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Summary: The evolution of complex societies began when agricultura subsstence
systems raised human population dengties to levels that would support large scae
cooperation, and division of labor. All agricultura origins sequences postdate 11,500
years ago probably because late Pleistocene climates we extremely variable, dry, and the
atmosphere was low in carbon dioxide. Under such conditions, agriculture was likely
impossible. However, the triba scale societies of the Pleistocene did acquire, by gene-
culture coevolution, tribal socid ingtincts that Smultaneoudy enable and congtrain the
evolution of complex societies. Once agriculture became possible, a competitive ratchet
drove further improvements in subsistence and in scae of socid organization . Those
societies that grew and became better organized were advantaged in individua wedth
and economic and military power, and tended to conquer, absorb, or be imitated by
smaler and lesswell organized societies. Interna competitors for power espousing useful
socid innovations could ddiver improved returns when their quest was successful.
Notwithstanding the ratchet, socia complexity increased only dowly in thefirst haf of

the Holocene and even afterwards few periods except the past two centuries saw changes
that were dramatic on the scale of individud lifetimes. We attempt ataxonomy of the
processes that regulate rates of ingtitutiona evolution, cause reversads of complexity
againg the ratchet, and impose historica contingency on indtitutiona evolution.'
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INTRODUCTION

Human societies are much larger and more complex than the societies of other
socid mammals. Thisfact creates an evolutionary puzzle: Five million or so years ago,
our ancestors lived in smal groups with limited cooperation organized around kinship
and reciprocity. Today, we livein vast societies, organized and regulated by many
complex ingtitutions. In this paper, we argue that this trangtion occurred in two stages:
Fird, over the last severa hundred thousand years, humans evolved the capacity for
cumulative cultura evolution, which in turn, leed to the gene- culture coevolution of
larger and more cooperative societies. By the late Pleistocene, hominids evolved the
socid ingincts necessary to creste societies on the tribal scale, aleve of socid
organization absent in other primates and, indeed, entirely unique to our species. These
ingincts and the socid indtitutions that they underpinned were the preadaptations to
complex socidity thet followed. Second, the Pleistocene-Holocene boundary, about
11,500 years ago, marks amgor trangtion point in human socid evolution. Ingtitutiona
evolution in the late Pleistocene was limited by aregime of highly variable environments
under which agriculturd subs stence systems were impossible. The dimate of the
Holocene has been very much less variable, and agriculture is possible over alarge
fraction of the earth’ sland surface. Indeed, the greater efficiency of agricultura
production means that agriculturd populations can generdly out-compete hunter-gather
populations. Thus once agriculture became possible, competitive forces made it
compulsory, in the long run a least. We hypothesize that a smilar dynamic drove the
evolution of sodid inditutions. Societies with more cooperation, coordination, and
divison of labor can generdly out-compete societies with less.

Since the Pleistocene-Holocene trangition was a rapid, globaly synchronous,
event, variaionsin the rate of inditutiona evolution in different parts of the world
represent naturd experiments that should yield clues pointing to the processes that limit
the rate of evolution of indtitutions. Thet is, sSince the progressive trend toward more
complex societies characterizes dmost dl parts of the world, we know that the
equilibrium degree of complexity has not been reached until quite recently &t leest. (We
make no attempt to speculate about such questions as how much more complex societies
can become or if industrial use of non-renewable resources has created an unsustainable
overshoot of equilibrium.) Thus we can conceive of the problem as discovering the main
limiting factors that dow the competition driven progressive trend toward greater socia
complexity. A number of plausble candidates exist, permitting a dim outline of the large-
scale dynamics of inditutiond evolution.

Darwinian modds of cultural evolution

Two rather different approaches to the use of Darwinian theory are current in the
contemporary socia sciences. Oneis to gpply the substantive results of Darwinian theory
to human behavior. Thisfied was pioneered by Alexander (1974) and Wilson (1975) and
was given asomewhat different twist by Symons (1989) under the heading of
“evolutionary psychology.” Since naturd sdection is the most important directiond force
in organic evolution, these scholars use fitness optimizing models to generate testable
hypotheses about human behavior (Borgerhoff Mulder et d., 1997). Typicdly, such work



endorses a number of common dogmas current in evolutionary biology, for example the
generdization that group sdection is seldom a strong force. The weakness of this
gpproach isthat it may not do full judtice to the unique features of human behavior.

We advocate adifferent strategy pioneered by Campbell (1965) and first put in
mathematica form by Cavdli- Sforza and Feldman (1973). The work starts with the idea
that cultureis a system of inheritance. We acquire culture by imitating other individuals
much as we get our genes from our parents. The existence of afancy capacity for high-
fidelity imitation is one of the most important derived characters distinguishing us from
our primate relatives, who have only rdatively rudimentary imitative abilities
(Tomasdllo, 1999). We are also an unusudly docile animd (Simon 1990) and unusudly
sengtive to expressions of gpprova and disapprova by parents and others (Baum, 1994:
218-219). Thus parents, teachers, and peers can shape our behavior rapidly and easily
compared to training other animals usng more expensive materid rewards and
punishments. Findly, once children acquire language, parents and others can
communicate new idess quite economicdly to those who don’'t know them. This
economy isonly reaive; athough we get our genesdl a once a the moment of
conception, acquiring an adult cultura repertoire takes some two decades. Humans
ultimately acquire arepertoire of culture that rivals the genomein sze.

The exigtence of cultura transmission means that culture has what evolutionary
biologists cal “population level properties” Individuas behavior depends on the
behaviors common in the populaion from whom they acquire beliefs just asindividuas
anatomy is dependent on the genes common in the population from whom they acquired
their genes. The diversity of cultura traits across culturesis great, but for the most part
we are limited to learning those extant in our culture in our time. However, in the long
run, the commonness or rarity of genes or culture in the population is a product of what
happens to the individuals who reproduce or not, and are imitated or not. The analogy is
more than a curiosity because population biologists have developed aformidable kit of
empirica and theoreticd tools to analyze this intricate interplay between the individud
and population leve. In the terms sociologists often use, population biologigts have the
means to make the macro-micro problem (Alexander et d. 1987) tractable. Severd
theorists, but fewer empiricists have raided the popuation biologists cupboard for these
tools (Cavdli- Sforza and Feldman 1981, Lumsden and Wilson 1981; Boyd and
Richerson 1985; Durham 1991).

In this exercise, we think it best to wear the anadogy between genes and memes
most lightly. For example, we have ressted using the term “meme’ to describe the “unit”
of culturd transmisson (Boyd and Richerson 2000). Who knows if the structure of
cultura inheritance is anything like the neatly particulate gene? We do know that culture
ismost un-gene-like in many respects. Culture has the principle of inheritance of
acquired variation (what one person invents another can imitate). We are not entirely
blind victims of chance imitation, but can pick and choose among any culturd variants
that come to our attention and creatively put our own twist on them. We don't have to
imitate our parents or any other specific individuas but can aways be open to a better
idea. The innovetive part of the Darwinian andysis of culturd evolution has been to



explore theimpact of such differences on the cultura evolutionary process, letting model
results and the existing empirica facts not substantive anaogies guide the research.
Subsgtantively, cultura evolution turns out to have its own unique adaptive properties and
its own unique suite of characteristic maadaptations, some examples of which we discuss
here.

Mal adaptations are epistemol ogically more interesting than adaptations. The
trouble with adaptationsis that the competing theories—creationism, genetic fitness
optimizing, cultura evolution, macrofunctionalism, rationd choice theory—all predict
that adaptive behavior will be common. Each theory’ s predicted maladaptations are much
more digtinctive. For example, Hamilton (1964) deduced from the principles of natura
selection acting on genes that organisms should engage in dtruigtic acts only when the
benefit to the recipient exceed the costs to the provides by afactor greater than the
reciprocal of the relatedness by descent between them, his famous b/c > Lr rule. Sincein
most anima species, individuas have only few ratives with appreciable r Hamilton's
theory predicts that dtruism will be massvely undersupplied compared to a perfectly
group-selected case where dtruism within groups should be supplied whenever b/c > 1.
Every individua in agroup would be better off if every other followed the b/c > 1 rule
ingtead of the b/c > 1/r, but naturd selection on genes cannot favor such acts. With the
exception of humans and afew other specid cases, Hamilton's rule predicts the
maadaptively low amount of anima cooperation quite well. Human societiesare a
theoretical puzzle because they typicaly include much cooperation between distantly
related and unrelated people. We have adaptively evaded arule that otherwise seemsto
have nearly the law-like force of a physicd principle. We argue below that cultura
evolution islikely the source of our cgpacity to pull off our defiance of Hamilton'srule.

The unique features of the culturd system of inheritance are predictable from the
elementary consderation that selection on genes to increase our cagpacity to learn from
each other would surely not have favored this rather costly system if it did only what
genes could do for themsalves. One important advantage of the culturd sysem isthe
linkage of decision-making processes with transmission to creste a system for the
inheritance of acquired variaion. Given that decision rules ultimately derive from the
action of salection on genes and hence are adaptive, on average a least, a system that
responds both directly to natura selection and to adaptive decision-making forces will be
able to adapt to varying environments more quickly than can organisms that adapt by
genes and non-transmitted learning (Boyd and Richerson, 1985: Ch.4 &5). Plagiarizing
the learning of others crestes a system that can adapt swiftly to new conditions without a
crippling expenditure of effort on individua learning. Secondly, accurate and rgpid socid
learning dlows humans, but seemingly not other species, to accumulate innovations so as
to build up, historicaly over many generations—buit rather rapidly compared to organic
evolution—more sophisticated cultural adaptations than individua people could possibly
have invented for themsdves (Boyd and Richerson, 1996). Human cultural adaptations
are not only dramaticdly different from place to place and time to time but are dso as
complex as organic adaptations that would take much longer to evolve. The Inuit
adaptation to the Arctic and the San adaptation to the Kaahari are impressively complex
and impressively different on a scde that would result in different speciesif
accomplished by organic evolution. In support of these theory-derived conjectures, we



note that humans evolved during the Pleistocene, a period of high frequency climatic
variation (Richerson and Boyd, 2000), and we became an unusually widespread anima
by middle Pleistocene times. The ability to adapt quickly to atemporarily varigble
environment is easily put to use adapting to Spatia variation as well, adapting atropica
goeto livein temperate and eventudly periglacia climates. We became completely
cosmopoalitan usng subsstence Strategies tailored to practicaly every terrestriad and
amphibious habitat on the planet. We bdieve that ability of the cultural system to rapidly
create sophisticated adaptations to niches that perdasted for areatively few generations
was the main advantage that paid the overhead of our large brain and long learning curve.

