST ANIMALS, 
MANY PLANTS 

2 3 4 5 6 7 8 9 

SYMBOLS PER SENTENCE 
10 

Figure 7-10 The genome size in base pairs required to specify a language built 
from N symbols (for example, words in a vocabulary) and joined in sentences con
taining M symbols each. Each sentence is classified into one or the other of the 
four truth values "meaningless," "undecidable," "false," and "true." 
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brains of the type dealt with in this diagram that have such an information 
requirement. Let us estimate what proportion of this set of brains can be 
built using genomes no larger than 1010 bits. 

The following thought experiment will allow us to perform the calcula
tion. A zygote is allowed to retain all of its intracellular machinery except 
its chromosomes; it therefore stands ready to transcribe any "model 
genomes" that are introduced into its nucleus. Obtain a large set of these 
zygotes. Into the first zygote inject a genome consisting of exactly one 
base pair. Into the next introduce a genome consisting of a different base 
pair. Continue in this manner until all genomes equal to one base pair 
have been used, one each to a cell. Repeat the implantation procedure for 
all genomes composed of two base pairs, three base pairs, and so on up to 
109 base pairs. 

In each case we allow development to proceed under normal physiolog
ical conditions but without social or observational learning. The end re
sult is observed. Most often epigenesis will abort rapidly and completely, 
but occasionally a hardwired brain possessing a size and complexity in the 
human range may result. Our protocol allows us to enumerate all such 
possibilities. 

At this point in the argument we introduce an overestimate that will 
serve to emphasize the startling nature of the epigenetic possibilities. Let 
us suppose that each "model genome," from one base pair to 109 base 
pairs, generates a 1014-bit, hardwired brain. The number of such brains is 

io» 
4 + 16 + . . . + 22X109 = 2 ) 22 n . 

n=l 

The sum of this geometric series is 4 • (4109 - l)/3, so the ratio of the num
ber of compressible hardwired brains to the total number of 1014-bit brains 
is at most 

A (A10* — 11 -12X108 
2. . i Z iZ __ ~ -?-10'< __ 1A-3X10" 

3 210'4 21014 

This number is almost inconceivably small. The length of the string of 
zeros that we would need to print it in the form 0.000 . . . 01 would 
stretch from the earth to the moon and back sixty times. Results of this na
ture are furthermore not peculiar to brains and genes. They appear to be 
part of the universal reciprocity between structural and algorithmic com-
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plexity. (Chaitin, 1975, Davis, 1978, and Simon, 1979, provide introduc
tions to these subjects.) 

The conclusion we draw from such numbers is that virtually no brains 
with size and structural complexity in the human range can be hardwired 
by human-sized genomes. In fact, a repeat of the preceding argument 
shows that almost all 1014-bit brains require genomes at least (1014 - 10) 
bits in size, orders of magnitude beyond human limits. Thus in the uni
verse of brains, those that are epigenetically compressible to any signifi
cant degree are very rare. The ratios are nevertheless nonzero, and the 
calculations do not preclude the existence of 1014-bit brains that can be 
compressed into 1010 bits of genome. Likely cases, based on very regular 
and highly repetitious structures, are easy to imagine. But the numbers do 
indicate their scarcity and give some suggestion of both the extraordinary 
interplay of historical circumstances and the stringent developmental con
trols that would be necessary to achieve and maintain them. 

Perhaps, then, a genome of the size possessed by human beings and 
other organisms could be large enough to encode a fully hardwired knowl
edge structure of the size acquired by learning during the human lifetime. 
But would such a knowledge structure function effectively in the human 
adaptive niche? We doubt it. A diagnostic feature of the human social 
condition is the idiosyncracy of the information that human beings use 
with skill. The sudden appearance of new opportunities, the identification 
of previously unsuspected rivals or allies, the accommodation to unex
pected disasters, all exemplify the degree to which novelty and heteroge
neity permeate the details of human knowledge structures. In a relatively 
static world with predictable features, innately programmed knowledge 
structures might pay off in fitness. Idiosyncracy is far less compressible. 
Its presence and exploitation call for epigenetic rules tuned to the under
lying invariants and embedded features relevant to reproductive success, 
with the details free to vary. 

We therefore tentatively conclude that genes and culture are partners of 
necessity, that a purely genetic, hardwired human civilization is conceiv
able in imagination but not in practice, as long as the genome is based on 
DNA. The degree to which dependence on culture can be reduced by 
incorporating epigenetic rules in the development of the brain cannot be 
estimated accurately at this time, because there is no adequately explicit 
theory of developmental biology addressed to cellular and organ differen
tiation (Ebert and Sussex, 1970; Wessells, 1977; M. Jacobson, 1978a). 
When such a formulation becomes available, it will be interesting to try to 
combine it with models of gene-culture coevolution to plot the most likely 
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routes into euculture and the civilization niche, and to learn whether the 
human species has been "typical" with reference to the predicted trajec
tories. 

Summary 

The concept of equilibrium cultural diversity has been introduced. In 
order to evaluate steady states as well as to deduce rates of change at 
various nonequilibrium diversities, we have viewed the collective minds 
of a society as an "archipelago." Using the procedures of island bioge-
ography, we envisage new culturgens being adopted and old ones lost or 
placed in passive store at rates that depend on the current culturgen diver
sity level (Figure 7-1). A regular increase in diversity with population 
size across societies, the area effect, can be predicted and documented. 
The decrease in diversity as a consequence of isolation, the distance ef
fect, can also be projected, but data are inadequate to measure its magni
tude. 

The analogies to island biogeography also permit an evaluation of the 
turnover rate of culturgens, as well as estimates of the expected duration 
time of individual culturgens in various categories. It is possible to recog
nize not only similarities between culturgenic and biotic assemblages but 
also important differences, especially in the case of the organizational 
traits of societies. A fuller consideration of these differences is likely to 
enhance rather than diminish the value of biogeographic analysis in the 
study of cultural diversity. 

Culturgen packing is another key property affecting the richness of cul
tures. The immigration and extinction rates of culturgens, and hence of 
cultural diversity within individual societies, are determined by the 
number of culturgens that can be packed into the same cognitive system. 
This property in turn is the result of three capacities in cognition: the abil
ity to discriminate among culturgens belonging to particular categories, 
categorization and recall in long term memory, and valuation of the stim
uli associated with each culturgen. Examination of these processes must 
be the first step toward the ultimate goal of characterizing the packing 
process. We have paid particular attention to discrimination, since it has 
been the best characterized in experimental psychology. Models are 
developed in which it is possible to estimate the optimum degrees of ambi
guity in signal reception and the numbers of signals clustered into single 
culturgens. 

Valuation is related to culturgen packing by considering the number of 
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stimulus ensembles that can be linked together in stable configurations 
through value learning. The larger the linked ensembles, or "polymers," 
the greater the potential cultural diversity. 

The study of diversity leads back to the question of the uniqueness of 
human-level euculture. We have considered simple hypotheses con
cerning ecological specialization only and rejected them on the basis of 
evidence from comparative zoology. We believe it necessary to seek in
ternal constraints on the origin of euculture as well. From a priori consid
erations it appears that the cost of cognitive processing in terms of genetic 
fitness is a monotone rising function of cognitive and behavioral flexibil
ity. If this conjecture is true, it follows that the benefit curves are non-
monotone (Figure 7-7). They are likely to vary greatly in form accord
ing to social structure and environment but to possess general properties 
that make the evolutionary pathways to advanced flexibility few and rela
tively inaccessible. 

Finally, we have raised the theoretical question of whether the level of 
civilization created from human euculture might be duplicated entirely by 
genetic programming. In other words, we have explored whether genes 
and culture are partners of convenience or partners of necessity. Using a 
basic argument from information theory, we show that if the genome is 
regarded as a blueprint from which the structures of neural circuits and 
cognitive schemata are specified directly, it is not possible to program a 
human-sized brain and language structure solely with the amount of DNA 
found in human beings and other organisms. It is nevertheless possible to 
prescribe some knowledge structures, as well as rules in the growth and 
differentiation of neurons, that reduce the amount of genetic specification 
to some intermediate level. This amount cannot be exactly estimated at 
present, because of the lack of an adequate developmental theory of brain 
structure. 



CHAPTER EIGHT 

Gene-Culture Coevolution 
and Social Theory 

The theory of gene-culture coevolution is an extension of sociobiology 
that creates an internally consistent network of causal explanation 
between biology and the social sciences. It is designed to include all cul
tural systems, from the protocultures of macaques and chimpanzees to 
the euculture of human beings, as well as forms of culture hitherto con
ceived only in the imagination. Hence we have spoken of the goal of a 
comparative social theory, within which the study of human behavior is 
embedded. 

The success of human sociobiology, of which gene-culture theory is a 
part, will depend on its capacity to perform three services. First, it must 
derive rigorous propositions that are the unexplained axioms of other 
theories in the social sciences. Second, we require that it achieve a level 
of predictiveness and testability greater than that provided by other 
modes of explanation, or at least that it subsume the exact phenome-
nological models of disciplines such as economics and anthropology so as 
to make the underlying assumptions identical. Finally, it must suggest 
new questions and problems, as well as identify previously unknown 
parameters and laws to be woven into a network of verifiable explanation 
from genes through the mind to culture. 

Epigenesis 

The pivot of gene-culture theory is epigenesis. Traditional sociobiology 
has encountered difficulties in attempting to treat the transition from 
genes to culture as a "black box," where there are in fact three steps: 
from genes to epigenesis, from epigenesis to individual behavior, and 
from individual behavior to culture. The first two steps lie primarily 



344 GENES, MIND, AND CULTURE 

within the domain of the brain sciences and psychology, the third step in 
population biology and the social sciences. The epigenetic rules channel 
the development of individual behavior according to the prescription of 
gene ensembles inherited by single organisms. The behavior of many indi
viduals creates cultural patterns, which are characterized in elementary 
form as the ethnographic probability distributions. The behavior of indi
vidual members in particular cultural settings determines their survivor
ship and reproduction, hence their genetic fitness and the rate at which 
the gene ensembles spread or decline within the population. With appro
priate techniques the reciprocating processes of gene-culture coevolution, 
gene-culture translation, and genetic feedback can be defined and their in
teractions measured. 

We have established that no sharp line can be drawn between genetic 
and cultural evolution. Paradoxically, the distinction becomes even less 
clear and useful as the analysis of gene-culture coevolution gains in preci
sion. Epigenetic rules can be rigid, resulting in an invariant single choice 
and a fully "genetic culture," or entirely unselective (at least across 
broad arrays of culturgens), resulting in what appears superficially to be a 
genetically liberated culture. Or they can be selective to an intermediate 
degree, the condition characterizing most categories of human cognition 
and behavior. Whatever the degree of selectivity, the epigenesis is pre
scribed by gene ensembles—even perfect indifference must be encoded 
genetically. Thus the link between genes and culture cannot be severed. 

