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Human culture has evolved through a series of major tipping points in information storage
and communication. The first was the appearance of language, which enabled communi-
cation between brains and allowed humans to specialize in what they do and to participate
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recently, this storage has taken the form of writing, mass media, and now the Internet,
which is arguably overwhelming humans' ability to discern relevant information. The third
tipping point was the appearance of technology capable of accumulating and manipulat-
ing vast amounts of information outside humans, thus removing them as bottlenecks to
a seemingly self-perpetuating process of knowledge explosion. Important components of
any discussion of cultural evolutionary tipping points are tempo and mode, given that the
rate of change, as well as the kind of change, in information storage and transmission has
not been constant over the previous million years.
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INTRODUCTION

In Kurzweil’s (2005) best-selling book, The Singularity is Near, the
well-known inventor and futurist predicts that by the year 2040
people will be able to upload their brains onto computers — just
one of many incredible changes portrayed for popular audiences
in Barry Ptolomy’s 2009 movie, Transcendent Man. Are Kurzweil
and other popular futurists crackpots, or are they seeing some-
thing that many of us are not, even if some of the conclusions they
draw are improbable at best? We would argue that if nothing else,
they are drawing attention to a subject that is often overlooked
in the social sciences, the future trajectory of cultural evolution.
Those of us with a scientific interest in the evolution of culture
(e.g., Mesoudi et al., 2004; Shennan, 2009; Whiten et al., 2011;
Perreault, 2012) do well when discussing the past, but are we able
to address the most poignant uncertainty of cultural evolution,
namely, where might humanity be headed?

Here we pick up on that topic, using as a framework the con-
cept of “tipping points,” a term made popular through Gladwell’s
(2000) book of that title but which has well-established roots in
sociology (e.g., Grodzins, 1958) and wide modern currency in cli-
matology (e.g., Lenton et al., 2008; Russill and Nyssa, 2009; Lenton,
2011; Barnoskyetal.,2012; Huntington et al.,2012). As Lamberson
and Page (2012) point out, however, the term often is used collo-
quially to refer to unspecified “milestones” in such things as the
economy (Hauser, 2011), markets (Ellison and Fudenberg, 2003),
fashion (Gladwell, 2000), and the like, usually in concert with per-
ceived sudden upturns in logistic (S-shaped) curves. As earnest as
these applications are, they are wide of the mark in terms of what a
tipping point is. We use the term more in the climatological sense,
defining it as a critical threshold at which a tiny perturbation

qualitatively and irreversibly alters the state or development of a
system. This alteration occurs at some time downstream — per-
haps well downstream — of the perturbation. The alteration may
(or may not) manifest itself as a discontinuity on a logistic curve,
depending on the scale at which the curve is plotted (Lamberson
and Page, 2012).

We certainly are not the first to identify critical points in
human evolution (e.g., Tobias, 1991; Johanson and Edgar, 1996;
Modis, 2002), nor are such identifications restricted to the recent
decades. The writings of Enlightenment scholars — Locke, Diderot,
Rousseau, Voltaire, Montesquieu — are replete with examples of
cultural “betterment” that eventually “tips” humans irreversibly to
the next level of development. Montesquieu, for example, divided
early mankind into savages and barbarians, and Turgot proposed
a three-phase system of hunting, pastoralism, and agriculture.
Later, the cultural evolutionists of the nineteenth century devel-
oped elaborate evolutionary schemes to pigeonhole ethnic groups
and to identify the necessary cultural traits that “caused”a group to
eventually move up from, say, savagery to barbarism (e.g., Morgan,
1877). Later still, archeologist Childe (1936) drew up a list of cri-
teria that a group had to possess to be transformed into a “civiliza-
tion,” among which were the plow, metal smelting, draft animals,
writing, a calendar, irrigation agriculture, specialized craftsmen,
and urban centers. A contemporary scheme by anthropologist
White (1943) focused on the harnessing of more and more energy —
first human muscle, followed by domesticated animals, plants,
natural resources (coal and gas), and nuclear — as the catalyst for
tipping points in cultural evolution. Not surprisingly, what grew
out of these schemes was a cascade of supposed “revolutions” —
the “Neolithic Revolution” (Childe, 1925), the “Urban Revolution”
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(Childe, 1950), and the “Agricultural Revolution” (Allen, 1999),
among many others (e.g., “commercial,” “intellectual,” “political,”
“industrial,” and “transportation” revolutions (see Ross and Tontz,
1948).

As important as these transitions undoubtedly were in the evo-
lution of culture, we adopt a different view in that we concentrate
on only two key features — information storage and communi-
cation. We see all other features as derivative. We identify three
tipping points on the trajectory of human cultural evolution. The
first was the appearance of language and the cognitive capabilities
that accompanied it, which enabled hominins not only to “live
inside their heads” (Brooks, 2010, p. 3) but also to communicate
rapidly and reliably with other hominin brains. The second tipping
point was information storage outside the brain, most obviously
expressed in the “Upper Paleolithic Revolution” — the sudden pro-
liferation of symbolic and technological complexity that occurred
in western Eurasia some 45,000 years ago (Powell et al., 2009)
and sporadically in sub-Saharan Africa even earlier (Jacobs et al.,
2008). Later, information storage took the form of writing, mass
media, and now the Internet, which is arguably overwhelming any
ability to discern relevant information (Hemp, 2009). The third
tipping point was the appearance of technology capable of accu-
mulating and manipulating vast amounts of information outside
humans (Donoghue, 2008), thus removing them as bottlenecks
to a self-perpetuating process of knowledge explosion. In essence,
the current stage of information technology is simply a waypoint
in a long process that began well over a million years ago and that
was driven by the interaction of genes and culture.

GENES AND CULTURE IN HUMAN EVOLUTION

Social scientists have long known the power that culture exerts in
shaping the human condition (Tylor, 1871; Wissler, 1923; Kroeber,
1952; White, 1959), but it is becoming increasingly clear that the
interactions of genes and culture — literally, their coevolution —
offer a faster and stronger mode of human evolution than either
does by itself (Durham, 1991; Ehrlich, 2000; Richerson and Boyd,
2005; Laland, 2008; Laland et al., 2010; Richerson et al., 2010; Ihara,
2011; Rendell et al., 2011). Gene—culture theory is a branch of the-
oretical population genetics that incorporates cultural traits into
models of differential transmission of genes from one generation
to the next (Cavalli-Sforza and Feldman, 1981; Boyd and Richer-
son, 1985; Feldman and Laland, 1996; Richerson and Boyd, 2005;
Laland et al., 2010; Richerson et al., 2010). The two inheritance
systems cannot always be treated independently because (1) what
an individual learns may depend on his or her genotype expressed
throughout development and (2) selection acting on the genetic
system may be generated or modified by the spread of a cultural
trait (O’Brien and Laland, 2012). Culture is treated as informa-
tion — for example, knowledge, beliefs, and skills — that is capable of
affecting the behavior of individuals and which they acquire from
other individuals through any of a number of social learning path-
ways, including teaching and imitation (Laland, 2004; Richerson
and Boyd, 2005).

Gene—culture theorists model cultural transmission as a Dar-
winian process in which there is selective retention of favorable
cultural variants (Boyd and Richerson, 1985), with accompany-
ing effects on biological fitness. Recognition is given to the fact

that other, non-selective processes such as mutation (invention,
innovation), spread (diffusion), and drift (random change) play
significant roles as well (Shennan, 2002; Bentley et al., 2004). Mul-
tiple animal species are able to learn, and a good number of them
exhibit evidence of processes important to cultural transmission
(Heyes, 1994, 2012; Galef and Laland, 2005; Laland and Reader,
2010; Whiten et al., 20115 Nielsen et al., 2012), but it is the fact that
human culture evolves quickly and is cumulative (Enquist et al.,
2011) that makes it an exceptional case. By this we mean that one
generation does things in a certain way, and the next generation,
instead of starting from scratch, does them in more or less the same
way, perhaps with slight modification or improvement. The suc-
ceeding generation learns the modified version, which then persists
across generations until further changes are made (Richerson and
Boyd, 2005; Tennie et al., 2009). Cultural transmission is thus char-
acterized by the so-called “ratchet effect,” in which modifications
and improvements stay in the population until further changes
ratchet things up again (Tomasello et al., 1993; Tomasello, 1999).

Selection pressures derived from culture can be stronger than
non-cultural ones for at least two reasons. First, because there is
highly reliable transmission of cultural information between indi-
viduals, culturally modified selective environments can produce
unusually strong natural selection that is directionally consistent
over time (Bersaglieri et al., 2004). Second, cultural innovations
tend to spread more quickly than genetic mutations because social
learning usually operates at a much faster rate (Feldman and
Laland, 1996; Perreault, 2012). If cultural practices modify selec-
tion on human genes, the more individuals exhibiting a trait,
the greater the intensity of selection will be on a gene (Laland
et al., 2010). Gene—culture coevolutionary models repeatedly
demonstrate more-rapid responses to selection than conventional
population-genetic models, which helps explain the argument that
culture has accelerated human evolution (Hawks et al., 2007). Con-
versely, under different circumstances, culture can also slow down
genetic change (Feldman and Laland, 1996).

Gene—culture theorists face challenges similar to those of cli-
mate modelers when it comes to looking into the future. Both rely
on the past for data points. Whereas climatologists tune their fore-
cast models using ice cores and other ancient paleoclimatological
records, gene—culture theorists rely on past millennia of gene—
culture evolution as some guide to where the future leads (Laland
etal.,2010; Richerson et al., 2010; O’Brien and Laland, 2012). This
is reasonable, but there is a caveat: as good Bayesian reasoners, we
may misunderstand the oncoming rush of the future because the
past has sluggishly dragged on for the vast temporal portion of
human evolution (Jones and Love, 2011)!. But if we look at the
prehistoric past and compress its slow timescale, we see that the
mind-boggling sci-fi possibilities of the present and future have

!Indeed, the dead hand of the past places so many past observations into the
Bayesian updating mechanism over a long distant past that it essentially acts as
if it almost ignores the near past, which sensible forecasters would use to forecast
the future, especially when the environment is rapidly changing. This is sometimes
called “panacea-like” behavior in other contexts (Brock and Carpenter, 2007), but
it is relevant in any adaptive system with Bayesian-like updaters. Compressing the
slow time scale of a long past can be viewed as a mechanism to put more weight on
observations from the near past, which are more relevant for helping us peer into
the future, especially in a rapidly changing world like the one at present.
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prehistoric precedents. This compression, or logarithmic scaling,
is common in the sciences. For example, John B. Sparks used it
to create his spectacular one-page Histomap of Evolution, point-
ing out that “the most recent periods of evolution hold the most
interest for us. We need therefore increasingly more space for our
outline the nearer we approach modern times, and the logarithmic
scale fulfills just this condition” (Sparks, 1932, p. 1).

Sparks was correct: by logarithmically scaling human evolution,
we begin to see some of the prehistoric precedents (Cavalli-Sforza
et al., 1994). The elimination of fear by modern neuropharma-
cology (Quirk and Mueller, 2008), for example, might seem a
Brave New World (Huxley, 1932) possibility, but fear-reducing
drugs have been common for decades, not to mention the fact
that alcoholic drinks had a Neolithic origin (Dietler, 2006). The
onset of the Neolithic around 11,000 B.C. (Bellwood, 2005) was,
in fact, one of the more dramatic periods in gene—culture coevo-
lution, as humans and their domesticated plants and animals
began to coevolve on a millennial timescale (Zeder et al., 2006).
In archeological sequences across the Northern Hemisphere, the
emergence of agriculture coincides with a noticeable increase in
artifactual remains, which has long been interpreted as indicating
a spurt in demographic growth. Hemispheric cemetery data pro-
vide direct evidence of a major demographic shift characterized
by a relatively abrupt increase in the proportion of 5- to 19-year-
olds in cemeteries during the economic transition from foraging
to farming (Bocquet-Appel, 2011) — a phase referred to as the
“Neolithic Demographic Transition” (Bocquet-Appel, 2002). The
world’s population just prior to the emergence of agriculture was
perhaps around six million individuals (Biraben, 1979), compared
to almost seven billion today, multiplying by 1200 in 11,000 years
(Bocquet-Appel, 2011). The genetic changes that accompanied the
rise of agriculture — and they were numerous, as we are continu-
ally discovering (Cordain et al., 2005; Perry et al., 2007; Gibbons,
2009; Pickrell et al., 2009; Laland et al., 2010) — were effected by
the knowledge, specialization, and inequality in human societies,
as well as by the densities of people who began living in villages
and eventually in cities (Cochran and Harpending, 2009).

