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Abstract

In constructing improved models of human behavior, both experimental and behavioral econo-
mists have increasingly turned to evolutionary theory for insights into human psychology and pref-
erences. Unfortunately, the existing genetic evolutionary approaches can explain neither the degree
of prosociality (altruism and altruistic punishment) observed in humans, nor the patterns of variation
in these behaviors across different behavioral domains and social groups. Ongoing misunderstand-
ings about why certain models work, what they predict, and what the place is of “group selection” in
evolutionary theory have hampered the use of insights from biology and anthropology. This paper
clarifies some of these issues and proposes an approach to the evolution of prosociality rooted in
the interaction between cultural and genetic transmission. I explain how, in contrast to non-cultural
species, the details of our evolved cultural learning capacities (e.g., imitative abilities) create the
conditions for the cultural evolution of prosociality. By producing multiple behavioral equilibria,
including group-beneficial equilibria, cultural evolution endogenously generates a mechanism of
equilibrium selection that can favor prosociality. Finally, in the novel social environments left in the
wake of these cultural evolutionary processes, natural selection is likely to favor prosocial genes
that would not be expected in a purely genetic approach.
© 2003 Published by Elsevier B.V.
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1. Introduction

As the experimental evidence for non-selfish preferences continues to mount in empirical
work (Fehr and Gächter, 2000; Henrich et al., 2001; Bolton et al., 1998; Kagel and Roth,
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1995), an increasing number of economists are turning to evolutionary biology and biolog-
ical anthropology in search of plausible theoretical foundations (e.g.McCabe et al., 2000;
Fehr and Gächter, 2002; Fehr et al., 2002; Gintis et al., 2001; Gintis, 2000; Ben-Ner and
Putterman, 2000). Of particular interest to economic theorists is the evolution of prosocial
preferences (e.g., tastes for altruism and altruistic punishment) that are capable of explain-
ing cooperation and fairness in large groups and among unrelated strangers in non-repeated
contexts. Unfortunately, the interdisciplinary nature and complexity of the literature on
cooperation and altruism has led to some confusion about: (1) what constitutes an evolu-
tionary ‘solution’ to the puzzle of prosociality, and (2) the process and potential importance
of ‘group selection’. In this paper, I will first layout a general framework for understanding
evolutionary approaches to prosociality. Then, using this framework, I will critique and
clarify some of the most common approaches to show how they fail to explain the proso-
cial preferences that promote large-scale cooperation among non-relatives without repeated
interaction. Building on this foundation, the second half of the paper presents an alterna-
tive route to explain prosociality via culture–gene coevolution that keys on three things:
(1) the difference between cultural transmission and genetic transmission, (2) the differ-
ences between genetic group selection and cultural group selection, and (3) the evolutionary
interaction between genes and culture.

2. The underlying structure of prosociality

All genetic evolutionary explanations to the altruism dilemma are successful to the degree
that they allow natural selection to operate on statistically reliable patterns or regularities in
the environment. All too often, the assumptions or constraints that maintain this regularity
are submerged in the basic structure or setup of the model—and not explicitly analyzed.
To expose the required regularity, I develop a very simple model of cooperation. We begin
with a population ofN individuals indexed byi and subdivided into a number of smaller
groups labeled withj. Each individual possesses either an altruistic gene or an egoistic gene
tracked byxi. Whenxi = 1 individuali possesses the altruistic allele (version of the gene),
andxi = 0 marksi as possessing the egoistic allele. To derive the conditions for the spread
of an altruistic gene, we will use the famous Price equation (Price, 1970, 1972):

w̄�x̄ = Cov(wi, xi) + E(wi�xi) (1)

The Price equation is a simple statistical statement that relates the expected change in the
frequency of a gene (�x̄) per generation, the absolute fitness (wi: the number of offspring
of i), the average fitness of the population (w̄), and the current frequency of the gene (xi).
The Cov(wi, xi) term gives the covariance between absolute fitness and gene frequency,
andE(wi�xi) represents the expected value of the within-individual change inxi (e.g.,
mutation) weighted by the individual’s absolute fitness. FollowingHamilton (1975), I am
using the non-standard notational convention of leaving the subscripts on the variables inside
of the covariance and expectation operators. This practice is required to maintain notational
clarity when things get more complicated below.1 Eq. (1)provides a very general statement

1 For example, using a more standard notational convention, one could write Cov(w, x) in lieu of Cov(wi, xi).
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about any evolutionary system. Later, I will derive and extend its application to cultural
evolution and structured populations.

In this model, altruists bestow benefits on other members of their local groupj at a cost to
themselves. Egoists do not bestow benefits on others, but both egoistic and altruistic group
members will benefit from being in groups with many altruists. To investigate this, I specify
wi as follows:

wi = α + βwixi·xj xi + βwixj ·xixj + εi (2)

Herei’s fitness is jointly determined by the effect of her genotype on her fitness, holding
her local group composition constant,βwixi·xj xi (xj is the average value ofxi in groupj),
and, the effect ofi’s local group on her fitness holding the individual’s genotype constant
βwixj ·xixj. The constant baseline fitness isα andεi is the uncorrelated error term.

With Eqs. (1) and (2)we can derive a general statement about the conditions for the genetic
evolution of altruism. Because we are interested only in the effects of natural selection, I
will ignore non-selective forces such as recombination, drift, meiotic drive and mutation.
This means�xi = 0, so the expectation term drops out of (1). Substituting (2) into (1)
yields

w̄�x̄ = Cov(α, xi) + βwixi Var(x) + βwixjβxjxi Var(x) + Cov(εi, xi) (3)

By definition Cov(α, xi) and Cov(εi, xi) are zero. Setting�x̄ > 0 gives the conditions for
an increase in the frequency of the altruistic gene in the population (assuming both alleles
exist in the population):

βwixi + βwixjβxjxi > 0 (4)

Eq. (4)shows that all solutions to the evolution of altruism—whether they are based on
kinship, reciprocity or group selection (more on those later)—are successful according to
the degree in which ‘being an altruist’ predicts that one’s partners or group members are also
altruistic (Frank, 1998). By definitionβwixi is negative because, ceteris paribus, altruists
have lower fitness than egoists;βwixj is always positive because, independent of one’s own
genotype, it is always better to be in a group with more altruists. This leavesβxjxi , which
captures the degree to which ‘being an altruist’ predicts ‘being in an altruistic group’. If
groups are randomly remixed every generation,βxjxi = 0, and altruism (even kin-based
altruism) cannot evolve. However, if (for whatever reason) altruists can preferentially group
with other altruists,βxjxi will be a positive number between zero and one, and altruism at
least has a chance. If egoists can preferentially enter groups with altruists,βxjxi will be
negative. Thus, altruistic genes can only spread ifβxjxi is sufficiently close to one such
that the benefits to being in an altruistic group outweigh the costs of bestowing benefits
on others. Those with any familiarity with evolutionary theory may recognize (4) as a
generalized version of “Hamilton’s Rule” (Queller, 1992b). Expressing this in the standard
notation,βwixj is B, the fitness benefits provided by altruists;βwixi is −C, the cost to
the altruist; andβxjxi is r, which in the specific case of kin selection is interpreted as the
coefficient of relatedness by descent from a recent ancestor. In general, however,βxjxi is
not a measure of relatedness by descent from a recent common ancestor—although, as I
will explain, that isone way to get a positive value ofβxjxi . Hereafter, for simplicity, I will
refer toβxjxi asβ.
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Most importantly,Eq. (4) shows that understanding particular solutions to the evolu-
tion of altruism requires analyzing how the model maintains a sufficiently high value of
β. Thus, the acceptability or legitimacy of a theoretical solution depends on an evaluation
of the constraints (or “special assumptions”) that give rise to, and maintain, the statistical
association (β). Remember, however, that the greater the value ofβ, the greater the amount
of altruism that can evolve and the greater the selective pressures for mutant genes that
can ‘beat the system’ by exploitingβ. Under different circumstances, in different species,
different kinds of constraints or special assumptions may be warranted. The details of an
organism’s social structure, physiology, genome, cognitive abilities, migration patterns or
imitative abilities may support some hypotheses and undermine others. Of course, by em-
phasizing the species-specificity of certain constraints, I do not mean to suggest that each
constraint is equally likely to be observed in a randomly selected species. Surely, some con-
straints are more frequently satisfied in nature than others; nevertheless, the rarely satisfied
constraints may provide the most interesting forms of altruism. Unfortunately, despite the
need to defend a particular constraint vis-à-vis the details of that species that might justify
focusing on that constraint over others, many students of evolution and human behavior
regard only kinship- and reciprocity-based models of altruism as legitimate solutions. In
contrast, approaches based on quite plausible constraints that may be satisfied only in the
human case, such as those based on cultural group selection and culture–gene interaction,
are neither widely considered nor understood by non-specialists. However, before deal-
ing with alternative approaches, I will illustrate what I mean by ‘constraints’, how they
facilitate solutions to the altruism dilemma, how these are often submerged in evolution-
ary models, and why decisions about what constitutes an “acceptable solution” are often
arbitrary.

3. Constraints and evolutionary models of altruism

3.1. Green beards

I will begin with the classic example of a solution to the altruism dilemma based on an
‘illegitimate’ constraint: the ‘green beard solution’ (Dawkins, 1976). Imagine a gene that
causes its bearer to have a green beard and to cooperate with other green-bearded individ-
uals. Because green-bearded cooperators focus their benefits only on other green-bearded
cooperators, natural selection will strongly favor this altruistic gene becauseβ = 1 (unless
they are so rare that fellow green beards never find one another). More generally, if altruists
can recognize other altruists (with a better than random chance,β > 0) and preferentially
bestow benefits on them, then some amount of altruism can be favored by natural selection.
In the situation, the statistical regularity (β) exploited by natural selection is the correlation
between green beards (the signal) and altruism. The problem with this solution is that the
informational regularity arises from a genetic (or physiological) constraint on the power
of mutation to create selfish egoists with green beards (green-bearded defectors). Such a
non-altruistic gene will exploit the green beard-cooperator regularity (β) and destroy it in
the process. Egoists with green beards will invade untilβ is driven to 0. Consequently, this
model works only if we allow a mutational constraint.
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Is such a constraint acceptable? Popular writers on evolution often scoff at the absurdity of
such a constraint (Low, 2000; Dawkins, 1976, 1982; Ridley, 1993), despite the fact that the
available empirical evidence is somewhat mixed.Keller et al. (1998)have shown empirically
that an odor-based signal explains large-scale cooperation in the red fire ant. In humans,
experimental work suggests that people have some ability to distinguish cooperators from
defectors (Frank et al., 1993; Brown and Moore, 2002), although other work says they
cannot (Ockenfels and Selten, 2000; Ekman, 1992; Ekman and O’Sullivan, 1991; Henrich
and Smith, in press). In either case however, what should be unacceptable is the common
practice of simply assuming that individuals know the strategies of other individuals and
assort according, without providing any justification (theoretical or empirical) as to why
this should be so (e.g.,Wilson and Dugatkin, 1997). This is tantamount to assuming the
answer.

The green beard problem can be addressed as a problem in costly signaling (Frank,
1988; Gintis et al., 2001). If it costs less for cooperators to cue their strategy than for
non-cooperators to falsely cue, then cooperation can be favored. This occurs because such
signals allow the benefits of cooperation to be preferentially delivered to other cooperators.
From the perspective ofEq. (4), cooperation can evolve because this signaling allows for
the non-random formation of groups such that cooperators find themselves grouped with
other cooperators. Egoists cannot fake signals because it is too costly for them, so they find
themselves with other defectors.

There are four problems with the costly signaling approach to green beard altruism. First,
it relies on the constraint that it is cheaper for cooperators to send the cues of cooperation
than for defectors. Mutations that allow defectors to send these signals for the same cost
as altruists cannot be permitted—this is a key constraint that makes the whole thing work.
Second, as noted above, empirical evidence for an ability to distinguish ‘cooperators’ from
‘defectors’ without extensive interaction is contradictory and ambiguous. The ability of
good actors (e.g., in the movies) to evoke powerful emotions in us by pretending to be
either a valiant ‘cooperator’ or a malevolent ‘defector’ suggests there is some variation in
the ability to send false signals (so, why are not we all good actors?). Third, we need to
explain cooperation and trust among anonymous people (who cannot see one another) in
one-shot encounters such as we observe in experimental economic games (Kagel and Roth,
1995; Davis and Holt, 1993; Fehr et al., 2002). In most of these situations, there is no chance
for signaling of any kind. So, at best, this approach solves only one kind of altruism problem.
Fourth, if such costly signaling explains the degree and kind of cooperation in humans, why
has not this mechanism generated much more cooperation in non-human animals, such as
chimpanzees, elephants and dolphins?

3.2. Kin-based selection

Kin-selection models actually make use of a variety of different constraints. In some
kin-based approaches, the nature of a species’ social (or family) structure produces a whole
host of possible statistical associations that can be exploited by natural selection. For ex-
ample, if sisters tend to hang around their mom, genes that cause their bearer to cooperate
with others ‘hanging around mom’ may spread because—if they are really your sisters—
they have at least a 50 percent chance of having the same altruistic gene as you. ‘Hanging
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around mom’ merely provides one possible predictor of kinship, and indirectly, of altru-
ism. Consequently, social structures that require individuals to interact with relatives more
frequently than non-relatives provide a potentially valuable informational regularity. If 80
percent of those receiving benefits from an altruist are full siblings of the altruist and the
rest are non-relatives, thenβ is approximately 0.40 (assuming the frequency of altruists in
the rest of the population is very small).

This social structure constraint is only exploitable if, by whatever means, the underlying
non-random association can be maintained. If non-altruistic mutants, posing as fake-family
members, can frequently slip into nests or family groupings and obtain the benefits, then
kinship solutions will suffer the same problem as green beard models. Among animals
lacking the requisite social structure (e.g., some snake species), we should not expect the
corresponding forms of altruism (kin or otherwise). Furthermore, the social structure—that
often creates the requisite informational regularity—is usually taken as a given, rather than
being a product of evolution with its own costs and benefits. Models never endogenize the
costs of maintaining a particular family or social structure in analyzing the evolution and
maintenance of altruism.

Other kin-based solutions are founded on kin-recognition mechanisms (Fletcher and
Michener, 1987) that allow individuals to probabilistically spot their kin and direct altruism
towards them. Qualitatively, this solution is the same as the green beard solution, except
that having many of the same genes, being reared together, and the potential existence of
other evolutionary pressures favoring kin recognition (e.g., inbreeding avoidance) makes the
explanation much more plausible—though not fundamentally different—than unjustified
green beards. Combinations of kin-cues may make it quite costly for natural selection to
produce faker-defectors.

Finally, the rules of inheritance that make kinship a valuable predictor of altruism, are
often taken as given despite the fact that certain alleles can violate these rules (e.g., mei-
otic drive and gametic selection). A non-altruistic gene that is transmitted from parent to
offspring with a greater than 50 percent chance (contrary to Mendelian rules) could spread
and gradually corrode the informational regularity upon which some forms of kin altruism
are based.2

Kin-based mechanisms should be designed to focus benefits only on close relatives, and
thus kin selection does not help us to solve the problem of cooperation among large groups of
unrelated individuals unless our kin-psychology is making a lot of big mistakes by confusing
large numbers of non-relatives and strangers with close relatives. This version of the “big
mistake hypothesis” (Boyd and Richerson, 2002a) suggests that, because our psychology
supposedly evolved in small groups with high degrees of interrelatedness, kin selection

2 Meiotic drive and gametic selection distort (relative to Mendelian rules) the frequencies of different alleles
available for recombination. Using a meiotic drive example, imagine two alleles: a C-allele (cooperator) and a
D-allele (defector). Diploid individuals who are CC or DD produce all C-gametes and all D-gametes, respec-
tively. When paired with C-alleles, however, D alleles use “chemical warfare” such that CD individuals produce,
on-average, a proportion 1− k of C-gametes andk of D-gametes (k > 0.5, under Mendelian rulesk = 0.5). This
means that if I am CD and we are brothers, I would be mistaken to assume that you have a 50 percent chance
of possessing a copy of my C-allele. Because of meiotic drive we would be less related vis-à-vis the relevant
allele than brothers would normally be for other alleles (those not on the Y-chromosome). In mice, the t-allele is
transmitted over 90 percent of the time to offspring (k = 0.90).
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(along with reciprocity, see next section) favored a psychology in humans that is designed
to generously bestow benefits on members of their groups. According to this idea, natural
selection apparently neglected to provide humans with the ability to distinguish kin and
long-term reciprocators from anonymous strangers in ephemeral interactions. Thus, in the
novel world of large-scale, complex societies, this once adaptive psychological propensity
misfires, giving us large-scale cooperation (Tooby and Cosmides, 1989). Using this line of
reasoning, a variety of scholars have attempted to explain why we observe altruism, trust,
cooperation, fairness and punishment in one-shot experimental games (Hoffman et al., 1998;
Ben-Ner and Putterman, 2000).