Learning 

The theory of gene-culture coevolution can be used to examine nonsocial 
learning as a special, more primitive case. Even in the absence of contact 
with other members of the species, the individual processes information 
and chooses among alternative behaviors. Although its epigenetic rules 
do not impart any degree of sensitivity to choices made by other members 
of the population, they can operate in a manner otherwise basically simi
lar to those of cultural species. 

While the same principles underlie them all, epigenetic rules operating 
in cultural transmission presumably differ in many details from those in 
noncultural learning, and those that direct euculture differ from the rules 
of protoculture. To refer to the canalization of cultural evolution as bio
logical is not to homologize it automatically with the development of an
imal behavior. The learning of language, reification, and disjunctive con
cept formation are biological in the sense of being subject to genetically 
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underwritten epigenetic rules, but as far as we know these processes are 
distinctively human. Such learning can be analyzed by gene-culture 
theory, but not by direct comparison with animal species. The inseverable 
linkage between genes and culture does not also chain mankind to an an
imal level. 

Complexity 

The social sciences have been balkanized into a bewildering diversity of 
subdisciplines and schools of thought. If a single rationalization for this 
crippling state of affairs exists, it is the belief that human behavior is 
vastly more complex and subtle than anything encountered by the natural 
scientists. But human nature may be simpler and more transparent than 
we thought. If epigenetic rules are made the "molecular units" of learned 
behavior, the analysis of human behavior can be streamlined. Relatively 
elementary epigenetic rules generate greater diversity at the cultural 
level, while remaining obedient to complex genetic assemblages that pre
scribe relative simplicity in the sensory and neuronal responses. Under 
appropriate conditions simple rules can be employed to generate an arbi
trary amount of detail in either direction. 

Even the property of complexity can be turned to advantage. Vast inte
grative phenomena often emerge in the form of unexpectedly simple pat
terns, and large collections of units are more likely than small ones to be 
amenable to precise statistical description. The number of molecules in 
each cubic centimeter of air exceeds the entire population of human 
beings on earth by a factor of billions, yet physical theory can describe 
them with ease. Even when the systems have a history and the separate 
units behave in an idiosyncratic fashion, large numbers can often be han
dled with economy. Such historically constrained translation has been 
achieved, for example, in some of the central processes of population 
genetics, demography, and island biogeography where the units are 
genes, individuals, and species respectively. In Chapters 5 and 6 we 
showed how genetic heterogeneity and even limited forms of historicity 
can be built into the elementary models of gene-culture coevolution. 

The crucial property of complexity per se is compressibility. A com
pressible system is one that can be described or regenerated by a set of 
rules or instructions much shorter than the shortest direct description of 
the system itself. It is further possible to recover the original system in de
tail. Much of science consists in codes that permit the folding of complex 
information into economical, easily retrievable forms. Science might even 
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be defined, as Mach (1942) suggested, as "a minimal problem consisting 
of the completest presentation of facts with the least possible expenditure 
of thought." There is an additional reward. Time and again the search for 
codes has revealed a deep structure containing new phenomena and pre
viously unsuspected connections to other systems. Many of the greatest 
advances have come when one discipline was mapped onto the axiomatic 
structure of another. Molecular biology, for example, has been united 
with quantum theory, Mendelian genetics with molecular biology, phys
iology with biochemistry, and population ecology with demography. 

A worthy goal of the social sciences, then, is to discover the compress
ibility of human social phenomena. We suggest that in spite of its some
times intimidating complexity much of the information is compressible, 
and that the codes we identify will reveal the deep structure of cultural 
evolution. 

The Network of Causation 

To this end let us consider the relationships between biology and the so
cial sciences, beginning with the conception of gene-culture coevolution. 
Figure 8-1 presents the essential elements and processes in the sequence 
we envision. All of the steps have been separately documented, and with 
the exception of the reification rules their physical mechanisms are par
tially understood. 

The brain is an organ whose construction is shaped by the genome of 
the individual human being. The information it receives about culturgens 
and other entities in the environment has already been filtered and orga
nized to some extent by the peripheral sensory cells and coding inter-
neurons. The cortex engenders consciousness, a reconstruction of reality 
consisting in the temporal sequencing of the neuronal signals that have en
coded previous histories of sensory input. The sequencing can be re
arranged arbitrarily to invent fiction and even to predict the future. The 
information is evaluated, and deliberated responses are keyed to it in 
accordance with the epigenetic rules. To some degree it is also translated 
into words and symbolic images under the influence of the reification 
learning rules. The channeling process is mediated in part by the limbic 
system, which serves as an "on-board computer" for assessing the ulti
mate genetic adaptiveness of contemplated actions. This process involves 
more than an ungeneralized will organized by elementary procedures of 
pure logic. It can be as automatic and complicated as the manner by 
which the cerebellum processes complex motor algorithms and feeds out-
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put down the pyramidal tracts. The ultimate, evolutionary goals of the 
mind, toward which minute-by-minute problem solving is directed, reside 
in the epigenetic rules, and in that sense the core of both humanness and 
individuality are invested there rather than in the more purely cognitive 
and ratiocinating portions of the mind. 

To complete this conception of gene-culture coevolution, the epigenetic 
rules interact with the signals received by the individual to convert that 
individual into a full cultural entity, a human being. Thus the mind is an 
active entity that shapes its own growth. The interaction of the members 
of the society create the culture, which together with the genotypes of the 
individuals and their relatives determine reproductive success. The de
gree of success in turn prescribes the gene frequencies over generations 
and thence the form of the epigenetic rules on which cultural evolution de
pends. 

How is gene-culture coevolutionary theory related to the remainder of 
sociobiology? Traditional models from sociobiology have been con
cerned with neither the mechanics of the mind nor with the upward trans
lation from genes to culture. Few of these models are in fact genetic at all. 
Instead, they apply basic principles of optimality in order to predict the 
behavior and the social patterns that should exist if human beings maxi
mize their inclusive fitness. The predictions are rich and varied. Thus in
breeding avoidance is expected to be a general phenomenon, especially 
between siblings or other genetically close relatives. When males are 
strikingly larger or more brightly colored than females, the difference is 
usually part of a breeding strategy in which the males compete for many 
mates, while a close similarity between the sexes is ordinarily associated 
with monogamous bonding. When a size difference occurs, variation in its 
magnitude in comparing different species is a rising function of the 
average number of females inseminated by each successful male. Intraspe-
cific aggression appears when other density-dependent factors of popu
lation growth regulation, such as predation and emigration, are absent or 
weak. An extremely common form of aggression is territorial defense, 
which is most likely to evolve around resources that are patchily distrib
uted and predictable in occurrence. 

Such responses are deduced as generalizations from the first principles 
of population biology (see for example Wilson, 1975; Chagnon and Irons, 
1979; Symons, 1979; van den Berghe, 1979; Barlow and Silverberg, 1980; 
Lockard, 1980). They are evaluated by laboratory and field studies or, in 
the case of human beings, by cross-cultural ethnographic analyses. Tradi
tional sociobiology is methodologically sound and has stimulated new 
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forms of research. Yet it characterizes only the final behavioral product, 
which is to be prescribed in some manner by genes. The genetic founda
tion and the epigenetic mechanisms that give rise to these products are 
left largely unexplained. 

In the case of insects and most nonhuman vertebrates, this vague con
ception of the linkage between genes and behavior perhaps leaves fewer 
mysteries. Most of the behavior is relatively invariant and species speci
fic. We can safely assume that the pattern of territorial defense of an 
aeschnid dragonfly, consisting in a particular set of flight maneuvers over 
the margin of a pond, is genetically distinct from the defense of an 
agrionid damselfly, which maneuvers differently over the center of a 
marsh. But in order to have a real evolutionary theory of mind and cul
ture, one must begin with genes and the mechanisms that the genes actu
ally prescribe. In human beings the genes do not specify social behavior. 
They generate organic processes, which we have called epigenetic rules, 
that feed on culture to assemble the mind and channel its operation. 
Behavior is only one product of the mind as it deals with the contingencies 
of day-to-day existence. The mind chooses particular behavioral 
responses on the basis of knowledge structures that are the product of 
learning and of active reflection. Furthermore, there is no simple, one-
to-one correspondence between culturgens and behavior. Although many 
culturgens are composed in part of overt behavior, they cannot be defined 
exclusively in terms of patterns of skeletal-muscular activity. They can be 
ultimately delimited as portions of knowledge structures. As such they 
contain fragments of information about culture, environment, and social 
action, and they constitute the raw material used by the epigenetic rules in 
the construction of the mind. This is the basis for our proposition that the 
epigenetic rules are the molecular units in the coevolution of genes and 
culture and the dividing line between the two levels of development— 
from genes to epigenesis and from epigenesis to culture. 

The outcomes of the epigenetic rules of social behavior are abstractly 
characterized as the innate assimilation functions vti (f), the rates at which 
individuals shift from one activity to another as a function of the sur
rounding culture. Fully instinctive patterns of valuation and decision con
stitute the special case in which there is no targeting of behavior plans and 
goal priorities by social or environmental learning. The gene-culture 
theory we propose recognizes that the values of %(f) in most higher ver
tebrates, and especially in human beings, are determined by a network of 
epigenetic rules operating on information created by learning and cogni
tion. Instead of single fixed responses, the assimilation functions generate 
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social patterns of behavior within which reproductive success is deter
mined. The patterns evolve in response to particular selection pressures. 
Thus the key status of such phenomena as human incest avoidance, court
ship practice, territoriality, optimum group size, kin toleration, and other 
basic properties of social organization is not altered, and it can be eluci
dated by a sociobiology that now incorporates gene-culture coevolu-
tionary theory. We believe that this theory opens a new realm of sociobi
ology and through it introduces a mode of evolutionary analysis that will 
lead to a deeper and more precise understanding of human behavior. 

Gene-Culture Theory and the Social Sciences 

When cultural behavior is treated as an ultimate product of biology in
stead of an independent stratigraphic layer above it, the social sciences 
can be converted more readily into a continuous explanatory system. In 
fact, social behavior could prove to be substantially compressible. 
Although Homo sapiens is the most complex species on earth by a spec
tacular margin, it is probably far less complex and difficult to understand 
than contemporary social theory leads one to believe. 