In modern times, the rate of gene—culture coevolution is poised
to accelerate even more dramatically as humans begin to direct
their own biological evolution through ever-increasing means of
horizontal cultural transmission (Brosius, 2003; Hawks et al., 2007;
Laland et al., 2010). One cultural source of this change is modern
genetic engineering, which in this century may, for those who
can afford it, lengthen life spans potentially by decades, elimi-
nate genetic diseases screened before birth, and enhance human
strength (Carlson et al., 2009) and possibly intelligence (Sisodiya
et al., 2007; Bostrom and Sandberg, 2009; Cheng and Lu, 2012).

Many rapid changes that humans face now, and undoubtedly
will in the future, are rooted in much slower changes that took place
in the past. In discussing these, we distinguish between the tempo,
or rate, of change and the mode, or kind, of change that took place.
Importantin all of this is recognizing that cultural evolution can be
examined at myriad scales, and the scale at which we happen to be

operating at any particular moment conditions our perception.

2 A useful schematic, the Stommel diagram, can be used to depict the common phe-
nomenon of slower rates of change being positively associated with larger kinds

Analytically speaking, this is both a good and a bad thing. Various
levels of view allow us to gain different perspectives on change,
but taken singly, they lull us into thinking that one view represents
the totality of change. For example, evolution is often presented as
large-scale change that takes place over a long period of time. Such
a presentation, although not incorrect, is only part of the story.
Missing is the fact that the large-scale evolutionary results that
we see so plainly are the cumulative products of countless smaller-
scale, and hence much less evident, changes that occur continually.
Yet by themselves, minute changes don’t constitute the entire story
either because they leave out how changes in one part of a system
affect the operation not only of the entire system but also of down-
stream systems far removed temporally — a result often referred to
as “ecological inheritance” (Odling-Smee, 1988). Ecological inher-
itance does not depend on any kind of “replicator” but rather
on intergenerational persistence (often through repeated acts of
construction) of whatever physical — or, in the case of humans,
cultural — changes are caused by ancestral organisms in the local
selective environments of their descendants (Odling-Smee, 2010).
Population-genetic models demonstrate that this ecological inher-
itance can generate unusual evolutionary dynamics (Laland et al.,
2000, 2001; Thara and Feldman, 2004; Borenstein et al., 2006; Silver
and Di Paolo, 2006).

TIPPING POINTS: CHANGES IN TEMPO AND MODE

Examining gene—culture interaction at various levels can lead to
the detection of rapid changes in evolutionary tempo that might
be signaling changes in mode as well (Laland et al., 2010; Rich-
erson et al., 2010; O’Brien and Laland, 2012). The ethnological
and archeological records are replete with evidence that the tempo
of cultural change is rarely constant, although there are few cases
in which it has been measured directly. How are scale and tempo
correlated? Is the apparent rapid emergence of a new form actu-
ally sudden or is it an illusion, meaning that the scale at which we
are examining something makes it appear as if the object is new
when in actuality it is the product of myriad small-scale cumu-
lative modifications that took place over a relatively long period
of time? Stommel diagrams (fn. 2) suggest a positive relationship
exists between tempo and scale in the sense that the faster the
tempo, the smaller the scale (e.g., Westley et al., 2001).

This same kind of question was asked in paleontology for
decades. Darwin’s notion of the evolution of species was based
on gradualism — the slow build-up of small-scale change over geo-
logical time — although his theory did not require that tempo.
Simpson (1944) opened the door on the notion of accelerated
tempo, and Eldredge and Gould (1972) opened it wider with their
concept of punctuated equilibrium. They argued that cladogenesis —
the division of a taxon into itself and at least one sister taxon — is
the general mode under which evolution operates (as opposed to
anagenesis, or the evolution of one taxon into another) and that
rapid cladogenesis is orders of magnitude more important than
gradualism as a tempo of speciation.

of change (Westley et al., 2001). Stommel diagrams suggest a positive relationship
between tempo and scale in the following sense: the faster the tempo the smaller
the scale. Another way of putting it is that slower phenomena in time are associated
with larger-scale phenomena in space, where “space” is widely interpreted.
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In the hominin archeological record, irrespective of the scale
at which it is being viewed, we would be hard pressed to see any
tipping points in terms of information storage and retrieval in the
one and a half million or so years that bifacially chipped Acheulean
hand axes were used by Lower and Middle Paleolithic hominins
across first Africa and later Europe (Scott and Gilbert, 2009; Lepre
etal.,2011). Change, yes (e.g., Vaughan, 2001), tipping points, no.
Maybe, to take a page out of Kurzweil (2005, pp 10-11), to those
hominids their future was “pretty much like their present, which
had been pretty much like their past.” But just as surely, all the
slow changes in stone-tool technology that occurred over hun-
dreds of thousands of years led to an accumulation that eventually
exploded across Europe ca. 45,000 B.C., a point usually referred to
as the beginning of the Upper Paleolithic.

That will be the second tipping point that we examine, and it
is worth pointing out that it highly visible because of the nature
of the phenomena that herald the change in tempo and mode.
Cave art, ornaments, and tools made from antler and stone, which
were part of the Upper Paleolithic Revolution (Bar-Yosef, 2002),
are physical elements and therefore preserve rather well. This visi-
bility stands in stark contrast to language, which does not fossilize
(Hauser et al., 2002). We identify it as a tipping point in terms
of information, but the timing of its occurrence is not well docu-
mented. As a result, it is more difficult to assess the tempo of the
effects.

Returning to the accumulation of technological change, stud-
ies of modern material culture have found that inventive activities
are discernible as a clustering in time and space of similar inven-
tions — literally, a “burst of variation,” termed stimulated variation
(Schiffer, 1996). Often, these bursts are associated with underlying
technological or social changes that make possible new approaches
to mitigating perceived deficiencies in products —a cultural process
Schiffer (2005) labeled as the cascade effect. Changes in the context
of cultural transmission, including the introduction of new cul-
tural traits or shifts in previously unrelated or marginally related
cultural traits, fundamentally alter tool traditions and their selec-
tive environments. This creates new adaptive spaces in which tool
traditions change in response to new selective pressures (O'Brien
and Bentley, 2011). A particular temporal dynamic goes hand
in hand with stimulated variation. Initially, variation increases
rapidly, as artisans experiment with designing effective forms — the
bursts. Subsequently, variation decreases slowly, as less-efficient
variants cease to be replicated (Lyman et al., 2008, 2009).

Rarely made explicit in models of culture change is the size of
a population, yet clearly the more potential inventors and clever
assemblers there are, the higher the number of solutions to prob-
lems there will be and the more chances there are for solutions to be
copied and spread (Jones, 2001; Henrich, 2004; Powell et al., 2009;
O’Brien and Bentley, 2011). Malthus (1798) understood that cul-
tural change is intimately tied to the fact that population increases
exponentially, whereas the food base increases only arithmetically.
Ultimately, excessive demands on carrying capacity yield a dra-
matic decline in population correlated with cultural phenomena
(including wars). Of course, the purely Malthusian approach leaves
out the cumulative, and possibly exponential, effect of more minds
working on communal solutions to problems that are more than
simply the sum of individual parts. Through this distributed-mind

approach — in essence, the creation of a super brain (Hoffecker,
2013) — we equate collective knowledge capacity with population
size, rendered in terms of the number of people communicating
and storing their specialized ideas.

The distributed-mind approach has had philosophical and
empirical ramifications (Bolender, 2007; Hausmann and Hidalgo,
2011). Philosophically, it suggests that population size has a direct
bearing on thought because what goes through an individual’s
mind is largely derived from other minds. Thus an individual’s
thoughts are but a sample of what is being thought around that
person. Empirically, it means that the tempo of cultural change —
partly a function of how much cultural information is preserved
and passed on — may, in most cases, depend on population size
(Powell et al., 2009). Technologically, it means that a modern econ-
omy serves the role of disseminating, aggregating, and sorting
the technological capabilities, yielding a highly non-linear cor-
relation between the number of technological capabilities in a
country and the number of products it can make (Hausmann
and Hidalgo, 2011) and/or between economic complexity and
per capita income. As we discuss later, an exciting new body of
work posits that increasing population size rather than changes
in biological ability may underlie some of the major shifts seen
in cultural prehistory, such as the Upper Paleolithic Revolution
(Powell et al., 2009) or the much-debated cultural capacities of
late Neanderthals (Zilhdo et al., 2010). Conversely, population
bottlenecks are now proposed to reduce cultural knowledge collec-
tively, as Henrich (2004) has argued convincingly for prehistoric
Tasmania.

Just as more people are alive now than have ever lived on Earth
before, more technological change has occurred in the last decade
than cumulatively over the history of humanity (Beinhocker,
2006). We can certainly agree with Kurzweil (2001, 2005) that the
tempo of cumulative technological change has grown exponen-
tially over the last century. Following the well-known Moore’s Law
(Moore, 1965) for the doubling of computing power (expressed as
calculations per second per dollar, or alternatively as the num-
ber of transistors that fit on a silicon chip) every 2 years over
four decades, Kurzweil (2001) demonstrated exponential growth
in brain-scanning speed, the cost of DNA sequencing, the num-
ber of human genes mapped per year, and the shrinking size of
technology. His predictions have proven remarkably resilient.

Like Malthus, Stephen Pinker knows that exponential trends
cannot be extrapolated indefinitely, declaring that genetic
enhancement is not inevitable, nor is it particularly likely in our
lifetimes (Pinker, 2003). All exponential change has to level off
eventually, of course (Mesoudi, 2011b), often in the form of a
logistic curve exhibited by population growth or the diffusion of
new technologies (Rogers, 1964). The question, however, is when
change levels off, as the exponential nature of technological change
has arguably been true for thousands of years in cultural evolu-
tion (Beinhocker, 2006). In technological evolution, these logistic
curves can occur more or less sequentially, or with some overlap,
as the pace of change is punctuated.

How do we know when a curve will decelerate? Ideally, we would
extrapolate from observed exponential growth up to the present
into the full logistic curve of the future. The classic cultural-
diffusion model represents the probability of the adoption of a
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technology at time ¢ as
p() = (n+ gF()(1 = F(1)),

where the parameters i and g represent the degree of innovation
and imitation, respectively, with the assumption that i << q. The
cumulative function yields the logistic curve, such that the rate of
adoption increases exponentially at first, then reaches a peak, and
then declines as the cumulative number of adopters asymptotically
approaches a saturation of the population of potential adopters
(Brock and Durlauf, 2001, 2010; Lamberson and Page, 2012).

This model, however, applies to the diffusion of innovations,
not to the creation of innovations, and hence tells us little about
the future of the exponential innovation rate in technology (Bent-
ley and O’Brien, 2011). Another problem, as Lamberson and Page
(2012) point out, is that exponential change is a smooth, con-
tinuous acceleration, not a form of punctuated change or tipping
point. More-accurate signs of tipping points are reviewed by Schef-
fer et al., 2009; see also Drake and Griffen, 2010; Scheffer, 2010)
as “early warning signals” for critical transitions, or true tipping
points that lead to new forms of behavior. With respect to the
time series of events, these signals include slower recovery from
perturbations, unequal rates of recovery in the different directions
toward equilibrium, and increased autocorrelation, variance, and
“flickering” in the time series.

Aside from this list of warning signals, we can consider some
tipping points of the past, including the very recent past, where
the mode of gene—culture evolution changed dramatically through
new forms of information transmission. We divide these into three
major modes. In the first, hominins became able to store and
manipulate information, arguably about kinship relations, within
themselves. They did it in a manner that determined the tree-
like organization of information storage in human minds. In the
second, humans began to store information outside themselves
in art, material culture, and later writing and now the Inter-
net. This allowed for an accumulation of information, but more
important, individuals began linking their stores of knowledge
to those of others, made possible by changes in social organiza-
tion. In the third phase, new knowledge is created outside human
minds by searching, manipulating, and combining accumulated
information through artificial intelligence.