Theevolution of ingtitutions of complex societies

The evolution of complex societies is one of the mogt interesting questionsin dl the

socia sciences. How can a species long adapted to living in smal egditarian groups
evolve revolutionary new socid indtitutions that leed them to live in very large, highly
inegditarian socia systems? Triba people often express shock and contempt at what we
put up with in the name of “civilization.” Why did the progressive trgectory of increased
complexity start around ten thousand years ago, not thirty or five? Why did societiesin
some parts of the world move down the progressve path more swiftly than others? What
processes regulate the tempo of ingtitutiona evolution? What gives the progressive trend
its multilinear divergty? No two trgjectories of complexification areidenticd, evenin
closaly related societies and sub-societies, much lessin remotely connected cases like
Western Europe, Western Asia, India, China, and Meso-America, despite many
amilarities. Why has the pace of change had atendency to accelerate as we approach the
present? Why is the progressive trend punctuated, in every historical case, by more or
less abrupt declines and collapses?

These are exceeding complex questions that have defied definitive solution
despite much hard work—and much red progress—by socid scientists, historians, and
politica philosophers. The development of Darwinian tools encourages a fresh cut at
them. In what follows we lay out an andyssthat seemslike a sengble series of first steps
using Darwinian andyss of Holocene ingtitutiona evolution. We beg our readers
indulgence with the inevitable crudities that accompany first steps and hope that you will
take them asilludrations prefiguring what a more mature andysiswill likely accomplish.
The boast of Darwinian biologistsis that the power of their theory in that discipline
derivesfirs from its correct conception of the processes of evolution and fromits
inclusve, synthetic, and systemic commitments. Darwinian biology isabig tent housing
diverse and often fractious practitioners. Even after a century and ahaf of work itisa
vibrant fidd full of interesting unsolved puzzles, many of a quite fundamenta character.
We hope that this paper conveys some vison, however limited it isin the present Sate of
development of our field, of what the socid sciences might look like if the use of
Dawinian methods became routine in the analysis of culturaly determined behaviors.

TRIBAL SOCIAL INSTINCTSHYPOTHESIS

Thetriba socid indincts hypothesisis based on the belief that group sdection playsa
more important role in shgping culturaly transmitted variation than it does in shaping
genetic variation, and, as aresult, that humans have lived in socid environments



characterized by high levels of cooperation for as long as culture has played an important
role in human development. The smplest mode of group sdection on cultura variation
we have made is based on the effects of a conformist biasin cultura transmisson (Boyd
and Richerson, 1985: chapter 7; Henrich and Boyd, 1998). Conformity isauseful rule to
follow in imitating others because many evolutionary forces congpire to make adaptive
behavior common. When in doubt, doing as the Romans do when in Romeisan easy and
useful rule to follow. Using thisrule has the effect of reducing variation within groups

and protecting groups againg the effects of migration from other groups. Other rules,
such as preferring to imitate people of your own symbolicaly marked group or the
practice of socia sdection againgt deviants may have smilar effects. Group selection
does not work on genes for cooperation according to most models because group
selection cannot eadly build variation between groups as fast as selection againgt
cooperators within groups—and migration between groups—reducesit. Thus, salection
on culturd variaion isamore likely mechanism for favoring the origins of cooperative
indtitutions than is selection on genes. We have aso studied models of the evolution of
symbolic marking of group boundaries (Boyd and Richerson 1987, McElresth et d. no
date) and mordistic punishment (Boyd and Richerson 1992a).

By the late Pleistocene, 50 kyr B.P., perhaps earlier, human societies were
probably possessed triba scae inditutions (Bettinger 1991, Richerson and Boyd 1998).
If we define “indtitutions’ as customary rules of behavior that have the effect of cresting
sociopalitica structures serving collective functions, then hunting and gathering societies
of the ethnographic record aways have tribd scde inditutions, though sometimes rather
minimd ones. For example, many of the smplest known hunting societies have well
developed systems of egdlitarian counter-dominance that prevent individuas from
appropriating disproportionate shares of food. These inditutions in turn probably alow
such societies to act as effective risk-sharing groups thet can efficiently exploit high
return, high-risk strategies such as the pursuit of big game (Boehm 1993, Wiessner 1996).
Ethnographically known hunter-gatherers are quite variable in the scale, sophistication
and formdity of thair indtitutions (Kelly 1995, Arnold 1996).

The Shoshoni of the American Gregt Basin are aclassic example of socidly very
smple hunter-gatherers. Steward (1955: Chapter 6) described them as having afamily
leve of sociocultura integration. During most of the year, Shashoni nucleer families
foraged for sparse plant resources aone or in the company of one or two other families.
The main resources of the Great Basin did not favor cooperation in subsistence activities
and the low productivity of the environment discouraged concentrations of population
favorable to other socid activities. The Shoshoni lacked aforma triba politicad system
and had no organized religious activities. Neverthdess, as Steward emphasized, even the
Shoshoni had some customs regulaing sodd life and some routine collective behavior.
The kinship system itsdlf regulated socid relations between families. Marriage wasin the
form of acontract between the familiesinvolved. A common property system ensured
that al families had egual access, first come, first served, to most but not al resources.
During the winter, families aggregated into multi-family camps. In such camps ad hoc
“bosses’ organized events such as communa rabbit and antelope hunts, dances and
games. Respected men served as regiond repositories of information about the



digtribution of subsistence resources and so regulated the dispersion and assembly of
families during the seasons.

At the opposite extreme, some hunting and gathering societies had much denser
populations and much more extensve and forma economic, palitica, and religious
ingtitutions than the Shoshoni. In Western North America, the sdlmon rich societies of the
Northwest Coast are such an example (Kelly 1995: 321-328). Many of these societies
were highly ranked and chiefs had much power. Palitics, rdigion, and the economy were
highly organized. Between these extremes a grest diversity of indtitutional forms have
been recorded among hunter-gatherers. In most of California, for example, people were
organized into “tribelets’ comprising from a hundred to a few thousand people (Bean
1978). Most ethno-linguistic units were divided into several autonomous tribelets.
Tribelets were generally composed of corporate lineages and had formal political
leadership, sometimes including ranked chieftainships. Tribelets were generdly centered
on a principle village where council meetings, religious rituas and collective economic
activitiestook place. Supra-tribelet inditutions included regiond cult complexes and
trade fairs. These brought thousands of people together for annua or more frequent
gatherings, often including people from different ethno-linguidtic groups.

Did the range of late Pleistocene hunting and gathering societies resemble the
ethnographic range? Extrapolating from ethnographic to archaeologica casesis of course
fraught with problems, especidly in the case of hunter-gatherers most of whose materid
culture, for example dwellings, is poorly preserved (Kelly 1995: Chapter 9, Bettinger
1991). Archaeology isrelatively slent about socid organization but a good case can be
made that at |east |ate Pleistocene societies were toward the complex end of the
ethnographic spectrum (Price and Brown 1985).The hunting of big game is a subsstence
strategy that generaly involves cooperation in hunting, farly large-scale risk sharing
socid drategies and hence socid indtitutions consderably more complex than the
Shoshonean extreme. Big game hunting was common in the late Pleistocene and amost
certainly favored the same rdatively complex indtitutions as it doesin ethnographic
cases. The persond art that is a conspicuous part of the Upper Paedlithic Trangtion is
amilar to craft productions that are incorporated into tribal scae ingtitutionsin
ethnographic cases (Wiessner 1984). The cave art of France and Spain is the sort of
activity associated with fairly large-scae ritud systems in ethnographic cases. Insofar as
the archaeologica record reflects socid inditutionsit suggests thet late Pleistocene
societies had indtitutions on the triba scae comparable to those observed by
ethnographers.

We bdieve that the human capacity to live in tribes evolved by the coevolution of
genes and culture. Simple cultura cooperative ingtitutions favored by cultural group
selection would have favored genotypes that were better ableto live in groupsthat et first
were only marginaly cooperative outsde of families and Smple schemes of reciprocity.
Given margina genetic changes, culturd evolution could marginaly advance the scae of
cooperation. These rounds of coevolutionary change then proceeded until capacities for
cooperation with digantly related fellow tribals, emotiond attachments to symbolicaly
marked groups, and willingness to punish others for transgression of group rules became



quite advanced. Mechanisms by which culturd indtitutions might exert forces tugging in
this direction are not far to seek. Cultura norms affect mate choice and people seeking
mates are likely to discriminate againgt genotypes that are incgpable of conforming to
culturd norms (Richerson and Boyd, 1989). Men who cannot control their salf-serving
aggresson ended up exiled to the wilderness in small-scale societies and to prison in
contemporary ones. WWomen who are lazy or an embarrassment in socid circumstances
are unlikely to find or kegp husbands. We bdieve that with, at aminimum, tens of
thousands of yearsto work with, natura section on cultura variation could easily have
had dramétic effects on the evolution of human genes by this process. Of course, humans
are dill in part awild anima; our genetically transmitted evolved psychology shapes
human cultures, and as aresult cultural adaptations often gill serve the ancient
imperatives of genetic fitness. But the leash works both ways. Cultura evolution crestes
new selective environments that cause cultural imperatives to be built into our genes.