Consider ethnography itself. The rich details of individual cultures, 
viewed as closely as possible in the terms of the people who live them, are 
undeniably the essence of the social sciences. Goajiro pottery, beggars' 
argot, Balinese trances, women's fashions during the Restoration, and 
Tapirape shaman training are all worthy of meticulous study in their own 
right. They deserve intense inquiry both at the emic level that interprets 
the feelings of the persons in the culture and at the etic level of the more 
detached, objective observer. This preoccupation with the particularities 
of culture is natural history, which is its own justification. But pure ethnog
raphy is often motivated by the world view of hermeneutics, which does 
require critical examination because of its implication for social analysis. 
In the original philological context, hermeneutics was the analysis of con
flicting derivative texts to deduce the wording of the original manuscript. 
Now it is more broadly defined to be the set of epistemological and meth
odological devices by which the "true meaning" of the practitioner of a 
different culture can be clarified and rendered more congruent to a general 
consensus of what constitutes the truth (Bauman, 1978). Understanding 
of social phenomena grows by means of the "hermeneutic circle": rather 
than charting a straight course toward the most important and secure 
bodies of information, scholarship maneuvers through an endless recapit
ulation and reassessment of collective memories. During this process the 
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social scientist is unavoidably engaged in a discourse with his own sub
ject. In the extreme version of this philosophy of science, both observer 
and observed are considered to use the same resources, and truth conse
quently must be negotiated in the same manner as ordinary agreements. 

The richness of ethnographic detail and the appeal of the hermeneutic 
circle as an alternative epistemology to conventional science tempt ob
servers to emphasize phenomenology and induction. "We must descend 
into detail," Geertz (1973) wrote, "past the misleading tags, past the 
metaphysical types, past the empty similarities to grasp firmly the essen
tial character of not only the various cultures but the various sorts of indi
viduals within each culture if we wish to encounter humanity face to 
face." General principles can be achieved, but only after we have worked 
our way through the "terrifying complexity" of culture. 

Such thick description, as Ryle (1971) called it, is necessary but not suf
ficient. We do not need to await the glacial approach of a pristine ethnol
ogy. Progress will be more rapid if the accumulating information is 
probed relentlessly with the aid of postulational-deductive models. The 
most successful models are likely to be based on premises from neurobi
ology, cognitive psychology, and population biology. Close historical par
allels can be found in the emergence of modern ecology and biogeog-
raphy. These subjects required a natural-history phase, in which species 
were examined "face to face," with a full appreciation of their idiosyn-
cracies: plants in succession on the Indiana sand dunes, insects in the 
biomass pyramid of an English woodlot, birds migrating between Pacific 
islands, and so on. Nevertheless, progress resulted equally from 
postulational-deductive theory directed at both the general and the partic
ular qualities of the species: for example, the convergence to species equi
libria, general constraints on trophic levels, and the necessary conditions 
for species coexistence. Although most of the models have been applied 
only partially and still have limited accuracy, they are quantitative and are 
being improved steadily. Most significantly, they have stimulated bursts 
of new descriptive, "hermeneutic" research. 

Many social scientists are fully committed to this dual procedure of sci
entific inquiry. They have sought the grail of a unifying postulational-
deductive theory. Some of their most impressive attempts have been in 
the realm of the models relating climatic change, geography, and popula
tion growth to the rise of agriculture (Boserup, 1965; Flannery, 1965, 
1973; Binford, 1968; Cohen, 1977) and to the origin of the state (Carneiro, 
1970; Flannery, 1972; Stephens, 1979). It has been possible to quantify 
certain steps in these evolutionary processes and to compare them with 
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optimum economic strategies deduced from a knowledge of local environ
ments, as exemplified in the studies of Thomas (1971), Binford (1978), 
Gross et al. (1979), Hassan (1979), Howell (1979), Reidhead (1979), Kirch 
(1980), and Winterhalder and Smith (1981). Research of this nature is at 
the cutting edge of anthropology. It is supplemented by a relatively 
meager number of ethnographic correlations accumulated over the years, 
such as the relationship first noted by Steward (1955) between partrilineal, 
patrilocal, exogamous band organization with simple technology and lim
ited or scattered food resources; and by broader "covering laws," such as 
the generalization by White (1949b) that culture evolves as a function of 
the amount of energy harnessed per capita and the efficiency of putting 
energy to work. 

These enterprises are the expected first nomothetic reformulations of 
the natural-history data of the social sciences. They are parallel to phylo-
genetic analysis in biology—reconstruction, for example, of the stages of 
the emergence of the first tetrapods onto the land amid the drying of 
swamps, competition, and other environmental circumstances that might 
have impelled this adaptive shift. The generalizations contain elements of 
postulational-deductive theory. But they have fallen short in one crucial 
respect. They do not consider in any detail the development of individual 
motivation and hence cannot bridge psychology and biology. Motivation 
is conceived as a general, relatively unstructured force, and the form of 
translation has been left unspecified. 

The need for a fuller sequence of causal explanation has been perceived 
by Marvin Harris (1979), who suggests an upward translation from what 
he calls the infrastructure (work patterns, demography, infant care, and 
comparable human properties) to the structure (division of labor, class 
structure, political organization, and so forth) and thence to the super
structure (art, music, rituals, sports, science). In Harris' view the psycho-
biological prime movers are very simple. They include the need to eat, es
pecially higher-caloric food, the desire to expend less rather than more 
energy, the sex drives, and a need for love and affection. This particular 
formulation is said to be better than earlier explanations because it ac
counts for both differences and similarities. "For example," Harris 
writes, "the need to eat is a constant, but the quantities and kinds of foods 
that can be eaten vary in conformity with technology and habitat. Sex 
drives are universal, but their reproductive consequences vary in con
formity with the technology of contraception, perinatal care, and the 
treatment of infants." 

Such generalities, along with the models issuing from them, exemplify 
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the real progress possible even with very primitive notions about the 
sources of human motivation. In their present form, however, such con
ceptions are not only incomplete but also seriously misleading. From 
analysis of the information available to us about human cognition and 
development, we have concluded that the human mind is far more struc
tured than has been postulated by Harris and many others active in the 
theory of anthropology, economics, and sociology. This structure is 
based on epigenetic rules that are genetically prescribed, act on cultural 
information, are typically complex and selective, and cannot be inferred 
by unaided intuition. Gene-culture translation, comprising the feedfor
ward from the individual to societal levels, is made explicit through a 
knowledge of these properties and generates verifiable predictions of dif
ferences among cultures in the form of statistical distributions. Genetic 
change in the epigenetic rules and assimilation functions, which conveys 
the feedback from the societal to the individual level, can be analyzed 
through the theory of population biology and sufficient information about 
the underlying cognitive processes. 

It is a remarkable fact, with many ramifications, that the crucial pro
cesses of cognitive epigenesis have been explored by scientists working in 
three independent traditions. The neurobiologists and experimental psy
chologists have examined functions that are relatively simple and directly 
perceived. These functions, which include color perception, cognitive 
algebra, risk estimation, and comparable phenomena, are the ones most 
likely to be shared with other primate species and hence in that special 
sense to be considered more truly "biological." They are also more 
experimentally tractable. Structuralists, in contrast, have been largely 
concerned with the most complex, distinctively human processes. 
Chomsky, Brown, Lenneberg, and other psycholinguists have dealt with 
the basic qualities of language; Piaget with the stages of intellectual devel
opment that compose a "genetic epistemology"; and Levi-Strauss, 
Barthes, Leach, and other ethnographic structuralists with the origins of 
ritual and myth. Finally, psychoanalysts have tried to characterize the on
togeny of even deeper, more elusive activities of the mind. 

In spite of radical differences in the language used to describe them, 
these three modes of analysis are not fundamentally incompatible. All in 
effect attempt to define one or more categories of the rules of human cog
nition, somewhere along the chain of activities from perception through 
memory storage and recall to valuation and decision making. It is not sur
prising that the "hard" experimental approach of the neurobiologists and 
psychologists has not yet penetrated to deep grammar, myth, and other 



354 GENES, MIND, AND CULTURE 

more subtle forms of mental activity. Structuralists and psychoanalysts 
are scientists endeavoring to approximate what we call the epigenetic 
rules of reification and symbolization. The phenomena they describe will 
eventually be investigated by more precise experimental techniques. 
Nevertheless, it would be a mistake to regard structuralism and psycho
analysis as independent theories or even as facets of a true theory in the 
ordinary sense employed in the natural sciences. They are simply descrip
tions, however deeply they cut. They do not yet formulate principles from 
a postulational-deductive framework. They have failed to suggest axioms 
that can be mapped onto the theoretical structure of other disciplines. 
They conceive of limited aspects of cognitive epigenesis in only one 
species, mankind, and by their nature cannot predict any form of measur
able dynamics. Although fundamental to an understanding of the human 
mind, the phenomena of structuralism and psychoanalysis cannot be 
made part of science nor their role in shaping human history elucidated 
until they are incorporated into models of gene-culture coevolution. 

The Explanation of History 

This leads us to the question, Can human history be more deeply under
stood with real evolutionary theory? The ultimate triumph of both human 
sociobiology and the traditional social sciences would be to correctly ex
plain and predict trends in cultural evolution on the basis of their own 
axioms. The most influential attempt to date has been that of Marx, who 
foretold the end of capitalism and the rise of a classless society. Modern 
Marxism has acquired many meanings beyond this original courageous 
forecast. It is the set of all radical critiques of capitalism, a prism, as 
Samuelson (1976) said, "through which mainstream economists can—to 
their own benefit—pass their analyses for unsparing audit." Marxism is 
still more significant as the emblem of revolutionary socialism. In this role 
it has become ideology, since a virtually unlimited number of propositions 
about historical process, true and untrue, Marxian and non-Marxian, 
could serve the same result, as long as the predicted end is socialism in a 
classless society. 

The pure intellectual legacy of Marx is the method of analysis of social 
institutions. The modern Marxist seeks the deeper causes of historical 
change in economic process and class struggle; views contemporary so
cieties as chaotic transitional states on the road to a more natural, harmo
nious order; and emphasizes the strictly material, dialectical nature of cul
tural evolution. Out of these basic conceptions has grown a rich melange 
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of textual analyses, apologetics, revisions, and specific applications to 
most disciplines within the sciences and humanities (Caute, 1967; 
Heilbroner, 1980). There is even a Marxian archaeology (Klejn, 1973), a 
Marxian psychology (Baran, 1959), a Marxian paleontology (Gould and 
Eldredge, 1977), and a Marxian biology (Rose and Rose, 1976). 