TIPPING POINT 1: COMMUNICATION BETWEEN BRAINS

Among hominins, gene—culture coevolution has accelerated for
millennia, not necessarily steadily but in successive minor tip-
ping points that ushered in new magnitudes in the rate of change.
Looking back roughly two million years, the pace of this coevo-
lution would be gauged on the scale of hundreds of thousands of
years, as our digestive systems gave way to larger brains (Aiello
and Wheeler, 1995; Wrangham, 2009). Consequently, our social
organization allowed for a division of labor and a shared caring
of newborns, which is unique among primates (Hrdy, 2009). At
some debatable date — estimates vary from over a million years ago
to just 45,000 years ago — our brains enlarged, which the evidence
suggests facilitated engaging in social relations (Alexander, 1989,
1990; Dunbar, 1996; Bailey and Geary, 2009). Flinn et al., 2005, p.
14) view the evolution of this “social brain” (Dunbar, 1998, 2003)

as the result of “the diminished intensity of selection from extrin-
sic causes compared with the relative importance of selection from
interactions with conspecifics.” Integral to this social engagement
were signs, gestures, and eventually language.

Speech production was not a sudden phenomenon but rather
a point in a long process of co-opting preadaptations in the jaw,
tongue, larynx, and hypoglossal canal (Denes and Pinson, 1993).
Evidence suggests that the evolution of breathing control and
increased brain size could have enabled complex communication
by the time of the last ancestor common to both Neanderthals
and modern humans at about 600,000 years ago (Krings et al.,
1997; MacLarnon and Hewitt, 2004). Certainly both Neanderthal
and modern human populations shared the derived form of the
FOXP2 gene (Krause et al., 2007), which has been implicated in the
development of speech and language (Enard et al., 2002). But hav-
ing the capacity for complex communication and actually using it
are two very different things. Language, as we noted earlier, leaves
no fossil clues, which is why dating the origin of language has been
referred to as “the hardest problem in science” (Christiansen and
Kirby, 2003). That said, statistical analyses of linguistic diversity
and divergence are beginning to suggest an age of roughly 100,000
200,000 years for the origin of language (Nichols, 1998; Perreault
and Mathew, 2012), which makes it contemporaneous with the
appearance of Homo sapiens as a species (Botha and Knight, 2009).
Similarly, detailed analysis of the distributions of personal items
such as beads from archeological sites across Europe suggests that
ethno-linguistic boundaries can be approximated for some Upper
Paleolithic cultures (Vanhaeren and d’Errico, 2006).

The advantages of language, as the beginning of information
storage in the minds of others, allowed hominins to live, hunt,
gather, and groom in groups and to gossip in the mating competi-
tion (Dunbar, 1996). By providing “much more efficient channels
of communication. . . language apparently increased the potency
of human cultural processes by orders of magnitude” (Odling-
Smee, 2006, p. 53). Although Chomsky (2002) and others (e.g.,
Pinker and Bloom, 1990) have argued that the existence of ambi-
guity in language proves that the structures and properties of
language did not evolve for purposes of communication, it is
now clear that ambiguity is a desirable property, precisely because
it allows for a communication system that is “short and simple”
(Piantadosi et al., 2012, p. 281).

In studies of the evolutionary origins of human language (e.g.,
Hauser et al., 2002; Corballis, 2011), recursion has often been pro-
posed as the central organizing principle that separates human
language from all other animal communication systems. Recur-
sion is a multi-definitional phenomenon (Fitch, 2010; Martins,
2012), but for our purposes here we can define it as “the ability to
take a finite set of ideas and link or embed them to form an infi-
nite array of thoughts, phrases, or expressions” (Gallagher, 2011,
p. 229), or, simply, the ability to place thoughts within thoughts
within thoughts (Corballis, 2011), similar to nested Russian dolls.
Recursion is both ubiquitous in human languages and unique to
humans. Indeed, recursive syntax of human language may under-
lie its semantics (Hinzen, 2007); this hierarchical compositionality
is what enables human cognition. If recursion proceeds from the
hierarchical structure of neuronal activity (e.g., Becker and Flaxer,
2008), it follows that some treelike organization of information
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retrieval in the human brain preceded language evolution (Hof-
fecker, 2013). In fact, there is evidence that other animals, includ-
ing honeybees (Gould and Gould, 1995) and baboons (Bergman
etal., 2003), possess complex hierarchical mental structures.

The human brain is energetically expensive in comparison
to those of non-human primates (Aiello and Wheeler, 1995;
Navarette et al., 2011), and it takes a lot of energy to “think.” Thus,
there have to be direct benefits from possessing a larger, more
expensive brain, one of which appears to have been the ability
to meet the cognitive demands of maintaining meaningful social
interactions within increasingly larger groups (Byrne and Whiten,
1988; Dunbar, 1996, 1998; Dunbar and Shultz, 2007a,b). For a
social brain, a central challenge, providing a corresponding bene-
fit, is to keep track of eligible and non-eligible mates or protectors
(Dunbar, 2009). This challenge is much more complex under any
known human kinship system than in any other primate species.
According to Hamilton’s (1964 ) kinship-selection theory, related-
ness is a central parameter in the maintenance of social relations,
cooperation, and mate choice (Cronk and Gerkey, 2007). In other
words, such choices correlate with genetic proximity.

In a wide array of situations where proximity is a key organizing
principle, one of the most efficient means of organization and dis-
tribution is through the use of treelike structures. Such structures
can self-organize in biological systems and be refined by natural
selection, as in the case of human vascular networks (West et al.,
2002), neural networks (Becker and Flaxer, 2008), and the hier-
archical group organization of social mammals (Hill et al., 2008).
This hierarchical organization also characterizes hunter—gatherer
groups, whose size versus frequency shows self-similarity over a
range of scales (Maschner and Bentley, 2003; Hamilton et al.,
2007). At the scale of individuals, the division of labor between
men (hunting) and women (gathering) is reinforced pair bonding
(Chapais, 2008; Hill et al., 2011; Walker et al., 2011). At a larger-
scale, the band serves as a social unit that often resolves tension
between dispersion and interdependence. At the wider commu-
nity level, humans sustain social relations through gift exchange,
marriage, and classificatory kinship.

Social primates such as baboons organize themselves through
hierarchical classification derived from individual rank and kin-
ship (Bergman et al., 2003; Hill et al., 2008), but because humans
are unlikely to know all members of their community, organiza-
tion is sustained by overlapping networks of kinship, marriage, and
friendship. Longer-term planning and greater need for informa-
tion about others’ intentions render language use highly adaptive
in human social organization. Given that the numbers of kin to
keep track of increase geometrically with genetic distance, and
that kinship organization is central to human reproduction, it is
not surprising that many human cultures organize knowledge of
kinship descent into simplified systems of classification (Cronk
and Gerkey, 2007; Jones, 2010; Kemp and Regier, 2012; Levinson,
2012).

As kinship systems serve a number of functions, they must be
adaptable, with many possible states (Lyon, 2005). This “entropy”
creates a challenge for explaining continuity (Sperber, 1985).
Classification trees provide a flexible solution. Some, but not
all, cultures have evolved to classify kin in treelike decent sys-
tems — “family trees” — but regardless of whether kinship concepts

emphasize descent, affinity, generation, siblingship, or other fea-
tures, graphical representations of the relations between kinship
terms typically display a treelike form (Kemp and Regier, 2012).
As with the narrow language faculty proposed to be unique to
humans (Hauser et al., 2002), kinship terminologies are intrinsi-
cally recursive, without reference to external social or biological
phenomena (Read, 2001; Leaf, 2005). Indeed, the recursive gener-
ative principles of kinship terminologies allow modeling to predict
the terminological positions of real kinship systems (Jones, 2010).
Language allows us to store information in other people’s minds.
As a result, the larger hominin groups became, the more infor-
mation, including kinship information, could be stored in the
collected minds of its individuals (Renfrew and Scarre, 1998; Pow-
ell etal., 2009). Alternatively, the smaller groups became, the more
likely knowledge would be lost. We return to this point below.
Similar considerations of population size bring new insight, for
example, into a fascinating current debate surrounding the Piraha
of Brazil, whose language arguably lacks recursion (Everett, 2005)
and whose counting system appears rudimentary (Gordon, 2004).
These conclusions are heavily debated (e.g., Levinson, 2005), but
in the debate few have considered the fact that the Piraha have lived
in very small numbers (hundreds) since they broke from the larger
native population of the Mura by the early eighteenth century.

TIPPING POINT 2: STORAGE OUTSIDE THE BRAIN

About 45,000 years ago much of western Europe witnessed a prolif-
eration of cave art, personal adornment, and rituals — what arche-
ologists refer to as the “Upper Paleolithic Revolution”(Bar-Yosef,
2002; Mellars, 2005). The roots of this proliferation appear to lie
in migrations of anatomically and cognitively modern humans
out of sub-Saharan Africa (Ambrose, 1998; Lahr and Foley, 1998;
Ray et al., 2005), where there is intermittent evidence of symbols
and personal adornment (e.g., shell beads and engraved chunks
of ochre and ostrich egg shells) that in some cases dates sev-
eral tens of thousands of years earlier (McBrearty and Brooks,
2000; Henshilwood et al., 2002, 2011; Mackay and Welz, 2008).
Regardless, there is no denying the explosion in creative expres-
sion that occurred in western Europe around 45,000 B.c., coupled
with the appearance of such features as long-distance exchange,
grinding implements (Wright, 1992), and storage facilities, espe-
cially in northern latitudes where underground freezing kept food
edible (Soffer, 1989). What caused the explosion? The answer may
not be what was in humans’ heads but in how the heads, and how
many heads, were interconnected.

Explanations for the Upper Paleolithic transition have long fea-
tured cognitive changes in the human mind (e.g., Mithen, 19965
Klein, 2002), but we disagree, as do others (d’Errico and Stringer,
20115 Foley and Lahr, 2011). Rather, we see signs that demo-
graphic changes in human populations — changes coincident with
the arrival of groups out of Africa and their infilling of parts
of Europe — were directly responsible for the Upper Paleolithic
Revolution. Powell et al. (2009) used Henrich’s (2004) model of
cultural loss in Tasmania, to which they added stochastic and geo-
graphic elements, to show how chance clusters of local migrating
populations — similar to those in the Upper Paleolithic — could,
by exceeding the crucial population threshold, begin to undergo
cumulative cultural evolution over generations. The implications
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of these findings are radical. A larger local population meant that
more people were around to invent new ideas, build on earlier
ideas (the cumulative aspect of culture), and, crucially, pass on
those ideas before they were lost. This population aggregation
provided the critical “ratchet” (Tomasello, 1999) to push culture
to a tipping point.

An increase in local population density would have been partic-
ularly relevant if Homo sapiens 45,000 years ago possessed mirror
neurons that in part facilitated social interaction. The existence
of mirror neurons in humans is now incontrovertible (Mukamel
etal.,2010), and it is clear that they are not restricted to the premo-
tor and inferior parietal cortex of the brain (Keysers and Gazzola,
2010). The question is when they appeared in the hominin line.
Hodgson (2012, p. 358) concludes that the “mirror/theory-of-
mind system. .. was already in place before the appearance of
H. sapiens (ca. 200,000 years ago) and that the ebb and flow of
the archeological record during the Middle to Upper Paleolithic
reflects the various ecological conditions that affected behavior
as function of this neurocognitive substrate.” Regardless of the
timing, the relevance of local population size is inescapable: more
people would have meant more potential role models to imitate in
carrying out complex behaviors that were expensive to learn. Simi-
larly, however, a decrease in population can lead to the loss of skills,
particularly technological knowledge related to complex “tools
that are hard to learn to make, and easy to screw up” (Henrich,
2006, p. 776).

We argue elsewhere (Bentley and O’Brien, 2011) that what
Henrich (2004, 2006) and Powell et al. (2009) refer to as “cumula-
tive adaptive evolution” is essentially a niche-construction model
(Laland et al., 2000, 2001) with an assumed probability distri-
bution of skill levels, which feed back on themselves through
intergenerational learning, becoming more specialized as the accu-
mulated skill level increases. Boyd et al. (2011) refer to this as the
“cultural niche” — an interconnectedness of brains made possi-
ble only through social learning. The upside of social learning is
enormous. In contrast to organisms that can learn only individu-
ally, even when it is expensive and error prone, social learners can
tap the brains of others (Mesoudi, 2008, 2011a,b). At that point,
they no longer have to know everything, they just have to know
in whose brain the requisite information resides — Gamble et al.’s
(2010) “social brain, distributed mind.” Thus social learners can
“afford to be choosy, learning individually when it is cheap and
accurate, and relying on cultural learning when environmental
information is costly or inaccurate” (Boyd et al., 2011, p. 10921;
see also Mesoudi, 2008). This raises the average fitness of the group
as well because acquired improvements can accumulate from one
generation to the next (Tomasello et al., 1993; Tomasello, 1999;
Boyd et al,, 2011; Perreault, 2012).