This explanation has a number of problems. First, even in small-scale societies, there
are plenty of distant relatives, and probably a fair number of strangers, that altruists need
to distinguish from close kin—β (relatedness by descent for alleles) decreases geometri-
cally as the circle of kin expands from sibs, to half-siblings, to first cousins, and so on.
The idea that individuals in small-scale societies did not have ephemeral encounters with
anonymous others is empirically groundless and represents a popular anthropological myth
spread by those unfamiliar with the details of the ethnographic and ethno-historical record.
Second, although large-scale cooperation is prevalent in many societies, people everywhere
favor their kin over non-kin—showing that we can, and do, distinguish these behaviorally
(Daly and Wilson, 1988; Sepher, 1983; Wolf, 1970; Westermarck, 1894). Third, lots of
non-human primates also live in small-scale societies but show no generalized tendency to
cooperate with all members of their group. When non-human primates are placed in larger,
evolutionarily novel groups (e.g., zoos and research centers), cooperation does not expand
to the enlarged group. It is hard to believe that non-human primates do not make these big
mistakes, but humans do.Boyd and Richerson (2002a)further summarizes the evidence
against this hypothesis.

3.3. Reciprocity

Reciprocity provides another well-studied solution to the altruism dilemma. In reci-
procity-based models with repeated interactions (usually modeled as a repeated prisoner’s
dilemma), it has been frequently shown that strategies that both bestow benefits on indi-
viduals who have bestowed benefits on them in the past and withhold future benefits from
strategies that fail to reciprocate can be favored by selection if they are sufficiently com-
mon (Axelrod, 1984; Axelrod and Hamilton, 1981; Trivers, 1971). Repeated interaction
using these kinds of reciprocating strategies produces the requisite informational regular-
ity. Repeated interactions among the same individuals allows past behavior to guide the
flow of benefits preferentially to other reciprocators (β), and more repetitions allow groups
of reciprocators to increase their fitness benefits relative to groups of non-reciprocators
(βwixj ).

However, making such models work requires a couple of constraints that often go un-
stated. First, most models analyze only two strategies at a time (e.g.,Axelrod, 1984) and do
not consider the presence of additional strategies (even one additional strategy) maintained
at low frequency by mutation, immigration, or non-heritable environmental variation. It
turns out that if the full range of other strategies is occasionally allowed to mutate into ex-
istence at low frequencies, thenno strategy (pure or mixed), such as “tit-for-tat” (TFT)
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and “always defect” (ALLD),3 is evolutionarily stable (Boyd and Lorderbaum, 1987;
Lorberbaum, 1994). For example, if the game is repeated a sufficient number of times,
tit-for-two-tats (TF2T) can invade a population of mostly TFT if “suspicious tit-for-tat”
(STFT) is present at low frequency. TF2T is like TFT but requires two consecutive defec-
tions before defecting, while STFT defects on the first round and then plays TFT. Similarly,
TF2T can be maintained at high frequency with low frequencies of STFT and TFT, unless
ALLD enters the fray at low frequency, in which case it is possible for STFT to invade
and become common. Notably, in a population of mostly STFT, we will observe mostly
defection. The point here is that whether or not reciprocating strategies can remain stable
depends on exactly how the mutational spectrum is restricted (errors can take the place of
mutations, but then one needs to know the probability distribution of errors). Curiously,
proponents of reciprocity-based altruism criticize green beard explanations because they
require restricting the mutational spectrum (e.g.Dawkins, 1976).4

Second, it is also important to realize that most theoretical models of reciprocity explore
only 2-person interactions. Despite this, many scholars have falsely assumed that the quali-
tative aspects of the 2-person results can be generalized ton-person situations (e.g.,Patton,
2000). However,Boyd and Richerson’s (1988)analysis of ann-person repeated prisoner’s
dilemma shows that the results do not generalize for groups larger than about 10 individ-
uals. They show that the threshold frequency of reciprocators necessary to maintain stable
cooperation in ann-person group increases with group size by the power 1/n. They fur-
ther show that combining kinship (relatedness by common descent) with reciprocity does
not substantially improve the results, as it does in the 2-person case. Reciprocity, on its
own, is unlikely to solve the problem of cooperation in large groups (also seeBendor and
Mookherjee, 1987; Joshi, 1987).

The final implicit constraint in reciprocity models lies in the fact that individuals must
be able to accurately recognize their partner(s) in repeated games. If there are mutants
capable of posing as the individual(s) who bestowed benefits in the last turn, then the
benefits of reciprocity evaporate (asβ → 0). Some might think that although this may
be a problem for cooperation in cognitively limited animals, it is not a serious problem
for big-brained humans. Perhaps it is simply too costly for natural selection to produce
doppelgangers capable of fooling human cognition—a cognition presumably maintained
for other evolutionary reasons (which puts the costs of that cognition outside the problem).
However, to the contrary, this is a serious problem for the kind and degree of cooperation we
observe in many societies. Consider the effects of increasing the group size from 2 to 2000
or of increasing the delay between the time you receive benefits and the time when your next
chance to bestow them occurs. In large-scale societies, reciprocators would potentially need
to keep track of the acts of hundreds or thousands of individuals for years. Further, greater
cognitive capacities seem less likely to promote cooperation via reciprocity than to promote
defection by producing more sophisticated deception and strategies of exploitation.

3 TFT cooperates on the first round and then plays whatever its partner played on the previous turn. ALLD
always defects on every turn.

4 If pure strategies sometimes make mistakes by cooperating when their strategy indicated defection, or defecting
when they wanted to cooperate, some pure strategies can be evolutionarily stable. Stable pure strategies include
both reciprocating and non-reciprocating strategies, but not TFT (Boyd, 1989; Lorberbaum et al., 2002). Interested
readers should also seeHirshleifer and Martinez (1988).
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As noted above, some scholars have argued that the high levels of prosocial behavior that
we observe in contemporary societies represent the “misfiring” of an evolved psychology
geared for reciprocity in the small-scale societies of our evolutionary history (Alexander,
1974, 1987; Hamilton, 1975; Tooby and Cosmides, 1989). In large-scale complex societies,
this psychology of reciprocity causes us to mistakenly cooperate when we should defect.
This explanation is not plausible and suffers the same problems as the kin-selection version
of the “big mistake hypothesis” discussed above.

3.4. Indirect reciprocity

By assuming that individuals know something of their partner’s previous behavior with
other individuals (their reputation or ranking), models of indirect reciprocity attempt to
explain generalized cooperation by expanding on the idea of reciprocity (Alexander, 1987).
Summarizing results from several different modeling approaches suggests that such a setup
only favors cooperation when: (1) populations are small, (2) errors in perception of past be-
havior are rare, and (3) the number of repeated rounds with the same group are many (Leimar
and Hammerstein, 2001; Nowak and Sigmund, 1998; Boyd and Richerson, 1989).5 Each
of these can be understood vis-à-visEq. (4). Accurate perceptions and/or small populations
guarantee that altruists can use past behavior to preferentially interact with other prosocial
strategies, providing a largeβ. Repeated rounds with the same group mean the benefits ex-
perienced by groups with more altruists will be relatively larger than those experienced by
groups with fewer altruists (yielding a largerβwixj ). Of course, if a mutant defecting-strategy
can generate an inflated reputational signal, perhaps by paying other individuals to lie about
the mutant’s cooperative tendencies, then the predictive value of reputation will corrode
and cooperation will collapse. The only way to prevent the entry of such strategies into the
mix is to restrict them by fiat. Such a constraint in the mutational spectrum is exactly what
popular writers lampoon when they criticize the green beard model.

Nevertheless, even if we accept this constraint, indirect reciprocity still fails to explain
large-scale cooperation and altruism in one-shot, anonymous situations. The amount of
cooperation supported by indirect reciprocity declines exponentially with increasing group
size (Nowak and Sigmund, 1998; Leimar and Hammerstein, 2001),6 so large-scale cooper-
ation is not explained. And, if the reputational information is removed from the model or
made less inaccurate, indirect reciprocity can only sustain cooperation in very small groups
(Boyd and Richerson, 1989). While the empirical evidence indicates that a reputation for
being prosocial makes one more likely to receive benefits (Wedekind and Milinski, 2000),
it also shows that people behave prosocially in both experimental and real settings with-
out any reputational information, even in large groups (Fehr et al., 2002; Ledyard, 1995;
Henrich and Smith, in press). But, as with direct reciprocity and kinship, some evolution-
ary researchers maintain the “big mistake” hypothesis for indirect reciprocity (Nowak and

5 Nowak and Sigmund’s (1998)conclusions about indirect reciprocity on the evolution of cooperation were
shown to be overstated and their modeling techniques incomplete byLeimar and Hammerstein (2001).

6 This claim may not be clear fromNowak and Sigmund (1998), but see the caption of Fig. 3. The authors write,
“the averages over time of the frequency of cooperative strategies (defined byk ≤ 0) are 90, 47, and 18 percent
for, respectively,n = 20, 50 and 100” (Nowak and Sigmund, 1998, p. 574).
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Sigmund, 1998). This suggests that humans cannot tell the difference between small groups
of repeated interactants and large groups of strangers—a claim contradicted by experimental
evidence (Fehr and Henrich, forthcoming).

3.5. Punishment

Many theorists have attempted to solve the problem of cooperation in large groups
by incorporating punishment (e.g.,McAdams, 1998; Hirshleifer and Rasmusen, 1989;
Fudenberg and Maskin, 1986; Axelrod, 1986). If cooperators punish defectors, then co-
operation can be favored. However, if punishment is costly for the punisher (as it must
certainly be), then cooperators who do not punish can invade because they avoid both the
costs of being punished (for not cooperating) and the costs of punishing defectors (they are
2nd order free riders). If the private benefits derived from punishing are greater than the
costs of administering it, punishment may initially increase, but cannot exceed a modest
frequency (Boyd and Richerson, 1992). Using punishment, the problem of cooperation be-
comes one of how to maintain punishers in the population. One way to do this is to limit
the mutational spectrum by eliminating strategies that cooperate, but do not punish (e.g.,
Axelrod, 1986; Axelrod and Dion, 1988; Gintis, 2000). How we evaluate this approach
depends on how likely such a mutational constraint is in nature—which means, without
further justification, such explanations are on a par with green beard approaches. Another
way to solve the problem of punishment is to incorporate a recursive punishing strategy
in which punishers punish individuals who do not cooperate and those who fail to pun-
ish individuals who do not punish (Boyd and Richerson, 1992). This solution is a kind
of mathematical trick that eliminates the cost of punishment by spreading it out over an
infinite space. Surely people cannot track defections through a nearly infinite set of stages.
Below, I will discuss a culture–gene coevolutionary solution, based on punishment, for the
evolution of one-shot,n-person, cooperation (Henrich and Boyd, 2001) that builds on a
more-plausible informational constraint.

In considering efforts to explain human prosociality, including the above-described ap-
proaches to altruism, it is essential to ask why the solution does not apply to non-human
animals. Kinship and direct reciprocity, for example, have been quite fruitful for understand-
ing a variety of social behavior in non-human animals. Therefore, if a particular approach
claims to explain large-scale and anonymous cooperation in humans, the approach must
also either predict it in other species (specifying the conditions) or explain why the model
is restricted only to humans. Given that we have not observed human levels of non-kin
prosociality in other mammals, approaches should specify why they apply exclusively to
humans. None of the standard evolutionary explanations deliver this.

4. The logic of selection within- and between-groups

Before examining the evolution of large-scale prosociality using a coevolutionary ap-
proach, it is important to understand how any evolutionary problem—and in particular the
evolution of prosociality—can be viewed and described using the logic of multi-level se-
lection. This perspective contrastswithin-group selection, which acts against altruists who
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are exploited by free riders from their groups, tobetween-group selection that favors groups
with more prosocial individuals because such groups can outcompete groups dominated by
free riders.

Debates about the potential relevance of ‘group selection’ (or ‘multi-level selection’),
particularly in its application to human behavior and cooperation, continue despite a fair
amount of agreement among those who have seriously explored the question (Wade, 1985;
Frank, 1995; Maynard Smith, 1998; Bowles, 2001; Gintis, 2000; Soltis et al., 1995).
Since the publication of George Williams’Adaptation and Natural Selection in 1966
(Williams, 1966), which quite appropriately laid waste to a particularly naı̈ve form of
group- or species-functionalism that had been prominent in biology and anthropology dur-
ing the preceding decades, a whole generation of biologists and anthropologists learned to
scorn any explanation that involves selection among groups or proposes ‘group-functional’
traits. However, only a few years after Williams’ book,Price (1970, 1972)provided an
elegant formalization that showed, among other things, how the force of natural selec-
tion acting on genes can be partitioned into ‘group-level’ and ‘individual-level’ compo-
nents. Unfortunately, the insight derived from Price’s simple demonstration did not spread
very far outside of theoretical evolutionary biology and failed to impede the spread of
the belief that group-selectionist-thinking is somehow logically flawed, wrong-headed, or
merely wishful thinking. This untutored dismissal of group selection, particularly in re-
gard to cultural evolution, has slowed progress in understanding a variety of evolutionary
processes.

The way evolutionary scholars often talk about ‘group selection’ leads people to mis-
takenly think of it as a separate process, somehow fundamentally different from ‘indi-
vidual selection’ or ‘natural selection’ (e.g.,Low, 2000; Ridley, 1993; Dawkins, 1976).
Genetic evolution, at least from one perspective, is about changes in the frequency of
alternative alleles, not about the frequencies of individual organisms or groups of organ-
isms. Taking that as given, it is both possible and sometimes useful to write down ac-
counting systems that track the frequencies of these alleles by examining their effects
on fitness from different points of reference. Useful approaches might involve tracking
the fitness of alleles, individuals, families, social groups, genomes, chromosomes, and
so on. To show this, I develop a multi-group form of the Price equation that partitions
the forces of natural selection into within- and between-group components. With this an-
alytical tool, we can clarify the conditions under which the between-group component
may overpower the within-group component and favor group-beneficial alleles or cultural
traits.

We start with a population ofN individuals subdivided into groups indexed byj, each
with nj members. There are no restrictions on how the groups are composed, except that
all groups must contain at least one individual. The variablexj gives the frequency of the
trait/allele in subpopulationj, x′

j represents the same frequency in the next time period
(or generation), and�x̄ expresses the average change in the frequency of the trait under
investigation. Incorporatingqj (=nj/N), the proportion of the total population accounted
for in groupj, andq′

j (the same proportion in the next time step) means

�x̄ =
∑

j

q′
jx

′
j −

∑
j

qjxj (5)
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Noting that �xj = x′
j − xj gives us

�x̄ =
∑

j

q′
j(xj + �xj) −

∑
j

qjxj

We can relateqj andq′
j by comparing the fitness of groupj, wj, to the mean fitness across

all groups:q′
j = qjwj/w̄. With this, we arrive at the following expression:

�x̄ =
∑

j

qjwj

w̄
(xi + �xi) −

∑
j

qjxj =
∑

j

qjxj

(wj

w̄
− 1

)
+

∑
j

qj

(wj

w̄

)
�xj

Then, using the standard definitions ofCovariance andExpectation, the above simplifies
to

w̄�x̄ = Cov(wj, xj) + E(wj�xj) (6)

As above, I used a non-standard notational practice and left the subscripts on the variables
inside the operators to remind the reader that these are expectations taken over the groups
indexed byj and weighted byqj.

This form of the Price equation is useful because it partitions the forces that influence
the dynamics in an intuitively tractable fashion. The covariance term summarizes the effect
of selection between groups—group competition. Ifwj, the fitness of groupj, positively
covaries with the frequency of the trait in groupj(xj), then this term will favor an increase
in the average value of the trait in the overall population.