Little agreement can be found among the adherents about what all this 
means. Present-day theoretical Marxism contains a vast array of exer
cises in exegesis and apologetics. For some scholars it is principally an 
exciting set of ideas to be developed; for others it is primarily the intellec
tual arm of revolutionary socialism. Neo-Marxism's central propositions 
are not advanced as hypotheses to be tested and possibly discarded. 
Rather, they are treated as core truths that must be actualized by those 
who accept them. Thus O'Laughlin (1975) spoke for most of her col
leagues in making the following prescription: "To some extent then 
Marxist anthropology must be applied anthropology, the university and 
classroom a locus of political struggle, and praxis an essential aspect of 
verification." In other words, scholars should make Marxism come true. 

In short, Marxism was a major development in intellectual history. It 
produced a mode of analysis that cut through the outer phenotypes of 
custom and institutions to examine the underlying economic forces. But is 
it a real theory of cultural evolution? Can it explain and perhaps even pre
dict history with rigor and consistency? It clearly has not done so to the 
present time. Many socialist revolutions have occurred around the world, 
most under the banner of Marxism, but none has followed the script 
written by Marx himself. Their causes have been complex and diverse, 
entailing nationalism and ethnocentricity as much as class struggle. A 
closer examination shows that Marxism is not a scientific theory compa
rable in form to Darwinism and Mendelism, to take two other 
nineteenth-century creations. It is more like Lamarckism and ortho
genesis, competing theories that correctly described certain outward 
features of evolutionary change but postulated erroneous underlying 
mechanisms. Darwinism and Mendelism led to accurate dynamical 
descriptions of heredity and evolution, but Lamarckism and orthogenesis 
did not and could not. In our opinion the key error of Marxism as a scien
tific theory of history is its tendency to conceive of human nature as rela
tively unstructured and largely or wholly the product of external socio
economic forces. 

Marx himself was equivocal on the issue of human nature. His collected 
writings contain statements that are often vague and contradictory, even 
mystical (Bloom, 1941; Wasserman, 1979), a circumstance that has re-
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suited in endless controversy. Marx recognized the existence of a 
"generic man," with inborn drives characterizing the species as whole, as 
well as a "historical man," a more plastic portion of the mind that 
changes with the environment and hence with human activities. The com
ponents of generic man themselves changed erratically through the his
tory of Marx's writings. In the 1844 Paris Manuscripts they included 
altruism, cooperation, empathy, and other specific qualities. Marx went 
so far as to speak of history itself as a part of natural history, and the 
inevitability of a union between the natural sciences and the science of 
man. Elsewhere, however, he spoke of history as a continuous transfor
mation of human nature, concluding that "it is not the consciousness of 
men that determines their existence, but their social existence that 
determines their consciousness" (1971[1859]:21). 

In fact, the writings of Marx contain no explicit characterization of 
mental heredity and development as corporeal processes. In this respect 
they differ fundamentally from the work of Darwin and Mendel. Follow
ers of Marx were set free to develop their own image of human nature, 
and by and large they have chosen a biologically unstructured model that 
assigns maximum weight to the environment. In recent years this view 
has been contravened by the discovery of rich structure in the operation 
of the brain and in the development of social behavior, much of which has 
little to do with external socioeconomic forces. It is difficult to imagine a 
distinctly Marxian version of modern cognitive developmental psychol
ogy, human ethology, or population genetics. Incorporation of the find
ings of these disciplines into the Marxian conception of human nature 
would diffuse explanation to multifactorial models so decisively and shift 
emphasis of social theory so far from the isolated themes of class struggle 
and economic determinism as to bring Marxian scholarship close to the 
mainstream of Western social science and blend the two together. It 
would thus confront Marxian scholars with the exciting task of deep
ening their theories by means of a realistic, biologically fundamental 
picture of human nature. Indeed, we have noted that as Marxists such as 
Terray (1975), Godelier (1977), and Marvin Harris (1979) move away from 
philosophical critiques and reviews of intellectual history in order to 
address the substance of human behavior, their language and interpreta
tion become remarkably similar to those of other anthropological 
theorists. 

The original question can now be rephrased as follows: Will the social 
sciences, using all of the considerable resources at their disposal and de
signing ever more comprehensively multifactorial models, be able to ex-
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plain history more fully and perhaps even to predict it with moderate 
accuracy? We believe that the answer is yes, at least on a very limited 
scale, in ways that can be enormously fruitful in scientific research and 
social planning. Part of the reason for our optimism is the newly analyzed 
implication of structure in the epigenetic rules. Because of these rules, the 
mind is a system that tends to organize itself into certain forms in prefer
ence to others, while the combined action of many minds seems to lead to 
the emergence of patterns of culture that are statistically predictable. This 
channeling action will be most conspicuous in those categories of cogni
tion and behavior guided by epigenetic rules that are relatively inflexible 
and selective. An inflexible epigenetic rule is one that yields only a limited 
variety of usage bias curves in the face of environmental change. We need 
to remember that flexibility does not necessarily imply a lack of genetic 
determinism. A shift in bias curves can be orchestrated closely by the un
derlying epigenetic rules. Furthermore, each variant may prove to be 
adaptive in the particular environment that evokes it. Adaptiveness is 
only a hypothesis to be tested by economic and ecological studies. If 
upheld in a particular category, it can be explained more completely by 
reference to the full theory of genetic feedback in the evolution of 
epigenesis. In either case, whether the flexibility is adaptive or not, the 
epigenetic rules can be used to predict cultural patterns in the form of eth
nographic probability distributions. When the epigenetic rules are both in
flexible and selective, individuals favor a small fraction of culturgens 
strongly over others in all feasible environments, and as a consequence 
the cultural patterns they influence will change relatively little in the 
course of history. 

Flexibility and selectivity are independent properties of mental devel
opment. It is possible for individuals to select one culturgen exclusively in 
one environment and then switch to the exclusive use of another cul
turgen in a second environment, thereby maintaining high specificity 
while revealing substantial flexibility. What matters is the pattern of 
choice and its consequences when translated upward to the societal level. 
We already know from studies on psychological development that the pat
tern varies greatly from one behavioral category to the next. Categories 
that are both inflexible and highly selective include basic color classifica
tion, sibling incest avoidance, many facial expressions used in nonverbal 
communication, and several properties of mother-infant bonding. Only 
with difficulty can individual development be deflected from the narrow 
channels along which the great majority of human beings travel. In most 
conceivable environments, and in the absence of a forceful attempt to 
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produce other responses, these behaviors will persist as the norms of cul
ture in most or all societies. 

Our knowledge of epigenetic rules is rudimentary in the great majority 
of behavioral categories. Little can be said about aggression, religious be
liefs, political institutions, and economic practice. Yet from a combina
tion of research in the brain sciences and developmental psychology, 
aided by clues from ethnography, a more exact knowledge of antecedent 
developmental pathways and flexibility will eventually emerge. It should 
be possible to refine gene-culture translation models to explain both 
steady-state and dynamic cultural patterns in even the more subtle forms 
of behavior. Such translation can produce a useful retrodiction of 
ethnography—an inference about what has already occurred. In the case 
of epigenetic rules that are moderately flexible, the social scientist might 
also be able to predict short term changes in the forms of the ethnographic 
distributions. 

To go beyond this elementary level, a great deal more empirical infor
mation is needed, as well as significant advances in the basic theory of 
gene-culture coevolution. The ontogeny of most forms of social behavior 
is not unilinear, as we depicted it in the first quantitative models of the 
more rigid categories. It is reticulate: development in one category of 
behavior affects development in other categories. Furthermore, the prod
ucts sometimes blend together into confusing compounds. For example, it 
may well be that bigotry and group aggression stem from the interaction 
of several quite distinct behaviors, including the fear-of-strangers 
response, the proneness to associate with groups in the early stages of so
cial play, and the intellectual tendency to dichotomize continua, including 
arrays of other human beings, into in-groups and out-groups. Although 
these elements are prominent in early development, they have not been 
studied in sufficient detail to measure their flexibility and possible inter
actions. Once reticulate development is more clearly documented, 
theory will be challenged to translate it into ethnographic distributions. 

Moreover, the existence of mind means that human social evolution 
incorporates the assessment of history and of dimly perceived futures 
(Figure 8-2). An examination of the assessment process itself can reveal 
the full impact of cognitive epigenesis in the formation of cultures. A soci
ety that chooses to ignore the implications of the innate epigenetic rules 
will still navigate by them and at each moment of decision yield to then-
dictates by default. Economic policy, moral tenets, the practices of child 
rearing, and virtually every other social activity will continue to be guided 
by inner feelings whose origins are not examined. Such a society must 
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Figure 8-2 Influences on the cognitive epigenesis of an individual. A: In the sim
plest possible system, the development is affected by both internal and external 
events, but only from moment to moment. B: In more complex systems, it is in
fluenced also by the memory of past events. C: In human development, the 
epigenetic trajectory is affected not only by external events and memory but also 
by anticipation of future events. In all cases the epigenetic rules act to structure 
and constrain the envelope of possible futures of both individual cognition and the 
histories of particular societies. 

consult but cannot effectively challenge the oracle residing within the epi
genetic rules. It will continue to live by the "conscience" of its members 
and by "God's will." Such an archaic procedure might lead in the most 
direct and untroubled manner to a stable and thoroughly benevolent cul
ture. More likely, it will perpetuate conflict and relentlessly drag human-
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ity along what is at best a tortuous and dangerous path. On the other 
hand, the deep scientific study of the epigenetic rules will call the oracle to 
account and translate its commands into a precise language that can be 
understood and debated. Societies that know human nature in this way 
might well be more likely to agree on universal goals within the con
straints of that nature. And although they cannot escape the inborn rules 
of epigenesis, and indeed would attempt to do so at the risk of losing the 
very essence of humanness, societies can employ knowledge of the rules 
to guide individual behavior and cultural evolution to the ends upon which 
they agree. 

Then, having accomplished so much, can we also hope to extend our 
understanding forward into future evolutionary time, when the epigenetic 
rules themselves and even the physical basis of mind may be altered? 
Dyson (1979) has written: 

Looking at the past history of life, we see that it takes about 10* years 
to evolve a new species, 107 years to evolve a new genus, 108 years to 
evolve a class, 10* years to evolve a phylum, and less than 1010 years 
to evolve all the way from the primaeval slime to Homo Sapiens. If 
life continues in this fashion in the future, it is impossible to set any 
limit to the variety of physical forms that life may assume. What 
changes could occur on the next 1010 years to rival the changes of the 
past? It is conceivable that in another 1010 years life could evolve 
away from flesh and blood and become embodied in an interstellar 
black cloud or in a sentient computer. 