A key event that occurred in the Upper Paleolithic — begin-
ning perhaps as early as 40,000 years ago (Pike et al., 2012) — was
the storing of information on cave walls through painting (Leroi-
Gourhan, 1982; Whitley, 2009). Common themes included human
hands and large animals — aurochs, horses, and deer — that presum-
ably were hunted. Cave painting in Europe continued for several
tens of millennia, until at least the beginning of the Neolithic,
around 11,000 B.C. Writing, which began in Mesopotamia roughly
during the fourth millenium B.C. (Fischer, 2004), was used mainly

as a form of book keeping. Later, more-expressive writing then
became a specialist endeavor, meaning it was limited to a few,
from the priests of Mesopotamia to the scribes entrusted with the
Code of Hammurabi (Van de Mieroop, 2004). As writing became
a means of creative expression — from the Greek tragedies, to the
tales of Chaucer and the plays and sonnets of Shakespeare, and
finally to the novels of the eighteenth and nineteenth centuries —
writing became a means for the few to communicate with many,
either through performance or later through readings by literary
societies (Bradway-Hesse, 1998). In doing so, this “library” grad-
ually became the hub of culture itself rather than just a means of
expressing it. The intricately connected web of broadcast media
that we see today is just the extreme of this trend.

Because of writing, the vast amount of specialized knowl-
edge in the world is perhaps a billion times the technological
variation contained in a prehistoric hunter—gatherer community
(Beinhocker, 2006). This specialization has intensified incredibly,
such that only a tiny fraction of people in the developed world
knows how to produce food, and modern urbanites can often spe-
cialize in quite arcane knowledge that would have virtually no
value for survival on one’s own or in the small groups of our
ancient ancestors. Culture has, to this point, provided the means
for even semi-isolated individuals to maintain a subsistence while
simultaneously engaging in other pursuits.

Today, many of those pursuits revolve around the Internet,
which in a way represents a return to the past, before mass
media, by making local craft traditions and self-expression pos-
sible again through uploading personal videos, blogs, pictures,
and social-network homepages. Cultural change has accelerated
not because of the larger network but because Web 2.0 motivates
many more people to create new ideas. The interconnectedness of
online endeavors — through blogs and social-network sites as well
as search tools such as Google and Bing — has not homogenized
culture, as some feared. Rather, it has fractionated it, as like minds
find each other to create cultural “niches” that branch off from
one another. Interconnectedness, paradoxically, allows groups to
differentiate by copying each other, which homogenizes the group
but further distinguishes it from all other groups. Instead of family
and political ties organizing people in geographic space, it is now
ideas and common interests that organize people online.

This change in tempo necessarily brings about a change in
mode of evolution because modern technology is no longer a
set of knowledge that people can teach to the younger gen-
eration in the way craftspeople apprenticed their children or
teachers taught pupils for millennia. The age-old vertical (inter-
generational) transmission is not nearly fast enough anymore;
instead, the majority of competitive technological knowledge must
be transmitted horizontally. Horizontal transmission will change
genetic evolution as well. Humans have entered a phase of evolu-
tion where not all phenotypic traits are inherited genetically from
parent to offspring — witness the case with plastic surgery and the
imminent and inevitable merging of humans with computer tech-
nology (neural-interface systems; Donoghue, 2008). It is also the
case for traits that up until now were genetically inherited, such as
strength, height, and intelligence, all of which look to become
increasingly horizontally transmitted with genetic engineering
(Bostrom, 2005).
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TIPPING POINT 3: MANIPULATING ACCUMULATED
INFORMATION OUTSIDE HUMANS

If information is easily located and strongly selected for utility, this
should lead to fitness. In this sense, information technology thus
becomes an “equalizer” (Ding et al., 2010) because it allows a larger
proportion of the population to be involved in finding, linking, and
generating knowledge —a necessary capability for modern national
prosperity (Hausmann and Hidalgo, 2011). If, on the other hand,
information overload makes it more difficult to select the correct
information, no matter how easy it is to find, the result could
be more sorting and more clique-based fractionation (Evans and
Foster, 2011).

Information overload is not a recent phenomenon. Invention
of the printing press and the rapid increase in the number of books
suddenly available caused sixteenth- and seventeenth-century
scholars to wring their hands over the situation (Rosenberg, 2003;
Blair, 2010). What we see today, however, is exponentially more
problematic. So much information is available online that even
with ever-sophisticated search engines we no longer can peruse
even a fraction of it (see Mesoudi, 2011b). The increase in quantity
has meant that academics are prone to re-invent the wheel in iso-
lated niches, and journal articles are hastily published, with careless
review and even frequent typos (Simkin and Roychowdhury, 2003;
Evans and Foster, 2011).

Modern social learning yields ubiquitous right-skewed
“winner-take-all” distributions of wealth and popularity on a scale
the world has never seen (Frank and Cook, 1996). Other day-to-
day behaviors, however, still exhibit a regression to the mean (Kah-
neman, 2011), now demonstrated by big-data studies. Hence, even
though the number of Twitter followers is heavily right-skewed
(Cha et al., 2012), the actual textual contents of Twitter feeds con-
verge on average experiences that are obvious by definition. New
studies of Twitter and Facebook exemplify the unprecedented tech-
nological achievement of analyzing literally millions of human
interactions, but so far they are yielding somewhat banal conclu-
sions, such as that people awaken later on weekends (Golder and
Macy, 2011) or that influential people with influential friends are
good spreaders of information (Aral and Walker, 2012).

This is not a critique so much as an example of how “big data”
computer scientists effectively have to re-invent aspects of social
science from scratch when confronted with a literature so vast that
no human being could possibly read and comprehend it, made
all the more difficult because of different academic backgrounds.
The overabundance of information is alleviated only as computers
are programed not just to search through vast quantities of infor-
mation but also to perform hypothesis-testing science with the
information (King et al., 2009a). Humans, then, may not be lead-
ing the way in science, unless, of course, gene—culture coevolution
leads them to merge with computers. In the extended-phenotype
sense (Dawkins, 1990), this has already happened, as most in the
Western world would not do as well today without computers facil-
itating their communication, wealth storage, and work. Even more
striking, although perhaps not yet as significant in gene—culture
terms, is the physical merging of human minds with comput-
ers, as exemplified on the cover of Nature with the “braingate”
technology (Hochberg et al., 2006; Donoghue, 2008). Progress

on the brain—machine interface continues from there (Hochberg
et al., 2013) as researchers embark on the “long-term neurophys-
iological investigation in human cortex at the level of single and
multiple neurons. .. which has previously never been possible”
(Hatsopoulos and Donoghue, 2009, p. 252).

This leads to fascinating debates over whether science will soon
become automated by computers (Bostrom, 2003; King et al.,
2009a; Schmidt and Lipson, 2009), ultimately elbowing humans
out of the very process they created. On the one hand, it may be that
machines will never be capable of creative exploration of science
and only of what Axelrod and Cohen (1999) called exploitation, or

what most scientists do most of the time — which [Thomas
Kuhn] called ‘normal science’ and Rutherford called ‘stamp
collecting’. [This] does not contribute very much to the
advancement of knowledge; rather, this normal science sim-
ply fleshes out the consequences of the paradigms that have
been established by truly revolutionary advances. Even if
machines did contribute to normal science, we see no mech-
anism by which they could create a Kuhnian revolution and
thereby establish new physical law (Anderson and Abrahams,
2009).

On the other hand, machine automation has already been used in
chess, for example, where “there is a continuum in player skill, and
computers slowly improved with advances in computer hardware
and software until they now play at world championship level. . .
[T]here is a similar continuum in the ability to do science, from
what robot scientists can do today, through what most human sci-
entists can achieve, up to the level of a Darwin or Newton” (King
et al., 2009b, p. 945).

Humans have now created so much knowledge and skill out-
side their own bodies, in computers and information networks,
that that knowledge may soon feed back on its own into this
process. Anderson and Abrahams (2009) argue that progress in
science requires true outliers — those creative geniuses that fit
Thomas Edison’s inspirational one percent. Part of the debate
is the mystery over the origin and timing of genius. Gladwell
(2008) suggested that some geniuses, such as Cézanne, needed
thousands of hours of practice before achieving the height of their
skill, whereas others, such as Picasso and Einstein, made (arguably)
their most profound achievements at a young age, with very lit-
tle practice. Similarly, Galenson (2005) divided artists into two
groups based on an assessment of when they made their greatest
contributions — conceptualists, who are innovative at an early age,
and experimentalists, whose innovations come much later, after
considerable experimentation and refinement. Regardless, every
so often an innovation comes along that is rare enough to begin a
new paradigm in the true Kuhnian sense of the term (Kuhn, 1962).
As soon as a good new idea is demonstrated, many clamber to copy
it and modify it slightly. This alteration may underlie a continual
budding-off process as new, more specialized niches are created
and then developed (O’Brien and Shennan, 2010).

It might be better to view technology as an “autocatalytic
process (Farmer et al., 1986; Kauffman, 1995). Autocatalytic
processes also generate logistic curves in terms of rate of change:
slow growth at first, when there is little product to catalyze its
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own formation, then a rapid acceleration as the product increases
and catalyzes its own formation, then a slowdown as all is con-
verted. In terms of the acceleration stages, genetic research could
be seen as possessing this “autocatalytic” feedback, for example,
when a new method of mutating the entire genome (Wu et al.,
2007) promises to boost the tempo of genetic research even fur-
ther (because the effects of more mutations can be tested in a
shorter time). Arthur (2009) recently elaborated on this idea in a
book on how new technologies are assembled from pieces of exist-
ing technologies, such that technologies share common ancestries
in the true evolutionary sense.

These are established concepts for evolutionary anthropologists
interested in hierarchical analysis of the material record (e.g., Col-
lard et al., 2008; Mesoudi and O’Brien, 2008; O’Brien et al., 2008;
Shennan, 2011). The treelike form of phylogenetic representation
makes it apparent how technological evolution is a similar branch-
ing process (Arthur, 2009) in which older, established technologies
give rise to a generation of “spin off” technologies nested within
them, which themselves give rise to another nested generation of
spin offs, and so on. The evolution of ideas also reveals this nested
pattern (Bentley and Maschner, 2000), but identifying the pattern
does not explain when the next punctuated transition will occur.

DISCUSSION

Cultural evolutionists, especially those who ponder possible gene—
culture trajectories of the future, are inexorably becoming more
interested in how non-linear change is inherent to evolution. As in
physics decades ago (Anderson, 1972), there is increasing recogni-
tion that the emergence of novel, large-scale cultural phenomena
cannot be reduced to a series of subcomponents. What might
loosely be referred to as emergence theory has made its way into
biology (e.g., Reid, 2007) and philosophy (e.g., Wimsatt, 1997),
although there clearly is a lack of consensus over what emergence
entails and even open hostility toward it — witness John Maynard
Smith’s remark that the study of complex adaptive systems is “fact-
free science” (Horgan, 1995). Change is still slow, however, as the
discussion in the social sciences approaches its own tipping point.
In anthropology, emergence, with a few notable exceptions (e.g.,
Reynolds and Saleem, 2005), has been anchored in an orthogenetic
reliance on progress as an explanation of cultural evolution: what
humans need, humans get in order to make their way up the ladder
of cultural complexity (O’Brien and Shennan, 2010).

Here, however, emergence has nothing to do with progress,
nor is it simply a theory of hierarchical arrangements, whereby
innovations can be scaled into components, subcomponents, sub-
subcomponents, and the like. Rather, it signifies irreducibility in
terms of scale. Much more so than is typical in biology, tempo
and mode interact in cultural situations to create a new source
of innovation at scales both large and complex — what Trigger
(1998, p. 364) referred to as the “unique, emergent aspects of
human behavior.” As Mesoudi and O’Brien (2008) point out,
a “cultural evo-devo” would address the emergent properties of
human behavior, focusing attention on the processes by which
novelties (tools and other human behavioral products) are gen-
erated by culturally transmitted information stored in the brain
and how this process interacts with macroevolutionary change
(Eerkens and Lipo, 2005).