The second term,E(wj�xj), conceals the effect of selection within groups by inter-
mingling it with the effects of transmission (i.e., mutation, non-random mating, etc.). We
can further separate out the influence of selection within groups by re-applying the above
technique to the termwj�xj, which itself is the product of two average values:wj is the
average fitness of individuals in groupj, and�xj is the average change in the frequency of
the trait in groupj. To do this, individuals within groupj are indexed byi. As above,xij is
the frequency of an allele (trait) in individuali and takes on the values of 1 (present) or 0
(absent). Substituting this into (6) yields

w̄�x̄ =
selection between groups︷ ︸︸ ︷

Cov(wj, xj) +
selection and transmission within groups︷ ︸︸ ︷
Ej(Cov(wij, xij) + E(wij�xij)) (7)

To focus entirely on the effects of selection, we ignore any effects arising from the trans-
mission process (e.g., recombination, mutation, etc.) and migration between groups (more
on this below), so�xij = 0, and (7) simplifies to (8):

w̄�x̄ = βwj,xj Var(xj)︸ ︷︷ ︸
selection between-groups

+ E(βwijxij Var(xij))︸ ︷︷ ︸
selection within-groups

(8)

Eq. (8)tells us that the change in the frequency of an allele created by natural selection acting
on individuals can be partitioned into between-group and within-group components. The
magnitude of the between-group component depends on the amount of variation between
groups and the size of the partial regression coefficient of group fitness on the frequency

JHENRIC
j

JHENRIC
j

JHENRIC
j
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of the trait in the group. The sign of the between-group component depends only on the
sign of the partial regression coefficient. If having a higher frequency of the trait predicts
higher group fitness (e.g., more cooperation), then the between-group component is positive.
Similarly, the magnitude of the within-group component depends on the variation within
groups and on the partial regression coefficient of individual allele frequency on individual
fitness within groups. The sign of the within-group component depends on the sign of the
regression coefficient. Usingpartial regression coefficients reminds us that although fitness
is certainly influenced by many factors (too many to consider here), what matters at any
given time is the linear relationship between fitness and the trait value, holding all other
factors constant. Often the within- and between-group components have the same sign,
so the partitioning provides little insight. However, ifx happens to track the frequency of
an altruistic allele, the within-group regression coefficients will be negative (by definition,
altruists are exploited by non-altruists), while the between-group regression coefficient will
be positive (groups with more altruists do better than groups with fewer). ‘Group selection’
or, more accurately, ‘genetic group selection’ occurs when the between-group component
of natural selection acting on gene frequencies7 overcomes the within-group forces to favor
an equilibrium different from that which would be favored by the within-group component
acting alone.8

4.1. The between-group component is often small relative to the
within-group component

The between-group component of selection shown in (8) may be important for under-
standing a wide range of evolutionary phenomena. However, the real controversy and con-
fusion erupts in its application to the evolution of cooperation/altruism. This is because
under a wide variety of conditions, the between-group term in (8) is often small (or rapidly
becomes small) relative to the within-group term. This occurs because migration, group for-
mation, and other kinds of genetic mixing among groups deplete the variation among groups
(Var(xj)) while increasing (or at least maintaining) the variation within groups, Var(xij). To
see this, consider a population consisting of two equally sized groups, one initially com-
posed entirely of kindly altruists, who bestow fitness benefits on all other members of their
group, and the other of selfish egoists who do not bestow benefits. This condition makes
the between-group favoring altruism as big as possible, Var(xj) = 0.25, while making
the within-group variation zero, Var(xii) = 0. According toEq. (8), altruistic genes will
initially spread, no matter what the relative difference (in magnitude) is between the regres-
sion coefficients, because the within-group term is zero. If we keep the groups isolated for
a long time and assume no mutation, the population will eventually be dominated entirely
by altruists. However, if we allow a small amount of migration between the populations,

7 I specify ‘acting on genes’ because natural selection can act on any kind of heritable phenotypic variation.
Both cultural transmission and the transmission of acquired immunities provide examples of non-genetic, heritable
variation that could be subject to natural selection.

8 Hamilton (1975)re-derived his famous expression (Eq. (4); Hamilton, 1964, 1972) using the logic of selection
within and between groups more than a quarter of a century ago, but the theoretical implications of his demonstration
are still not widely appreciated by students of evolution and human behavior (also seeQueller, 1992b).



14 J. Henrich / J. of Economic Behavior & Org. xxx (2003) xxx–xxx

say 5 percent exchanged per generation, the variation between groups, Var(xj), will begin
to decline and rapidly approach zero. At the same time, migration will drive the variation
within-groups, Var(xij), towards its maximum value of 0.25. Ignoring the fitness bounty
reaped by immigrant egoists in the altruistic population, this migration rate alone will re-
verse the initial values of the between- and within-group variations in about 40 generations.
Thus, a great deal of theoretical work shows that genetic group selection will only lead to
substantial levels of altruism when groups are very small, migration rates are quite low,
and the intensity of selection among groups is high compared to the intensity of selection
within groups (Rogers, 1990; Crow and Aoki, 1982; Aoki, 1982; Boorman and Levitt, 1980;
Kelly, 1992). In short, models for the evolution of altruism via genetic group selection are
theoretically possible under the right constraints; however, most researchers do not expect
these to be satisfied very often. With regard to humans, evidence from paleoanthropology
and extant small-scale societies does not support such stringent constraints. On the contrary,
the mating systems in many small-scale societies favor substantial genetic mixing between
groups (Lee, 1979; Richerson and Boyd, 1998) that rapidly deplete Var(xj). Confirming
this deduction (which is based on ethnographic data), the available genetic evidence from
small-scale societies shows only small amounts of variation across groups (Hartl and Clark,
1989, pp. 300–301;Brown and Armelagos, 2001).

4.2. Multiple stable equilibria can resist the force of migration and maintain variation
between groups

It is important to realize that the evolutionary dynamics associated with many different
forms of social interaction, putting cooperation dilemmas aside, do not suffer from the de-
pletion of between-group variation described above, and thus the between-group component
is much more likely to be important. This occurs when local interaction between individuals
can result in multiple locally stable equilibria. Unlike ‘group-selected’ solutions in cooper-
ative interactions, neither small group size nor low migration rates are necessary to maintain
between-group variation becausewithin-group selection can counteract the genetic mixing
produced by migration. This allows between-group selection to favor groups at equilibria
that produce the highest mean group fitness (the efficient equilibrium). Therefore, when
populations are structured and social interactions produce multiple stable equilibria, the
between-group component is likely to have an important influence on the final distribution
of behaviors/strategies (Boyd and Richerson, 1990). Thus, contrary to popularized claims
about the general unimportance of group selection for understanding social behavior (laying
aside the specific issue of cooperation), understanding the between-group component may
be essential to explaining a wide range of behavior, especially in highly social species.9

Simple game-theoretic examples of interactions with multiple equilibria include coordina-
tion interactions, battle-of-the-sexes games, mutualistic interactions (e.g., the ‘stag hunt’

9 Male vs. female exogamy provides an example of a social behavior with multiple equilibria. Assuming that
there is a big cost to inbreeding and a polygynous mating system that produces many of unknown paternal half
siblings, selection should favor one sex leaving the natal group. It is plausible that in many cases there are two
stable equilibria: (1) males leave and (2) females leave. Both equilibria are found in nature.
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game,Hirshleifer, 1982) and some models of reciprocity (Axelrod and Hamilton, 1981;
Boyd, 1988).

To illustrate, imagine two proto-human groups. Due to random variation, one social group
possesses a small number of mutants capable of using gestures (hand signals, body positions
and facial expressions) to communicate with other such mutants, while the other group
contains a similar small number of mutants capable of using verbalizations to communicate
with other mutant-verbalizers; however, gestural communicators cannot communicate with
verbalizers, and vice versa. If increased communicative abilities, in any form, are favored by
natural selection in both groups, then the relative strength of selection on a particular form of
communication (gestural vs. verbal) depends, in part, on the frequency of other individuals
in the group who are capable of the same form of communication. Natural selection acting
within the first group favors all gestural communicators, while in the second group it favors
all verbalizers. Within-group forces will drive the first group towards all-gesturers and the
second group towards all-verbalizers. Unlike cooperative dilemmas, migration between
groups, which would tend to deplete the variation between groups, will be opposed by
within-group frequency-dependent selection. If this within-group selection is strong enough,
the variation between groups will remain high. Although verbalizers cannot invade the
gestural group because of the coordination problem, groups of verbalizers may have a
number of advantages over groups of gestural communicators such as: (1) communication
is possible in darkness, through walls, in dense forest, and around topographical features, (2)
communication is possible while using the hands for something else, and (3) communicating
while injured is easier. As a consequence, the mean fitness of the verbalizer-group may be
higher than the gestural group. If so, in the long run verbalizer-genes will be favored over
gestural genes because of genetic group selection (i.e., the between-group component).
As we will see later, cultural processes are even more likely to generate multiple stable
equilibria, so the between-group component of cultural evolution is even more likely to be
an important force of selection among culturally evolved equilibria.

4.3. Viewing kinship and reciprocity as group selection

In my view, the best way to view ‘kin selection’, ‘reciprocity’ and ‘group selection’
is as historically derived labels for different types of constraints (or classes of special
assumptions). Imposing these constraints generates opportunities for natural selection to
favor certain kinds of altruism. Often the labels seem to depend mostly on how the problem
was initially set up. For example, why not consider explanations of altruism based on
kin-recognition as plausible forms of ‘green beard selection’?10 Many students of evolution
and human behavior do not realize that ‘inclusive fitness’ (which was first used to derive (4)
using kinship;Hamilton, 1964), ‘individual fitness’ (first used to derive (4) for ‘reciprocal
altruism’ byAxelrod and Hamilton, 1981), and ‘group selection’ (i.e., the partitioned Price
equation was used to derive (4) inPrice, 1972; Hamilton, 1975) are simply three systems
of gene-tracking and fitness accounting from three different perspectives. Any solution can
be reformulated from each perspective to yield the identical answer.Hamilton (1975), for

10 Note that sexual recombination does not work against kin recognition in the same way that it does against
non-kin green beard genes (unless they are on the Y-chromosome).
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example, reformats his kin-selection approach using the Price equation, instead of tracking
inclusive fitness.

To demonstrate the relationship between the ‘group selection’ approach and reciprocity, I
will analyze a standard, 2-person, reciprocity model using the partitioned Price equation (4).
In doing this, we observe that reciprocity favors cooperation when the between-group com-
ponent overpowers the individual component. Of course, it is equally possible to re-derive
typical ‘group selection’ solutions (selective emigration, assortative interaction, etc.) using
inclusive fitness, or even by tracking individual fitness. None of the accounting techniques
can claim general superiority over the others (Frank, 1998; Queller, 1992a; Sober and
Wilson, 1998; Wade, 1985). However, despite the fact that it is possible to do this, it is
neither easy nor particularly desirable.

In the repeated prisoner’s dilemma described here, individuals are paired in groups that
play for m rounds each generation. During each round, individuals play either ‘cooperate’
(C) or ‘defect’ (D).Table 1gives the payoffs received by the row player. The indexj labels
three groups 1, 2, 3. Each group consists of two individuals labeledi = 1 or 2. Groupj = 1
contains two individuals who both play the strategy tit-for-tat. Groupj = 2 contains one
tit-for-tater and one defector (who always plays D). Groupj = 3 contains two defectors.
The variablexij equals 1 for tit-for-tater’s and 0 for defectors. The variablexj represents the
frequency of tit-for-tater’s in groupj. Eq. (8)gives the change in frequency of tit-for-tater’s.
Here are the components of (8):

E(βwijxij Var(xij)) = 1
3[(0) + (−4)(0.25) + (0)] = −0.33, Var(xj) = 0.167,

βwj,xj = m

Substituting these intoEq. (8)gives us

w̄�x̄ = 0.167m︸ ︷︷ ︸
between-group

− 0.33︸︷︷︸
within-group

This equation shows that it is the between-group component of natural selection that fa-
vors the evolution of reciprocity (in this case tit-for-tat), not ‘individual selection’. In fact,
the within-group component is always negative—meaning ‘individual selection’ always
selectsagainst reciprocity. Within groups, tit-for-tater’s never do better than a fitness tie
(with another tit-for-tater) and always lose against defectors—thus the within-group re-
gression coefficients,βwijxij , are always zero or negative. The magnitude of the positive

Table 1
Two-person prisoner’s dilemma payoff matrixa

a Payoffs are for the row player (Player 1). Players 1
and 2 are interchangeable. ‘C’ indicates cooperation and
‘D’ indicates defection.
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between-group component (i.e., group selection) depends onm, the number of rounds of
play. Assuming groups are randomly remixed every generation,m controls the migration
rate between groups. Asm increases, groups become more stable. Whenm = 1, groups
completely remix after every round and the between-group component is minimized. Reci-
procity is favored whenm is sufficiently large that teams of reciprocators can run-up their
combined fitness total sufficiently to overcome the relative fitness losses they suffer at the
hands of defectors, within groups. The fact that the between-group component is what drives
reciprocity is often lost because it is substantially easier to solve this problem using the ‘in-
dividual fitness-accounting’ approach—in which a strategy’s relative fitness is calculated
by averaging across all possible groups (for more on this, see Sober and Wilson).

5. Kinds of cooperation and altruism

We are not limited to picking only one solution to the altruism dilemma, especially
in the human case. Our psychology may embody the effects of natural selection having
taken advantage of different stable informational regularities over our evolutionary his-
tory. For example, the nature of the human family—with its division of labor and sta-
bility (Boyd and Silk, 1997; Klein, 1989)—suggests that human ancestors were likely to
have repeatedly found themselves in small sub-groups (called ‘families’) in which other
individuals were likely to have the same genes by descent from a recent ancestor. Conse-
quently, like other primates, we are likely to have some cognitive machinery dedicated to
bestowing benefits on kin. Similarly, life in small-scale, fairly stable, groups may provide
for lots of repeated interaction with unrelated or distantly related individuals. Assuming
our cognition/emotional system was complex enough that mutants could not easily pose
as friends, then we should expect a psychology that favors helping well-known, reliable
reciprocators (i.e., friends)—and fordistinguishing them from others, especially anony-
mous strangers. Unfortunately, kin selection can only explain cooperation among close
kin, and reciprocity (including indirect reciprocity) is limited to small groups with lots of
repeated interaction and high quality reputation information. Experimental findings from
many small- and large-scale societies show that people will trust, cooperate and behave al-
truistically toward anonymous individuals in simple one-shot games (Henrich et al., 2001;
Roth et al., 1991; Fehr and Gächter, 2000, 2002; Batson and Shaw, 1991)—a finding fur-
ther confirmed by lots of ethnographic evidence (Richerson and Boyd, 1998, 2000). As a
consequence, none of the above solutions seems capable of: (1) explaining the large-scale
cooperation among non-relatives that we observe in both modern and pre-modern soci-
eties, including foraging societies,11 or (2) isolating why evolutionary processes have only
led to large-scale cooperation in our species; if all this prosociality is only a product of

11 Two things are worthy of note with regard to foraging societies. First, the nature of sharing, especially of
sharing game, cannot be explained by either reciprocity- or kin-based theories (Bliege Bird and Bird, 1997),
even in the smallest small-scale societies. Many of the simplest societies such as the !Kung, have quite strong
institutions for maintaining cooperation on a scale much larger than the family or the band (Wiessner, 1983).
Second, contrary to the view of foraging created by anthropologists studying extant groups, lots of archaeological
and ethno-historical data indicates that foraging societies can be politically, economically and socially complex,
with large-scale cooperation, social stratification and a substantial division of labor (Arnold, 1996; Roscoe, 2002).
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reciprocity and kinship, why do not Japanese macaques forced to live in large zoo pop-
ulations develop armies, recycling, taxation, storage, and other aspects of human social
organization?

6. Cultural group selection, cultural transmission and large-scale cooperation

In many social groups (but not all), humans cooperate on a larger scale than any other
species—with the possible exception of eusocial insects. Interestingly, humans are also the
most proficient at, and most reliant on, social learning to acquire behavioral practices and
strategies. Our cognitive abilities to acquire information via imitation and other forms of
direct social learning far exceed those of any other species (Tomasello, 1994, 2000). The
operational details of these learning mechanisms appear to have been ‘designed’ by natural
selection to extract useful information from the social world—that is, from the minds of
other individuals (Boyd and Richerson, 1985; Henrich and Gil-White, 2001; Henrich and
Boyd, 1998). Perhaps it is merely a coincidence that humans are both the most cooperative
species and the most reliant on, and proficient at, social learning. However, I argue that
the nature of our cultural transmission capacities, and of human psychology more gen-
erally, creates stable behavioral equilibria consisting of combinations of cooperation and
punishment that are not available to genetic evolutionary processes in acultural species.
The existence of these additional, culturally evolved, behavioral equilibria make the group
selection component of cultural evolutionary processes much more powerful relative to
the within-group component than can occur in genetic evolution. By systematically al-
tering the social environment in favor of prosocial phenotypes, cultural processes create
the conditions for natural selection to favor prosocial genes that could not otherwise be
favored in mammalian social species because non-humans lack the requisite social learn-
ing capacities (e.g., high fidelity imitation) that give rise to gene–culture coevolutionary
processes.