Almost everyone agrees that human cultures were essentidly modern by the
Upper Pdealithic, 50,000 years ago. So even if the cultura group sdection process began
as late as the Upper Paedlithic, human behavior has been sdected for 2,000 generations
in socid environments in which the innate willingness to recognize, aid, and if necessary,
punish fellow group members was favored by socid selection acting on genes. We
suppose that the resulting triba indincts are something like principles in the Chomskian
linguigts “principles and parameters’ view of language (Pinker 1994). Theinnate
principles furnish people with basic predispositions, emotiond capacities, and socid
kills that are implemented in practice through highly variable cultura inditutions, the
parameters. People are innately prepared to act as members of tribes but culture tells us
how to recognize who belongs to our tribes, what schedules of ad, praise, and
punishment are due to triba fellows, and how the tribeisto ded with other tribes—alies,
enemies, and clients. Richerson and Boyd (2001) review the empirica evidence
supporting the triba socid ingtincts hypothess.

Because the tribd indtincts are of rdlatively recent origin, they are not the sole
regulators of human socid life. Thetriba indincts are laid on top of more ancient socid
ingincts rooted in kin selection and reciprocd dtruism. These ancient socid indincts
conflict with the tribal. We are smultaneoudy committed to tribes, family, and sdf, even
though the conflicting demands very often cause us great anguish such as Freud (1930)
described in Civilization and Its Discontents or Graham Greene portrayed in novels such
as The Honorary Consul. The exisence of ancient indincts sgnificantly congrains the
evolution of inditutions.

Competing Hypotheses

We have not the space to review in detall dl the competing hypothesesto explain
the evolution of human socid organization. Broadly spesking, however, these fdl into
two classes: those that emphasize individua level processes and those that emphasize
group functiondity. Methodologicd individudigts in the socid sciences are deeply
skepticd about the group-functiond picture of human behavior, and wish to ground the
socid sciences on the postulate of salf-interested rational choice (e.g. Coleman 1990).
Evolutionary biologists by and large follow Williams' (1966) lead in regjecting group



selection as an important force in nature. In the case of humans, not to mention other
animds, sdfish behavior and very smdl scde dtruism, for example among close
relatives, is common and in accord with methodologica individudists' theoretica
modéels. Following Axelrod and Hamilton (1981) and Alexander (1987), individuaists
reckon that the logic of smdl-scale reciprocity can be scaded up to explain human
cooperation on the large scae without violating any of the standard assumptions of
methodologica individuadism, such as postulating a strong role for group sdlection.

The relationship between rationd choice theory and cultura evolution theory is
complex because we assume that individual choice exigts and acts as aforce shgping
culturd evolution (Boyd and Richerson, 1993). We hold, however, that choiceis
marginad and does not normally follow the canons of formd rationdity. That is, people
form their repertoires of behavior mostly by imitation of others, making somewhat biased
choices among the culturd variants they observe, and sometimes independently inventing
new adaptive behaviors. When the results of such myopic decison-making are
accumulated over a population of people and many cycles of imitation and decison
making they indeed become potent evolutionary forces. However, we aso suppose that
they are not sufficiently powerful to obviate the effects of naturd sdection on cultural
variation. Our socid ingdtincts hypothesis requires that cultura group selection be strong
enough to counter individudigticaly motivated selfish decisonmaking in order to favor
tribal-scale cooperation. Then, once a socid ingtinct favoring prosocia behavior toward
ingroup members exidts, it will not only affect everyday behavior, but dso the kinds of
decisions people make about what new cultural variants to adopt. People will tend to bias
their “vote” in favor of new prosocid inditutions, asindeed seemsto bethe casein
American voting patterns (Sears and Funk 1990). Humans seem to be moved by sdfish
and prosocia arguments both. Which wins, and to what extent, in any given caseis
problematica. Our ancestors lacking the tribal socia ingtinct had not even our ambivalent
commitment to ingroup cooperation and in the end our societies cometo differ
dramaticdly from thers.

Group functionaism was once very prominent in sociology and anthropology.
Mogt functiondist hypotheses have been sllent about evolutionary origins and so are not
of interest to us here. Severd evolutionary hypotheses have been proposed since Darwin
(1874 179) articulated a clear group selection argument to account for human
cooperation: “A tribe including many members who, from possessing in a high degree the
Spirit of patriotism, fidelity, obedience, courage, and sympathy, were aways ready to aid
one another, and to sacrifice themsalves for the common good, would be victorious over
most other tribes; and this would be naturd sdection.” One possibility isthat humans are
geneticaly group sdlected. Severd prominent modern Darwinians [W.D. Hamilton
(1975), E.O. Wilson (1975: 561-2), R.D. Alexander (1974), and Eibl-Eibesfeldt (1982)]
have given serious congderation to group sdlection as aforce in the special case of
humean ultra-socidity. They areimpressed, aswe are, by the organization of human
populaionsinto units that engage in highly organized, lethal competition with other
groups, not to mention other forms of cooperation. Direct group selection on genesisa
process that could give human groups a degree of functiond integration. A second view



isthat processes peculiar to culture are prone to group sdection. Thisideaisthe root of
our tribd indincts hypothess.

A third possibility isthat human propensities to cooperate are a byproduct or
accident of some other process. Simon (1990) proposed that human cooperationisa
byproduct of our docility and that docility is necessary to take advantage of cultura
transmission. We worry that this hypothesis can be true a the margin. Sdfish and
menipulative individuas do not seem to be automatically handicapped in their acquistion
of culture. Van den Berghe (1981) argued that in small-scale societies culturad Smilarity
in diaect, clothing, and so forth was used as a sendtive marker of genetic relatedness.
The relative isolation of families and bands set up sharp cultura gradients that would
measure genetic distance more effectively than innate characters for which the gradient at
the smdl scaeislikely to be very amdl. In the much larger, denser societies made
possible by agriculture, the number of people with very similar culture might reach
thousands and, with mass media, millions. Such culturd Smilarity may trigger kin
selected socid ingtincts so that we treat our fellow tribals as close kin. The problem with
this hypothesisisthat in many circumstances we il recognize our kin and behave asiif
our innate propendty to favor red kin is quite intact. For example, blood relatives tend to
be spared homicide relative to non-kin, such as step-children in the same household (Day
and Wilson 1988).

WORK-AROUND HYPOTHESIS

Contemporary human societies differ dragticaly from those under which our socia
ingtincts presumably evolved. Until afew thousand years ago humanslived in rdaively
small, egditarian societies with amodest divison of [abor. After the domestication of
plants and animdls, beginning about 11,500 years ago, human dengties rose substantialy
and the potentia for an expanded divison of |abor grew. Beginning about 5,000 years
ago, complex societies began to emerge. Hierarchica states arose to administer the
increasingly minute division of labor. Families became dependent on the products of
strangers for routine subsistence. Leaders came to have great and sometimes quite
arbitrary authority to coerce common citizens. Complex systems aso universadly develop
socid dratification in which objective materid well-being and culturaly defined prestige
vary greatly by socid role. Those in high positionsin the command and control system
seemingly inevitably acquire a more or less disproportionate share of society’s rewards.
Thereis every evidence that humans Ple stocene evolutionary experience did not prepare
us to tolerate more than the most minima command and control institutions (Boehm
1993). Nor were we prepared to tolerate much inequality. The cultura evolution of
complex societies in the Holocene will have had to work around these awkward redlities
of our ancient and triba ingincts, drawing upon the prosocia eementsin them while
finessing the dements not suited to large scde socid systems.

If our socid indtincts hypothesisis correct, complex societies will have evolved
under the congtraints and possibilities offered by our evolved socid psychology (Salter,
1995). Therapid socid changes of the last few thousand years should throw our socid
indinctsinto high relief. For example, one of the most striking features of complex
societies, including modern societies, isthe persstence of triba scae socid inditutions
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and the eaboration of indtitutions such as nationdism that utilize mass mediato smulate
tribes on alarger scale. Business organizations, schools, religions, and government
bureaucracies generdly contain features that tap or respond to our propensity to grant
loydty to tribes or reasonable facamiles. The perastence of ethnic sentimentsin alarge-
scale modern world that would seem to make them obsolete is an example (Glazer and
Moynihan 1975). The ancient socid ingincts also retain important functions in the
modern world. Families and persona friendships are important in every human sociad
system.

The work-around hypothesis asserts that socid ingtincts are part building blocks
and part condraints on the evolution of complex socid systems. To evolve large scale,
complex socid systems, culturally evolved Strategies take advantage of whatever support
the indincts offer while coping aswdl as possble with the difficulty of raw materia
evolved for lifein quite different sorts of societies. Families willingly take on the
essentid roles of biologica reproduction and primary socidization. Appropriate larger
scae indtitutions can acceptably regulate their tendency to narrow loyaties and nepotistic
subverson of group favoring rules. Tribd scae loydlties put degp emoation behind group
enterprises, though the smal scale of “naturd” tribes requires careful management if
larger scale objectives are not to be sacrificed. Large nationd and internationdl (e.g. great
religions) inditutions develop ideologies of symbolicaly marked inclusion that often
fairly successfully engage the triba indtincts on amuch larger than tribd scde. The
exisence of contemporary societies handicapped by few loydties outsde the family
(Banfield 1958) or by excessively powerful loydtiesto smdl tribes (West 1941) remind
us that work-arounds are awkward compromises that are difficult to achieve and easy to
lose.