Nevertheless, the history of our own era can be explained more deeply 
and more rigorously with the aid of biological theory. And across a time 
span of a few generations, within the epigenetically constrained behav
ioral categories, the prediction of history is a worthwhile venture that can 
at the very least spur a deeper analysis of existing societies and their past 
history. We should keep in mind that most of the wondrous inventions of 
science and technology serve in practice as enabling mechanisms to 
achieve territorial defense, communication of tribal ritual, sexual 
bonding, and other ancient sociobiologic functions. Curiosity, even the 
artistic impulse itself, might also fill such a role. 

These are some of the possibilities. The real prime movers, which 
permit and sustain such steps in cognitive evolution, cannot yet be identi
fied with confidence. An exploration of such domains at the level of cogni
tive psychology and the neurosciences will almost certainly uncover new 
phenomena that can be translated into short term historical predictions 
with results beyond our present capacity to imagine. For evolutionary 
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time intervals, gene-culture theory predicts a coevolution of epigenetic 
rules and cultural forms. In model worlds that to varying degrees approxi
mate the real one, the envelope of possible futures can thereby be esti
mated and analyzed (Figure 8-3). 

Figure 8-3 Parallel, convergent, and divergent gene-culture histories. P is the 
path or trajectory sought, while the disk about P models the maximum accuracy 
that can be achieved because of observational uncertainties about the system's 
structure. In the divergent evolution shown in C, the cultures are extremely sensi
tive to both initial and boundary conditions. Accurate long term predictions about 
single histories are then impossible. This circumstance can arise even for very 
simple, completely deterministic systems. For background on such in-principle 
limitations, see Arnold and Avez (1968), Ford and Lunsford (1970), Ford (1974), 
Cohen (1976), May (1976), and May and Oster (1976). 
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The decomposition of social behavior into objective functional units, 
the discovery of new and sometimes surprising epigenetic rules, the mea
sure of human genetic diversity, the tracing of the microevolution of the 
features of behavioral epigenesis, the paleobiological reconstruction of 
the origin of culture, the retrodiction of ethnography and connection of 
the results to new and more powerful covering laws in economics and 
sociology, perhaps even a sighting down the world-tube of possible future 
histories—these are the activities that will come increasingly to occupy 
the social sciences as the links between biology and the study of culture 
are more powerfully forged. 
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Glossary 

The theory of gene-culture coevolution draws on many disciplines, including a 
few, such as neurobiology and cultural anthropology, that have rarely been juxta
posed in the past. For this reason we have stocked the following glossary with 
relatively elementary terms, in addition to those that are narrowly technical or 
else used by us in a specialized manner. 

Adaptation In evolutionary biology, a particular structure, physiological 
process, or behavior that equips an organism to survive and reproduce. Also, the 
evolutionary process that leads to the formation of such a trait. (See also Natural 
selection.) 

Adaptive landscape The array of genetic fitnesses of all of the genotypes that 
can be assembled by a population. (See also Gene-culture adaptive landscape.) 

Afferent neuron A neuron that carries impulses to the central nervous system. 
More generally, a neuron that carries signals toward a localized region of pro
cessing anywhere in the nervous system. (Compare with Efferent neuron.) 

Allele A particular form of a gene, distinguishable in its nucleotide sequence 
from other forms or alleles of the same gene, hence occupying the same locus in 
the chromosomes. 

Alpha waves Unsynchronized brain waves that accompany a state of wakeful 
relaxation but cease when a relaxed subject is aroused. 

Amino acid The basic building unit of proteins: an organic compound of the gen
eral formula H2N—CHR—COOH, where R is any one of twenty or more dif
ferent side chains. 

Amplification In molecular biology, the cellular mechanism for increasing the 
dosage of specific genes by making numerous DNA copies of the gene. In socio-
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biology, the magnification of the effects of the epigenetic rules during the transla
tion of individual behavior to societal patterns, especially ethnographic curves. 

Anthropology The study of man, with special reference to evolutionary history, 
racial differentiation, and cultural diversity. 

Artifact Something made by human effort or intervention. 

Assimilation function The relation between the probability of adopting a cul-
turgen or switching from one culturgen to another (or the rate at which such 
changes are made) and the proportion of other members of the society who 
possess the culturgen. For example, the probability may rise linearly as others 
adopt the culturgen, or not change at all. 

Australopithecine Relating to the "man-apes," primates of the genus Australo
pithecus, which were primitive forms that lived as recently as one million years 
ago and probably included among the earlier species the ancestors of modern man 
(genus Homo). 

Autonomic nervous system The system that controls such involuntary "house
keeping" functions as digestion, breathing, and the release of glandular secre
tions. 

Axon A portion of the neuron that carries action potentials, usually away from 
the cell body of the neuron; the axon is generally the longest segment of the cell. 
(Contrast with Dendrite.) 

Behavioral biology The scientific study of the biological basis of all aspects of 
behavior, including neurobiology, ethology, and sociobiology. 

Bias curve See Usage bias curve. 

Biogeography The scientific study of the geographic distribution of organisms. 
(See also Island biogeography.) 

ct The symbol used to denote a culturgen. 

Canalization The developmental process that leads to the production of pheno-
types near the species norm even when the growing organism is stressed by 
unusual environments. 

Central nervous system That part of the nervous system most concentrated and 
centrally located, such as the brain and spinal cord of man and other vertebrate 
animals. 

Cerebellum A structure of the brain, lying beneath and behind the forebrain, 
which coordinates sensory information and motor movement. 
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Cerebrum The enlarged anterior portion of the brain, consisting of forebrain, 
midbrain, and their derivatives. 

Chromosome A complex, often rodlike structure found in the nucleus of a cell, 
bearing part of the basic genetic units (genes) of the cell. 

Chunk A group of linked symbols in long term memory that can be designated by 
a single "chunk symbol." The chunking process appears to be automatic and 
unconscious, although it can be aided by conscious attention to the relationship 
involved. Thus in the node-link graphs often used to pictorialize the manner in 
which information is stored in long term memory, a chunk symbol can be repre
sented by a node together with its links. A chunk in short term memory may be 
either the activated chunk of long term memory or a symbol that identifies such a 
chunk. Some psychologists also identify as chunks those patterns of stimuli that 
activate chunk nodes. (See also Concept, Node, Symbol.) 

Chunking The grouping together of several symbols by the human brain to facili
tate learning and long term memory. The recall of a single symbol then suffices to 
recover the entire assemblage. 

Cistron The genetic unit of function in DNA, considered loosely equivalent to 
the gene. Usually each cistron contains the information needed to prescribe the 
formation of a single polypeptide chain. 

Codon A "triplet" of three nucleotides in DNA, messenger RNA, and transfer 
RNA that directs the placement of a particular amino acid into a polypeptide 
chain. 

Coevolution An evolutionary change "in a trait of the individuals in one popula
tion in response to a trait of the individuals of a second population, followed by an 
evolutionary response by the second population to the change in the first" 
(Janzen, 1980). We have extended this biological term to include the reciprocal ef
fects of genetic and cultural evolution (see Gene-culture coevolution). More gen
erally, diachronic changes in two or more interacting objects or systems. 

Cognition As broadly defined by many psychologists (see for example Lindzey 
et al., 1975) and used in this book, the inner mental processes of perception, mem
ory, and information processing by which the individual acquires information, 
makes plans, and solves problems. Cognition in the narrow sense is often consid
ered to entail at least some conscious thought and to be uniquely human, but the 
possibility of conscious experiences on the part of the more intelligent animals 
cannot be discounted (see Griffin, 1976). 

Cognitive algebra The quantitative rules governing valuation and decision 
making. 

Cognitive psychology The scientific study of cognition. 
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Concept A primitive element of semantic memory. In the human mind concept 
symbols are often linked to symbols that can generate words or phrases. Concepts 
appear to be low-level generalizations built up automatically from repeated expo
sure to situations that have properties in common. They acquire meaning not only 
from these referent episodes but also, perhaps, from propositions and other more 
complex semantic entities in which they occur. In cognition a concept can be used 
as a fuzzy-logical function that classifies events or percepts in the individual's 
world into various degrees of membership in the concept's category. Although 
most if not all real-life concepts have fuzzy edges, at least some contain symbols 
that refer to "ideal examples" or prototypes of the concepts. (See also Knowledge 
structure, Node, Proposition, Prototype, Symbol.) 

Cortex In neurobiology, a clearly differentiated zone of cells and synapses, 
usually gray matter composing a morphologically outer layer of the brain, in par
ticular the cerebrum (where the cortex is a major locus of association and intel
ligent behavior) and the cerebellum. 

Cultural evolution Any change in culturally transmitted artifacts, behavior, 
institutions, or mental concepts within or across generations. (See also Evolution, 
Gene-culture coevolution.) 

Culture The sum of all of the artifacts, behavior, institutions, and mental con
cepts transmitted by learning among members of a society, and the holistic pat
terns they form. In human beings the culture of each society is characterized by 
some traits (culturgens) that are general to the whole species and others that are 
idiosyncratic. The transmission also entails cognition, which loads the traits with 
meaning and typically but not invariably labels them with words and other 
symbols that are then manipulated in language to create complex new messages. 
(See also Culturgen, Euculture, Gene-culture coevolution, Protoculture.) 

Culturgen (pronounced "kul ' tur jen") The basic unit of culture. A relatively 
homogeneous set of artifacts, behaviors, or mentifacts (mental constructs having 
little or no direct correspondence to reality) that either shares without exception 
one or more attribute states selected for their functional importance or at least 
shares a consistently recurrent range of such attribute states within a given poly-
thetic set. Culturgens can be mapped into node-link structures in long term mem
ory and in many instances can be treated as identical with them. 

Culturgen assimilation The process whereby culturgens are invented and 
adopted in behavioral categories whose epigenetic rules are permissive toward the 
culturgens. (Compare with Genetic assimilation.) 

Cytoarchitecture The arrangement of cells in tissues and organs. 

Darwinism The theory of evolution by natural selection, as formulated by 
Charles Darwin (1809-1882). The modern, vastly expanded version is often re
ferred to as neo-Darwinism and sometimes as the modern synthesis of evolu
tionary theory. 
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Demography The scientific study of birth rates, mortality, age distribution, and 
related quantitative properties of populations. (See also Population biology.) 

Dendrite A twig-like portion of a neuron characterized by rapid tapering and fre
quent branching. The dendrite serves as a principal receptive and integrative area 
of most neurons. (Contrast with Axon.) 

Deoxyribonucleic acid See DNA. 

Determinism A fixed cause-effect relationship between known or at least know-
able variables. In the philosophy of science, the expression usually implies that a 
process of interest is set by a relatively few, narrowly construed variables. Thus 
"genetic determinism" means to many that behavior is rigidly constrained by the 
genes, while "cultural determinism" means that it depends almost entirely on the 
the particularities of the surrounding culture. 