We have empirical reasons to believe that culturally transmitted ideas, beliefs and values
(i.e., information) are important for understanding human cooperation. First, unlike other
animals, the domains of cooperative behavior in humans vary from place to place and from
group to group. In some societies, people may cooperate in fishing and house-building,
but not warfare. In neighboring groups that inhabit the same physical environment, people
may cooperate in warfare and fishing, but not house-building. Thus, unlike cooperation
in eusocial insects and kin-based altruism in non-human primates, there is a tremendous
amount of variation in the cooperative domains among human groups that is independent
of differences in physical environments or local ecologies (Kelly, 1985; Henrich and Boyd,
1998). Second, unlike non-human animals, the scale of human cooperation varies from
little cooperation outside the extended family (Johnson, 2003; Johnson and Earle, 1987)
to massive cooperation on the level of nation states containing millions of individuals.
This observation is confirmed by experimental data using one-shot Ultimatum Games that
show big differences across human societies (Henrich et al., 2001). In contrast, the scale of
cooperation in non-humans does not vary much among social groups within a species, only
among species. Given these two kinds of variation within our species, cultural evolutionary
processes seem much more likely than genetic processes to explain the patterns—especially
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given the modest genetic heterogeneity found among humans as a species (compared to other
species such as chimpanzees) and the relatively recent (last 5000 years) rapid emergence
of very large-scale cooperation.

6.1. Cultural group selection

Interestingly, ‘group-functional’ explanations for cooperation and other forms of group-
beneficial behavioral patterns have long been part of anthropology and sociology (Spencer,
1891; Rappaport, 1984; Harris, 1977; Vayda, 1971; Turner and Maryanski, 1979). However,
by the end of the 1970s the anti-group selection movement had penetrated cultural anthro-
pology and, by analogy with biological evolution, was used to argue that the individual was
the relevant level of analysis in cultural evolution (Harris, 1979, pp. 60–61). The problem
was that both biology and anthropology lacked a sufficiently clear understanding of the
differences between genetic and cultural evolution to understand why the between-group
processes that were unlikely to account for seemingly group-beneficial behavioral traits in
genetic evolution could still operate effectively (even rapidly;Boyd and Richerson, 2002b)
in cultural evolution. Below, I explain why.12

The Price equation derived above, with genetic evolution in mind, turns out to be a
very general statement about any evolutionary system, which we will use to frame our
thinking about cultural evolution. The ‘altruist gene’ (x) that we focused on in the ear-
lier derivation could be any characteristic of any evolving system, including the frequency
of hydrogen atoms in a cluster of galaxies, or a quantitative phenotypic measure such as
IQ, ‘cooperativeness in group fishing ventures’, managerial success, malaria resistance,
or the variance in height of brothers. To discuss cultural evolution using the Price equa-
tion, I re-label the variables to avoid confusion. Replacingx, φ measures a quantitative
phenotypic trait that can be influenced by cultural transmission. As a behavior, preference
or strategy,φij could measure individuals’ willingness to die for their country (or tribe)
in war, the amount of time or money an individual contributes to charity, or how much
of his total ‘catch’ a hunter brings back to share in camp (as opposed to that portion he
eats alone at the kill site). In this context,fij replaceswij and gives the cultural fitness for
particular values ofφij. Cultural fitness measures the degree to which a particular value
of φ, representing stuff stored in the head of individuali in group j at time t, affects its
proportional representation in the population at timet + 1. It may be thought of as repli-
cability, transmissibility or simply influence—note that nowhere in this formulation there
is a need for cultural stuff to ‘replicate’ or be defined as discrete units.13 The cultural
fitness ofφij is jointly determined by the operational details of our social learning psychol-
ogy and by how that psychology interfaces with the environment (Boyd and Richerson,
1985):

f̄�φ̄ = βfj,φj Var(φj)︸ ︷︷ ︸
selection between-groups

+ E(βfijφij Var(φij))︸ ︷︷ ︸
selection within-groups

(9)

12 In Economics, cultural group selection arguments were foreshadowed in the work ofHayek (1979, 1988).
13 For a discussion of the confusion created by cultural ‘replicators’, seeHenrich and Boyd (2002)andBoyd and

Richerson (2000).



20 J. Henrich / J. of Economic Behavior & Org. xxx (2003) xxx–xxx

6.2. Cultural transmission, human psychology and between-group variation

As I discussed earlier, the main problem with ‘group selection’ is the maintenance of
between-group variation in the face of migration or other forms of mixing. Unlike genetic
evolution, several different mechanisms will act to reduce the within-group term in (9),
Var(φij), while maintaining the between-group term, Var(φj), even in the face of substan-
tial migration. I will discuss four of these mechanisms. The first two are rooted in the details
of how our cognition exploits the distribution of behaviors and ideas among members of a
social group in order to ‘decide’ which of these traits to acquire. As I will show, both evo-
lutionary modeling and empirical data support the existence of these cultural transmission
mechanisms. The third and fourth mechanisms are not cultural transmission capacities, but
rather psychological ‘tastes’ or preferences for: (1) avoiding behaviors that deviate from
the common pattern and (2) punishing those who do not conform to the expected pattern.
In my view, these two ‘tastes’ are probably either the products of purely cultural evolution
(driven by cultural group selection), or coevolved products of genes responding to the novel
social environments created by cultural group selection. Thus, they cannot be responsible
for initiating the coevolutionary process that led to high levels of cooperation in humans.
Nevertheless, once brought into existence by the first two mechanisms, they further catalyze
the cultural group selection process by bolstering the forces that create and maintain differ-
ences between groups. When applied to social interaction occurring in single groups, these
four mechanisms create equilibria that do not exist in genetic systems, including equilibria
with high levels of cooperation and punishment in one-shot,n-person games (Henrich and
Boyd, 2001). With the emergence of multiple equilibria, cultural group selection supplies
a process that selects among alternative stable equilibria in favor of the ones best able to
compete with other groups (Boyd and Richerson, 1990).

The first mechanism,conformist transmission, is a psychological propensity to preferen-
tially copy high frequency behaviors. By biasing individuals in favor of copying common
behaviors, preferences or behavioral strategies, this transmission bias tends to homogenize
social groups. There are both theoretical and empirical reasons to believe that humans pos-
sess a tendency to copy the most common behavior. Theoretically,Henrich and Boyd (1998)
have shown that genes favoring a heavy reliance on social learning andconformist trans-
mission (copying the majority) can outcompete genes favoring individual learning in both
spatially and temporally varying environments. This model predicts two important things:
(1) that individuals should increase their reliance on social learning when individual (or en-
vironmental) information becomes less certain or as the difficulty of the problem increases,
and (2) that individuals should rely on copying the majority (conformist transmission) under
a wide range of conditions (also seeBoyd and Richerson, 1985; Ellison and Fudenberg,
1993).

Independent experimental work in psychology supports both predictions, as well as a
number of other predictions arising from this model. Psychologists studying conformity
have shown that as a task’s difficulty and financial incentives rise, individualsincrease their
reliance on imitation (vs. individual analysis) regardless of whether others will know how
they behave (reducing any fear of social sanctions; seeBaron et al., 1996; Insko et al.,
1985). Furthermore, with real money on the line, other experiments show that individuals
rely on copying the majority insocial dilemmas, both when self-interest conflicts with
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the group-interest and when self-interested choices correspond to group-interested choices
(Smith and Bell, 1994; Wit, 1999). Finally, Henrich (2001)shows that the slow take-offs
and ‘critical mass tipping-point’ observed in many empirical studies of the diffusion of
innovations are quite consistent with the effects of conformist transmission.

The presence of this adaptive bias on our social learning cognition means that, in the
absence of unambiguous information from the environment or other decisive social learn-
ing stimuli (such as a prestigious individual, see the next mechanism), individuals will
preferentially copy the most common ideas, beliefs, values and practices. Because new im-
migrants and the offspring of immigrants will preferentially adopt the common practices,
conformist transmission can maintain group differences in a way that genetic transmission
cannot—because offspring acquire their genes from their parents, not from the group.14

Consequently, as a byproduct of its evolved design, conformist transmission decreases the
phenotypic variation among individuals within groups, thereby depleting the strength of
within-group cultural forces. As stochastic forces such as cultural drift (sampling errors in
transmission), biological shocks (e.g., plagues) and environmental disasters introduce ran-
dom variation between groups, conformist transmission will act to maintain this group-level
variation—variation that would otherwise be depleted by migration between groups, natural
selection and payoff-biased forms of cultural transmission. Thus, by reducing within-group
variation and increasing between group variation, conformist transmission provides the raw
materials for cultural group selection.15

Other cultural transmission mechanisms can create the same effect through other means.
If individuals possess a psychological bias to preferentially copy people who are both more
successful (get higher payoffs) and similar to themselves in some marker trait such as
language or dress, then under a wide variety of conditions (even with substantial migration
rates), these cultural transmission mechanisms push the variation within groups towards
zero (opposing the force of migration), while sustaining substantial amounts of variation
among groups (McElreath et al., 2003; Boyd and Richerson, 1987).

There are both theoretical and empirical reasons to believe that people preferentially copy
successful individuals and people like themselves. Recently, Gil-White and I have argued
that, with the rise of imitation in the human lineage, natural selection favored cognitive
abilities to rank potential models according to their payoffs and to preferentially imitate
highly ranked models. Among the cues individuals use to rank potential models is the
amount of prestige-deference an individual receives from other people. This deference acts
as an honest signal of whom other individuals believe is highly successful or skilled because
deference is ‘paid’ to such individuals in exchange for copying opportunities (high quality
information). This rank-based copying bias, which we callprestige-biased transmission,
allows individuals to shortcut environmental or trial-and-error learning processes, and leap
directly to better-than-average skills by imitating successful or skilled cultural models.

14 This is consistent with a substantial amount of work in psychology and behavioral genetics showing that
children do not acquire much, via social learning, from their parents (Harris, 1998; Plomin et al., 2000).
15 This process also provides an explanation of why humans have different ‘cultures’ and other animals do not.

That is, conformist transmission provides one important reason why people in the same social group tend to believe
the same things and why these beliefs persist over long periods. Without a conformist component to create ‘cultural
clumps’, social learning models predict (incorrectly) that populations should be a smear of ideas, beliefs, values
and behaviors, and that group differences should only reflect local environmental differences.
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Further, because the world is a noisy, uncertain place, and it is often not entirely clear why a
particular individual acquires great prestige or success, humans have evolved the propensity
to copy a wide-range of cultural traits from prestigious individuals, only some of which
may actually relate to the individuals’ success (Henrich and Gil-White, 2001).

A substantial amount of empirical work from psychology, economics and anthropology
confirms a variety of predictions derived from the above theory (Henrich and Gil-White,
2001). However, most importantly for our purposes, these findings confirm that people
preferentially imitate the ideas, opinions, beliefs, strategies, and behaviors of prestigious
individuals across a wide range of domains (even in domains outside the expertise of the
prestigious individual). For example, in a synthesis of the diffusion of innovations literature,
Rogers (1995)has shown that the rate of spread of novel technologies and new economic
practices into different social groups depends on how quickly prestigious, local “opinion
leaders” adopt these innovations. In the laboratory, using a multi-round, market game with
substantial incentives in which the results of each player’s decisions were posted between
sessions, experimental economists unexpectedly found that MBA students tended to mimic
the decisions of successful players, even though rewards were distributed on a competitive
basis. Allowing imitation also moved the group average substantially closer to the optimal
decision predicted by Portfolio Theory (Kroll and Levy, 1992). In a different experiment,
Offerman and Sonnemans (1998)showed that subjects making investment decisions tended
to copy the beliefs of successful individuals (about the current environment), even when
players clearly knew that these individuals had the same information about the current
situation (also seePingle, 1995; Pingle and Day, 1996).

When coupled with prestige-biased transmission, a self-similarity transmission bias
makes good adaptive sense. Individuals should imitate successful others only as long as
those individuals are not too different from the imitators themselves—otherwise imitated
traits may be inapplicable to the copier’s particular abilities and circumstances. Interest-
ingly, as an emergent byproduct, this combination of cultural learning mechanisms decreases
within-group variation while increasing between-group variation (Boyd and Richerson,
1987).

Following this line of reasoning, theoretical work suggests that individuals in social
groups throughout human history needed to coordinate their beliefs, norms and expecta-
tions in order to make economic exchanges, marry and raise children. In theoretical work
examining the interaction of genes and culture in solving these coordination problems,
McElreath et al. (2003)show that natural selection will favor the evolution of a bias to
cue off salient symbolic markers when they covary with individuals’ underlying norms of
interaction—so by using symbolic markers individuals avoid acquiring norms that would
produce costly uncoordinated interactions. Although no one has empirically examined the
relationship between imitation and ethnic markers, more general evidence for self-similarity
learning biases comes from the diffusion of innovations literature (Rogers, 1995, p. 286),
laboratory psychology (Rosekrans, 1967; Stotland and Dunn, 1962, 1963) and studies of
child development (Harris, 1998).

A third mechanism,punishment of non-conformists or norm violators, acts to homogenize
social groups. A great deal of ethnographic and experimental research suggests that people
in many societies will inflict punishment on individuals who violate group norms of behavior
(Sober and Wilson, 1998; Roth et al., 1991; Henrich et al., 2001; Fehr and Gächter, 2002).



J. Henrich / J. of Economic Behavior & Org. xxx (2003) xxx–xxx 23

If violators of group norms receive costly punishments then either prestige-biased trans-
mission or simply trial and error learning will reduce the variation between groups. Costly
punishments will mean lower payoffs for norm violators, so that under prestige-biased trans-
mission, the behaviors of norm violators are less likely to spread. The problem with this
norm-based punishment, as I discussed earlier, is the difficulty in explaining how it could
evolve in a purely genetic system of inheritance. If punishing norm violators is costly to
the punisher, then punishing strategies are unlikely to evolve under natural selection. In the
next section, I describe how punishing behaviors can be stabilized if humans have a very
small amount of conformist transmission bias in their social learning psychology.

A fourth mechanism,normative conformity, arises because individuals want their behav-
ior to match the common behavior in their social group. Normative conformity differs from
conformist transmission in that individuals are not using the frequency of a behavior, belief
or idea as an indirect indicator of its worth. Instead, normative conformity alters individuals’
socially displayed behavior (without necessarily changing their minds) because they want
their behavior to match the majority, not because they ‘believe’ the majority is probably
doing the smart thing. A vast amount of experimental work beginning with Asch’s famous
studies (e.g.,Asch, 1951), and including cross-cultural work (Furnham, 1984), show that
normative conformity is a robust part of human psychology (Neto, 1995), at least in com-
plex societies (nobody has done work among small-scale societies).Baron et al.’s (1996)
experimental work attempted to differentiate normative conformity from the effects of con-
formist transmission. Their results strongly suggest that people (i.e., university students)
have both conformist transmission and normative conformity components to their psy-
chology. These two psychological processes probably evolved for separate reasons. While
conformist transmission seems to have evolved genetically as a shortcut means of acquiring
useful information, normative conformity is more likely a product of cultural evolution or
culture–gene coevolution, and it may have evolved in response to the spread of punishing
strategies, as a means to manipulatively cue one’s ‘similarity’ to other group members in
order to gain the advantages of in-group membership and avoid punishment. Also, note that
normative conformitymay result in conformist transmission. Under some circumstances,
imitators may mistakenly infer the underlying preferences or goals in observing the com-
pliant behavior of models (by assuming the models ‘like’ to perform certain behaviors), and
thereby acquire both the outward behavior and the underlying supporting preferences that
were not originally possessed by the models.

Individually, and in combination, these mechanisms increase the importance of cultural
group selection by creating a myriad of additional stable equilibria for all kinds of cultural
traits, ideas, beliefs, values and practices, including those that govern social and cooperative
interactions. As I discussed earlier, the between-group component becomes important in
circumstances with multiple stable equilibria because within-group selective processes,
acting to push the system back to the locally stable equilibria, oppose the effects of migration
that tend to reduce the variation between groups (Var(φj) in Eq. (9)). The nature of the
mechanisms described above means that most of the time these stable equilibria will be
monomorphic (everyone possesses the same cultural traits), thus placing Var(φij) near zero.

In thinking about how the difference between cultural and genetic evolution might affect
the spread of prosociality, it is also important to keep two other differences in mind. First,
cultural evolution is likely to proceed much more rapidly than genetic evolution because
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mechanisms such as prestige- and conformist-biased cultural transmission favor rapid trans-
mission and can spread novel behaviors, ideas and practices among populations within a
single generation (Boyd and Richerson, 1985, 2002b)—note that substantial evidence in-
dicates that most cultural transmission is not vertical (i.e., not parent to offspring; Plomin
et al.). Second, cultural transmission is likely to be more subject to drift and random varia-
tion than genetic transmission. The imitative skills of humans are good, qualitatively better
than any other animals, but certainly worse than genetic replication. The combination of
these two differences means that human groups under cultural evolution will drift into the
domains of attraction of alternative equilibria more often than in genetic evolution. Thus,
cultural group selection will “see” a greater variety of equilibria than genetic evolution over
the same amount of time.