The most important cultura innovations required to support complex societies are
command and control ingtitutions that can systematicaly organize cooperation,
coordination, and a divison of labor in societies conssting of hundreds of thousands to
hundreds of millions of people. Command and control inditutions lead to more
productive economies, more interna security, and better resistance to externa
aggression. Note that command and control are separable concepts. Command may aim
at quite limited control. For example, a predatory conquest state may use command
amog excdusvdy for the extraction of portable wedth, not for prosocid projects.

I ndtitutions often exert control without persond commands. Markets most famoudy
control behavior by price sgnas from a diffuse world of anonymous buyers and sdllers.
Market enthusiasts do sometimes forget that command systems are generaly needed to
make markets function, ranging from mandatory use of cdibrated weights and measures
to central banks (Dahrendorf 1968: chapter 8). The main types of work-arounds seem to
usto be thefallowing:

Coercive Dominance

The cynics favorite mechanism for creating complex societiesis command backed up by
force. The conflict modd of state formation hasthis character (Carneiro 1970). A society
successtul in war upon a neighboring group can impose itsdf asaruling class on the
defeated if the defeated cannot flee, as farmers often cannot.
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Elements of coercive dominance are no doubt necessary to make complex
societies agoing concern. Tribally legitimated saif-help violence is alimited and
expensive means of prosociad coercion. Complex human societies have to supplement the
moraistic solidarity of tribal societieswith formd police indtitutions. Otherwise, the
large- scale benefits of cooperation, coordination, and division of |abor would cease to
exig in the face of sdlfish temptations to expropriate them by individuas, nepotists,
cabals of reciprocators, organized predatory bands, and classes or castes with specia
access to means of coercion. At the same time, the need for organized coercion as an
uitimate sanction creates roles, classes, and subcultures with the power to turn coercion to
narrow advantage. Sociad indtitutions of some sort must police the police so that they will
act in the larger interest to a measurable degree. Such policing is never perfect and, inthe
worgt cases, can be very poor. The fact that leadership in complex systems dways have at
least some economic inequality shows that narrow interests, rooted in individua
sdfishness, kinship, and, often, the tribd solidarity of the dlite, dways exert an influence.
The use of coercion in complex societies offers excellent examples of the imperfections
in socid arrangements traceable to the ultimately irresolvable tenson of sefish and
prosocid ingincts.

While coercive, explaitative dites are common enough, there are two reasonsto
sugpect that no complex society can be based purely on the coercion. The first problem is
that coercion of any great mass of subordinates requires that the elite class or caste be
itself a complex, cooperative venture. The second problem with pure coercion is that
defeated and exploited peoples seldom accept subjugeation as a permanent state of affairs
without costly protest. Deep fedlings of injustice generated by manifestly inequitable
socid arrangements move people to desperate acts, driving the cost of dominance to
levelsthat cripple societies in the short run and often cannot be sustained in the long run
(Kennedy 1987). Insko et d.’s (1983) experimenta evolutionary analyss of coercive
versus more prosocia leadership in laboratory micro-societies illustrates the degree to
which dominated groups will chafe and rebd at their oppression. Durable conquests, such
as those leading to the modern European nationd states, Han Ching, or the Roman
Empire leaven raw coercion with more prosocid ingtitutions. The Confucian systemin
China, and the Roman legd system in the West, were far more sophisticated and durable
indtitutions than the highly coercive systems sometimes set up by predatory conquerors
and even domedtic dlites.

Segmentary Hierarchy

Late Pleistocene societies were undoubtedly segmentary in the sense that supraband
ethnolinguigtic units served socid functions, athough they presumably lacked much
formad politica organization. The sesgmentary principle can serve the need for more
command and control by hardening up lines of authority without disrupting the face-to-
face nature of proximal leadership present in egditarian societies. The Polynesian ranked
lineage system illudtrates how making politica offices formaly hereditary according to a
kinship formula can help degpen and strengthen a command and control hierarchy (Kirch
1984; Sahlins 1963). A common method of degpening and strengthening the hierarchy of
command and control in complex societiesis to congtruct aforma nested hierarchy of
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offices, using various mixtures of ascription and achievement principles to gaff the
offices. Each level of the hierarchy replicates the structure of a hunting and geathering
band. A leader a any level interacts mainly with afew near-equals at the next level down
in the system. New leaders are usudly recruited from the ranks of sub-leaders, often
tapping informal leaders at that level. As Eibl-Eibesfeldt (1989:314) remarks, even high-
ranking leaders in modern hierarchies adopt much of the humble headman’s deferentia
approach to leadership.

The hierarchical nesting of socid unitsin complex societies givesrise to
gppreciable inefficiencies. In practice, brutal sergeants, incompetent colonels,
vanglorious generdss, and their ilk in other bureaucracies degrade the effectiveness of
socid organizations in complex societies. Squires (1986), daborating on Tullock (1965),
dissects the problems and potentials of modern hierarchica bureaucracies to perform
consggently with leaders' intentions. Leaders in complex societies must convey orders
downward, not just seek consensus among their comrades. Only very careful atention to
detail can make subordinates responsive to the hierarchy’ s leaders without destroying
their sense that these same leaders would have arisen by natura consensus without
impaogition from above. The chain of command is necessarily long in large complex
societies, and remote leaders will not normally be able to exercise persona charisma over
ameass of subordinates degper down the hierarchy. Devolving substantial leadership
respongibility to sub-leaders far down the chain of command is necessary to create smal-
scale leaders with face-to-face legitimacy. However, it potentially generates grest friction
if lower-level leaders either come to have different objectives than the upper leadership
or are seen by followers as equdly helpless pawns of remote leaders. Stratification often
creates rigid boundaries so that natura leaders are denied promotion above a certain
leved, resulting in inefficient use of human resources and a fertile source of resentment to
fud socid discontent.

Exploitation of Symbolic Systems

The high population density, division of labor, and improved communication made
possible by the innovations of complex societies increased the scope for eaborating
symbolic systems. The development of monumental architecture to serve massritua
performancesis one of the oldest archaeological markers of emerging complexity.
Usualy an established church or less formd ideological umbrella supports a complex
society’ sinditutions. At the same time, complex societies extensvely exploit the
symboalic ingroup ingtinct to delimit aquite diverse array of culturaly defined subgroups,
within which agood dedl of cooperation is routingly achieved. Military organizations
generdly mark aset of middle-levd, triba scale units with conspicuous badges of
membership. A squad or platoon’s solidarity can rest on bonds of reciprocity reinforced
by prosocia leadership, but ship’s companies, regiments, and divisions are made red by
symbolic marking. Ethnic group—like sentiments in military organizations are often most
grongly reinforced &t the level of 1,000-10,000 or so men (British and German
regiments, U.S. divisons) (Kelett 1982:112-117). Typicd civilian symbolicaly marked
unitsinclude regions (e.g., Swiss cantons), organized triba dements (Garthwaite 1993),
ethnic diasporas (Curtin 1984), castes (Gadgil and Guha 1992; Srinivas 1962), large
economic enterprises (Fukuyama 1995), and civic organizations (Putnam 1993).
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Many problems and conflicts revolve around symbolically marked groupsin
complex societies. Officid dogmeas often stultify desirable innovations and lead to bitter
conflicts with heretics. Marked subgroups often have enough tribal cohesion to organize
at the expense of the larger socid system, as when lower-leve military units arrange
informal truces with the enemy or when ideologies of dite superiority support
excessvely exploitative inditutions. A mgor difficulty with loydties induced by appeds
to shared symbalic culture is the very language- like productivity possible with this
system. Language itself is a classc badge of an ethnic group. Didect markers of socid
subgroups emerge rgpidly dong socid fault-lines (Labov 1972). Charismétic innovators
regularly launch new belief and pregtige systems, which sometimes make radica clams
on the dlegiance of new members, sometimes make large clams at the expense of
exiging inditutions, and sometimes grow explosively. Or, contrariwise, larger loydties
can arise, asin the case of modern nationdisms overriding smaler scale loydlties,
sometimes for better, sometimes for worse. The ongoing evolution of socid systems can
evolve in unpredictable, maadaptive directions by such processes. Gibbon (1776-1788)
atributed the decline and fal of Rome in part to therise of Chridtianity (atimid and
pacifigtic ideology unsuited to empire, according to his notorious hypothess). The
worldwide growth of fundamentalist sectsthat challenge the inditutions of modern states
is a contemporary example (Marty and Appleby 1991; Roof and McKinney 1987). The
contemporary Chinese state fears Falun Gong, with reason or not is hard to say.
Resurgent ethnic loyalties recently wrecked Yugodavia Therise of the various “isms’ in
some of the most powerful nation-states of the world made parts of the 20" Century a
sanguinary hell. Ongoing culturd evolution isimpossible to contral, a least impossible to
control completely.

L egitimate I nstitutions

At their mogt functiond, symbolic indtitutions, together with effective leadership and
smooth articulaion of socia segments, creste a sense of living under aregime of
tolerably fair laws and customs. Retiondly administered bureaucracies, lively markets,
the protection of socidly beneficia property rights, widespread participation in public
affars, and the like provide public and private goods efficiently, along with a measure of
protection of individud liberties. Individuasin modern socidtiestypicaly fed
themselves part of culturdly labeed triba-scae groups, such aslocd politica party
organizations, that have influence on the remotest leaders. In older complex societies,
village councils, loca notables, triba chieftains, or religious leeders often hold courts
open to humble petitioners. These locd leadersin turn represent their communities to
higher authorities. Aslong as most individuds fed that existing indtitutions are
reasonably legitimate and that any felt needs for reform are achievable by means of
ordinary palitical activities, thereis condgderable scope for collective socia action.