Deterministic In mathematics, referring to a relationship between two or more 
variables, without taking into account the effect of chance on the outcome of par
ticular cases. (Contrast with Stochastic.) 

Developmental psychology In the original sense, the scientific study of the 
development of mental operations and cognition in children; the field now encom
passes all of the later stages of life as well. 

Diallelic Pertaining to two alleles situated on the same locus. 

Differentiation In biology, the process whereby originally similar cells follow 
different developmental pathways. 

Diploid With reference to a cell or to an organism, having a chromosome com
plement consisting of two copies (called homologues) of each chromosome. A dip
loid cell or organism usually arises as the result of the union of two sex cells, 
each bearing just one copy of each chromosome. Thus, the two homologues in 
each chromosome pair in a diploid cell are of separate origin, one derived from 
the mother and the other from the father. (Contrast with Haploid.) 

Dishabituation The reversal of habituation: the restoration of an original level of 
response because of a shift in some quality of the stimulus eliciting it. 

DNA (deoxyribonucleic acid) The basic hereditary material of all organisms; a 
nucleic acid polymer incorporating the sugar deoxyribose. In higher organisms, 
including animals, the great bulk of DNA is located within the chromosomes. 

Dominance In behavioral biology, the physical domination of some members of 
a group by other members, usually in relatively orderly and long-lasting patterns 
(called dominance hierarchies). In genetics, the ability of one allelic form of a gene 
to determine the phenotype of a heterozygous individual, in which the homolo-
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gous chromosome carries a different allele. For example, if A and a are two allelic 
forms of a gene, A is said to be dominant to a if AA diploids and Aa diploids are 
phenotypically identical (or nearly so) and are distinguishable from aa diploids. 
The a allele then is said to be recessive. 

Drosophila A genus of fruit flies widely used in biological studies, especially 
genetics. 

Ecology The scientific study of the interaction of organisms with their environ
ment. 

Efferent neuron A neuron that carries impulses away from the central nervous 
system. More generally, a neuron that carries signals away from one localized 
neural region of information processing and into another. 

Enculturation The transmission of a particular culture, especially to young 
members of the society. Some authors make a distinction between socialization, 
regarded as the development of social behavior basic to every normal human 
being, and enculturation, the act of learning one culture in all its uniqueness and 
particularity (see for example Mead, 1963). However, in this work we have used 
the two terms interchangeably. (See also Socialization.) 

Epigene A gene affecting a particular developmental process under study. 

Epigenesis The processes of interaction between genes and the environment 
that ultimately result in the distinctive anatomical, physiological, cognitive, and 
behavioral traits of the organism. Epigenetic events occur from the moment that 
RNA is transcribed from DNA, then forward through all phases of development to 
the final assembly of tissues and cognition itself; the interacting environment first 
is composed entirely of the cell medium but then expands until—in the case of 
human beings especially—it includes all aspects of culture. 

Epigenetic rule Any regularity during epigenesis that channels the development 
of an anatomical, physiological, cognitive, or behavioral trait in a particular direc
tion. Epigenetic rules are ultimately genetic in basis, in the sense that their partic
ular nature depends on the DNA developmental blueprint. They occur at all stages 
of development, from protein assembly through the complex events of organ con
struction to learning. Some epigenetic rules are inflexible, with the final phenotype 
being buffered from all but the most drastic environmental changes. Others permit 
a flexible response to the environment; yet even these may be invariant, in the 
sense that each possible response in the array is matched to one environmental 
cue or a set of cues through the operation of special control mechanisms. In cog
nitive development, the epigenetic rules are expressed in any one of the many pro
cesses of perception and cognition to influence the form of learning and the trans
mission of culturgens. The primary epigenetic rules of mental development are 
based upon the more automatic processes that lead from sensory filtering to per
ception (Chapter 2). The secondary epigenetic rules affect information displayed 
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in the perceptual fields and include the channeling of memory, emotional 
response, decision making, and ultimately the usage bias curves (see also 
Chapter 3). 

Epigenotype The set of genes affecting a particular developmental process under 
study. 

Epistasis The nonadditive interaction of genes on different loci, especially the 
suppression of one set by another. 

Ethnographic curve The array of probabilities that a society will possess particu
lar cultural patterns. In the present analysis of gene-culture coevolution, cultural 
patterns are defined as the various proportions of individuals in the society that 
possess one active culturgen as opposed to another. The curve can be based on 
many societies observed concurrently or on one or a few societies observed repet
itively through time. 

Ethnography The description of the cultures of individual societies and the com
parison of cultures. 

Ethnology The scientific study of cultures, of which ethnography is the more pri
mary, descriptive part. 

Ethology The biological study of whole patterns of animal behavior in natural 
environments, stressing the analysis of adaptation and the evolution of the pat
terns. It is distinguished from sociobiology, which is the study of the biological 
basis of social behavior in particular, and especially of the properties of entire so
cieties. (See also Sociobiology.) 

Euculture The most advanced form of culture, in which individuals not only 
teach and learn information but also conceptualize much of it into concrete en
tities that can be more readily labeled by symbols and handled by language. (See 
also Protoculture, Reification.) 

Evolution Any gradual change. Genetic or organic evolution, often referred to as 
evolution for short, is any genetic change in organisms from generation to genera
tion; or, more strictly, a change in gene frequencies within populations from gen
eration to generation. Cultural evolution is an alteration in culturally transmitted 
artifacts, behavior, institutions, or concepts within or across generations. As 
purely conceived, cultural evolution does not necessarily entail any form of 
genetic change, but when the two modes of change are coupled in a reciprocally in
teracting manner, the total process is referred to as gene-culture coevolution. 

Evolutionary biology The collective disciplines of biology that treat the evolu
tionary process and the characteristics of populations of organisms, as well as 
ecology, behavior, and systematics. (See also Population biology.) 
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Fitness In evolutionary biology, differential representation in later generations. 
(See Gene-culture fitness, Genetic fitness.) 

Frequency curve A curve plotted on a graph to display a particular frequency 
distribution. 

Frequency distribution The array of numbers of individuals possessing different 
values of some variable quantity; for example, the numbers of animals of different 
ages (the "age distribution") or the numbers of societies possessing various pro
portions of culturgens (the "ethnographic distribution"). 

Fuzzy logic The probabilistic classification of continuously varying qualities, 
such as voice onset time in phoneme formation, into overlapping categories. (See 
also Prototype.) 

Gamete The mature sexual reproductive cell: the egg or the sperm. 

Gene The basic unit of heredity. Often defined as the rough equivalent of the cis-
tron, the segment of DNA that carries information prescribing a single polypep
tide. 

Gene-culture adaptive landscape The array of gene-culture fitnesses of all of the 
combinations of genotypes and culturgens that can be assembled by a population. 

Gene-culture coevolution The coupled evolution of genes and culture. More pre
cisely, any change in gene frequencies that alters culturgen frequencies in such a 
way that the culturgen changes alter the gene frequencies as well. (See also Co-
evolution.) 

Gene-culture coevolutionary theory The theory treating the full circuit of the 
coevolution process; sometimes referred to as gene-culture theory (GCT) for 
brevity. 

Gene-culture fitness The contribution to the next generation of one particular 
combination of genotype and culturgens relative to the contribution of other such 
combinations.By definition, the differential contribution leads eventually to the 
prevalence of the genotypes with the highest fitnesses. (Compare with Genetic 
fitness.) 

Gene-culture theory (GCT) See Gene-culture coevolutionary theory. 

Gene-culture translation The effect of epigenetic rules of individual develop
ment on social patterns. 

Gene-culture transmission The transmission of culturgens in which the choices 
are not all equiprobable. (Compare with Pure cultural transmission and Pure 
genetic transmission.) 
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Gene flow The exchange of genes between different species (an extreme case 
referred to as hybridization) or between different populations, caused by the mi
gration of individuals or the long-distance dispersal of gametes. 

Gene pool All the genes (hence, hereditary material) in a population. 

Genetic assimilation A change in the frequency of genes making it more likely 
that individuals will develop a previously rare trait. In a typical sequence the 
phenotype appears as a result of exposure to an unusual environment; the bearers 
of the trait prove superior at survival and reproduction; as a consequence, there is 
an increase in frequency of genes that promote the appearance of the trait even in 
normal environments. (Compare with Culturgen assimilation.) 

Genetic drift Evolution (change in gene proportions) by chance processes alone. 

Genetic evolution See Evolution. 

Genetic fitness The contribution to the next generation of one genotype relative 
to the contribution of other genotypes, averaged over all the culturgens possessed 
by individuals of various genotypes (hence in effect without reference to cul
turgens). By definition, the differential contribution leads eventually to the preva
lence of the genotypes with the highest fitnesses. (Compare with Gene-culture 
fitness.) 

Genome The complete genetic constitution of an organism. 

Genotype The genetic constitution of an individual organism, designated with 
reference to either a single trait or a set of traits. (Contrast with Phenotype.) 

Genus (plural: genera) A group of related, similar species. Examples include 
Canis (wolves, domestic dogs, and their close relatives) and Homo (primitive 
man, including Homo habilis and H. erectus, and modern man, H. sapiens). 

Group Any set of organisms, belonging to the same species, that remain together 
for a period of time while interacting with one another to a distinctly greater de
gree than with other conspecific organisms. 

Group selection Selection that operates on two or more members of a lineage 
group as a unit. Defined broadly, group selection includes both kin selection and 
selection of entire populations. (See also Kin selection.) 

Habituation The simplest form of learning, in which an animal presented with a 
stimulus without reward or punishment eventually ceases to respond. (See also 
Dishabituation.) 

Haploid Having a chromosome complement consisting of just one copy of each 
chromosome. Sex cells are typically haploid. (Contrast with Diploid.) 
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Heritability The fraction of variation of a trait within a population—more pre
cisely, the fraction of its variance, which is the statistical measure—due to hered
ity as opposed to environmental influences. A heritability score of one means that 
all the variation is genetic in basis; a heritability score of zero means that all the 
variation is the result of the environment. 

Heterarchy A mixed-level hierarchy: a hierarchy-like system of two or more 
levels of units, with the properties of the higher levels affecting the lower in some 
degree, but with additional activity in the lower units feeding back to some extent 
to influence the higher level. The units at the higher level are composed of the 
lower-level units. For example, individual behavior generates institutions and 
other macrocultural patterns, which then influence individual decisions. 

Heterozygous Referring to a diploid organism having different alleles of a given 
gene on the pair of homologous chromosomes carrying the gene. 