6.3. Conformist transmission can stabilize cooperation by stabilizing punishment

Before discussing cultural group selection, it is necessary to see how cultural transmission
mechanisms can combine to create alternative stable prosocial equilibria.Henrich and Boyd
(2001)have shown that if human social learning psychology contains both a transmission
bias to copy successful individuals (‘payoff-biased’ or prestige-biased transmission) and a
bias to copy high frequency behaviors (conformist transmission), and there are an arbitrary
number of ‘punishing levels’, then highly cooperative equilibria can exist even if conformist
transmission is only a weak component of human cultural transmission.

A tendency to copy high frequency behaviors can stabilize costly cooperative strategies
without punishment, but only if this conformist transmission is quite strong compared to
payoff-biased transmission. All other things being equal, payoff-biased transmission causes
higher payoff variants to increase in frequency, and thus cooperation is not evolutionarily
stable under plausible conditions because not-cooperating leads to higher individual relative
payoffs (within groups) than cooperating. Thus, on its own, payoff-biased transmission
suffers the same problem as natural selection in genetic evolution. However, if our social
learning psychology contains a combination of conformist and prestige-biased transmission
(as I have argued above), then, if cooperation becomes common, conformist transmission
will oppose payoff-biased transmission and favor cooperation. When cooperation is not
too costly, conformist transmission will maintain cooperative strategies in the population
at high frequency. However, because both theory and evidence (Henrich, 2001) suggests
that conformist transmission is relatively weak compared to payoff-biased transmission
(and the costs of cooperation are probably substantial), it seems unlikely that conformist
transmission will be able to maintain cooperation.

A quite different logic applies to the maintenance of punishment. Suppose that culturally
transmitted punishing and cooperating strategies are both common and that being punished
is sufficiently costly so that cooperators have higher payoffs than defectors. Rare invading
2nd order free riders who cooperate but do not punish will achieve higher payoffs than
punishers because they avoid the costs of punishing. Because defection does not pay, the
only defections will be due to rare mistakes, and thus thedifference between the payoffs
of punishers and 2nd order free riders will be relatively small compared to that between
1st order free riders and cooperators. Hence, conformist transmission is more likely to
stabilize the punishment of non-cooperators than of cooperation itself. As we ascend to



J. Henrich / J. of Economic Behavior & Org. xxx (2003) xxx–xxx 25

higher order punishing, the difference between the payoffs to punishing vs. non-punishing
decreases geometrically towards zero because the occasions that require the administration
of punishment become increasingly rare. Second order punishing is required only if someone
erroneously fails to cooperate and then someone else erroneously fails to punish that mistake.
For third order punishment, yet another failure to punish must occur. As the number of
punishing stages (i) increases, conformist transmission, no matter how weak, will at some
stage overpower payoff-biased imitation and stabilize commonith order punishment. Once
punishment is stable at theith stage, payoffs will favor strategies that punish at thei−1 order,
because common punishers at theith order will punish non-punishers at stagei − 1. Stable
punishment at stagei−1 order means payoffs at stagei−2 will favor punishing strategies,
and so on down the cascade of punishment. Eventually, common 1st order punishers will
stabilize cooperation/altruism at stage 0.16

The constraint that allows cooperation to arise and remain stable in this model is the
costliness of information. From the gene’s point of view, this is a maladaptive side-effect of
conformist transmission. If there were genetic variability in the strength of conformist trans-
mission (α) and cooperative dilemmas were theonly problem humans faced, then conformist
transmission might never have evolved. However, human social learning mechanisms were
selected for their ability to efficiently acquire adaptive behaviors over a wide range of be-
havioral domains and environmental circumstances—from figuring out what foods to eat,
to deciding what kind of person to marry—precisely because it is costly for individuals to
determine the best behavior (Henrich and Boyd, 1998). Thus, we should expect conformist
transmission to be important in cooperation as long as distinguishing cooperative dilem-
mas from other kinds of problems is difficult, costly or error-prone. Looking across human
societies we find that cooperative dilemmas come in an immense variety of forms, includ-
ing harvest rituals among agriculturalists, barbasco (communal) fishing among Amazonian
peoples, warfare, irrigation projects, taxes, voting, meat sharing and anti-smoking pressure
in public places. It is difficult to imagine a cognitive mechanism capable of distinguishing
cooperative circumstances from the myriad of other problems and social interactions that
people encounter—this is especially true when information about the payoffs to alternative
behaviors or strategies is costly to acquire.

As I have mentioned, natural selection favors the evolution of conformist transmission
because it helps to solve individual-level problems (Henrich and Boyd, 1998), and leads to
an effective solution in many forms of social interaction, such as coordination games. Con-
sequently, in order for natural selection to favor an ability to “switch-off” the conformist
effect upon encountering a cooperation problem, individuals must be able to accurately
distinguish cooperative dilemmas from all other dilemmas. To accomplish this, individuals
must be able to acquire sufficient information about the relative payoffs received by individ-
uals behaving in alternative ways. However, the amount of payoff information necessary to
distinguish a cooperative dilemma from other problems (e.g., coordination interactions) is
also sufficient to determine the optimal solution to the problem without any social learning.
If people could acquire and process sufficient information to ‘know’ when to switch-off

16 Boyd et al. (2003)have combined the fact that the payoff difference between punishing and not-punishing is
smaller than that between cooperating and not-cooperating with group selection to show that the conditions for the
evolution of cooperation and punishment are much more plausible for cultural evolution than genetic evolution.
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conformist transmission, then they would be able to determine the optimal choice in the
situation, and we would not expect to observe any social learning in social interactions.
Nevertheless, when experimentalists have provided opportunities for social learning in eco-
nomic interactions, subjects usually rely heavily on it (Kroll and Levy, 1992; Ball et al.,
2001; Smith and Bell, 1994; Pingle, 1995; Pingle and Day, 1996; Offerman and Sonnemans,
1998; Wit, 1999). Smith and Bell (1994)have tested this explicitly by comparing subjects’
strategic use of social information with their imitative use of this information, and found
that subjects imitate othersboth when self-interest conflicts with group-interest and when
they run in parallel. No difference is observed in the relative strengths of people’s imitative
tendencies (cf.Weinmann, 1994).17

Overall, given the complexity of human cultural adaptations and social environments as
well as the lack of information about the costs and benefits of rarely observed alternative
social behaviors, this constraint likely holds and is certainly more plausible than, for exam-
ple, mutational restrictions that confine punishment-alleles and cooperation alleles to the
same gene.

6.4. Different processes of cultural group selection

Once stable culturally transmitted differences arise between groups, at least three differ-
ent forms of cultural group selection may influence the evolution of practices, beliefs, ideas
and values:demographic swamping, intergroup competition andprestige-biased group se-
lection. Demographic swamping produces changes in the frequency of cultural traits in an
overall meta-population because some social groups (perhaps just one) reproduce new indi-
viduals faster than other groups as a consequence of some set of culturally transmitted ideas
or practices that are relatively stable in those groups—this is natural selection acting on
between-group cultural variation. Demographic swamping probably explains the spread of
early agriculturalists into regions once dominated entirely by hunter-gatherers. Agricultur-
alists gradually replace foragers, increasingly compressing them into tracks of inarable land
(Cavalli-Sforza et al., 1994; Young and Bettinger, 1992; Diamond, 1997). Such empirical
cases of demographic swamping suggest that this is probably the slowest kind of cultural
group selection, operating on time scales of millennia.

In intergroup competition, different cultural groups may also compete directly for access
to resources through warfare and raiding. Cultural practices and beliefs that provide a
competitive edge to groups in warfare will proliferate at the expense of traits that make
groups less effective in competition (and more likely to be defeated, absorbed or dispersed).
Such cultural traits might relate to beliefs about patrilocality, heroism, patriotism, economic
cooperation (leading to surplus production), the villainy of foreigners, and the proper forms
of social or political organization (or all of these). In exploring cultural group selection
resulting from intergroup competition,Soltis et al. (1995)calculated evolutionary rates using
a model based on group “extinctions” (“extinction” only implies that the group members

17 Further, the availability of the payoff information required to distinguish between cooperative and other kinds
of social interactions is often limited. If an individual enters the world and everyone is playing strategy “A”, then
he has no idea what will happen if he plays “B”. If the underlying dilemma is cooperative and A is “cooperate”,
then everyone may receive the same payoffs, so it will ‘look’ like (be indistinguishable from) a coordination game.
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must be disbanded and scattered, not necessarily killed). Using empirical data from New
Guinean horticultural groups, Soltis et al., estimated that a group-beneficial, cultural trait
could spread to fixation on time scales of 500–1000 years.

One of the best-documented cases of cultural group selection occurred during the 18th
century among the anthropologically famous ethnic groups of the Nuer and the Dinka.
Before 1820, the Nuer and Dinka (Kelly, 1985) occupied adjacent regions in the southern
Sudan. Despite inhabiting similar environments and possessing identical technology, the
two groups differed in significant ways. Economically, both the Dinka and the Nuer raised
cattle, but the Dinka maintained smaller herds of approximately nine cows per bull, while
the Nuer maintained larger herds with two cows per bull. The Nuer ate mostly milk, corn
and millet and rarely slaughtered cows, while the Dinka frequently ate beef. Politically,
the Dinka lived in small groups, the largest of which corresponded to their wet season
encampment. In contrast, the Nuer organized according to a patrilineal kin system that
structured tribal membership across much larger geographic areas. Consequently, the size
of a Dinka social group was limited by geography, whereas the Nuer system could organize
much larger numbers of people over greater expanses of territory. Despite the similarity of
their environments, these two groups showed substantial economic and political differences.
Over about 100 years, starting in about 1820, the Nuer dramatically expanded their territory
at the expense of the Dinka, who were driven off, killed, or captured and assimilated. As
a result, Nuer beliefs and practices spread, fairly rapidly, across the landscape relative to
Dinka beliefs and practices despite the fact that the Nuer were soon living in the once “Dinka
environment”.

Another subtler form of cultural group selection is likely to operate on even shorter time
scales than intergroup competition: prestige-biased group selection. Under prestige-biased
transmission, people preferentially copy individuals who get higher payoffs. The higher
an individual’s payoff, the more likely that individual is to be imitated. If individuals
occasionally have opportunities to copy people in neighboring groups, then individuals
from groups at more efficient (cooperative) equilibria will be preferentially imitated by
individuals from groups at less efficient (non-cooperative) equilibrium because the av-
erage payoffs to individuals from cooperative groups are much higher than the average
payoff of individuals in non-cooperative groups (Henrich and Boyd, 2001). Boyd and
Richerson (2002b)have shown that, under a wide range of conditions, this form of cul-
tural group selection will spread group-beneficial behaviors from a single group (at a
group-beneficial equilibrium) through a meta-population of other groups that were pre-
viously stuck at more individualistic equilibria. Furthermore, this process allows more
efficient equilibria (institutional forms) to recombine and spread. For example, in an ecol-
ogy of many groups, one group may have drifted onto an efficient system of patrilineal
inheritance (suppose this is more efficient than matrilineal or bilateral inheritance); an-
other group may have evolved cooperative norms specifically for the construction of large
buildings; and, a third group may have developed a segmentary lineage system that al-
lows them to organize large numbers of warriors. The above process allows these three
different kinds of behavioral equilibria to individually spread, and eventually recombine
in a single social group, making this group the most successful/competitive group by
far. Notably, this process is fast and can probably occur on time scales of decades or
centuries.
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7. Genes may respond to the changed social environment
created by cultural evolution

By systematically altering the selective environment faced by genes, cultural evolution
via cultural group selection may lead to the subsequent spread of prosocial genes—genes
that would not otherwise be favored without the action of cultural processes. As cultural
group selection spreads punishment, prosocial genes (genetically encoded “preferences”
for in-group altruism and punishment) may be favored if they allow individuals to avoid
the costs of being punished for not cooperating. Because such prosocial genes would have
evolved in a world with substantial amounts of culturally evolved, between-group variation,
such genes would foster prosocial psychologies adapted to cue off local behavioral patterns.
This would allow human social groups to vary in both their degree of prosociality and their
domains of cooperation (house-building, warfare, fishing, etc.) in a manner not possible in
non-cultural species. One way to think about these “preferences” is as learning biases that
allow individuals to rapidly acquire prosocial behaviors, values or strategies by observing
others, or with a minimum of punishment. Elsewhere,Henrich and Boyd (2001)have shown
that prosocial genes will spread under a wide range of conditions in the altered environments
produced by cultural group selection.

8. Conclusions

Besides providing a plausible evolutionary foundation for the empirically observed and
experimentally measured patterns of human prosociality that cannot easily be accounted for
by standard evolutionary models, the culture–gene coevolutionary approach solves two other
problems in understanding cooperation and punishment that have not even been addressed
by standard explanations.

Problem 1. If large-scale cooperation is a product of purely natural selection acting on
genes to favor something such as indirect reciprocity, why is not large-scale cooperation
more wide-spread in nature? Why do not other social species like baboons, sea lions, chim-
panzees, and dolphins (which show evidence of kinship and maybe reciprocity) cooperate
at human levels? The above approach, by rooting the development of large-scale coop-
eration in the details of human social learning, addresses this challenge. Other mammals
do not cooperate to the degree humans do because they lack the social learning abilities
that produce cultural evolution and behavioral equilibria not available to genetic transmis-
sion alone. Of course, this answer only pushes the question back to why more animals do
not have human-style cultural capacities. In answering this question,Boyd and Richerson
(1996)have shown that there is an adaptive valley in the evolution of cultural abilities that
inhibits the spread of these abilities when rare. Thus, such cultural abilities should be rare
in nature, but once a species crosses the ‘cultural threshold’, whole new evolutionary vistas
open up (also seeHenrich and Gil-White, 2001).

Problem 2. Unlike other animals, human cooperation varies in both scale and behavioral
domains across social groups. As I mentioned, many social groups inhabit the same physical
environment and possess the same technology, but cooperate to differing degrees and in
different domains (e.g., the Nuer and Dinka). Standard evolutionary approaches struggle
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with these uniquely human observations—in other animals, cooperation and sociality do
not vary much from group to group within a species. However, the coevolutionary approach
suggests that rapid within-group cultural forces will drive different social groups to one of
a myriad of different quasi-stable equilibria, where they may remain for long periods until
the between-group component of cultural evolution sorts among the various equilibria. In
selecting among alternative equilibria, cultural group selection processes may operate on
much longer time scales than within-group processes, especially when alternative equilibria
have similar effects on cultural group fitness. The rates of cultural evolution under group
selection (decades, centuries and millennia) have about the right time scale to explain human
history (Diamond, 1997), whereas genetic explanations are too slow and rational choice ones
too fast.
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Henrich’s contribution (it is too long to be called an article and, indeed, is almost a book)
is excellent, combining as it does a general survey of the existing literature together with
original contributions. My objective here is not to directly comment on his work, which, to
repeat, I find excellent, but to add a few additional points. These points are more speculative
than his work and being heavily pushed for time, I will not fully footnote them. I merely
want to add some things which may help future researchers. Since this is done rather hastily,
I certainly hope I will help them and not lead them down false trails.

The first point is the green beards. There is a sort of green beard in both primate and
human behavior. Suppose that chimpanzees have a hereditary gene which leads them to
occasionally beg for food from other members of their band. They also have a gene to
at least occasionally respond when food is begged from them by giving some food. The
begging for the food is the green beard in that it would be possible for the animal to have
a gene for begging for and accepting food while another gene led to never giving food to
another member of the band who asked for it. This combination of genes, however, would
be genetically dominated and eventually replaced by a gene which instructed their bodies to
make modest gifts to other members of the band who beg for them, but only if the recipient
of the gift did not refuse to make gifts under similar circumstances.

Human social life is an example of this kind of behavior. I buy your lunch today and
expect you to buy mine tomorrow. There are many other cases where casual social life
would cease if reciprocal kindnesses were denied. Apparently chimpanzees are genetically
driven to behave in the same way.

But let me turn to a more exciting subject: war. A number of our relatives live in tribal
groups with specific territory under their control. Territoriality is quite common in the
animal kingdom. Indeed there seem to be plants that to some extent exercise dominion over
the land around them. That a band of chimpanzees would have a specific territory which
they protected and mainly stayed inside is not surprising. Monopolizing resources of an
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area sufficient to support the band, even in a bad year, presumably would be sensible. And
to repeat, territoriality is not particularly uncommon among animal species. Intrusion by
other members of the same specie is resented and resisted. Normally this resistance simply
involves jumping up and down and shouting, but it sometimes leads to genuine fighting.
Jane Goodall saw a case in which a tribe of 11 chimpanzees were systematically hunted
down and killed by the larger tribe from which they had broken off. So far as I know there
are no other cases of similar genocide but chimpanzees and Bonobos frequently carry the
scars of battle on their persons. Presumably the scars will mainly be earned in intra-tribal
squabbles over mates and food but some may have been the honorable scars of intertribal
warfare.