On the other hand, individuals who do not trust the current indtitutional order’s
justness are liable to band together in revolutionary organizations, such astheterrorist
groups of the contemporary world. Trust varies consderably in complex societies, and
vaiation in trugt isthe main cause of differencesin hgppiness across societies (Inglehart
and Rabier 1986). Even the most efficient |egitimate indtitutions known are prey to
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manipulation by smdl-scale organi zations and cabdss, the so-cdled specid interests of
modern democracies.

A test

Elsawhere we have used the differential performance of armiesin WWII as a specific test
of the work-around hypothess (Richerson and Boyd 1999). We chose military
organizations as atest because the extreme demands for persona sacrifice expected of
modern soldiers in wartime exaggerates the conflict between individud interest (and
loydlty to kin) and dtruistic motivations to act on behdf the larger society. In summary,
the more successful indtitutions of complex societies go quite far toward Smulating the
socid inditutions of Smple societies. The German Army in WWII outperformed Allied
armies (on a man-for-man basis, controlling for the advantage of Russians in numbers
and the Western Allies’ superior supply system and control of the air). 100 Germans
could accomplish the same tasks that would require about 120 British or American troops
or 200 Russians. This superiority, military anaysts believe, came from the Germans
meticulous concern for the socid- psychologica needs of soldiers. German divisons were
recruited on aterritoria basis so thet recruits shared their dialect and other symbols of
regiond identity. Thus care was taken to furnish soldiers with atriba identity via
identification with their regiments and divisons. Interestingly, athough a least some
soldiers were motivated by Hitler's bent ideologica mission to “save’ Europe from the
Jews and Bolsheviks, the army put little trust in the sustaining power of such sentiments
and took care cregte strong loyalties to divisions and regiments of atruly triba scale.
German training emphasi zed building solidarity with comrades, so persona bonds of
loydty were exploited. Unlike the American Army, those who trained together fought
together. German face-to-face leaders were expected to minimize socid distance from
their men and to look out for their welfare a every turn. They gave ordersin the form of
objectives to be met, leaving the means of meeting them up to individuas. Physica
coercion by leaders was common only in the Russan army. The German army placed its
best leadersin the front lines, whereas the American manageria gpproach demanded
much talent in rear areas to organize the flow of supplies. German officers and noncoms
were thus more like the informd naturd leeders of hunting and gathering societies than
wasthe casein Allied armies. In severd reatively smdl but symbolic ways the German
army expressed its concern for the welfare of individuas. Medals were awarded promptly
for red combat accomplishments, an efficient field posta system kept soldiersin touch
withthelr families, and hardship leaves were frequently granted, for example to help ones
family if they were bombed. By making individua soldiers fed well cared for as
individuals and as participants in atriba enterprise, the German army sudtained their
morade and exemplary performance even under the horrifying conditions of the Eagtern
Front.

THE ORIGINS OF AGRICULTURE EXPERIMENT

Severd independent trgjectories of subsstence intensfication, often leading to
agriculture, began during the Holocene (Richerson et a. 2001). By intensfication we
mean a cycle of innovations in subsistence efficiency per unit of land leading to
population growth that in turn leads to denser settlement per unit area of land. No plant-
rich intengfications are known from the Pleistocene. Subsistence in the Pleistocene
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seems to have depended subgtantialy on relatively high-qudity anima and plant
resources that held human populations to modest densities. Recent data from ice core
climate proxies show thet the last glacid climates were extremdy hodtile to agriculture—
dry, low in amaospheric CO,, and extremely variable on quite short time scales (Broecker
1995; Bradley 1999). We bdieve that these data suggest that agriculture was impossible
under last-glacid conditions. Human populations gppear to have been biologicdly quite
modern in behavior in most respects from Upper Paedlithic times forward (40-50 kyr
B.P, Klein 1999). Population growth is arapid process on time scales shorter than a
millennium. Cultural evolution isarapid process on time scales of ten millennia. If
agriculture had been possible in the Pleistocene, it should have appeared before the

Ple stocene- Holocene trangtion. The quite aorupt find amelioration of the climate &t the
onset of the Holocene 11,500 yr B.P. was followed immediately by the beginnings of
plant intensive resource use strategies in some aress, dthough the turn to plants was
much later e sewhere. Almogt dl trgectories of subsstence intengfication in the
Holocene are progressive and eventudly agriculture became the dominant rategy in dl
but the most margind environments. The Polynesian expansion of the last 1,500 years
and the European expansion of the last 500 years pioneered agriculture in the Pacific
Idands, Audrdiaand large parts of Western North America, the last substantia areas of
the earth’ s surface favorable to it.

Two distinctive regimesfor ingtitutional evolution

Thus, evolution of human subs stence systems during the career of anatomically modern
humans seems to divide quite neetly into two regimes, a Plestocene regime of hunting
and gathering subsstence and low population density, and a Holocene regime of
increasingly agriculturd subsistence and relatively high and risng population dengties.

The dispersed resources and low mean dengty of populations in the Pleistocene
meant that relatively few people could be aggregated together a any onetime and place.
The lack of domestic livestock meant that movement of goods on land would be limited
to what humans could carry. No evidence of extensive use of boats to transport goods
gopears in the archaeol ogicd record of the late Pleistocene dthough some significant
water crossings were necessary for people to reach Audtrdia. Low dengty, logidtically
limited human populations have smdl (but far from negligible as we saw above) scope
for exploiting returns to scale in cooperation, coordination and division of labor and their
indtitutions remain comparatively smple.

Intensified subsistence and higher population densities multiply the nrumber of
people and volume of commodities that societies can mobilize for economic and politica
purposes. Expanded exchange alows societies to exploit an expanded division of labor.
Larger armies are possible to dedl with externa thrests or to coerce neighbors. Expanding
the number of people sharing a common language and customs will accelerate the spread
of useful ideas. Given appropriate institutions, the denser societies made possible by
agriculture can redize considerable returns to better exploitation of the potentia of
cooperation, coordination, and the division of labor. Corning (1983) elaborates the
advantage of large scale and greater complexity of socid organization dong these lines
under his synergism hypothesis. Thus, in the Holocene, the origins of agriculture and its
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risng productivity over succeeding millennia a least permit the evolution of more
complex societies.

A competitive ratchet

Intra and inter-society competition put a sharp point on the potential for more complex
societies. Holding the sophidtication of inditutions congtant, margind increasesin
subsistence productivity per unit land will lead to denser or richer populations that can
out-compete societies with less intengve subsistence systems. Holding subsistence
productivity congtant, societies with marginally more sophisticated socia organization
will dso out-compete rivas. Within groups, contending politica interests with
innovations that promise greeter rewards for dtered socid organization can use ether
sfishor patriotic gppeals to advance their cause. Successful reformers may entrench
themsdves in power for a considerable period. Mathusian growth will tend to convert
increases in subsistence efficiency and security againgt depredations to greater population
densty, making losses of more complex indtitutions painful and further advance
rewarding. Richerson et a. (2001) show that the rate limiting process for intensification
trgectories must dmaost dway's be the rate of innovation of subsistence technology or
subsistence related socid organization. At the observed rates of innovation, observed
rates of population growth will aways be rapid enough to sustain ahigh leve of
population pressure favoring further subsistence and socia-organizetion innovatiors.
Competition may be economic, political/military, or for the hearts and minds of people.
Typicaly al three forms will operate smultaneoudy. In the Holocene, agriculture and
complex socia organization are, in the long run, compulsory. Thus, from the 16 through
the 19" Centuries, European populations settled many parts of the world and
overwhelmed native popul ations with |ess efficient subsistence and less complex socid
organization. In regions such as Asawhere disparities of subsstence and socid
organization with West were less striking, societies like China, Japan and Indiaretained
or reclamed their political independence a the cost of humiliating exposure to Western
power and of borrowing many technica and socid-organizationa techniques from the
West.

The tendency of population to grow ragpidly and for knowledge of advanced
techniques to be retained somewhere act as pawls on the competitive ratchet. Even during
the European Dark Ages, when the pawls dipped severd cogs on the ratchet, the dide
backward was hdted and eventudly reversed in afew hundred years.

Replications of the experiment

Agricultural subsistence evolved independently at least seven times in the Holocene and
many more societies have acquired at least some key agriculturd innovations by
subsstence (Richerson et d. 2001). Although none of these origins are eaxlier than the
early Holocene, many are much later. The trgectory of inditutiona evolution is Smilar.
To take one benchmark, the origin of the state level of political organization began in
Mesopotamia around 5,500 B.P., but most are later, some much later (Service 1975,
Feinman and Marcus 1998). For example the Polynesian polities of Hawaii and Tonga-
Samoa became complex chiefdoms on the cusp of the transtion to states just before
European contact (Kirch 1984). Pristine states evolved independently, perhaps ten or so
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times, in severa parts of the world and traditions of statecraft in various aress of the
world evolved in substantid isolation for Sgnificant periods.

If our basic hypothesisis correct, the climate shift at the Pleistocene-Holocene
trangtion removed atight congtraint on the evolution of human subs stence systems and
hence on the inditutional evolution. On the evidence of the competitive success of
modern indugtrial societies, subsistence evolution has yet to exhaust the potentia for
more efficient subsstence inherent in agriculturd production and ongoing increasesin
the complexity of socid inditutions suggests thet indtitutiona evolution is il
discovering more synergigtic potentia in human cooperation, coordination and divison
of labor. The out-of-equilibrium progressive trend in human evolution over the last 11
millennia means that we can achieve a certain conceptud and probably empirica
smplification of the problem of the evolution of inditutions in the Holocene. We can
assume a strong, worldwide tendency, driven by the competitive raichet, toward societies
a least as complex as current industria societies. We can assume that changes in dimeate
and amilar nonsocid environmentd factors play asmal rolein the Holocene. Granted
these assumptions, we are left with three questions about subsistence and indtitutiona
evolution. (1) Why arerates of change so rapid in some areas (Western Eurasia) and dow
in others (Western North America)? The competitive ratchet seems to have been
routinely cranked fagter in some places than others. What are the factors that limit the rate
of cultura evolution in some cases rddive to others? We shdl argue that severd
processes can retard the rate of culturd evolution sufficiently to account for the observed
rates of change. (2) How do we explain the multi-linear pattern of the evolution of
inditutiona complexity? Although an upward trend of complexity characterizes most
Holocene culturd traditions, the details of the trgectory vary considerably from caseto
case. The operation of theraichet is very far from pulling al evolving socid systems
through the same stages; only relatively loose parallels exist between the cases. (3) Why
does the ratchet sometimes dip some cogs? In no particular culturd tradition is progress
even and steady. Episodes of temporary stagnation and regression are commonplace.