Hierarchy A system whose components are organized in such a way that two or 
more natural levels of system-into-subsystem decompositions can be distin
guished. (See also Heterarchy.) 

Holism The method of explanation of complex systems, and the philosophy mo
tivating it, that includes not just the properties of the components of the system 
but also the patterns and even the history of their relationships and the manner in 
which they are integrated to cause the system to function as a distinct, superor-
dinate entity. Extreme holism eschews any meaningful connections between su-
perordinate entities and their components. (Contrast with Reductionism.) 

Homeostasis The maintenance of a steady state, especially a developmental, 
physiological, or social steady state, by means of self-regulation through internal 
feedback responses. 

Homo The genus of true men, including several extinct forms {Homo habilis, H. 
erectus, H. sapiens neanderthalensis) as well as contemporary man (Homo sa
piens sapiens), who were or are primates characterized by completely erect stat
ure, bipedal locomotion, reduced dentition, and above all an enlarged brain size. 

Homozygous Referring to a diploid organism possessing identical alleles of a 
given gene on both homologous chromosomes. An organism can be a homozygote 
with respect to one gene and at the same time a heterozygote with respect to an
other gene. 

Imprinting A rigid form of learning, usually induced during a brief, "sensitive" 
period of the life cycle, in which an animal comes to make a particular response to 
only one other animal or object. 

Inbreeding The mating of kin. The degree of inbreeding is measured by the frac
tion of genes that will be identical owing to common descent. 
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Incest Sexual relations between closely related persons. 

Inclusive fitness The sum of an individual's own fitness plus all its influence on 
fitness in its relatives other than direct descendants; hence the total effect of kin 
selection with reference to an individual. 

Interlocus interactions The various modes in which genes on different loci affect 
one another's activity. (See for example Epistasis.) 

Interneuron A neuron that connects other neurons to each other and is neither 
sensory nor primarily efferent to the periphery. Same as internuncial neuron. 

Invertebrate Any animal, such as a snail or insect, whose nerve cord is not en
closed in a backbone of bony segments, or vertebrae. (Contrast with Vertebrate.) 

Island biogeography The study of the distribution of organisms on islands and 
similar isolated habitat patches. The theory of island biogeography is based princi
pally on models of immigration, extinction, and the attainment of equilibrium in 
the numbers of species inhabiting islands. 

Kin selection The change in gene frequencies due to one or more individuals fa
voring or disfavoring the survival and reproduction of relatives (other than off
spring) who possess the same genes by common descent. 

Knowledge structure Any set of linked nodes in long term memory, from a single 
node to a schema to the entire contents of long term memory. Some knowledge 
structures can be mapped onto culturgens and in many cases are identical with 
them. 

Lamarckism The theory of evolution by acquired characteristics, as propounded 
by Jean Baptiste de Lamarck (1744-1829). The belief that traits acquired by the 
activities of individuals are passed directly to the offspring—in contradiction to 
Darwinism, which holds that offspring receive only genetic traits unaltered by 
the environment and that evolution occurs by the greater success of individuals in
heriting these traits, in other words by natural selection. (See also Darwinism.) 

Learning Behavior that is modified according to an organism's experience. 

Learning rule An epigenetic rule that directly affects the learning of particular 
culturgens. Given appropriate methods, the learning rule can be evaluated by 
means of a usage bias curve. 

Leash principle The principle deduced from natural selection theory that epige
netic rules will tend to evolve in such a way as to make individuals choose certain 
culturgens over others; in other words, "the genes hold culture on a leash." (See 
also Epigenetic rule.) 
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Life cycle The entire life span of an organism from the moment of fertilization 
(or asexual creation) to the time it reproduces in turn. 

Limbic region (limbic system) The higher brain structures that control or at least 
serve as a principal conduit for the emotional and motivational aspects of behav
ior. Anatomically, the limbic region is a ring of structures around the anterior end 
of the brain stem and interhemispheric commissures that includes the hypothala
mus, anterior thalamus, amygdala, septal nuclei, hippocampal formation, and 
other cellular complexes. 

Link A pictorial representation of the association between symbols in the brain. 

Linkage In genetics, the association between alleles on different loci of the same 
chromosome that results in their nonrandom assortment during the formation of 
the sex cells. In psychology, an association between two nodes in long term mem
ory. 

Locus (plural: loci) The location of a gene on the chromosome. 

Logistic A particular form of change, such as growth of a population or the 
spread of a culturgen, that first accelerates and then slows steadily as the process 
approaches its upper limit. 

Long term memory (secondary memory) The storage system of the brain in 
which information is retained for long periods of time, often for the life of the indi
vidual. (Contrast with Short term memory.) 

Major gene A gene that individually accounts for a large part of the variation of a 
trait under consideration, as opposed to a polygene. The effects of a major gene 
can be altered to some degree by modifier genes. (See also Polygenes.) 

Mammal Any animal of the class Mammalia, such as a wolf or a human being, 
characterized by the production of milk by the female mammary glands and the 
possession of hair for body covering. 

Maximin strategy The procedure in economic and other forms of behavior leading 
to the maximum return under the worst possible circumstances, rather than the 
maximum return under the most favorable circumstances. 

Meaning The pattern of relationships between one symbol and all others. 

Mentifacts Mental constructs having no direct correspondence to real objects, 
people, or events. 

Microevolution A small amount of evolutionary change, consisting in minor 
alterations in gene proportions, chromosome structure, or chromosome numbers. 
(A larger amount of change would be referred to as macroevolution or simply as 
evolution.) 



GLOSSARY 377 

Modifier gene A gene that alters the effect of a major gene in a relatively minor 
way. (See also Major gene.) 

Monotonic function A function that always increases or decreases; thus in the 
case of a monotonic increasing function, if x < y then/(x) < /(y) for all paired val
ues of x and y. 

Multidimensional scaling analysis The measurement of the differences of ob
jects or processes in such a way that the multiple traits used to distinguish them 
can be combined and mapped, often onto a plane, for more convenient examina
tion and analysis. Same as multiple-dimensional scaling analysis. 

Multifactorial inheritance The control of variation in a trait by genes situated on 
more than one locus; the term usually implies further that the genes are polygenes. 

Mutant An allele that has recently been created by mutation or at least is rare 
enough in the population to be at the frequency level expected from recent muta
tion activity. Also, an individual organism carrying such an allele. 

Mutation In the broad sense, any discontinuous change in the genetic constitu
tion of an organism. In the narrow sense, the word refers usually to a "point muta
tion," a change along a very narrow portion of the nucleic acid sequence. 

Natural selection The differential contribution to the next generation by individ
uals of different genetic types but belonging to the same population. This is the 
basic mechanism proposed by Darwin and is generally regarded today as the main 
guiding force in evolution. 

Neurobiology (neurosciences) The scientific study of the nervous system in the 
broadest sense of its anatomy, development, and physiology. (Compare with 
Neurophysiology.) 

Neuron A nerve cell. 

Neurophysiology The scientific study of the nervous system, especially the phys
iological processes by which it functions. 

Neurotransmitter A substance, such as serotonin, that is released at synapses 
and mediates the transmission of nerve impulses. 

Node An abstract representation of a symbol, or elementary memory unit in the 
brain. The symbol structures of the brain are often pictorialized as graphs or 
node-link diagrams. The nodes of the diagram represent the symbols and the links 
represent the relations, or patterns of activation, among the symbols. (See also 
Concept, Knowledge structure, Symbol.) 

Node-link structure A set of nodes associated in long term memory. When the 
structure is well defined and its elements strongly linked, it comprises a Schema. 
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Nucleic acid A long-chain alternating polymer of deoxyribose or ribose sugar 
rings and phosphate groups, with organic bases (adenine, thymine or uracil, 
guanine, cytosine) as side chains. DNA and RNA, the basic genetic coding mate
rials, are nucleic acids. 

Nucleotide The basic chemical unit in a nucleic acid polymer, as in the genetic 
coding materials DNA and RNA. 

Ontogeny The development of a single organism through the course of its life 
history. 

Organism Any living creature. 

Orthogonal In the mathematics of vectors and multidimensional spaces, two 
vectors are orthogonal when they have a zero inner product. The two vectors are 
then perpendicular to each other in the space. In a restricted literary sense, or
thogonality is the independent action of two or more variables with respect to a 
third variable. 

Paleontology The scientific study of fossils and all aspects of extinct life. 

Penetrance In gene-culture theory, the number of culturgens of a particular cat
egory that various members of the population are able to incorporate. (See also 
Selectivity.) 

Perception The psychological process of receiving and recognizing cues from 
the environment. The environment includes both the outside world and the in
ternal physiological state of the organism. (See also Cognition.) 

Perceptual field The configurations formed within the associative centers of the 
brain that correspond to information received through the sense organs. Thus the 
organization of light frequencies in the form of discrete hues represents a basic 
portion of the brain's perceptual field. 

Phasic reentry The transitory reentry of impulses in patterns that are otherwise 
dormant. When the pattern in the conscious centers of the brain is sequenced in 
time, the result can be the reconstruction of the memory of a past event. 

Phenocopy An individual of a scarce, aberrant kind, which superficially re
sembles a mutant (hence the individual "copies" the phenotype of the mutant). 
The exceptional trait marking the phenocopy is usually induced by environmental 
stress during development. An example is the crossveinless wing condition of 
Drosophila fruit flies, which is induced by heat shock administered during the 
pupal stage. 

Phenotype The observable properties of a trait or set of traits of an individual. 
Phenotypic features develop under the combined influences of the genetic consti-



GLOSSARY 379 

tution of the individual and its environment. (Contrast with Genotype; see also 
Epigenesis.) 

Phoneme The smallest possible subdivision of a word that can still be distin
guished as a discrete sound. Single phoneme changes generally alter the meaning 
of a spoken word. 

Physiology The scientific study of the functions of organisms and of individual 
organs, tissues, and cells of which they are composed. In its broadest sense, phys
iology also encompasses most of molecular biology and biochemistry. 

Pleiotropism The control of more than one phenotypic characteristic, for ex
ample eye color, courtship behavior, or size, by the same gene or set of genes. 

Polygenes Broadly defined, genes affecting the same trait but arrayed on two or 
more chromosomal loci. More narrowly defined, polygenes not only are scattered 
over multiple loci but are also roughly equal in the degree of their influence on the 
phenotype. 

Population A set of organisms belonging to the same species and occupying a 
clearly delimited space at the same time. Often a particular population is coter
minous with a society, especially if the society forms a closed or partially closed 
breeding system. 

Population biology The scientific study of the biological properties peculiar to 
populations, including their distribution, ecology, growth, age characteristics, and 
genetic structure. (See also Demography, Population ecology, and Population 
genetics—all of which are subdisciplines of population biology.) 