If it is true, however, that the tribe will occasionally have major squabbles over real estate,
why would not individuals hold back and thus preserve themselves from injury while sharing
the spoils of victory. Of course there would not be many victories if such genes became
common, but that is not the kind of argument normally accepted in evolutionary discussions.
That an individual who held back would be punished by the others raises the similar problem
of who will punish the non-punisher? Given the amount which has been written on this topic,
I will leave it here, but simply point out that it does not solve the problem in the view of
most evolutionary biologists.

I have however another solution. Presumably courage is gene controlled. If we simply
assume that courage is courage, and is not courage in one situation combined with a tendency
to flee in another, then the problem is solvable. There are many disputes within the tribe,
partially over food, but more commonly over status in the tribe or mates. A brave chimpanzee
would tend to take a leading roll in intertribal warfare as well as the internal disputes over,
say, mates. Thus a courage gene would have survival potential and would mean that those
bands which have many such genes will tend to prevail in intertribal warfare. From the
economic standpoint, a big male entering into combat in a leading role is generating a
favorable externality for the other members of the tribe at a cost to him. If however the same
gene also provides for courage in inter-tribal fighting it may have both individual and group
advantages.

Once again the same problem arises with human beings. The draft dodger has a higher
likelihood of surviving to old age, but if there are many of them his society has a lower
probability of survival. Most societies have recognized this and provided private incentives
for joining in the armies of the society. I myself was drafted, and I can assure you I would
not have volunteered. Nonetheless there were volunteers. Perhaps the number of genuine
volunteers was greater than that of the draft dodgers. Whether this coincided with success
in perpetuating their genes I do not know, but at least in common parlance it is thought that
“all the girls love a soldier”. With us, in this case, as in my hypothetical discussion of the
chimpanzees, courage in battle carries with it courage in internal squabbles with a result
that the genes are perpetuated in spite of the casualty rate in battle.

The willingness of people to take risks for their “tribe” even if there is no formal govern-
mental organization to force them into it was illustrated in the breakup of Yugoslavia. Most
of the constituent states were able to obtain independence without serious fighting; Bosnian
however was not a single ethnic group but a set of three living more or less separately. The
Serbs had inherited most of the formal organization of Yugoslavia and certainly almost all
of the arms. They decided to expand the Serbian part of Bosnia, apparently intending to
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take over the whole of it. They were opposed by a disorganized group of volunteers with,
at first almost no weapons. American newspaper readers may recall the desperate situation
of the Bosnians in the early part of a war. They were defended mainly by pickup groups of
volunteers with poor or no weapons. Naturally the Serbian regulars with their better equip-
ment were, on the whole, successful, but they did not win a total victory and today hold
only about a third of Bosnia. This I think is a good illustration of human beings responding
to attack on their tribe more or less spontaneously. I certainly hope that the genes of the
soldiers who defended the Bosnian area will be perpetuated.

I would like to turn now to a related area although not directly involved in Henrich’s paper.
This is the rather peculiar behavior of almost all human beings in making unsolicited gifts
to people living far away. If there is an earthquake in southern Mexico or a typhoon strikes
in the coast of South China and this gets publicity in the United States many Americans will
send gifts to the people injured usually through something like the red cross. It is extremely
hard to see how this would promote the survival of genes in the Americans. Since Dawkins’
most persuasive book, most biologists have thought that it is a gene that is selfish not the
entity bearing it. To quote the standard example I would risk my life to save my brother
if his likelihood of death was certain if I did not, and the risk to my life was less than 50
percent. The gene which directed me to do this would be statistically more frequent in the
population after I had so acted then it would have been had I not done so. Thus the action
serves the selfish need of the gene but not of its human bearer.

That we would make sacrifices for relatives who have varying chances of bearing our
genes is thus not surprising. Further it seems likely that the prehumans and early humans
lived in bands much like modern chimpanzees. If so each one would have some degree
of relationship to other members of the tribe and hence genes ordering various levels of
help would have survival value for the gene. All of the primates who live in bands of some
size practice exogamy and it seems likely that early humans did so too. Incest is likely to
lead to generic difficulties. It is even possible to argue that our incest taboos are survivals
of much the same phenomenon. But if the tribes practice exogamy, then it would follow
that an individual would have at least some gene overlap with individuals in the next tribe
over. Thus a gene which provided lesser aid to individuals in the next tribe would also
have survival value. Further the next tribe no doubt practices exogamy so that there would
be a weaker relationship, but nevertheless a real one, with the tribe lying beyond it. The
likelihood that any given gene that one individual holds would be duplicated in another
individual in another tribe would gradually decline as the geographical distance increases.
We should not then be surprised at individuals helping members of their local community,
their relatives even more so, but to a smaller extent people living farther away who have
less likelihood of bearing the same gene.

If we consider primitive conditions, however, knowledge of other tribes would fall off
rapidly as you move away. There would be no prospect of the individual tribesman even
knowing about people in India. Thus we would anticipate that this kind of charitable aid
would eventually reach a low level, but stay at that level as you move even farther away.
There will be no reason for genetic control for cutting out people who are so far away
you will never have any knowledge of them. Thus my gift to typhoon survivors in China
is explained by the fact that our far distant ancestry did not know such people existed and
hence the genes did not cut off charitable gifts to people who were beyond their cognizance.
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This is not strictly speaking a modification of Henrich’s article but I think it is in the
spirit of his work. In any event it is clear that we do engage in cooperation and charity
when it is not to the direct benefit of the individual engaging in the activity. Henrich deals
in this subject in a very competent way. I have added a little bit and I hope that many other
people will contribute too. This is an area where we need information badly. We have a lot
of knowledge already, but I think that everyone will agree that we need more.
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Joseph Henrich provides us with a very thoughtful, critical review of the literature on gene-
culture coevolution with respect to the existence and maintenance of cooperation and social-
ity in general. He also presents us with an original argument for introducing cultural group
selection to explain the persistence of individual behaviors that favor the cultural evolution
of prosociality. I am sure that his critical analysis will advance this literature significantly.

At the same time, I remain generally puzzled by the literature on gene-culture coevolution.
To argue that people evolve at a cultural level, as well as at the genetic level, and that the two
levels coevolve is a major step from the earlier literature that tied all traits, biological and
social, to genetic evolution alone. Henrich, by bringing in group selection, takes one more
step away from the modern synthesis of evolutionary and genetic thinking that arose during
the 1930s and “hardened,” according toGould (2002, Chapter 7), by the 1960s. Having
taken these steps, I am curious why the tie to biological evolution still remains so strong in
the explanation of social phenomena.

I am very comfortable with the concept that cultures are made up of ideas (or memes,
idenes, sociogenes, culturgens, etc.) that reproduce, though imperfectly, that people think
up new ideas, that new ideas move between cultures, and that some ideas prove less fit than
others. What puzzles me is why the scholars working in this literature see the process as
so symmetrical. Culture is treated as a single unit, like an organism, that evolves directly
while also coevolving with genes. The symmetry keeps the arguments tight and facilitates
clarity in thinking. Yet, I have difficulty thinking of culture as a single evolutionary unit,
and I see no reason why evolutionary thinking must always be tied so closely to genes.

Might culture be divisible into multiple units with each unit evolving on its own while
coevolving with each other? In my own work (Norgaard, 1994), I have argued that modern
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culture can be divided into value systems, knowledge systems, organizational systems, and
technological systems. Each of these can be thought of as reproducing itself imperfectly,
experiencing innovations, and being influenced through introductions from other cultures.
At the same time, each of these systems puts selective pressure on the other systems. For my
own work, I found no reason to delve into whether these coevolutionary processes within
culture affected human genetic evolution. The rates of change are quite different. Allowing
for asymmetry between genes and culture, allowing evolutionary processes to take place
within and between aspects of culture, weakens the ties to our genes while opening up our
thinking to evolutionary explanations of why things social are both so tightly interlocked
and yet can change.

Genes are tied to the organism, a structure, making an evolutionary unit. In the gene-culture
literature, culture is without adequate structure, it has too little to attach the ideas to. As we
divide culture up, however, structure emerges. What is the organismal equivalent, the struc-
ture, of culture? It is a lot easier to see the structures of our value systems, our knowledge
systems, our organizational systems, and our technological systems, to see the structure
that is being reproduced and the processes of reproduction. Our educational and research
system is clearly made up of schools and universities and funding agencies and the National
Academy of Sciences, and we can see how they reproduce themselves while also chang-
ing. Capitalism, markets, and democracy are “forms” of social organization that reproduce
themselves while also changing. And we can see how they coevolve.Bernstein (2001), for
example, illustrates how the rise of economics as an academic discipline in our knowledge
system has coevolved with social organization and vice versa. Of course, these cultural
subdivisions are still fuzzy, but they are certainly not as fuzzy as culture as a whole. And it
is good to keep in mind that species as a category also has fuzzy edges, increasingly so as
we move to microbial life.

To speak of culture as a unit is analogous to speaking of all life, to amass all of the plants
and animals together. We see the structure of life when we look at species separately, it is the
parts that evolve, largely in response to each other, and in this sense life as a whole evolves
Ditto culture. And as we accept the evolution and coevolution of subsystems of culture, the
explanation of cooperation and prosociality in general becomes much more social, much
less genetic, but no less evolutionary.

I suspect the differences in the perspective that I am taking and that of the gene-culture
research community are historic. The gene-culture literature has taken a long view. It has
strong roots in anthropology, most notably the work ofBoyd and Richerson (1985and
numerous works since) andDurham (1991). It is harder to see the structures of historic
societies or the structural units of cultures clearly different from our own. AnthonyGiddens
(1990)argues that modern society is special for both its highly developed structures and that
the separateness of these structures leads to fragmented lives. The gene-culture literature also
has strong roots in the works of geneticists includingCavalli-Sforza and Feldman (1981)and
in evolutionary biology, especially the work ofLumsden and Wilson (1981). These founders
of the literature moved beyond biology, but they certainly were not in a strong position
to characterize culture in a very interesting way. Thus, treating organisms and culture as
symmetric can be seen as an artifact of the actors, script, and stage at hand. I sense, however,
an additional historic reason. Gene-culture theorists have crossed disciplinary boundaries,
for some no doubt at considerable cost. Treating genes and culture symmetrically may
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have facilitated crossing disciplinary boundaries by closing off the morass of contradictory
theory and evidence we have on social systems. If this is also the case, then the symmetrical
construct has been at the cost of closing off the larger application of evolutionary thinking
in the social sciences. Let us hope this too will soon be historic.
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Abstract

It is interesting to know that Henrich’s skillful challenge of the Price equation of biology in
Price [Nature 227 (1970) 520; Annals of Human Genetics 35 (1972) 485] to locate large-scale
cooperation of human beings certainly gives a straight way to argue social interactive mechanism
in economic theory. In fact, Glaeser and Scheinkman [E.L. Glaeser, J.A. Scheinkman, Measur-
ing social interactions, in: S.N. Durlauf, H.P. Young (Eds.), Social Dynamics, Brooking Institute,
Washington, DC, 2001, pp. 83–131] exhibits a limited form of the Price equation in economic
theory without any explicit reference to it. This suggests a common analytical way to measure
interactive effects of between-groups and within-group whether in biology or economics. This
way however is to be accompanied by some difficulties. Some overarching mechanism between
between-groups and within-group will be necessary to establish a definite direction of group se-
lection. The idea of Hildenbrand [W. Hildenbrand, Market Demand, Princeton University Press,
Princeton, 1994] may be helpful to do this, although his trial has been done in a qualitatively different
field.
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1. Social interactions in utility theory

1.1. New issues in utility function

We begin to notice that Henrich’s insights of prosocial genes under the cultural transmis-
sion mechanism could in general be compatible with a new understanding of evolutionary
adaptive economic systems.

A new movement to incorporate social interaction in utility functions of economics has
notably begun during these days. Some economists are working to capture the effects of
social interaction among the agents. It is not difficult for us to mention a series of new
attempts to introduce social interactions and heterogeneities of agents. One set may come
about from the random preferences approach given byHildenbrand (1971), Föllmer (1974),
followed byDurlauf (1997, 2000)who borrows the idea of Gibbs distribution in statistical
mechanics; while another set is ofWeidlich and Haag (1983), andHelbing (1995)who are
concerned with application of master equations to social interactions.Aoki (1996)also is
to be mentioned.

1.2. Cooperative systems under a macroscopic order

In these models, a macroscopic field on which particular agents interact could bind
themselves by the field itself. In other words, some positive feedback (i.e. reinforcement
mechanism, passing through a critical point of social situations) may give a limiting system
of order, which might be a cooperative system. One type of reinforcement mechanism can
come towards bringing cooperation into play via copying or imitating the reference agents
(their neighbors), asArthur (1994)has argued. A source of copying behavior by individuals
may come from learning. Voluntary learning by individuals can however not always lead
a group to a cooperative situation.Glaeser and Scheinkman (2001, p. 94), similarly as in
Henrich, has referred to social interaction through punishment mechanism:

Social interactions occur because through learning this ideal behavior, individual influ-
ences each other. Natural examples of this type of effect occur in crowd behavior where
individuals seem to completely forego what is commonly thought of as civilized behav-
ior because they are sanctioned by the crowd (see, e.g. the extensive literature on the
motivation of Nazis).

1.3. Sub-grouping and the memes of subgroups

Another important feature in social interaction of agents is found in partitioning or la-
beling individuals into their sub-groups. Group selection through its cultural transmission
is relevant to the concept of meme or social norms. In this context,Friedman and Sighn
(2001, pp. 106–107) argued vengeance as a negative reciprocity:

All known groups of humans maintain memes that prescribe appropriate behavior toward
fellow group members, and typically prescribe different appropriate behavior toward
individuals outside the group.. . . The success of the meme, as with any other adaptive
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unit, is measured by its ability to displace alternatives, by its fitness.. . . Groups affect
individual fitness in several ways.. . . they provide gains from internal cooperation and
some gains from external cooperation.

2. A simple model of local interactions

2.1. Glaeser and Scheinkman

With the above comprehensive background in line with Henrich’s stated circumstances,
Glaeser and Scheinkman (2001)gives a simple model of local interactions for their practical
purpose to measure social interactions, although in a very restricted model.1

People respectively live in different cities.θ is a distribution of quality across people,
which has mean zero. Its variance is denotedσ2

θ . θi is the individuali’s quality, assumed to
be constant across cities.Xi represents individual-level characteristics like age or gender.
The idiosyncratic tastes of individuali may then be written:

Θi = θi + f(Xi) (1)

“[T]he marginal utility of the action for individuali is directly by an idiosyncratic taste
shockΘi, and his neighbor’s actionAi−1.” (Glaeser and Scheinkman, 2001, p. 95):

U(Ai, Ai−1, Θi) = ΘiAi − 1
2(1 − α)A2

i − 1
2α(Ai − Ai−1)

2 (2)

More specifically, the actions space is supposedly restricted on the real line. Agents may
live in their respective citiesj on the real line. The choice of action by individuali is based
either on his own taste for the action or by imitating his predecessori − 1 on the domain.2

Individual i chooses an actionAi based on their idiosyncratic tastesΘi, and their prede-
cessors’ action levelAi−1. The individuali’s actionAi thus is defined:

Ai = θi + f(Xi) + αAi−1 (3)

Let Aj be the mean action level in cityj. Equivalently:3

Ai − Aj = θi + f(Xi) − f(X)j + α(Ai−1 − Aj) (4)

Hereα is regarded as the regression coefficient ofAi with respect toAi−1. It is also assumed
that “there is no sorting across neighborhoods within cities.” (Glaeser and Scheinkman,
2001, p. 95) Notice that offsprings ofi never break out in this line.

2.2. Local interactions

We can then calculate the variance ofAi − Aj. In equilibrium, it holds:

Var(Ai − Aj) = Var(Ai−1 − Aj) (5)

1 The next two subsections are a brief summary onSection 3of Glaeser and Scheinkman (2001, pp. 94–100).
2 The benefit from copying their predecessor will be measured by (1− π).
3 f(X) denotes the mean level of the functionf(X); f(X)j denotes the mean level of the functionf(X) in city j.
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Varf(X)
j represents the variance off(X) within city j.4 In addition, Varf(X)

j is assumed to be
constant across cities:

Var(Ai − Aj) = σ2
θ + Varf(X)

j

within-city

+ α2 Var(Ai−1 − Aj)
between-cities

=
σ2

θ + Varf(X)
j

1 − α2
. (6)

In the limit, Glaeser and Scheinkman (2001)gives the regression coefficient:

α = Varagg− Varind

Varagg+ Varind
. (7)

Here Varind shows the individual-level variance. Varagg shows the adjusted variance of the
city aggregate rate.5

2.3. Price equation in Henrich’s context

“The Price equation is a simple statistical statement” on the expected change of the
frequency of a genex. In this gene,xi denotes an altruistic allele if individuali retains
xi = 1, while an egoistic allele ifxi = 0. xi can then express the current frequency of
this gene. Letwi be the number of offsprings ofi, namely, the absolute fitness ofi while
w̄ the average fitness of the population. In Henrich’s contribution, “we ignore any effects
arising from the transmission process (e.g. recombination, mutation, etc.).”6 (Henrich’s
drafts, p. 18). It then follows the HenrichEq. (8):

w̄ �x̄ = βwj,xj Var(xj)
selection between-groups

+ E(βwjxij Var(xij ))
selection within-group

. (8)

Hereβwij xij means the within-group regression coefficients ofwij with respect toxij in
group j. This type of Price equation “tells us that the change in the frequency of allele
created by natural selection acting on individuals can be partitioned into between-groups
and within-group components.” (Henrich’s drafts, p. 18).