WHAT REGULATESTHE TEMPO AND MODE OF
INSTITUTIONAL EVOLUTION?

The overdl paitern of subsstence intengfication and increase in socid complexity is
clearly consigtent with the hypothesis that agriculture, and hence complex socid
ingtitutions, were impossible in the Pleistocene but eventudly mandatory in the
Holocene, but the real test iswhether or not we can give a satisfactory account of the
variation in the rate and sequence of cultura evolution. Work on thisproject isin its
infancy, and what follows is only a brief sketch of the issues involved.

Geography May Play a Big Role

Diamond (1997) argues that Eurasa has had the fastest rates of culturd evolution in the
Holocene because of its Sze and to alesser extent its orientation. Plausibly, the number
of innovations that occur in a population increases with total population size and the flow
of ideas between sub-populations. Since we know that the origina centers of cultura
innovation were reatively smal compared to the areas to which they later spread, most
societies acquired most complex cultura forms by diffuson. Societiesisolated by
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geography will have few opportunities to acquire innovations from other societies.
Contact of isolated areas with the larger world can have big impacts. The most isolated
agriculturd region in the world, Highland New Guinea, underwent an economic and
socid revolution in the last few centuries with the advent of American sweet potatoes, a
crop that thrives in the cooler highlands above the mdaria belt of lowland New Guinea
(Wiessner and Tumu 1998). The Americas, though quite respectable in Size, are oriented
with their mgjor axis north-south. Consequently innovations have to mainly spread across
lines of |atitude from the homeand environment to quite different ones, unlike Eurasa
where huge east-west expanses exist in each latitude belt. The pace of indtitutiona
change in Eurasan societies mirrors this region’s early development of agriculture and
the more rapid rate of subsistence intengfication.

Climate Change May Play a Small Role.

The Holocene dimate is only invariant relative to the high frequency, high amplitude
ostillations of the last glacia (Lamb 1977). For example, seasondlity (difference between
summer and winter insolation) was a a maximum near the beginning of the Holocene

and hasfdlen snce. The so-cdled “ Climatic Optimum,” a broad period of warmer
temperatures during the middle Holocene, caused a wetter Sahara, and the expansion of
early pastordism into what is now forbidding desert. The late medieva onset of the Little
Ice Age caused the extinction of the Greenland Norse colony (Kleivan 1984). Agriculture
at margind dtitudes in places like the Andes seems to respond to Holocene climétic
fluctuation (Kent 1987). The fluctuating success of sate-leve paliticd sysemsin the
cool, arid, Lake Titicacaregion is plausbly caused by wetter episodes permitting
economies that support states, while they collapse or fade during arid periods. While the
effect of Holocene climate fluctuations on regiona sequences must aways be kept in
mind, the dominance of the underlying monotonic tendency to increase subsstence
intengfication and evolve more complex ingtitutions seems likely to be driven by other
processes.

Coevolutionary Processes Probably Play a Big Role

Thefull exploitation of arevolutionary new subsstence system like agriculture requires
the evolution of domegticated strains of plants and animas. Human socid indtitutions
must undergo a revolution to cope with the increased population dengties that follow
from agricultura production. Human biology changes to cope with the nove dietary
requirements of agricultura subsistence.

Agriculture requires pre-adapted plants and animals. In each center of domestication,
people domesticated only a handful of the wild plants thet they formerly collected, and of
this handful even fewer are widely adopted outside those centers. The same istrue for
domesticated livestock. Zohary and Hopf (1989) have listed some of the desirable
featuresin plant domegticates. Cdifornia has so many climatic, topographic, and
ecologica parallels with the precocious Fertile Crescent that its very tardy development
of plant-intensive subs stence systems is a considerable puzzle. Diamond (1997), drawing
on the work of Blumler (1992), notes that the Near Eastern region has aflorathat is
unusudly rich in large-seeded grasses. California, by contrast, lacked large seeded
grasses, having not a single species that passed Blumler’ s criterion. Aside from obvious
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things like large seed Size, most Near Eastern domesticates had high rates of self-
fertilization. This meansthat farmers can sdect desirable varieties and propagate them
with little danger of gene flow from other varieties or from weedy relatives. Maize, by
contrast, outcrosses at high rates. Perhaps the later and dower evolution of maize
compared to Near Eastern domesticates is due to the difficulty of generating responses to
sdection in the face of gene flow from unselected populations (Diamond, 1997: 137).
Smith (1995) discusses the many congraints on potentia anima domesticates.

Even in the most favorable cases, the evolution of new domesticatesis not an
ingantaneous process. Blumler and Byrne (1991) identify the rate of evolution of
domesticated characters like non-dehiscence as one of the mgor unsolved problems
archaeobotany. Coevolution theorigts like Rindos (1984) imagine along drawn out period
of modification leading up to the firgt cultivation, whereas Blumler and Byrne conclude
that the rate of evolution of domesticates may be rapid, while stressing the uncertainties
deriving from our poor understanding of the genetics and population genetics of
domedtication. Hillman and Davies (1990) smulations indicate that the evolution of a
tough rachis (the primary archaeologica criterion of domegtication) in inbreeding plants
like the wheets and barley could easily be so rgpid asto be archaeologicdly invishble, as,
indeed, it so far is. Ther caculations aso suggest that outcrossed plants, such asmaize,
will respond to cultivator sdection pressures on the much longer time scales that Rindos
and Diamond envison.

Humans have to adapt biologically to agricultural environments. While the trangtion
from hunting and gethering to agriculture resulted in no genetic revolution in humans, a
number of modest new biologica adaptations were likely involved in becoming farmers.
The best-documented case is the evolution of adult lactose absorption in human
populations with long histories of dairying (Durham, 1991). To some extent the rdatively
dow rate of human biological adaptation may act as adrag on the rate of cultura
innovations leading to subsstence intengfication and on indtitutiona advances.

Diseases limit population expansions, protect inter-regional diversity. McNeill (1979)
and Crosby (1986) draw our attention to the coevolution of people and diseases. The
increases in population dengity thet resulted from the intensification of subsistence

invited the evolution of epidemic diseases that could not spreed at lower population
dengties. Oneresult of this processis possibly to dow population growth to limits
impaosed by the evolution of cultural or genetic adaptations to diseases. For example, a
suite of hemoglobins have arisen in different parts of the world that confer partia
protection againgt maarid parasitism and these adaptations may have arisen only with
the increases in human population dengties associated with agriculture (Cavalli-Sforza,

et d. 1994). Cavdli-Sforza et d. estimate that it would take about 2,000 years for a new
mutant hemoglobin variant to reach equilibrium in a population of 50,000 or so
individuds (see dso Gifford-Gonzales 2000). Serious epidemics aso have direct impacts
upon socid inditutions when they carry away large numbers of occupants of crucid roles
a the height of their powers. In such epidemics significant losses of inditutiona

expertise could occur, directly setting back progressve evolution. Regiond suites of
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diseases handicap immigrants and travelers, thus tending to isolate societies from the full
effects of culturd diffuson.

Cultural evolutionary processesplay a decisiverole

The processes of culturd evolution may generaly be more rapid than biologica
evolution, but culturd change often takes appreciable time. We (Boyd and Richerson
1985) view culturd evolution as a Darwinian process of descent with modification.
Evidence about characteridtic rates of modification isimportant for understanding the
relative importance of various processesin culturd evolution. In onelimit, the
consarvative, blind, transmission of culturd variants from parentsto offspring, the main
adaptive force on culturd variants would be naturd selection, and rates of cultural
evolution would gpproximate those of genes. At the other extreme, humans may pick and
chose among any of the cultura variants available in the community and may use
cognitive srategies to generate nove behaviors directly in light of environmentd
contingencies (Borgerhoff Mulder et d. 1997). In the limit of economist’s omniscient
rationd actors, evolutionary adjustments are modeled asiif they are ingtantaneous. We
believe that for many culturd traits human decisions have rdaively week effectsin the
short run and & the individud levd, dthough they can be powerful when integrated over
many people and gppreciable spans of time. Archaeological and higtorica data on the
rates of change in different domains of culture will be some of the most important
evidence to muster to understand the tempo and mode of cultura evolution. Much work
remains to be done before we understand the regulation of rates of cultura evolution, but

some preliminary speculation is possible.

New technological complexes evolve with difficulty. One problem that will tend to dow
the rate of culturd (and organic) evolution is the sheer complexity of adaptive design
problems. As engineers have discovered when studying the design of complex functiond
systems, discovering optimd designs is quite difficult. Blind search dgorithms often get
stuck on loca optima, of which complex design problems often have very many.