Following the development of punctuated equilibrium in the
1970s (Eldredge and Gould, 1972), tipping points were explored
by social scientists and mathematicians interested in catastrophe
theory (e.g., Thom, 1975). For example, spurred by an interest
in the conversion to agriculture by hunting-gathering groups in
the presence of colonizing farmers, Renfrew (1978) showed how,
as external parameters (e.g., climate) change even very slowly,
quite abrupt transitions can nevertheless take place in human cul-
tural systems. Renfrew hypothesized a cultural system with several
possible equilibria in which multiple variables affect benefit in
contradictory, non-linear ways. Although individual behavior is
changing only incrementally over the generations, this can reach a
“bifurcation” point (Brock and Hommes, 1997; Brock and Durlauf,
2001), where it is suddenly necessary to make a drastic change
in order to maintain the optimal behavior. Similarly, modern
technologies characterized by “network externalities” or “exter-
nal increasing returns” (e.g., Ormerod, 1998; Arthur, 2009) — such
as mobile phones or perhaps someday even genetic engineering
or cybernetics — often enter as mere novelties, but as the number
of adopters gradually increases, a point of cost effectiveness can
be reached such that the technology is then abruptly adopted en
masse. Indeed, more than a decade ago, Cabral (1990) showed
that network externalities could easily cause jumps in adoption
rates. Similarly, Brock and Durlauf (2010) have a fairly extensive
discussion of the effects of social interaction, which is a form of
social-network externality, on the shapes of adoption curves.

CONCLUSION

What can we take away from our brief foray into cultural evolu-
tionary tipping points in the storage and transmission of infor-
mation? We would offer the following. First, the pace of cultural
evolution has accelerated over time, much of it tied to the ways in
which humans have been able to harness and manage information.
Second, although it is easy to be persuaded that there was some
inevitability or direction to this harnessing and management, it
is true only in a retrodictive sense. In other words, we see noth-
ing in the archeological record that would have allowed us at any
point in the past to predict what the future might entail in terms
of information management. Third, of the three tipping points we
discuss, perhaps the most significant was the ability to store, and
tap, information outside one’s own brain, whether that informa-
tion resides in the heads of others or on a cave wall. Fourth, the
emergence of this ability was tied directly to local population size,
meaning that more people increased the odds both of new ideas
ratcheting up old ones and of passing those ideas on before they
were lost. Fifth, tempo and mode are both important components
of the myriad ways in which humans have stored and manipulated
information, but it is clear that changes in tempo can bring about
changes in mode of evolution.

Tempo and mode are only two of the myriad issues that have
as yet been inadequately addressed with respect to the origin and
spread of cultural innovation, yet they offer exciting entry points
into the discussion (O’Brien and Lyman, 2000). Certainly they
were central to much of the work undertaken in the field of pale-
obiology, which emerged in the 1940s, but they have been less so
in anthropology. Whether one views punctuated equilibrium as a
particularly useful model in understanding the origin and spread
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of innovation, there should be no denying that it calls attention
to the inextricable linkage between tempo and mode and the cre-
ation of tipping points. It also highlights the issue of scale and the
visibility threshold of innovations. And it appears to be a useful
template for understanding not only the last 45,000 years or so of
human gene—culture coevolution but future trajectories as well.

ACKNOWLEDGMENTS

We thank W. A. Brock and the two reviewers for their numer-
ous suggestions on improving the content and presentation of the

paper.

REFERENCES

Aiello, L. C., and Wheeler, P. (1995).
The expensive-tissue hypothesis: the
brain and the digestive-system in
human and primate evolution. Curr.
Anthropol. 36,199-221.

Alexander, R. D. (1989). “Evolution of
the human psyche,” in The Human
Revolution: Behavioural and Biolog-
ical Perspectives on the Origins of
Modern Humans, eds P. Mellars and
C. Stringer (Princeton, NJ: Prince-
ton University Press), 455-513.

Alexander, R. D. (1990). How Did
Humans Evolve? Reflections on the
Uniquely Unique Species. Ann Arbor:
University of Michigan, Museum of
Zoology. [Special Publication, No.
1].

Allen, R. C. (1999). Tracking the agri-
cultural revolution in England. Econ.
Hist. Rev. 52, 209-235.

Ambrose, S. H. (1998). Late Pleistocene
human population bottlenecks, vol-
canic winter, and differentiation of
modern humans. J. Hum. Evol. 34,
623-651.

Anderson, P. W. (1972). More is differ-
ent. Science 177, 393-396.

Anderson, P. W., and Abrahams, E.
(2009). Machines fall short of
revolutionary science. Science 324,
1515-1516.

Aral, S., and Walker, D. (2012). Identify-
ing influential and susceptible mem-
bers of social networks. Science 337,
337-341.

Arthur, W. B. (2009). The Nature of Tech-
nology: What it is and How it Evolves.
London: Allen Lane.

Axelrod, R., and Cohen, M. D. (1999).
Harnessing Complexity: Organiza-
tional Implications of a Scientific
Frontier. New York: Free Press.

Bailey, D. H., and Geary, D. C. (2009).
Hominid brain evolution: testing cli-
matic, ecological, and social compe-
tition models. Hum. Nat. 20, 67-79.

Barnosky, A. D., Hadly, E. A., Bas-
compte, J., Berlow, E. L., Brown,
J. H., Fortelius, M., et al. (2012).
Approaching a state shift in Earth’s
biosphere. Nature 486, 52-58.

Bar-Yosef, O. (2002). The upper
paleolithic revolution. Annu. Rev.
Anthropol. 31, 363-393.

Becker, I, and Flaxer, E. (2008).
Analysing the hierarchical
organization of text by using
biologically-inspired statistical
methods. J. Quant. Linguist. 15,
318-339.

Beinhocker, E. D. (2006). The Origin of
Wealth: Evolution, Complexity, and
the Radical Remaking of Economics.
New York: Random House.

Bellwood, P. (2005). First Farmers.
Malden, MA: Blackwell.

Bentley, R. A., Hahn, M. W,, and Shen-
nan, S. J. (2004). Random drift and
culture change. Proc. Biol. Sci. 271,
1443-1450.

Bentley, R. A., and Maschner, H. D. G.
(2000). A growing network of ideas.
Fractals 8,227-238.

Bentley,R. A.,and O’Brien, M. J. (2011).
The selectivity of social learning and
the tempo of cultural evolution. J.
Evol. Psychol. 9, 125-141.

Bergman, T. J., Beehner, J. C., Cheney,
D. L., and Seyfarth, R. M. (2003).
Hierarchical classification by rank
and kinship in baboons. Science 302,
1234-1236.

Bersaglieri, T., Sabeti, P. C., Patterson,
N., Vanderploeg, T., and Schaffner,
S. E (2004). Genetic signatures of
strong recent positive selection at the
lactase gene. Am. J. Hum. Genet. 74,
1111-1120.

Biraben, J. N. (1979).
I’évolution du nombre des hommes.
Population 34, 13-25.

Blair, A. M. (2010). Too Much to
Know: Managing Scholarly Informa-
tion Before the Modern Age. New
Haven, CT: Yale University Press.

Bocquet-Appel, J.-P. (2002). Paleoan-
thropological traces of a Neolithic
demographic  transition.
Anthropol. 43, 637-650.

Bocquet-Appel, J.-P. (2011). When the
world’s population took off: the
springboard of the Neolithic demo-
graphic Science 333,
560-561.

Essai sur

Curr.

transition.

AUTHOR NOTE

R. Alexander Bentley is professor and chair of the Department
of Archaeology and Anthropology, Bristol University, Bristol,
UK. He recently published (2011) I'll Have What She’s Hav-
ing with M. Earls and M. J. O’Brien (Cambridge, MA: MIT
Press). Michael J. O’Brien is a professor in the Department of
Anthropology and dean of the College of Arts and Science,
University of Missouri, Columbia, USA. He recently published
(2010) Innovation in Cultural Systems: Contributions from Evo-
lutionary Anthropology with S. J. Shennan (Cambridge, MA:

MIT Press).

Bolender, J. (2007). Prehistoric cog-
nition by description: a Rusellian
approach to the upper Paleolithic.
Biol. Philos. 22, 383-399.

Borenstein, E., Kendal, J., and Feld-
man, M. W. (2006). Cultural niche
construction in a metapopulation.
Theor. Popul. Biol. 70, 92-104.

Bostrom, N. (2003). Taking intelligent
machines seriously: reply to my crit-
ics. Futures 35,901-906.

Bostrom, N. (2005). In defense of
posthuman dignity. Bioethics 19,
202-214.

Bostrom, N., and Sandberg, A. (2009).
Enhancement: methods, ethics, reg-
ulatory challenges. Sci. Eng. Ethics
15,311-341.

Botha, R., and Knight, C. (eds). (2009).
The Cradle of Language. Oxford:
Oxford University Press.

Boyd, R., and Richerson, P. J. (1985).
Culture and the Evolutionary Process.
Chicago: University of Chicago
Press.

Boyd, R., Richerson, P. J., and Hen-
rich, J. (2011). The cultural niche:
why social learning is essential for
human adaptation. Proc. Natl. Acad.
Sci. U.S.A. 108, 10918-10925.

Bradway-Hesse, B. (1998). Bright
access: midwestern literary societies,
with a particular look at a university
for the “farmer and the poor.”
Rhetoric Rev. 17, 50-73.

Brock, W. A., and Carpenter, S. R.
(2007). Panaceas and diversification
of environmental policy. Proc. Natl.
Acad. Sci. U.S.A. 104, 15206-15211.

Brock, W. A., and Durlauf, S. N.
(2001). “Interactions-based models,”
in Handbook of Econometrics, eds
J. J. Heckman and V. E. Leamer
(Amsterdam: Elsevier), 3297-3380.

Brock, W. A., and Durlauf, S. N. (2010).
Adoption curves and social interac-
tions. J. Eur. Econ. Assoc. 8,232-251.

Brock, W. A., and Hommes, C. (1997).
A rational route to randomness.
Econometrica 65, 1059—-1095.

Brooks, A. S. (2010). What does it
mean to be human? A behavioral
perspective. Anthronotes 31, 1-10.

Brosius, J. (2003). From Eden to a hell
of uniformity? Directed evolution in
humans. Bioessays 25, 815-821.

Byrne, R. W., and Whiten, A. (eds).
(1988). Machiavellian Intelligence.
Oxford: Oxford University Press.

Cabral, L. (1990). On the adop-
tion of innovations with “network
externalities.” Math. Soc. Sci. 19,
299-308.

Carlson, M. E., Suetta, C., Conboy, M. J.,
Aagaard, P.,, and Mackey, A. (2009).
Molecular aging and rejuvenation
of human muscle stem cells. EMBO
Mol. Med. 1, 1-11.

Cavalli-Sforza, L. L., and Feldman, M.
W. (1981). Cultural Transmission and
Evolution. Princeton, NJ: Princeton
University Press.

Cavalli-Sforza, L. L., Menozzi, P., and
Piazza, A. (1994). The History and
Geography of Human Genes. Prince-
ton, NJ: Princeton University Press.

Cha, M., Benevenuto, F.,, Haddadi, H.,
and Gummadi, K. (2012). The world
of connections and information flow
in Twitter. IEEE Trans. Syst. Man
Cybern. A Syst. Hum. 42, 991-998.

Chapais, B. (2008). Primeval Kinship:
How Pair-bonding Gave Birth to
Human Society. Cambridge, MA:
Harvard University Press.

Cheng, A. A., and Lu, T. K. (2012).
Synthetic biology: an emerging engi-
neering discipline. Annu. Rev. Bio-
med. Eng. 14, 155-178.

Childe, V. G. (1925). The Dawn of Euro-
pean Civilization. New York: Knopf.

Childe, V. G. (1936). Man Makes Him-
self. London: Watts.

Childe, V. G. (1950). The urban revolu-
tion. Town Plan. Rev. 21, 3-17.

Chomsky, N. (2002). “An interview
on minimalism,” in On Nature and
Language, ed. N. Chomsky (Cam-
bridge: Cambridge University Press),
92-161.

Christiansen, M. H., and Kirby, S.
(2003). “Language evolution: the
hardest problem in science?” in
Language Evolution, eds M. H.
Christiansen and S. Kirby (Oxford:
Oxford University Press), 1-15.

Frontiers in Psychology | Evolutionary Psychology

December 2012 | Volume 3 | Article 569 | 10


http://www.frontiersin.org/Evolutionary_Psychology
http://www.frontiersin.org/Evolutionary_Psychology/archive

Bentley and O'Brien

Cultural evolutionary tipping points

Cochran, G., and Harpending, H.
(2009). The 10,000 Year Explosion:
How Civilization Accelerated Human
Evolution. New York: Basic Books.