Population ecology The scientific study of the distinctive relationships between 
whole populations of organisms and their environments, covering such topics as 
the determinants of mortality and fertility, the rate of population growth, and the 
processes of competition and symbiosis. 

Population genetics The scientific study of the distinctive properties of heredity 
viewed at the level of populations, including genetic diversity and the changes in 
gene frequencies that comprise evolution. 

Primate Any member of the order Primates, such as a lemur, monkey, ape, or 
man. 

Primiparous Bearing young for the first time. 

Primitive Referring to a trait that appeared first in evolution and gave rise to 
other, more "advanced" traits. The primitive traits are often but not always less 
complex than the advanced ones. 
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Principle of parsimony The conjecture that epigenetic rules tend to evolve to the 
lowest level of genetic specification that will suffice; it follows that special physio
logical devices in cognition will decline when the need for specificity is reduced or 
eliminated. (See also Transparency principle.) 

Proposition An element of semantic memory that joins two or more symbols 
functioning as "arguments" through a symbol functioning as a relational 
term. Thus in "John hit Sam," "John" and "Sam" are the arguments and "hi t" is 
the relational term. Proposition nodes are often linked to nodes that can generate 
clauses or sentences in the individual's language. (See also Concept, Node, 
Symbol.) 

Protoculture A form of culture, found in a few higher animals, in which informa
tion is transmitted by imitation and even by teaching, but in which reification and 
symbolization do not occur. (Contrast with Euculture.) 

Prototype A schema or symbol in long term memory used as a referent by the 
brain during perception and classification of new sets of stimuli. (See also Con
cept, Schema, Symbol.) 

Psychobiology The scientific study of the biological basis of behavior, especially 
at the levels of whole patterns of behavior and their physiological controls. 

Psycholinguistics The scientific study of the processes of the mind that produce 
and interpret language. 

Psychology The scientific study of behavior, with emphasis on the traits and ca
pacities that are peculiar to human beings, or at least most highly developed in 
them. 

Pupa The inactive developmental stage of the holometabolous insects, such as 
flies and wasps, during which maturation into the final adult form is completed. 

Pure cultural transmission The transmission of culturgens in which all of the 
choices are equiprobable. (Compare with Pure genetic transmission and Gene-
culture transmission.) 

Pure genetic transmission In the theory of gene-culture coevolution, the ex
treme case in which the transmission of culturgens is limited to a single choice. 
(Compare with Pure cultural transmission and Gene-culture transmission.) 

Receptor See Sensory receptor. 

Recessive In genetics, referring to an allele the phenotype of which is sup
pressed when the allele occurs in combination with a dominant allele. 
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Reductionism Oversimplification in the explanation of a complex system owing 
to the attempt to account for the system solely on the basis of the properties of its 
components. Usually ascribed by social scientists to biologists, by biologists to 
chemists, and by chemists to physicists. (Contrast with Holism.) 

Reification The mental activity in which hazily perceived and relatively intangi
ble phenomena, such as complex arrays of objects or activities, are given a facti
tiously concrete form, simplified, and labeled with words or other symbols. In 
Marxian literature, the word is used more narrowly to mean the objectification of 
concepts and institutions in a way that removes them from the power of individual 
thought and change. 

Reification learning rule An epigenetic rule operating in the formation and la
beling of categories of reified phenomena. 

RNA (ribonucleic acid) The basic material used in the copying and translating of 
genetic information (encoded by DNA) during the production of proteins; a nu
cleic acid polymer using the sugar ribose. 

Schema (plural: schemata) A substantial, often functional fragment of long term 
memory. Schema is a frequently used but vaguely defined term of cognitive and 
developmental psychology. It has two general meanings. The first, originating 
with Bartlett (1932), is a large fragment of the knowledge or symbol structure in 
the mind. The individual refers to schemata in reflection and decision making. 
With Piaget (1952) the word schema, and in particular the expression sensori
motor schema, acquired a very explicit connotation of a plan of action and of 
knowledge that relates input stimuli to decisions that activate behavioral re
sponses. (See also Concept, Knowledge structure, Node, Symbol.) 

Selection pressure Any process in the environment that results in natural selec
tion. For example, food shortage, the activity of a predator, or competition for a 
mate from other members of the same sex provide selection pressures by 
causing individuals of various genetic types to survive to different average ages, to 
reproduce at different rates, or both. 

Selectivity In gene-culture theory, the strength of the tendency for individuals to 
use one or a small set of culturgens in preference to others that are available. 

Semantic differential technique A method for measuring the association of 
words or symbols with points along scales of various meaning; for example, the 
word dog can be placed somewhere between friendly-hostile, hot-cold, and so 
forth. 

Semantic memory The network of symbols contained in human long term mem
ory. (See Symbol.) 

Semantics The study of meaning. 
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Sensory receptor A cell, tissue, or organ specialized for detecting physical 
signals (such as light or sound) and translating them into coded responses that can 
then be "read" by interneurons and transferred to the central nervous system. 

Short term memory The storage system in which information is retained for at 
most about fifteen seconds without rehearsal and in amounts not exceeding about 
seven symbols. (See also Long term memory.) 

Social contagion The spreading of a successful culturgen through a society by 
means of personal contact. 

Socialization The total modification of behavior in an individual because of the 
interaction of that individual with other members of the society, including its 
parents. Some authors make a distinction between socialization, regarded as the 
development of social behavior basic to every normal human being, and encul-
turation, the act of learning one culture in all its uniqueness and particularity (see 
for example Mead, 1963). In this work we have used the two terms in
terchangeably. 

Society A group of individuals belonging to the same species and organized in a 
cooperative manner. The diagnostic criterion of a society is reciprocal com
munication of a cooperative nature, extending beyond sexual activity alone. (See 
Wilson, 1975.) 

Sociobiology The systematic study of the biological basis of all forms of social 
behavior, including sexual behavior and parent-offspring interaction, in all kinds 
of organisms. 

Sociology Broadly defined, the general study of human societies at all levels of 
political organization. 

Species The basic lower unit of classification, composed of a population or 
series of populations of closely related and similar organisms. The more narrowly 
defined "biological species" is composed of individuals capable of interbreeding 
freely with one another but not with members of other species. 

Steady state An apparently unchanging condition that results from the balanced 
synthesis and degradation of components within the system, or alternatively from 
the balance in the arrival of new components into the system and the departure of 
old ones to the outside. 

Stochastic Referring to the properties of mathematical probability. A stochastic 
model takes into account variations in outcome that result from chance. (Compare 
with Deterministic.) 

Supergene A group of linked genes that control a distinctive set of character
istics and hence act approximately like a single major gene. 
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Symbiosis The living together of two or more species or other dissimilar sets of 
organisms in a prolonged and intimate ecological relationship. 

Symbol A term used in two ways, both of which connote a basic unit in cogni
tion. In discussions of computational-theoretic aspects of cognition, symbol refers 
to the elementary units manipulated by information processing systems. The 
physical basis of a symbol in the brain is thought to be a network or cluster of 
neurons. In this sense a memory trace or engram would be a symbol. Cognition 
creates both new symbols and new relationships between preexisting symbols. 
Thus human memory is said to consist in symbol structures and to operate asso-
ciatively; that is, the activation of a symbol activates associated symbols, bringing 
them into the sphere of conscious awareness. The term symbol is also used in a 
less specialized manner in much of anthropology, linguistics, psychology, and 
psychoanalysis to denote some element or feature used in communication. It is 
not completely arbitrary in form but is chosen to be freighted with meaning and 
significance for the particular culture that incorporates it. 

Synapse A functional connection between neurons or between neurons and 
muscle fibers at neuromuscular junctions. 

Synaptogenesis Development at the cellular level leading to the creation of syn
apses. 

Teaching rule An epigenetic rule that directly affects the teaching of particular 
culturgens. 

Territory An area occupied more or less exclusively by an organism or group of 
organisms by means of repulsion through overt defense or aggressive display. 

Threshold A state of a system from which the system can pass to other states 
possessing very different properties. 

Tissue An aggregate of cells related in function and organized to form part of an 
organ. For example, the conjunctival epithelium forms part of the eye. 

Transcription The synthesis of RNA, which uses one strand of DNA as the tem
plate, and hence the first step in the "decoding" of DNA that leads to the pre
scription and production of proteins. 

Translation The synthesis of a protein using the information encoded in RNA. 

Transparency principle The conjecture that the more the relation between a cat
egory of behavioral response and genetic fitness depends on environmental cir
cumstances, the more clearly the conscious mind perceives the relation and the 
more flexible the response. 

u{ The symbol used to denote either innate bias, the probability of choosing one 
culturgen over another at the start of the learning process and hence in the ab-
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sence of sensitivity to choices made by others, or the probability of making such a 
choice at each decision point after the initial learning has occurred, whether in
fluenced by others or not. 

««(£) The symbol used to denote the transition probability from culturgen i to 
culturgen j of an individual at a decision point when a proportion f of the other 
members of the society are using culturgen i. 

Usage See Usage of culturgen. 

Usage bias curve A curve that displays the probabilities that an organism will 
use one or the other of various culturgens within a culturgen category, given that 
it possesses a particular genotype and lives in a particular environment. 

Usage of culturgen In the broad sense we have employed throughout, any 
response to a culturgen: either the initial perception and learning of the culturgen, 
or a relative preference for it during reflection and valuation, or a decision to em
ploy it. 

Usage pattern The proportion of individuals in a population that use one cul
turgen as opposed to another. 

f«{f) The rate of transition by an individual from culturgen /' to culturgen./. The 
term «>«(£) denotes one form of the assimilation function. 

Variance The most commonly used statistical measure of variation (dispersion) 
of a trait within a population. It is the mean squared deviation of all individuals in 
a sample from the sample mean. 

Vertebrate An animal having a vertebral column (backbone); in particular, a 
fish, amphibian, reptile, bird, or mammal. (Contrast with Invertebrate.) 

W The symbol used to denote genetic fitness. 

Wild type In genetics, the standard or reference type. Deviants from this type 
are referred to as mutant, whether they have arisen recently by mutation or 
merely occur at relatively low frequencies in populations. (See also Mutant.) 

£ The lowercase Greek letter xi, an order parameter used to denote the fre
quency of occurrence of a culturgen in a society; the society can range from a 
state in which no members possess the culturgen (f = — 1) to the state in which all 
possess it (f = +1). (See also Assimilation function.) 

Zoology The scientific study of animals. 

Zygote The cell created by the union of two gametes, in which the nuclei are also 
fused. The earliest stage of the diploid generation. 
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