Piecemed improvements a the margin are not guaranteed to find globdly optimd
adaptations by myopic search. Y et, myopic searches are what Darwinian processes do
(Boyd and Richerson 1992b). Even modern engineering approaches to design, for al

their sophigtication, are more limited by myopic cut and try than engineers would like,

Pardld problems are probably rife in human subsstence systems. The shift to
plant-rich dietsis complicated because plant foods are typically deficient in essentia
amino acids, and vitamins, have toxic compounds to protect them from herbivore attack,
and are labor intendve to prepare. Finding amix of plant and anima foods that provides
adequate diet at afeasible labor cost isnot atrivid problem. For example, New World
farmers eventudly discovered that boiling maize in wood ashes improved its nutritiona
vaue. The hot dkaine solution bresks down an otherwise indigestible seed coat protein
that contains some lysine, an amino acid that islow in maize relative to human
requirements (Katz, et d. 1974). Hominy and masa harina, the corn flour used to make
tortillas, are forms of dkdi treated maize. The value of this practice could not have been
obviousto itsinventors or later adopters, yet most American populations that made heavy
use of maize employed it. The dates of origin and spread of akali cooking are not known.
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It has not been reinvented in Africa even though many African populations have used
maize as a staple for centuries.

New social institutions evolve with difficulty. An excdlent case can be made that the rate
of indtitutiond innovation is more often limiting then the rate of innovation of

technology. As anthropol ogists and sociol ogists such as Julian Steward (1955) have long
emphasized, human economies are socia economies. Even in the smplest human

societies, hunting and gathering is never a solitary occupation. At the minimum, such
Societies have divison of labor between men and women. Hunting istypicaly a

cooperdive venture. The unpredictable nature of hunting returns typicaly favors risk

sharing a the leve of bands compaosed of afew cooperating families because most

hunters are successful only every week or so (Winterhader 1986). Portions of kills are
distributed widdly, sometimes exactly equaly, among band members.

The deployment of new technology requires changesin socid inditutions to make
best use of innovations, often & the expense of entrenched interests, as Marx argued. The
increasing scale of socid indtitutions associated with rising population densties during
the Holocene have dramaticaly reshaped human socid life. Richerson and Boyd (1998,
1999) discuss the complex problemsinvolved in evolutionary trgectory from smal-scale,
egditarian societies to large- scale complex societies with dratification and hierarchical
paolitica systems. For example, even the first steps of intengfication required significant
socid changes. Gathering is generdly the province of women and hunting of men. Mde
prestige systems are often based on hunting success. A shift to plant resources requires
scheduling activities around women' swork rather than men's pursuit of prestige. Using
more plants will conflict with men’s preferences as driven by a desire for hunting
success, it will require a certain degree of women's liberation to intensify subsistence.
Since men generdly dominate women in group decisonmeking (“egditarian” smdl
scae societies seldom grant women equd politicd rights), mae chauvinism will tend to
limit intengfication. Bettinger and Baumhoff (1982) argue that the spread of Numic
speakers across the Great Basin afew hundred years ago was the result of the
development of a plant-intensive subsistence system in the Owens Vdley. Apparently,
the groups that specidized in the hunt would not or could not shift to the more productive
economy to defend themselves, perhaps because maes clung to the outmoded, plant
poor, subsistence. Winterhalder and Goland (1997) use optima foraging analysisto argue
that the shift from foraging to agriculture would have required a subgtantid shift in risk
management inditutions, from minimizing risk by intraband and interband sharing to
reducing risk by field dispersal by individua families. Some ethnographicaly known
Eastern Woodland societies that mixed farming and hunting, for example the Huron,
seemed not to have made this trangition and to have suffered frequent catastrophic food
shortages.

Inditutiona evolution no doubt involves complex design problems. For example,
Blanton (1998) describes some of the aternative sources of power in archaic Sates. He
notes that archaic states differ widely in time and space as their evolution wanders about
in alarge space of dternative socid inditutions.. Thus, the Classcal Greek system of
amd|l egditarian city- states with wide participation in governance was afar different
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system from those like Egypt with divine roya leaders from neer itsinception as a state
or the bureaucracies that were common in Western Asa. Philip, Alexander, and their
successors subgtantialy rebuilt the Greek state long Western Asian linesin order to
conquer and administer empiresin Asia. Much of the medium-term change in archaic and
classcd gate indtitutions seems to involve wandering about in alarge design space
without discovering any decisvely superior new inditutiond arrangements (Marcus

1998; Feinman 1998).

The spread of complex socid indtitutions by diffusonis arguably more difficult
than the diffuson of technologicd innovations. Socid inditutions violate four of the
conditions that tend to facilitate diffusion (Rogers 1983). Foreign socid inditutions are
often (i) not compatible with exiging inditutions, (i) complex, (iii) difficult to observe,
and (iv) difficult to try out on asmdl scde.

Thusthe evolution of socid indtitutions rather than technology will tend to be the
rate limiting step of the intensfication process. For example, North and Thomas (1973)
argue that new and better systlems of property rights set off the modern industria
revolution rather than the easier task of technicd invention itsdf. A mgor revolution in
property rightsis likely also necessary for intensive hunting and gathering and agriculture
to occur (Bettinger 1999). Slow diffuson aso meansthat historica differencesin socid
organization can be quite persstent, even thought one form of organization isinferior. As
aresult, the comparative history of the social ingtitutions of intengfying societies exhibits
many examples of societies getting a persstent competitive advantage over othersin one
dimension or another because they possess an inditutiona innovation thet their
competitors do not acquire. For example, the Chinese merit-based bureaucratic system of
government was established at the expense of the landed aristocracy, beginning in the
Han dynasty (2,200 B.P.) and completed in the Tang (1,400 B.P.) (Fairbank 1992). This
system has become widespread only in the modern eraand is il quite imperfectly
operated in many societies.

To the extent that games of coordination are important in socid organization,
changes from one coordination solution to another may by greeatly inhibited. Games of
coordination are those, like which sde of the road to drive on, for which it matters alot
that everyone agree on asingle solution and less on which solution is chosen (Sugden
1986). Notorioudy, armies with divided command are defeated. A poor generd’s plan
formulated promptly and obeyed without question by dl is usudly superior to two good
generds plans needing long negotiations to reconcile or leaving subordinates with
choices of whose plan to follow. We care less whether gold, slver, or paper money are
legal tender than we care that we have a sngle sandard. Many if not most socia
ingtitutions probably have strong €lements of coordination. Take marriage rules. Some
societies dlow successful men to marry multiple wives while others forbid the practice.
One system may or may not be intringcally better, but everyoneis better off playing from
one st of rules. Since the Strategies gppropriate for one possibility are quite different
from the other, marriage partners would like agreement on the ground rules of marriage
up front to save cosily negotiation or worse later on. Hence many ingtitutions arein the
form of asocialy policed norm or stlandard contract (*1ove, honor, cherish and obey until
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death do us part”) solving what seems like it ought to be a private coordination problem.
However, except in pure cases, different coordination equilibriawill dso have different
average payoffs and different distributions of payoffs than others. Even if most agree that
asociety can profitably shift from one smple pure coordination equilibrium to another

(s when the Swedish switched from driving on the |eft to the right a couple of decades
ago to conform to their neighbors’ practices) the change is not smple to orchestrate. One
of our universities voted recently not to switch from the quarter to the semester system
despite awidespread recognition that a mistake was made 30 years ago when the quarter
system was indtituted. Large, uncertain cogts that many semester-friendly faculty

reckoned would attend such a switch caused them to vote no. Larger scale changes, such
as the Russian trangtion from a soviet to capitdist economy, face huge problemsthat are
plausbly the result of the need to renegotiate solutions to alarge number of games of
coordination as much as any other cause.

The design complexity, importance of coordination, dow evolution, limited
diffuson, and difficulty of coordination shifts probably conspire to make the evolution of
socid inditutions highly historicaly contingent. The multilinear pattern of evolution of
socid complexity could result from two causes. Societies might be evolving from diverse
garting points toward a single common optima state surrounded by a smooth
“topography” which optimizing evolutionary processes are climbing toward the summit.
Or, societies may be evolving up a complex topography with many loca optimaand
many potentia pathways toward higher peaks. In this case, even if societies Start out at
very amilar initid points, they will tend to diverge with time. We believe that &t least
part of the higtorica contingency in culturd evolution is due to dow evolution on
complex topographies (Boyd and Richerson 1992b).

|deology May Play a Role. Nonutilitarian processes may strongly influence the evolution
of fads, fashion, and bdief systems. Such forces are susceptible to feedback and runaway
dynamics that defy common sense (Boyd and Richerson 1985: Chap. 8). Thelinks
between belief systems and subsistence are nevertheless incontestably strong. To build a
cathedrd requires an economy that produces surpluses that can be devoted to grand
gestures on the part of the faithful. The mord precepts inculcated by the clergy in the
cathedrd underpin the inditutions that in turn regulate the economy. Arguably,

ideologica innovations often drive economic change. Recal Max Weber’ s classica
argument about the role of Cavinism in therise of capitaism.

Complex social systems are vulnerable. We suggest that the fragility of inditutions
derives from compromises and tradeoffs that are caused by conflicts between the
functiond demands of large scale organizations and the trgectory of smdl-scade cultura
evolution often driven by psychologica forces rooted in the ancient and triba socid
indincts. The evolution of work-arounds seldom results in perfect adaptations. Resistance
to the pull of the ratchet can increase sharply when external pressures such as competition
from other societies, demographic catastrophes, or internal processes such asthe
evolution of anew rdigion put weak work-aroundsin jeopardy. All complex societies
may have weak work-arounds lurking among their ingtitutions. As we noted above, each
of the mgor types of inditutiona workarounds has defects that lead to intra-societal
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conflict. Small-scale societies have gppreciadble crudities at least in part deriving from
conflicts, both intra-psychic and politica, between individua and kinship interests and
the larger tribe (Edgerton 1992). If our argument is correct, larger scale societies do not
diminate these conflicts but add to them manifold opportunities for conflict between
different dements of the larger system. Even the best of such systems current a any one
time arefull of crudities and the worst are often highly dysfunctiond. A consderable
vulnerability to crigs, change without progress, setback and collapseisinherent inan
evolutionary system subject to strong evolutionary forces operating at different levels.