Collard, M., Shennan, S. J., Buchanan,
B.,and Bentley, R. A. (2008). “Evolu-
tionary biological methods and cul-
tural data,” in Handbook of Archae-
ological Theories, eds R. A. Bentley,
H. D. G. Maschner, and C. Chip-
pendale (Lanham, MD: AltaMira),
203-223.

Corballis, M. C. (2011). The Recur-
sive Mind: The Origins of Human
Language, Thought, and Civilization.
Princeton, NJ: Princeton University
Press.

Cordain, L., Eaton, S. B., Sebastian, A.,
Mann, N., Lindeberg, S., Watkins, B.
A., et al. (2005). Origins and evo-
lution of the Western diet: health
implications for the 21st century.
Am. J. Clin. Nutr. 8, 341-354.

Cronk, L., and Gerkey, A. (2007). “Kin-
ship and descent,” in The Oxford
Handbook of Evolutionary Psychol-
ogy, eds R. I. M. Dunbar and L.
Barrett (Oxford: Oxford University
Press), 463—478.

Dawkins, R. (1990). The Extended Phe-
notype: The Long Reach of the Gene.
Oxford: Oxford University Press.

Denes, P. B., and Pinson, E. N. (1993).
The Speech Chain: The Physics and
Biology of Spoken Language. New
York: Freeman.

d’Errico, F, and Stringer, C. B. (2011).
Evolution, revolution or saltation
scenario for the emergence of mod-
ern cultures? Philos. Trans. R. Soc.
Lond. B Biol. Sci. 366, 1060—-1069.

Dietler, M. (2006). Alcohol: anthropo-
logical/archaeological perspectives.
Annu. Rev. Anthropol. 35,229-249.

Ding, W. W.,, Levin, S. G., Stephan, P.
E., and Winkler, A. E. (2010). The
impact of information technology
on academic scientists’ productivity
and collaboration patterns. Manage.
Sci. 56, 1439-1461.

Donoghue, J. P. (2008). Bridging the
brain to the world: a perspective on
neural interface systems. Neuron 60,
511-521.

Drake, J. M., and Griffen, B. D. (2010).
Early warning signals of extinc-
tion in deteriorating environments.
Nature 467, 456—459.

Dunbar, R. I. M. (1996). Grooming, Gos-
sip, and the Evolution of Language.
Cambridge, MA: Harvard University
Press.

Dunbar, R. I. M. (1998). The social
brain hypothesis. Evol. Anthropol. 6,
178-190.

Dunbar, R. I. M. (2003). Evolution
of the social brain. Science 302,
1160-1161.

Dunbar, R. I. M. (2009). “Mind the
bonding gap: constraints on the evo-
lution of hominin societies,” in Pat-
tern and Process in Cultural Evo-
lution, ed. S. J. Shennan (Berke-
ley: University of California Press),
223-234.

Dunbar, R. I. M., and Shultz, S. (2007a).
Evolution in the social brain. Science
317, 1344-1347.

Dunbar, R. I. M., and Shultz, S. (2007b).
Understanding primate brain evolu-
tion. Philos. Trans. R. Soc. Lond. B
Biol. Sci. 362, 649-658.

Durham, W. H. (1991). Coevolution:
Genes, Culture, and Human Diver-
sity. Stanford, CA: Stanford Univer-
sity Press.

Eerkens, J. W, and Lipo, C. P
(2005). Cultural transmission, copy-
ing errors, and the generation of
variation in material culture and the
archaeological record. J. Anthropol.
Archaeol. 24, 316-334.

Ehrlich, P. R. (2000). Human Natures:
Genes, Cultures, and the Human
Prospect. Washington, DC: Island
Press.

Eldredge, N., and Gould, S. J. (1972).
“Punctuated equilibria: an alterna-
tive to phyletic gradualism,” in Mod-
els in Paleobiology, ed. T. J. M. Schopf
(San Francisco: Freeman, Cooper),
82-115.

Ellison, G., and Fudenberg, D. (2003).
Knife-edge or plateau: when do mar-
ket models tip? Q. Rev. Econ. 118,
1249-1278.

Enard, W., Przeworski, M., Fisher, S. E.,
Lai, C. S. L., Wiebe, V., Kitano, T.,
et al. (2002). Molecular evolution of
FOXP2, a gene involved in speech
and language. Nature 418, 869-872.

Enquist, M., Ghirlanda,S.,and Eriksson,
K. (2011). Modelling the evolution
and diversity of cumulative culture.
Philos. Trans. R. Soc. Lond. B Biol. Sci.
366, 412-423.

Evans, J. A., and Foster, J. G.
(2011). Metaknowledge. Science 331,
721-725.

Everett, D. L. (2005). Cultural con-
straints on grammar and cogni-
tion in Piraha. Curr. Anthropol. 46,
621-646.

Farmer, J. D., Kauffman, S. A., and
Packard, N. H. (1986). Autocatalytic
replication of polymers. Physica D
22,50-67.

Feldman, M. W., and Laland, K.
N. (1996). Gene—culture co-
evolutionary theory. Trends Ecol.
Evol. (Amst.) 11, 453-457.

Fischer, S. R. (2004). A History of Writ-
ing. London: Reaktion.

Fitch, W. T. (2010). “Three meanings
of ‘recursion”: key distinctions for
biolinguistics,” in The Evolution of

Human Language, eds R. K. Lar-
son, V. M. Déprez, and H. Yamakido
(New York: Cambridge University
Press), 73-90.

Flinn, M. V., Geary, D. C., and Ward,
C. V. (2005). Ecological domi-
nance, social competition, and coali-
tionary arms races: why humans
evolved extraordinary intelligence.
Evol. Hum. Behav. 26, 10—46.

Foley,R. A.,and Lahr, M. M.. (2011). The
evolution of the diversity of cultures.
Philos. Trans. R. Soc. Lond. B Biol. Sci.
366, 1080-1089.

Frank, R. H., and Cook, P.J. (1996). The
Winner-Take-All Society. New York:
Penguin.

Galef, B. G.Jr.,and Laland, K. N. (2005).
Social learning in animals: empiri-
cal studies and theoretical models.
Bioscience 55, 489-499.

Galenson, D. W. (2005). Old Masters and
Young Geniuses: The Two Life Cycles
of Artistic Creativity. Princeton, NJ:
Princeton University Press.

Gallagher, S. P. (2011). Review of “Lan-
guage Evolution and Syntactic The-
ory” by A. R. Kinsella. J. Lang. Soc.
Psychol. 30,229-231.

Gamble, C., Dunbar, R. I. M., and
Gowlett, J. (eds). (2010). Social
Brain, Distributed Mind. Oxford:
Oxford University Press.

Gibbons, A. (2009). Civilization’s cost:
the decline and fall of human health.
Science 324, 588.

Gladwell, M. (2000). The Tipping Point:
How Little Things Can Make a Big
Difference. New York: Little, Brown.

Gladwell, M. (2008). Late bloomers:
why do we equate genius with pre-
cocity? New Yorker 84, 38—44.

Golder, S. A., and Macy, M. W. (2011).
Diurnal and seasonal mood vary
with work, sleep, and daylength
across diverse cultures. Science 333,
1878-1881.

Gordon, P. (2004). Numerical cogni-
tion without words: evidence from
Amazonia. Science 306, 496—-499.

Gould, J. L., and Gould, C. G. (1995).
The Honey Bee. New York: Scientific
American Library.

Grodzins, M. (1958). The Metropolitan
Area as a Racial Problem. Pittsburgh,
PA: University of Pittsburgh Press.

Hamilton, M. J., Milne, B. T., Walker, R.
S., and Brown, J. H. (2007). Nonlin-
ear scaling of space use in human
hunter-gatherers. Proc. Natl. Acad.
Sci. U.S.A. 104, 4765—4769.

Hamilton, W. D. (1964). The geneti-
cal evolution of social behaviour. J.
Theor. Biol. 7, 1-16.

Hatsopoulos, N. G.,and Donoghue, J. P.
(2009). The science of neural inter-
face systems. Annu. Rev. Neurosci. 32,
249-266.

Hauser, C. (2011). Gas prices rise, and
economists seek tipping point. The
New York Times, 12th April.

Hauser, M. D., Chomsky, N., and Fitch,
W. T. (2002). The faculty of lan-
guage: what is it, who has it, and
how did it evolve? Science 298,
1569-1579.

Hausmann, R., and Hidalgo, C. (2011).
The network structure of economic
output. J. Econ. Growth 16, 309-342.

Hawks, J., Wang, E. T., Cochran,
G. M., Harpending, H. C., and
Mayzis, R. K. (2007). Recent accel-
eration of human adaptive evolu-
tion. Proc. Natl. Acad. Sci. U.S.A. 104,
20753-20758.

Hemp, P. (2009). Death by information
overload. Harv. Bus. Rev. 87, 82—89.

Henrich, J. (2004). Demography and
cultural evolution: why adaptive cul-
tural processes produced maladap-
tive losses in Tasmania. Am. Antiq.
69, 197-214.

Henrich, J. (2006). Understanding cul-
tural evolutionary models: a reply
to Read’s critique. Am. Antig. 71,
771-782.

Henshilwood, C. S., d’Errico, E, van
Niekerk, K. L., Coquinot, Y., Jacobs,
Z., Lauritzen, S. E., et al. (2011). A
100,000-year-old ochre-processing
workshop at Blombos Cave, South
Africa. Science 334,219-222.

Henshilwood, C. S., d’Errico, E, Yates,
R., Jacobs, Z., Tribolo, C., Duller, G.
A., etal. (2002). Emergence of mod-
ern human behavior: middle stone
age engravings from South Africa.
Science 295, 1278-1280.

Heyes, C. M. (1994). Social learning
in animals: categories and mecha-
nisms. Biol. Rev. Camb. Philos. Soc.
69, 207-231.

Heyes, C. M. (2012). What’s social about
social learning? J. Comp. Psychol.
126, 193-202.

Hill, K. R., Walker, R. S., Bozicevic, M.,
Eder, J., Headland, T., Hewlett, B.,
et al. (2011). Co-residence patterns
in hunter — gatherer societies show
unique human social structure. Sci-
ence 331, 1286-1289.

Hill, R. A, Bentley, R. A., and Dun-
bar, R. I. M. (2008). Network scal-
ing reveals consistent fractal pattern
in hierarchical mammalian societies.
Biol. Lett. 4,748-751.

Hinzen, W. (2007). An Essay on Names
and Truths. Oxford: Oxford Univer-
sity Press.

Hochberg, L., Nurmikko, A., and
Donoghue, J. P. (2013).
machine interface. Annu. Rev. Bio-
med. Eng. 15. doi: 10.1146/annurev-
bioeng-071910-124640. (in press).

Hochberg, L. R., Serruya, M. D., Friehs,
G. M., Mukand, J. A., Saleh, M.,

Brain

www.frontiersin.org

December 2012 | Volume 3 | Article 569 | 11


http://www.frontiersin.org
http://www.frontiersin.org/Evolutionary_Psychology/archive

Bentley and O'Brien

Cultural evolutionary tipping points

Caplan, A. H., et al. (2006). Neu-
ronal ensemble control of prosthetic
devices by a human with tetraplegia.
Nature 442, 164-171.

Hodgson, D. (2012). Accommodating
opposing perspectives in the “mod-
ern human behavior” debate. Curr.
Anthropol. 53, 358.

Hoffecker, J. E (2013). The informa-
tion animal and the super-brain. J.
Archaeol. Meth. Theor. (in press)

Horgan, J. (1995). From complexity to
perplexity. Sci. Am. 272, 104-109.

Hrdy, S. B. (2009). Mothers and Oth-
ers: The Evolutionary Origins of
Mutual Understanding. Cambridge,
MA: Belknap Press.

Huntington, H. P., Goodstein, E., and
Euskirchen, E. (2012). Towards a tip-
ping point in responding to change:
rising costs, fewer options for Arc-
tic and global societies. Ambio 41,
66-74.

Huxley, A. (1932). Brave New World.
London: Chatto and Windus.

Thara, Y. (2011). Evolution of culture-
dependent discriminate sociality: a
gene-culture coevolutionary model.
Philos. Trans. R. Soc. Lond. B Biol. Sci.
366, 889-900.

Thara, Y., and Feldman, M. W. (2004).
Cultural niche construction and the
evolution of small family size. Theor.
Popul. Biol. 65, 105-111.