2.4. Difficulties of Price equation

It is easily seen that our Price equation shares the same idea as the simple model of
Glaeser and Scheinkman (2001). In those kinds simply a statistical relationship is expressed
to measure a social interaction by decomposing both in between-groups effects and in
within-group effects. This way is quite rightful in practice in measuring contributions of

4 “[I]n the equilibrium of this model two agents who are separated byK other agents will. . . do exactly the
same thing if there are no fixed agents between them.” (Glaeser and Scheinkman, 2001, p. 95).

5 We set

Varagg = Var

[
1√
N

N∑
i=1

(
A(i) − f(X)j

1 − α

)]

.
6 In the Glaeser–Scheinkman model, no sorting occurs within city. Cities may be replaced with groups in the

Price equation.Ai − Aj may bexij .
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interactive factors due to between-groups and within-group as shown generally in a form
of:

w̄ �x̄ = Cov(wj, xj) + Ej(Cov(wij , xij )
selection between-groups

+ E(wij�xij ))
selection and transmission within-group

(9)

But this kind of formulation does not entirely mean to bring an overarching mechanism
working between between-groups and within-group. Without elucidating the overarching
mechanism, the signs of between-groups/within-group effects cannot be definitely ascer-
tained.

[S]election on group level, as a rule, is slow and much less effective than on the level of
individual (Hofbauer and Sigmund, 1989, p. 109).

The assumption of a mutant gene to promote altruistic behavior for his group may be
rejected by the reason that it reduces the fitness of its carrier. In order to make group selection
well workable, transmission mechanism is indispensable, as Henrich states. Cultural group
selection based on such a transmission could be viable if and only if a certain macroscopic
order should be implemented in the interactive field. In other words, a promising way to
take a cooperative system formation into account is to introduce a macroscopic order in the
concerned field in which individual agents act bilaterally with their other groups. It may
be the key issue to find such a binding condition in group selection to form a macroscopic
order. Putting another way, we must look for a macroscopic microeconomic linkage (i.e. an
overarching mechanism to illustrate the processes of a disperse social system).

In the next section, we can only refer to the binding conditions for a macroscopic order
in the theory of consumer demand, although it is not yet a binding condition on covariances
of group selection for cooperation.

3. A digression: an overarching mechanism working in market demand

3.1. Slutsky equation on price changes

Some digression may be required for a while. It is very instructive to learn how a macro-
scopic binding condition works to organize a kind of economic law. In the theory of con-
sumer demand, we have a well-known equation called Slutsky equation on demand variation
due to the changes of pricep. fi(p, xi) denotes a demand function of individuali � I who
belongs to the cloud (income class)xi. The Slutsky equation system requires the following
hypothesis in order to derive the law of demand.

Hypothesis (i). The average income effect matrixA is positive semi-definite.

Hildenbrand then proved quite ingeniously that Hypothesis (i) can be equivalent to Hy-
pothesis (ii), provided the demand functions satisfy the budget identity (seeHildenbrand,
1994, Appendix 5).

Hypothesis (ii). [Increasing spread and expanding dispersion of household’s demand.]
For every sufficiently small∆ > 0, the cloud{f i(p, xi + ∆)}iεI is more spread than{fi(p,
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xi)}i�I . In other words, the second moments of the former are greater than those of the
latter.

Dispersion on the clouds can be defined to measure heterogeneity of households. To
remove the so-called Giffen effects, the average income effect matrixA must be positive
semi-definite. According to a new theory of Hildenbrand, this corresponds to the fact that
“dispersion in each income to measure heterogeneity of households may increase, as income
size increases.” In short, it then holds:

Ell(Covν(xi + ∆)) ⊃ Ell(Covν(xi) (10)

Here Ell means ellipsoid of dispersion in the covariance matrix Covν. Our empirical test
thus comes down to calculate the matrix of covariance around the mean on the clouds.

3.2. A macroscopic microeconomics

As Hildenbrand (1994)smartly proved, thus, it is verified that individualistic demand be-
havior could be well-defined to make income effects always positive, provided that macro-
scopic variables like variances and covariances on spending among consumer goods are
pertinently bound under a certain set of hypotheses.7 In a sense that a microeconomic be-
havior on demand could be solved by introducing a macroscopic condition, Hildenbrand
called this approach “macroscopic microeconomic approach.” (Hildenbrand, 1994, p. 74).

Hildenbrand in cooperation withHärdle (1990)working in the field of non-parametric
testing, in fact, estimated the matrices of second moments as well as covariances using
the available data likeUK Family Expenditure Survey(FES),French Enquete Budget de
Famille (EBF) and the surveys in other developed countries but except for Japan.8

Now we return our main topics. It seems us difficult to find a binding condition on group
selection towards a cooperative system in the case of altruistic and egoistics alleles. First of
all, we must be keen to promote some intensive efforts to achieve such empirical analysis
as done inGlaeser and Scheinkman (2001).

References

Aoki, M., 1996. New Approaches to Macroeconomic Modeling: Evolutionary Stochastic Dynamics, Multiple
Equilibria, and Externalities as Field Effects. Cambridge University Press, Cambridge, UK.

Arthur, W.B., 1994. Increasing Returns and Path Dependence in the Economy. University of Michigan Press, Ann
Arbor.

Aruka, Y., 2001. The law of consumer demand in Japan: a macroscopic microeconomic view. In: Takayasu, H.
(Ed.), Empirical Science of Financial Fluctuations: The Advent of Econophysics. Springer, Tokyo, pp. 294–303.

Durlauf, S.N., 1997. Statistical mechanics approaches to socioeconomic behavior. In: Arthur, W.B., Durlauf,
S.N., Lane, D.A. (Eds.), The Economy as an Evolving Complex System II. Addison-Wesley, Reading, MA,
pp. 81–104.

7 Subgroups may be interpreted as income classes in the society; fitness of the subgroup may be measured in
terms of spending on consumer goods.

8 According to the above methodAruka (2001)estimated the matrix of second moment, as well as the matrix
of covariance in the family expenditure data in Japan of the period 1979–1998.



Y. Aruka / J. of Economic Behavior & Org. xxx (2003) xxx–xxx 7

Durlauf, S.N., 2000. A Framework for the Study of Individual Behavior and Social Interaction. SSRI Working
Paper Series. Social Systems Research Institute of the Economic Department, The University of Wisconsin,
Madison.

Föllmer, H., 1974. Random economies with many interacting agents. Journal of Mathematical Economics 1,
51–62.

Friedman, D., Sighn, N., 2001. Evolution and negative reciprocity. In: Aruka, Y. (Ed.), Evolutionary Controversies
in Economics: A New Transdisciplinary Approach. Springer, Tokyo, pp. 103–114.

Glaeser, E.L., Scheinkman, J.A., 2001. Measuring social interactions. In: Durlauf, S.N., Young, H.P. (Eds.), Social
Dynamics. Brooking Institute, Washington, DC, pp. 83–131.

Härdle, W., 1990. Applied Nonparametric Regression. Cambridge University Press, Cambridge, UK.
Helbing, D., 1995. Quantitative Sociodynamics: Stochastic Methods and Models of Social Interaction Processes.

Kluwer Academic Press, Dordrecht.
Hildenbrand, W., 1971. Random preferences and equilibrium analysis. Journal of Economic Theory 3, 414–429.
Hildenbrand, W., 1994. Market Demand. Princeton University Press, Princeton.
Hofbauer, J., Sigmund, K., 1989. The Theory of Evolution and Dynamical Systems. Cambridge University Press,

Cambridge, UK.
Weidlich, W., Haag, G., 1983. Quantitative Sociology. Springer, Heidelberg.



Journal of Economic Behavior & Organization
xxx (2003) xxx–xxx

Discussion

A whole new ball game�

David Sloan Wilson∗
Department of Biological Sciences, Binghamton University, State University of New York,

Binghamton, NY 13902-6000, USA

Received 7 August 2002; accepted 12 September 2002

At a broad scale, Henrich’s article is right on target, forcefully making a number of
major points that should be of central interest to the readership of JEBO: (a) human social
behavior needs to be understood from an evolutionary perspective; (b) the principles of
kin selection and reciprocity are not up to the task; (c) all evolutionary theories of social
behavior can be understood as various forms of selection within and among groups; (d)
numerous mechanisms that fall under the umbrella term “culture” reduce the importance of
within-group selection and increase the importance of among-group selection, even in very
large groups of unrelated individuals; (e) the uniqueness of human social behavior therefore
can be explained within the context of a theory that explains social behavior in all species.

Because evolutionary biologists have relied so heavily on kin selection and reciprocity in
the past, and because they prematurely rejected group selection without realizing that it was
embedded in the structure of their own favored ideas, the theoretical framework outlined by
Henrich constitutes a whole new ball game for understanding the nature of human social
behavior. Understandably, much remains to be learned about the new game and its rules.
I therefore have a number of comments that should be regarded as constructive, without
detracting from my overall admiration of the article and the broad vision that I share with
Henrich.

Relative fitness and the importance of random variation among groups. Most selection at
the individual level takes place in randomly mating populations, which means that genetic
variation among individuals is random. Inbreeding and other forms of assortative mating
can create nonrandom variation, but this is not regarded as essential for the process of
individual-level selection to take place. It follows that random genetic variation among
groups should be sufficient for group-level selection to take place, but Henrich seems to

� Commentary on “Cultural group selection, coevolutionary processes, and large-scale cooperation” by Joseph
Henrich.
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imply the opposite when he states (p. 4) that “If groups are randomly re-mixed every
generation,Bxjxi = 0, and altruism (even kin-based altruism) cannot evolve.”

This statement is based on defining altruism as increasing the absolute fitness of others
while decreasing the absolute fitness of the altruist. However, multilevel selection theory in
general and the Price equation in particular are based on relative fitness comparisons.

To appreciate the difference, consider a behavior that increases the fitness of everyone
in the group at no cost to the actor. The actor increases its own absolute fitness but not its
relative fitness within the group. However, if groups vary in the frequency of this behavior—
if only at random—then groups with a higher frequency will disproportionately contribute
to the total gene pool. In the Price equation, the within-group component of gene frequency
change is zero while the between-group component is positive. This example is comparable
to standard individual selection, in which a beneficial gene increases the fitness of all the
genes in an individual at no special cost to itself.

It is more realistic to assume that some cost in required to benefit the whole group, such
as individuals donating money to public radio, which they enjoy along with those who do
not donate. In this case the within-group component of the Price equation becomes negative
and the behavior begins to take on the appearance of altruism. However, it is important to
realize that the private cost to the altruist appears in the within-group component of the Price
equation while the benefit appears in the between-group component, because it is merely
the individual’s share of the public good that has been provided. This means that a degree of
altruism, defined in terms of relative fitness rather than absolute fitness, can still evolve with
random variation among groups. In fact, random variation is sufficient to evolve this kind
of altruism whenever the altruist increases its own absolute fitness, even though the cost is
private and the benefit is public (seeWilson, 1998for an interesting exception to this rule).

Behind this somewhat technical discussion is a fundamental point that needs to be ap-
preciated at a more intuitive level: multilevel selection theory requires thinking in terms
of relative rather than absolute fitness. Psychological egoists are motivated to maximize
their utility regardless of their effects on others. Thus, psychological egoism is inherently
grounded in the concept of absolute fitness. It is common to assume as an article of faith that
psychological egoism is what evolves by individual selection. The Price equation shows
that this assumption is mistaken. Some egoistic acts evolve by within-group selection, when
they increase the fitness of the actor more than others in the same group, but other egoistic
acts actually decrease relative fitness within groups and require all the ingredients of group
selection to evolve (e.g. multiple groups, variation among groups). Psychological egoists
might ignore their effects on others in their own minds, but as theorists and scientists we
must know about effects on others to determine whether a given behavior counts as an
individual-level or a group-level adaptation. Thinking in terms of absolute fitness is so
strongly ingrained, and the distinction between absolute and relative fitness is sufficiently
subtle, that it will probably take a long time to fully appreciate the significance of multilevel
selection theory’s focus on relative fitness within and among groups.

Complex interactions and the genotype–phenotype relationship. The vast majority of
evolutionary models of social behavior assume a simple relationship between genes and
behaviors. For example, most altruism models assume that altruistic and selfish behaviors
are coded by alternative alleles at a single locus. This is obviously intended as a simplifying
assumption to make the models tractable, without claiming realism. The hope is that more
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complicated and realistic genotype–phenotype relationships will not alter the basic results.
It turns out that this hope is unfounded, and for a very basic reason. When genes code directly
for behaviors, the partitioning of phenotypic variation within and among groups becomes
closely linked to the partitioning of genetic variation. For example, the only way for a group
to become behaviorally uniform is for it to be genetically uniform. The importance attributed
to kin selection can be traced to this assumption. However, when genes code for component
traits that interact with each other and the environment to produce the phenotypic traits
that influence fitness, the partitioning of phenotypic variation within and among groups can
become very different than the partitioning of genetic variation. For example, a group can
become phenotypically uniform even when it is genetically diverse. Of course, this is what
Henrich attributes to culture but the result can be generalized to other kinds of complex
interactions.

Some examples will make these ideas less abstract. InWade’s (1977)classic group se-
lection experiment, he created groups ofN = 16 flour beetles at random, allowed them to
develop for 37 days, and selected on the basis of the phenotypic trait “group size”. A sim-
ple genotype–phenotype relationship would involve high- and low-fecundity genes, which
create high- and low-fecundity individuals, which in turn create high- and low-fecundity
groups in an additive fashion. If so, then high-fecundity individuals would be favored by
selection within groups and random samples ofN = 32 genes would not produce much
opportunity for selection among groups. In reality, the group-level phenotypic trait “group
size” was caused in part by a complex interaction between stage-specific cannibalism (larvae
eat eggs) and synchrony of egg laying. Groups in which all females laid their eggs together
became large because there were few eggs for the larvae to eat. Groups in which egg laying
was staggered became small because the first larvae to hatch ate the eggs that were yet to
hatch. These component traits may have been genetically influenced, but they interacted in
a way that converted random genetic variation into highly nonrandom phenotypic variation
among groups. Furthermore, the phenotypic variation was partially heritable, as revealed by
the response to selection during the course of the experiment. Complex interactions altered
the balance between levels of selection without anything that could be called cultural (see
Sober and Wilson, 1998for a fuller discussion of this example).

As an even more extreme example,Swenson et al. (2000a,b)inoculated laboratory mi-
crocosms with literally millions of microbes from a single well-mixed source. Based on
sampling error, the initial variation among the microcosms was nil, yet profound differences
developed over a period of 4 days (many microbial generations). The reason is due to the
well-known butterfly effect; since microbial ecosystems are complex, even the tiniest initial
differences caused by sampling error provided the basis for ever larger differences as the mi-
crocosms developed along separate trajectories. Furthermore, a response to ecosystem-level
selection proved that some of the phenotypic variation among microcosms, initiated by sam-
pling error and magnified by complex interactions, was heritable.

To summarize, some of what Henrich attributes to culture can be attributed more generally
to complex genotype–phenotype relationships. This does not diminish the importance of
the cultural mechanisms discussed in the target article but it does encourage us to look for
additional possibilities in human and nonhuman complex systems alike.

Low-cost punishment and other details of human multilevel selection. Thinking about
the rules of “the new ball game” is so recent that many of the details are understandably
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speculative. I heartily concur with Henrich’s critique of the “big mistake hypothesis”, in
which prosocial behaviors that are difficult to explain in terms of kin selection and narrow
reciprocity are attributed to the misfiring of psychological mechanisms that were adaptive
in ancestral environments. It is absurd to suppose that there was no need to discriminate
degrees of relatedness or probability of return benefit in ancestral social environments,
especially since modern hunter-gatherers and other species that live in groups have these
abilities. On the other hand, I think that Henrich makes a serious error when he states (p. 14)
that “. . . punishment is costly for the punisher (which it certainly must be).” Human social
groups are remarkable for their ability to severely punish deviant members at low cost to
the punishers. Simple gossip can destroy a person’s reputation at no cost to the gossipers—
as long as their talk is justified by the target’s deviant behavior (Wilson et al., 2000). The
ethnographic literature is full of examples of low-cost and even no-cost social controls, such
as forcing someone into “voluntary exile” for violating a norm or placing a “blot” upon
their genealogy, which prevents advantageous marriages from taking place for the deviant
individual’s entire lineage (seeSober and Wilson, 1998for a fuller discussion of these and
other examples). The ability of human groups to control their upstart members at low cost
is termed “reverse dominance” byBoehm (1993, 1999)and should be acknowledged as one
of the major factors favoring the large-scale cooperation that Henrich is trying to explain.