Maynard Smith and Szathmary (1995) treat the rise of human ultra- socidity as
andogous to other mgjor evolutionary transformations in the hitory of life. Aswith our
tribal socid ingtincts and work-around proposds, the key feature of trangtions from say
cellular grade organisms to multicdlular onesis the improbable and rare origin of a
system in which group selection works at alarger scae to suppress conflict at the smaller
and eventudly to perfect the larger scde superorganisms. Actudly, “perfect” istoo
strong aword, ditinct traces of conflict remain in multicdlular organisms and honeybee
colonies too. We suggest that human societies are recently evolved and remain rather
crude super-organisms, heavily burdened by conflict between lower and higher leve
functions and not infrequently undone by them. Outside of the redm of utopian
speculation and science fiction, there does not gppear to be an easy solution. Muddle
adong istherule, pulled on the trgjectory toward more socid complexity by the
competitive ratchet.

Changesin the rate of cultural evolution and the sizes of cultural repertoires. Rates of
socid and technical evolution appear to be rigng towards the present. Modern individuas
know more than their ancestors, and social complexity has increased. The cultura
evolution in the Holocene began a agtady pace. Not for some 6,000 years after the
initid domestication of plants and animdsin southwestern Asa did thefirst sate level
societies findly decisvely transcend triba scale roots of human socidity. Tribes, city-
states and empires competed to govern Eurasiafor another 4,500 years while the first
gtates emerged in the New World and Africa. The rise of the West over the last
millennium has brought revolutions in subsstence and socid organization, particularly
during the last half millennium. Even in Eurasia, the last pastord and hunting tribes of

the interior were only defested by Chinese and Russian firearm armies a couple of
centuries ago. Only for the last century or two has culturd evolution been sufficiently
rapid so that almost everyone is awvare of mgor changes within therr lifetime. Mdthus,
writing around the turn of the 19™ Century till regarded technical innovation as quite
dow, on quite sound empirica grounds. Only a couple of decades after his death would
cautious empiricigts have good grounds to argue that the industrid revolution was
something new under the sun (Lindert 1985). The accderating growth of the global
population is a product of these changes and the curve of population growth is one
reasonable overal index of culturd change. Another isthe increasing divison of [abor.
Innovations on the subsistence sSde & firdt rather gradudly, and then latdly very rapidly,
reduced the personnel devoted to agriculturd production and shifted labor into an
expanding ligt of mercantile, manufacturing, government, and service occupations.
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The reasons for the accelerating rate of increase are likely severd. Firg, the sheer
increase in numbers of people must have some effect on the supply of innovations.
Second, the invention of writing and mathematics provided tools for supplementing
memories, aiding the gpplication of rationdity, and for the long distance communication
of ideas. Scribesin small numbersfirgt used their new skills to manage state supply
depots, tax roles, and land mensuration. Only gradudly did proceduresin different fidds
become written and mathematics come to be used to solve an expanding array of
problems. Third, books ultimately became a means of both conserving and
communicating idess, a first only to an educated dite. Fourth, quite recently, the mass of
people in many societies became literate and numerate, alowing most people to take up
occupations dependent upon prolonged formal education, policy and procedure
handbooks, technical manuals, reference books, and elaborate calculations. Fifth, the rise
of chegp mass communication, beginning with the printed book, has given individuas
access to ever-larger sores of information. The internet promises to give everyone able to
operate aworkstation access to dl the public information in the world. Dondd (1991)
counts the spread of literacy and numeracy as amentd revolution on the same scae as
the evolution of imitation and spoken language. Sixth, ingtitutions dedicated to
ddiberately promoting technicd and socid change have grown much more sophidticated.
Boehm (1996) argues that even acephaous societies usudly have legitimate, cusomary
ingtitutions by which the society can reach a consensus on actions to take in emergencies,
such asthe threat of war or famine (see dso Turner 1995: 16-17).

Ingtitutions organized as a matter of socid policy to further change continue to
increase perceptibly in scope and sophidtication. Inditutions like patents that give
innovators a socidly regulated property right in their inventions ushered in the industrid
revolution. Private companies invest in new technology, under the eye of government
regulators beginning about the turn of the 20" Century. Government bureauicracies
conduct useful research from the public purse beginning in asmall way in the 19"

Century. Research universties recruit some of the best minds available, place themin an
intellectual hothouse, and reward scholars for new ideas of whatever kind they are
prepared to pursue. Masses of young people are educated by such innovators and their
sudents, especidly during the last 50 years. The military’ s generd staffs, modeled on the
impressively effective Prussan/German Generd Staff developed by Scharnhordt,
Gneisenau and their sudents like Clauswitz, drove military modernization a impressive
ratesin the 19™" and 20" Centuries. Dupuy (1977) argues that the effectiveness of German
soldiersin WWII was in largest part a product of the German General Staff drawing more
gppropriate lessons from WWI and implementing more thorough reforms than competing
generd daffs. Development indtitutions like agriculturd extension services and teaching
hospitals move innovations in some fields from the university to the farm or doctor’s
office a asmart pace. Think-tanks ponder public policy in the light of research, nationd
academies of science craft white papers based on elaborate searches for expert consensus,
legidatures hold hearings trying to maich the desires of congtituents with the findings of

the expertsin order to produce new policies and programs.
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WE HAVE A SHADOWY OUTLINE OF THE TEMPO AND MODE
OF THE EVOLUTION OF INSTITUTIONS

The large, rapid change in environment at the Pleistocene-Holocene transition set off the
trend of subsstence intengfication and inditutional complexity of which modern

indugtrid innovations are just the latest examples. If our hypothesisis correct, the
reduction in climate variability and, increase in CO, content of the atmosphere, and
increasesin rainfal rather abruptly changed the earth from a regime where agriculture
was everywhere impossible to one where it was possible in many places. Since groups
that utilize efficient, plant-rich subsstence systems and deploy the resulting larger
population more effectivdy will normaly out-compete groups that make less efficient

use of land and people, the Holocene has been characterized by a persstent tendency
towards subs stence intensification and growth in inditutiona sophistication and
complexity. The diversity of trgectories taken by the various regional human sub-
populaions snce 711,600 B.P. are naturd experiments that will help us eucidate the
factors controlling the tempo and mode of culturd evolution leading to more efficient
subsistence systemns and the more complex societies these systems support. A long ligt of
processes interacted to regulate the trgectory of subsistence intensification, population
growth, and indtitutional change that the world' s societies have followed in the Holocene.
Socia scientigs arein the habit of treating these processes as mutudly exclusive
hypotheses. They seem to us to be competing but certainly not mutudly exclusve. Many
arenot routindy given any dtention in the higtorical socid sciences. At thelevel of
quditative empiricism, tossing any one out entirely leaves puzzles that are hard to
account for and produces a caricature of the actual record of change. If this concluson is
correct, the task for historicaly minded socid scientigsis to refine estimates of the rates
of change that are attributable to the various evolutionary processes and to estimate how
those rates change as a function of natural and socio-cultura circumstances. Welack a
quantitative understanding of the burden of flawed work-arounds and other features of
complexity that retard and localy reverse tendencies to greater complexity. We only
incompletely understand the processes generating historica contingency.

The present very high rates of technical and ingtitutional evolution are a problem
of immense gpplied importance. While some observers are complacent about current
trends (Fukuyama 1992), others worry. For example, our headlong quest for increased
materia progperity that guides so much current caculated inditutional change not only
takes great risks of environmental deterioration and a hard landing on the path to
sugtainability, but seems flawed from the point of view of satisfying human needs and
wants (Frank and Cook 1995; Easterlin 1995).

THE END OF COMPLEX SOCIETIES?

Those who are familiar with the Pleistocene often remark that the Holocene isjust the
“present interglacid.” The return of climate variation on the scae that characterized the
last glacid is quite likely if current idess about the Milankovich driving forces of the
Pleistocene are correct. Sustaining agriculture and complex societies under conditions of
much higher amplitude and more frequent environmentd variation than farmers currently
cope with would be a very consderable technica chdlenge. At the very best, lower CO;
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concentrations and lower world average precipitation suggest that world average
agricultura output would fall consderably.

In one sense, though, the Holocene is not just another interglacid. Petit et d.
(1999) suggest that it may be uniqudly long, athough decidedly cooler than the
maximum temperatures of the previous four interglacids, at least in continentd
Antarctica. Current anthropogenic globa warming via greenhouse gasses threatens to
elevate world temperatures to levels that in past interglacids apparently triggered alarge
feedback effect producing ardatively rapid decline toward glacid conditions. The Arctic
Ocean ice pack is currently thinning very rapidly (Kerr 1999). A dark, open Arctic Ocean
would dramatically increase the heat income at high northern latitudes, and have large,
difficult to guess impacts on the Earth’ s climate system. No one can yet estimate the risks
we are taking of arapid return to colder, drier, more variable environment with less COy,
nor evauate exactly the threat such conditions imply for the continuation of agriculturd
production. Neverthdess, the intringc ingtability of the Plestocene climate system, and
the degree to which agriculture is dependent upon the unusually long Holocene stable
period, should give one pause (Broecker 1997).

Of course, our sophisticated understanding of the natural world and our ability to
turn that understanding into purposive callective action must not be underestimated.
Human societies are perhaps indeed a mgor trangtion in evolution as Maynard Smith
and Szathméry (1995) argue, but to our way of thinking this transformation is till awork
in progress. Given the manifest remaining crudities of our socid systems, the power of
our own destructive inventions, and potentia of glacid climates and other forces of
nature to weak havoc on human plans, completing the human trangtion promisesto be a
near run thing.
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