Jacobs, Z., Roberts, R. G., Galbraith,
R. E, Deacon, H. J., Griin, R,
Mackay, A., et al. (2008). Ages for
the middle stone age of south-
ern Africa: implications for human
behavior and dispersal. Science 322,
733-735.

Johanson, D., and Edgar, B. (1996).
From Lucy to Language. New York:
Simon and Schuster.

Jones, C. 1. (2001). Was an indus-
trial revolution
nomic growth over the very long
run. Adv. Microecon. 1, 1-43.

Jones, D. (2010). Human kinship, from
conceptual structure to grammar.
Behav. Brain Sci. 33, 367-416.

Jones, M., and Love, B. C. (2011).
Bayesian
enlightenment? On the explanatory
status and theoretical contributions
of Bayesian models of cognition.
Behav. Brain Sci. 34, 169-231.

Kahneman, D. (2011). Thinking, Fast
and Slow. New York: Farrar, Strauss
and Giroux.

Kauffman, S. (1995). At Home in the
Universe: The Search for the Laws
of Self-Organization and Complexity.
Oxford: Oxford University Press.

Kemp, C., and Regier, T. (2012). Kinship
categories across languages reflect
general communicative principles.
Science 336, 1049-1054.

inevitable? Eco-

fundamentalism or

Keysers, C., and Gazzola, V. (2010).
Social neuroscience: mirror neurons
recorded in humans. Curr. Biol. 20,
R353-R354.

King, R. D., Rowland, J., Oliver, S. G.,
Young, M., Aubrey, W., Byrne, E.,
et al. (2009a). The automation of
science. Science 324, 85-89.

King, R. D., Rowland, J., Oliver, S. G.,
Young, M., Aubrey, W., Byrne, E.,
et al. (2009b). Make way for robot
scientists. Science 325, 945.

Klein, R. (2002). The Dawn of Human
Culture. New York: Wiley.

Krause, J., Lalueza-Fox, C., Orlando, L.,
Enard, W., Green, R. E., Burbano,
H. A, et al. (2007). The derived
FOXP2 variant of modern humans
was shared with Neanderthals. Curr.
Biol. 17,1908-1912.

Krings, M., Stone, A., Schmitz, R. W.,
Krainitzki, H., Stoneking, M., and
Piibo, S. (1997). Neanderthal DNA
sequences and the origin of modern
humans. Cell 90, 19-30.

Kroeber, A. L. (1952). The Nature of Cul-
ture. Chicago: University of Chicago
Press.

Kuhn, T. S. (1962). The Structure of Sci-
entific Revolutions. Chicago: Univer-
sity of Chicago Press.

Kurzweil, R. (2001). The Law of
Accelerating Returns. Available at:
www.kurzweilai.net

Kurzweil, R. (2005). The Singularity is
Near: When Humans Transcend Biol-
o0gy. New York: Viking.

Lahr, M. M., and Foley, R. A. (1998).
Towards a theory of modern human
origins: geography, demography,
and diversity in recent human evo-
lution. Am. J. Phys. Anthropol. 27,
137-176.

Laland, K. N. (2004). Social learning
strategies. Learn. Behav. 32, 4-14.
Laland, K. N. (2008). Exploring gene—
culture interactions: insights from
handedness, sexual selection and
niche-construction case studies.
Philos. Trans. R. Soc. Lond. B Biol.

Sci. 363, 3577-3589.

Laland, K. N., Odling-Smee, E. J., and
Feldman, M. W. (2000). Niche con-
struction, biological evolution, and
cultural change. Behav. Brain Sci. 23,
131-175.

Laland, K. N., Odling-Smee, E. J., and
Feldman, M. W. (2001). Cultural
niche construction and human evo-
lution. J. Evol. Biol. 14, 22-33.

Laland, K. N., Odling-Smee, E. 7],
and Myles, S. (2010). How culture
shaped the human genome: bring-
ing genetics and the human sci-
ences together. Nat. Rev. Genet. 11,
137-148.

Laland, K. N., and Reader, S. M.
(2010). “Comparative perspectives

on human innovation,” in Innova-
tion in Cultural Systems: Contribu-
tions from Evolutionary Anthropol-
ogy, eds M. J. O’Brien and S. J. Shen-
nan (Cambridge, MA: MIT Press),
37-51.

Lamberson, P. J., and Page, S. E. (2012).
Tipping points. Q. J. Pol. Sci. 7,
175-208.

Leaf, M. J. (2005). The message
is the medium: language, culture,
and informatics. Cybern. Syst. 36,
903-917.

Lenton, T. M. (2011). Early warning of
climate tipping points. Nat. Clim.
Chang. 1,201-209.

Lenton, T. M., Held, H., Kriegler, E.,
Hall, J. W,, Lucht, W., Rahmstorf, S.,
etal. (2008). Tipping elements in the
Earth’s climate system. Proc. Natl.
Acad. Sci. U.S.A. 105, 1786-1793.

Lepre, C. J., Roche, H., Kent, D. V., Har-
mand, S., Quinn, R. L., Brugal, J. P,
etal. (2011). An earlier origin for the
Acheulian. Nature 477, 82-85.

Leroi-Gourhan, A. (1982). The Dawn
of European Art: An Introduction
to Palaeolithic Cave Painting. Cam-
bridge: Cambridge University Press.

Levinson, S. C. (2005). Comment on
“Cultural constraints on grammar
and cognition in Piraha: another
look at the design features of human
language” by D. L. Everett. Curr.
Anthropol. 46, 637-638.

Levinson, S. C. (2012). Kinship and
human thought. Science 336,
988-989.

Lyman, R. L., VanPool, T. L., and
O’Brien, M. J. (2008). Variation in
North American dart points and
arrow points when one or both
are present. J. Archaeol. Sci. 35,
2805-2812.

Lyman, R. L., VanPool, T. L., and
O’Brien, M. J. (2009). The diver-
sity of North American projectile-
point types, before and after the bow
and arrow. J. Anthropol. Archaeol. 28,
1-13.

Lyon, S. M. (2005). Culture and infor-
mation: an anthropological exami-
nation of communication in cultural
domains in Pakistan. Cybern. Syst.
36,919-932.

Mackay, A., and Welz, A. (2008).
Engraved ochre from a middle stone
age context at Klein Kliphuis in the
Western Cape of South Africa. J.
Archaeol. Sci. 35, 1521-1532.

MacLarnon, A., and Hewitt, G. (2004).
Increased breathing control: another
factor in the evolution of human lan-
guage. Evol. Anthropol. 13,181-197.

Malthus, T. R. (1798). An Essay on the
Principle of Population, as it Affects
the Future Improvement of Society,
with Remarks on the Speculations of

Mr. Godwin, M. Condorcet and Other
Writers. London: Privately printed.

Martins, M. D. (2012). Distinctive sig-
natures of recursion. Philos. Trans.
R. Soc. Lond. B Biol. Sci. 367,
2055-2064.

Maschner, H. D. G., and Bentley, R.
A. (2003). “A power law of rank
and household on the North Pacific,”
in Complex Systems and Archaeol-
ogy, eds R. A. Bentley and H. D. G.
Maschner (Salt Lake City: University
of Utah Press), 47-60.

McBrearty, S., and Brooks, A. S. (2000).
The revolution that wasn’t: a new
interpretation of the origin of mod-
ern human behavior. J. Hum. Evol.
39,453-563.

Mellars, P. (2005). The impossible coin-
cidence: a single-species model for
the origins of modern human behav-
ior in Europe. Evol. Anthropol. 14,
12-27.

Mesoudi, A. (2008). An experimental
simulation of the “copy-successful-
individuals” cultural learning strat-
egy: adaptive landscapes, producer—
scrounger dynamics, and informa-
tional access costs. Evol. Hum. Behav.
29, 350-363.

Mesoudi, A. (2011a). An experimental
comparison of human social learn-
ing strategies: payoff-biased social
learning is adaptive but underused.
Evol. Hum. Behav. 32, 334-342.

Mesoudi, A. (2011b).  Variable
cultural acquisition costs con-
strain cumulative cultural
evolution. PLoS ONE 6:€18239.

doi:10.1371/journal.pone.0018239

Mesoudi, A., and O’Brien, M. J. (2008).
The learning and transmission of
hierarchical cultural recipes. Biol.
Theory 3,63-72.

Mesoudi, A., Whiten, A., and Laland, K.
N. (2004). Is human cultural evolu-
tion Darwinian? Evidence reviewed
from the perspective of the origin of
species. Evolution 58, 1-11.

Mithen, S. J. (1996). The Prehistory of
the Mind: The Cognitive Origins of
Art, Religion, and Science. London:
Thames and Hudson.

Modis, T. (2002). Forecasting the
growth of complexity and change.
Technol. Forecast. Soc. Change 69,
377-404.

Moore, G. E. (1965). Cramming more
components onto integrated cir-
cuits. Electronics 38,114-117.

Morgan, L. H. (1877). Ancient Society.
New York: Holt.

Mukamel, R., Ekstrom, A. D., Kaplan,
J., Tacoboni, M., and Fried, L
(2010). Single-neuron responses in
humans during execution and obser-
vation of actions. Curr. Biol. 20,
750-756.

Frontiers in Psychology | Evolutionary Psychology

December 2012 | Volume 3 | Article 569 | 12


http://www.kurzweilai.net
http://dx.doi.org/10.1371/journal.pone.0018239
http://www.frontiersin.org/Evolutionary_Psychology
http://www.frontiersin.org/Evolutionary_Psychology/archive

Bentley and O'Brien

Cultural evolutionary tipping points

Navarette, A., van Schaik, C. P., and Isler,
K. (2011). Energetics and the evo-
lution of human brain size. Nature
480, 91-93.

Nichols, J. (1998). “The origin and dis-
persal of languages: linguistic evi-
dence,” in The Origin and Diversi-
fication of Language, eds N. Jablon-
ski and L. C. Aiello (San Francisco:
Memoirs of the California Academy
of Sciences), 127-170.

Nielsen, M., Subiaul, E, Galef, B., Zen-
tall, T., and Whiten, A. (2012). Social
learning in humans and nonhuman
animals: theoretical and empirical
dissections. J. Comp. Psychol. 126,
109-113.

O’Brien, M. J.,and Bentley, R. A. (2011).
Stimulated variation and cascades:
two processes in the evolution of
complex technological systems. J.
Archaeol. Meth. Theor. 18,309-335.

O’Brien, M. J.,and Laland, K. N. (2012).
Genes, culture, and agriculture: an
example of human niche construc-
tion. Curr. Anthropol. 53, 434-470.

O’Brien, M. J., and Lyman, R. L. (2000).
Applying Evolutionary Archaeology:
A Systematic Approach. New York:
Kluwer Academic/Plenum.

O’Brien, M. J., Lyman, R. L., Collard,
M., Holden, C. J., Gray, R. D., and
Shennan, S. J. (2008). “Phylogenetics
and the evolution of cultural diver-
sity,” in Cultural Transmission and
Archaeology: Issues and Case Studies,
ed. M. J. O’Brien (Washington, DC:
Society for American Archaeology
Press), 39-58.

O’Brien, M. J., and Shennan, S. J.
(2010). “Issues in anthropological
studies of innovation,” in Innova-
tion in Cultural Systems: Contribu-
tions from Evolutionary Anthropol-
ogy, eds M. J. O’Brien and S. J. Shen-
nan (Cambridge, MA: MIT Press),
3-17.

Odling-Smee, F. J. (1988). “Niche con-
structing phenotypes,” in The Role
of Behavior in Evolution, ed. H.
C. Plotkin (Cambridge, MA: MIT
Press), 31-79.

Odling-Smee, E J. (2006). “How
niche construction contributes to
human gene—culture coevolution,”
in Social Information Transmission
and Human Biology, eds J. C. K.
Wells, S. Strickland, and K. N. Laland
(Boca Raton, FL: CRC Press), 39-57.

Odling-Smee, E. J. (2010). “Niche inher-
itance,” in Evolution: The Extended
Synthesis, ed. M. Pigliucci and G.
B. Muller (Cambridge, MA: MIT
Press), 175-207.

Ormerod, P. (1998). Butterfly Econom-
ics: A New General Theory of Social
and Economic Behavior. London:
Faber and Faber.

Perreault, C. (2012). The pace of cul-
tural evolution. PLoS ONE 7:45150.
doi:10.1371/journal.pone.0045150

Perreault, C., and Mathew, S.
(2012). Dating the origin
of language wusing phonemic
diversity. PLoS ONE 7:€35289.
doi:10.1371/journal.pone.0035289

Perry, G. H., Dominy, N. J., Claw, K.
G, Lee, A. S., Fiegler, H., Redon, R,
et al. (2007). Diet and the evolu-
tion of human amylase gene copy
number variation. Nat. Genet. 39,
1188-1190.

Piantadosi, S. T., Tily, H., and Gib-
son, E. (2012). The communicative
function of ambiguity in language.
Cognition 122, 280-291.

Pickrell, J. K., Coop, G., Novembre, J.,
Kudaravalli, S., Li, J. Z., Absher, D.,
et al. (2009). Signals of recent posi-
tive selection in a worldwide sample
of human populations. Genome Res.
19, 826-837.

Pike, A. W. G., Hoffmann, D. E,, Garcia-
Diez, M., Pettitt, P. B., Alcolea, J., De
Balbin, R., et al. (2012). U-series dat-
ing of Paleolithic art in 11 caves in
Spain. Science 336, 1409—1413.

Pinker, S. (2003). Why genetic enhance-
ment is too unlikely to worry about.
Boston Globe, 1st June.

Pinker, S., and Bloom, P. (1990). Nat-
ural language and natural selection.
Behav. Brain Sci. 13, 707-784.

Powell, A., Shennan, S., and Thomas, M.
G. (2009). Late Pleistocene demog-
raphy and the appearance of mod-
ern human behavior. Science 324,
1298-1301.

Quirk, G. J., and Mueller, D. (2008).
Neural mechanisms of extinction
learning and retrieval. Neuropsy-
chopharmacology 33, 56-72.

Ray, N., Currat, M., Berthier, P., and
Excoffier, L. (2005). Recovering the
geographic origin of early modern
humans by realistic and spatially
explicit simulations. Genome Res. 15,
1161-1167.

Read, D. W. (2001). Formal analysis of
kinship terminologies and its rela-
tionship to what constitutes kinship.
Anthropol. Theory 1,239-267.

Reid, R. G. B. (2007). Biological Emer-
gences: Evolution by Natural Experi-
ment. Cambridge, MA: MIT Press.

Rendell, L., Fogarty, L.,and Laland, K. N.
(2011). Runaway cultural niche con-
struction. Philos. Trans. R. Soc. Lond.
B Biol. Sci. 366, 823-835.

Renfrew, C. (1978). Trajectory, disconti-
nuity and morphogenesis: the impli-
cations of catastrophe theory for
archaeology. Am. Antiq.43,203-222.

Renfrew, C.,and Scarre, C. (eds). (1998).
Cognition and Material Culture: The
Archaeology of Symbolic Storage.

Cambridge: McDonald Institute for
Archaeological Research.

Reynolds, R. G., and Saleem, S.
(2005). “The impact of environmen-
tal dynamics on cultural emergence,”
in Perspectives on Adaptation in Nat-
ural and Artificial Systems, eds L.
Booker, S. Forrest, M. Mitchell, and
R. Riolo (New York: Oxford Univer-
sity Press), 253-280.

Richerson, P.].,and Boyd, R. (2005). Not
by Genes Alone. Chicago: Chicago
University Press.

Richerson, P. J., Boyd, R., and Henrich,
J. (2010). Gene—culture coevolution
in the age of genomics. Proc. Natl.
Acad. Sci. U.S.A. 197, 8985-8992.

Rogers, E. M. (1964). Diffusion of Inno-
vations. Glencoe, IL: Free Press.

Rosenberg, D. (2003). Early modern
information overload. J. Hist. Ideas
64, 1-10.

Ross, E. D., and Tontz, R. L. (1948). The
term “Agricultural Revolution” as
used by economic historians. Agric.
Hist. 22, 32-38.

Russill, C., and Nyssa, Z. (2009).
The tipping point trend in climate
change communication. Global Env-
iron. Change 19, 336-344.

Scheffer, M., Bascompte, J., Brock, W. A.,
Brovkin, V., Carpenter, S. R., Dakos,
V., et al. (2009). Early-warning sig-
nals for critical transitions. Nature
461, 53-59.

Scheffer, M. J. (2010). Complex systems:
foreseeing tipping points. Nature
467, 411-412.

Schiffer, M. B. (1996). Some relation-
ships between behavioral and evolu-
tionary archaeologies. Am. Antiq. 61,
643-662.

Schiffer, M. B. (2005). The devil is in
the details: the cascade model of
invention processes. Am. Antig. 70,
485-502.

Schmidt, M., and Lipson, H. (2009).
Distilling free-form natural laws
from experimental data. Science 324,
81-85.

Scott, G. R., and Gilbert, L. (2009). The
oldest hand-axes in Europe. Nature
461, 82-85.

Shennan, S. J. (2002). Genes, Memes and
Human History. London: Thames
and Hudson.

Shennan, S. J. (2011). Descent with
modification and the archaeological
record. Philos. Trans. R. Soc. Lond. B
Biol. Sci. 366, 1070-1079.

Shennan, S. J. (ed.). (2009). Pattern
and Process in Cultural Evolution.
Berkeley: University of California
Press.

Silver, M., and Di Paolo, E. (2006).
Spatial effects favour the evolution
of niche construction. Theor. Popul.
Biol. 70, 387-400.

Simkin, M. V., and Roychowdhury, V. P.
(2003). Read before you cite! Com-
plex Syst. 14, 269.

Simpson, G. G. (1944). Tempo and Mode
in Evolution. New York: Columbia
University Press.

Sisodiya, S. M., Thompson, P. J., Need,
A., Harris, S. E.,, Weale, M. E,
Wilkie, S. E., et al. (2007). Genetic
enhancement of cognition in a kin-
dred with cone-rod dystrophy due
to RIMS1 mutation. J. Med. Genet.
44, 373-380.

Soffer, O. (1989). Storage, sedentism
and the Eurasian Palaeolithic record.
Antiquity 63, 719-732.

Sparks, J. B. (1932). Histomap of Evolu-
tion. New York: Rand McNally.

Sperber, D. (1985). Anthropology and
psychology: towards an epidemi-
ology of representations. Man 20,
73-89.

Tennie, C., Call, J., and Tomasello, M.
(2009). Ratcheting up the ratchet: on
the evolution of cumulative culture.
Philos. Trans. R. Soc. Lond. B Biol. Sci.
364, 2405-2415.

Thom, R. (1975). Structural Stability
and Morphogenesis. Reading, MA:
Benjamin.

Tobias, P. (1991). “Major events in the
history of mankind,” in Major Events
in the History of Life, ed. J. W.
Schopf (Boston: Jones and Bartlett),
141-175.

Tomasello, M. (1999). The Cultural
Origins of Human Cognition. Cam-
bridge, MA: Harvard University
Press.

Tomasello, M., Kruger, A. C., and Rat-
ner, H. H. (1993). Cultural learning.
Behav. Brain Sci. 16, 495-511.

Trigger, B. G. (1998). Review of “The
Rise and Fall of Culture History”
by R. L. Lyman, M. J. O’Brien, and
R. C. Dunnell. J. Field Archaeol. 25,
363-366.

Tylor, E. B. (1871). Primitive Culture.
London: Murray.

Van de Mieroop, M. (2004). King Ham-
murabi of Babylon: A Biography.
London: Blackwell.

Vanhaeren, M., and d’Errico, F. (2006).
Aurignacian ethno-linguistic geog-
raphy of Europe revealed by per-
sonal ornaments. J. Archaeol. Sci. 33,
1105-1128.

Vaughan, C. D. (2001). “A mil-
lion years of style and function:
regional and temporal variation in
Acheulean handaxes,” in Style and
Function: Conceptual Issues in Evo-
lutionary Archaeology, eds T. D.
Hurt and G. E M. Rakita (West-
port, CT: Bergin and Garvey),
141-163.

Walker, R. S., Hill, K. R., Flinn,
M. V, and Ellsworth, R. M.

www.frontiersin.org

December 2012 | Volume 3 | Article 569 | 13


http://dx.doi.org/10.1371/journal.pone.0045150
http://dx.doi.org/10.1371/journal.pone.0035289
http://www.frontiersin.org
http://www.frontiersin.org/Evolutionary_Psychology/archive

Bentley and O'Brien

Cultural evolutionary tipping points

(2011).  Evolutionary  history
of  hunter-gatherer =~ marriage
practices. PLoS ONE 6:e19066.
doi:10.1371/journal.pone.0019066

West, G. B., Woodruff, W. H., and
Brown, J. H. (2002). Allometric scal-
ing of metabolic rate from molecules
and mitochondria to cells and mam-
mals. Proc. Natl. Acad. Sci. U.S.A. 99,
2473-2478.

Westley, E, Carpenter, S. R., Brock, W.
A., Holling, C. S., and Gunderson,
L. H. (2001).“Why systems of peo-
ple and nature are not just social
and ecological systems,” in Panar-
chy: Understanding Transformations
in Human and Natural Systems, eds
L. H. Gunderson and C. S. Holling
(Washington, DC: Island Press),
103-120.

White, L. A. (1943). Energy and the evo-
lution of culture. Am. Anthropol. 45,
335-356.

White, L. A. (1959). The Evolution of
Culture: The Development of Civi-
lization to the Fall of Rome. New York:
McGraw-Hill.

Whiten, A., Hinde, R. A., Laland, K. N,
and Stringer, C. B. (2011). Culture
evolves. Philos. Trans. R. Soc. Lond. B
Biol. Sci. 366, 938-948.

Whitley, D. S. (2009). Cave Paintings
and the Human Spirit: The Origin of
Creativity and Belief. Amherst, NY:
Prometheus.

Wimsatt, W. C. (1997). Aggregativ-
ity: reductive heuristics for finding
emergence. Philos. Sci. 64, S372—
5384.

Wissler, C. (1923). Man and Culture.
New York: Crowell.

Wrangham, R. (2009). Catching Fire:
How Cooking Made Us Human. New
York: Basic Books.

Wright, K. 1. (1992). A classification
system for ground stone tools from

the prehistoric Levant. Paléorient 18,
53-81.

Wu, S., Ying, G., Wu, Q., and Capecchi,
M. R. (2007). Toward simpler and
faster genome-wide mutagenesis in
mice. Nat. Genet. 39, 922-930.

Zeder, M. A., Bradley, D. G., Emsh-
willer, E., and Smith, B. D. (eds).
(2006). Documenting Domestication:
New Genetic and Archaeological Par-
adigms. Berkeley: University of Cal-
ifornia Press.

Zilhdo, J., Angelucci, D. E., Badal-Garcia,
E., D’Errico, E, Daniel, E, Dayet, L.,
etal. (2010). Symbolic use of marine
shells and mineral pigments by Iber-
ian Neanderthals. Proc. Natl. Acad.
Sci. U.S.A. 107, 1023-1028.

Conflict of Interest Statement: The
authors declare that the research was
conducted in the absence of any com-
mercial or financial relationships that

could be construed as a potential con-
flict of interest.

Received: 20 August 2012; accepted: 01
December 2012; published online: 19
December 2012.

Citation: Bentley RA and O’Brien MJ]
(2012) Cultural evolutionary tipping
points in the storage and transmission
of information. Front. Psychology 3:569.
doi: 10.3389/fpsyg.2012.00569

This article was submitted to Frontiers
in Evolutionary Psychology, a specialty of
Frontiers in Psychology.

Copyright © 2012 Bentley and O’Brien.
This is an open-access article distributed
under the terms of the Creative Com-
mons Attribution License, which per-
mits use, distribution and reproduction
in other forums, provided the original
authors and source are credited and sub-
ject to any copyright notices concerning
any third-party graphics etc.

Frontiers in Psychology | Evolutionary Psychology

December 2012 | Volume 3 | Article 569 | 14


http://dx.doi.org/10.1371/journal.pone.0019066
http://dx.doi.org/10.3389/fpsyg.2012.00569
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://www.frontiersin.org/Evolutionary_Psychology
http://www.frontiersin.org/Evolutionary_Psychology/archive

	Cultural evolutionary tipping points in the storage and transmission of information
	Introduction
	Genes and culture in human evolution
	Tipping points: changes in tempo and mode
	Tipping point 1: communication between brains
	Tipping point 2: storage outside the brain
	Tipping point 3: manipulating accumulated information outside humans
	Discussion
	Conclusion
	Acknowledgments
	Author Note
	References