Other important details can be challenged while remaining within the spirit of “the new
ball game”.Boyd and Richerson’s (1985)conformist transmission model assumes that
conformity evolves as an individual-level adaptation to varying environments and that its
effect on cultural group selection is initially fortuitous. It is equally plausible to assume
that conformist cultural transmission evolved directly by genetic group selection (Wilson
and Kniffin, 1999). The model ofHenrich and Boyd (2001), in which a dash of conformity
stabilizes the cost of enforcement within groups, is clever and potentially important but also
potentially unnecessary, since enforcement can evolve by group selection in randomly vary-
ing groups as long as the absolute fitness threshold is passed, as discussed previously. The
consequences of imitating success depend radically on the scale of comparison. Imitating
success within groups causes selfishness to be emulated, while imitating success at a wider
scale can cause prosocial behaviors to be emulated. To my knowledge, no model explicitly
examines the evolution of alternative imitation rules that vary in their scale of comparison.
Rational choice and explicit group-level decision making can have an important effect on
human cultural evolution (Boehm, 1996; Wilson, 1997).

The social physiology of human groups. The physiological processes that enable organ-
isms to survive and reproduce are often mind-boggling in their sophistication and complexity
when understood in detail. Much of the fascination of biology resides in working out the
mechanistic details of adaptive design. If human groups are adaptive units, they should also
have a complex and sophisticated “social physiology”, to use a term that is already current
among social insect biologists. As Henrich notes (p. 26), social scientists were accustomed
to interpreting various features of social organizations as “for the good of the group” during
the first half of the 20th century, but this tradition was eclipsed by methodological individ-
ualism at about the same time that group selection was rejected in biology. In both cases,
the early group-functional approaches were naı̈ve and easy targets for criticism. However,
now that group selection is on a firm theoretical foundation, especially in the case of human
evolution, the tradition of functionalism in the social sciences needs to be revived, albeit in
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a more sophisticated form.Richerson and Boyd (1999)have taken a step in this direction by
comparing the “social physiology” of American, Russian, and German military groups dur-
ing World War II. I have taken another step by analyzing religious groups from a multilevel
evolutionary perspective (Wilson, 2002). It is almost obvious in retrospect that the many
explicit behavioral prescriptions, beliefs about supernatural agents and their relationships
with people, and social practices employed by religions around the world and throughout
history are largely designed to bind individuals into functional groups, much asDurkheim
(1912)broadly envisioned ninety years ago. Indeed, the very word ‘religion’ is derived
from the Latin word ‘religio’, which means ‘to unite or bind together’. At the same time,
religions are frequently ‘corrupted’ from within, which can be interpreted as within-group
selection gaining the upper hand. Human evolution has truly been a multilevel process in
which group selection is a strong but by no means the only force. In the future, much of
the fascination of the social sciences will reside in working out the mechanistic details of
group-level adaptive design as a partial solution to the ever-present threat of within-group
selfishness.

It should be clear from the target article and my comments that much remains to be
learned about multilevel selection and human evolution. I hope the target article has the
impact it deserves and will stimulate the readership of JEBO to join the new game.
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The paper provides a very good overview of recent theoretical and empirical research
in anthropology and theoretical biology focusing on explaining large-scale cooperation in
human societies. The author surveys an impressive body of results, criticizes the purely
genetic approach to the evolution of cooperation, and promotes a gene-culture coevolu-
tionary approach instead. Since most of the results and theories surveyed are published in
anthropology and biology journals, and are probably not well known to economists, it is of
great interest to read such a survey. I congratulate the author on having done a good job in
providing the survey, and with explaining the gene-culture coevolution of social learning
and cooperation.

The following general picture emerges from the paper. Pure genetic evolution cannot
explain the degree of cooperation in humans and the difference in the domains of coop-
eration; humans (almost) uniquely among animals possess the (genetic) ability for social
learning; social learning may stabilize any behavior via, e.g. conformist transmission; a
more cooperative behavior in a group makes the group more viable; cooperation spreads
through cultural group selection; in a cooperative environment genetic evolution also favors
cooperation. This general picture looks quite clear and intuitive. However, some statements
and steps need more analysis.

Altruism: Before analyzing the steps of the above reasoning, I would like to make a
comment that is not directly related with the paper but more with the topic of this special
issue, on the use of the notion “altruism”. Though an action that reduces own fitness and
increases the fitness of others may look altruistic, the reasons for taking the action may be
the desire to conform, or the fear of punishment, and thus be purely selfish. Punishment, in
turn, may have the same reasons, or even be out of spite. At least in the references cited in
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the paper, I could not find any that makes a clear case that punishment is altruistic. Altruism,
as the innate inclination to take a socially beneficial action at an individual cost, appears
only at the last stage of the process described in the previous paragraph. A large part of
the paper concerns the evolution of large-scale cooperation; (genetic) evolution of altruism
follows it and is in fact not much elaborated in the paper. For example, in the models of
reciprocity and punishment, playing a cooperative action is not altruism, but rather selfish
behavior, hoping for future benefits or avoiding costs.

Large-scale cooperation and genetic evolution: As I am not an expert in anthropology
and biology, I take as given the assertion of the author that humans cooperate on a much
larger scale, and in a larger variety of domains, than animals do. The demonstration that
purely genetic models of the evolution of cooperation may produce some cooperation but
not on a large scale also looks convincing; however, see the end of the next paragraph for
possible problems with it.

Social learning: I also take as given the assertion that humans are (almost) unique in
having the (genetic) ability for social learning. That social learning is useful in a wide range
of varying environments for one-person decision problems and for coordination problems
is convincing. That social learning is rare among animals because of a cost of maintaining
such an ability (Boyd and Richerson, 1996) is a possible explanation that is not elaborated
in sufficient detail in the paper, which focuses instead on the advantages of social learning.
Less convincing is the assumption that it is difficult to distinguish cooperative dilemmas
from other problems. Though it may be a more plausible kind of “big mistake” hypothesis
than the inability to distinguish small scale repeated interactions from large-scale one-shot
ones, it puts the evolution of cooperation via social learning on a different ground than
the genetic evolution of cooperation. In genetic models of the evolution of cooperation the
situation was unambiguously identified as a cooperative dilemma. If a genotype that leads
to cooperative behavior in social dilemmas leads somehow to a more beneficial behavior in
coordination problems, and the situations are non-distinguishable, the cooperative genotype
can be favored by genetic evolution. Perhaps cultural evolution explains cooperation better
but then cultural and genetic evolution should be compared on a level field of the uncertain
world of complex non-distinguishable situations that could be social dilemmas, coordination
problems, or perhaps something else.

Conformist transmission and cooperation: That once the ability for social learning, and
with it such mechanisms as conformist transmission, evolved, it can stabilize any behavior,
looks intuitively plausible. The devil is, as usual, in the details. For example, the results in
the example of the stability of cooperation and punishment hinge on the assumption that
conformist transmission has the same strength for any punishment stage. As defections
from the common pattern of cooperation and punishment are rare, the payoff advantage
of non-punishing on theith stage is small, allowing conformist transmission to overpower
it. However, if conformist transmission is based on imitation, or observational learning,
there are very few opportunities to see the punishment actually carried out if cooperation is
common, so conformist transmission could also be weaker for each stage of punishment.
Though the result of the stability of cooperation and punishment might still hold, possibly
a larger degree of conformist transmission is needed to support it.

Cultural group selection: That more cooperation in a group makes the group more viable is
a plausible assumption. More problematic, in my view, is cultural group selection.Richerson
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and Boyd (1998), Boyd and Richerson (2002a,b)develop models where whole groups
become extinct, and new groups are formed by fission from existing groups. In their models
a group is the unit of selection. On the other hand, the Price Eq. (8), even generalized for
groups, has an individual as the unit of selection. Though helpful, once groups are there,
the Price equation does not provide us with information about how groups are formed. A
formal model of group formation from individual actions is missing, though the discussion
of different processes of cultural group selection in the paper is illuminating in this respect.

Focusing on inter-group variation, or taking a group as the unit of selection, is justified
if social learning within groups is faster than cultural group selection. This, in turn, may
require fairly stable groups, which brings us back to the problem of cooperation in one-shot
anonymous interactions that genetic evolution could not explain. For cultural transmission,
be it via conformist transmission or punishment, it is also necessary to observe the behavior
of others in a similar situation or to have the possibility of punishment, which means that
the situation is repeated, or the identities of individuals do not change too rapidly from one
interaction to the next. People may behave cooperatively in artificial one-shot anonymous
social dilemmas in experiments because they socially learned to behave like this in complex,
possibly repeated, possibly requiring coordination, real life environments.

Genetic evolution of cooperation: The final step, that once cooperative behavior is com-
mon, genes that favor altruism may spread, is problematic, and is not elaborated in the paper.
If altruism is understood as preference for taking a socially beneficial action, and genes for
social learning are there, once altruists are common, the state is stable. However, altruists
are behaviorally indistinguishable from egoists who socially learn to play the action because
of fear of punishment or normative conformity. The population of altruists is only neutrally
stable. If the environment is complex and changing, rigid genetic altruism may never be
as good as the ability to learn. Each new situation is difficult to evaluate, and the ability to
learn what is good to do may be better than the approximate (because of the complexity of
the situation) ability to play the socially beneficial action.

The paper by Henrich endeavors to explain large-scale cooperation and the difference in
domains of cooperation among humans. It makes a convincing case in favor of gene-culture
coevolution of social learning and cooperation though some steps of the reasoning require
closer attention; in particular, cultural group selection lacks a formal model. However,
the evolution of altruism, as innate preference for socially beneficial action, is not well
explained. What is well explained is the possible evolution of the ability to cooperate in
social dilemmas. This ability is acquired by a process that may incorporate genetic evolution
of reciprocity and punishment, as well as social learning via conformist or prestige-biased
transmission, or again punishment. Social learning may people actually like cooperation,
but not necessarily, especially where punishment is involved. The extent to which altruism
(preference for socially beneficial action), as opposed to the ability to cooperate, actually
evolves, is still an open question.
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Abstract

We calculate the equilibrium fraction of cooperators in a population in which payoffs accrue
from playing a single-shot prisoner’s dilemma game. Individuals who are hardwired as cooperators
or defectors are randomly matched into pairs, and cooperators are able to perfectly find out the type
of a partner to a game by incurring a recognition cost. We show that the equilibrium fraction of
cooperators relates negatively to the population’s level of wealth.
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1. Introduction

An example illustrates that the level of wealth of a population and the equilibrium fraction
of cooperators in a population are inversely related. It has been argued that the fraction of
cooperators in a large society can be expected to be smaller than the fraction of cooperators
in a small society (Binmore, 1998; Cook and Hardin, 2001). To the extent that a large society
(say a city) is wealthier than a small society (say a town), the size effect may conceal a
wealth effect.

� This is University of Bonn, Center for Development Research, Discussion Papers on Development Policy,
Paper No. 59.

∗ Address: ZEF, University of Bonn, Walter-Flex-Strasse 3, D-53113 Bonn, Germany.
E-mail address: ostark@uni-bonn.de (O. Stark).

0167-2681/$ – see front matter © 2003 Published by Elsevier B.V.
doi:10.1016/S0167-2681(03)00114-8



2 O. Stark / J. of Economic Behavior & Org. xxx (2003) xxx–xxx

2. The game and the payoffs

Consider the following two-player, two-strategy game in which a player who cooperates
gets a payoff ofR if his opponent cooperates, andS if the opponent defects. A player who
defects getsT if his opponent cooperates, andP if the opponent defects. The game is a
prisoner’s dilemma game:T > R > P > S. Hence defection is the dominant strategy for
each player.

Let there be a large population of players consisting of individuals who are hardwired to
be cooperators and individuals who are hardwired to be defectors. Individuals are randomly
matched into pairs. An individual does not know the type of the individual with whom
he is matched, but he can obtain such information at a cost, 0< K < K̄, whereK̄ will
be defined below. The type-recognition test is perfect. Thus, if an individual chooses to
incur the cost and administer the test, the individual finds out whether he is matched with
a cooperator or with a defector. The individual can then decide to play or not to play. If the
individual decides not to play, he randomly picks another individual from the population and
administers the type-recognition test in the new match. If individuals agree to play, they play
their hardwired strategies, receive their respective payoffs, and leave the partner-seeking
population to be replaced by new individuals. In equilibrium (to be characterized below)
the flow of individuals of each type who enter the population exactly replaces the flow of
individuals of each type who exit the population.

3. The types and their expected payoffs

Following Stark (1999, chapter 5), we study a population that consists of three types:
defectors who play without incurring a recognition cost, cooperators who play after incurring
the recognition cost, and cooperators who play without incurring the recognition cost. While
there can be an equilibrium with all three types present and an equilibrium with defectors
only, (i) there cannot be an equilibrium without defectors; and (ii) there cannot be an
equilibrium with only defectors and non-testing cooperators. The rationale for (i) is that
there cannot be an equilibrium with only non-testing cooperators because defectors will
do better than cooperators; there cannot be an equilibrium with only testing cooperators
because non-testing cooperators will do better; and there cannot be an equilibrium with
only both types of cooperators because the non-testing cooperators will do better than the
testing cooperators. The rationale for (ii) is that there cannot be an equilibrium with only
defectors and non-testing cooperators because defectors will do better than the non-testing
cooperators.

Let the steady-state fractions of testing cooperators, non-testing cooperators, and defec-
tors beπt, πnt, andπd, respectively,πt +πnt +πd = 1. Given the manner in which a testing
cooperator acts and plays, his expected payoff is

Vt = R − K

1 − πd
. (1)

The proof is as follows: the expected net payoff from administering the costK (exactly once)
and encountering a cooperator in the first match isR(1 − πd) − K(1 − πd); from failing
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to encounter a cooperator in the first match but encountering one in the second match is
Rπd(1−πd)−2Kπd(1−πd); from failing to encounter a cooperator in the first two matches
but succeeding in encountering one in the third match isRπ2

d(1 − πd) − 3Kπ2
d(1 − πd);

and so on. Thus,

Vt = R(1 − πd) − K(1 − πd) + Rπd(1 − πd) − 2Kπd(1 − πd)

+ Rπ2
d(1 − πd) − 3Kπ2

d(1 − πd) + · · ·
= R(1 − πd)

1 − πd
− K(1 − πd)(1 + 2πd + 3π2

d + · · · )

= R − K(1 − πd)[(1 + πd + π2
d + · · · ) + (πd + π2

d + · · · ) + (π2
d + · · · ) + · · · ]

= R − K(1 − πd)

(
1

1 − πd
+ πd

1 − πd
+ π2

d

1 − πd
+ · · ·

)

= R − K(1 − πd)
1/(1 − πd)

1 − πd
= R − K

1 − πd
. �

The expected payoff of a non-testing cooperator who plays the game with whomever he
is paired with in the first match is

Vnt = (1 − πd)R + πdS. (2)

Since a defector always plays, that is, he plays when matched either with a non-testing
cooperator or with a defector, his expected payoff is

Vd = 1 − πt − πd

1 − πt
T + πd

1 − πt
P = T − πd

1 − πt
(T − P). (3)

4. Equilibrium with defectors and testing cooperators but without non-testing
cooperators

From the discussion in the preceding section it follows that an equilibrium with defectors
and testing cooperators but without non-testing cooperators is feasible. If there are no
non-testing cooperators,πt + πd = 1; the expected payoff of testing cooperators isVt =
R − (K/πt); and the expected payoff of defectors (who can play only with defectors) is
Vd = P . In equilibrium, testing cooperators receive the same expected payoff as defectors.
Thus,

R − K

πt
= P

or

πt = K

R − P
, (4)

assuming thatK < R − P ≡ K̄.
To help unravel the nature of the equilibrium, consider alternative values ofK. Suppose

thatK were equal toR−P .πt would then be equal to one. But having a population with only
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testing cooperators cannot be an equilibrium because in that case the non-testing cooperators
will do better. Thus, we have a contradiction. Suppose thatK → 0. It follows thatπt → 0.
Yet suppose the opposite, that is, thatπt → 1. If such were the case, the population would
consist of only testing cooperators which, from (i) inSection 3, cannot hold. AsK assumes
values that increasingly move it away from being close toR − P toward close to zero, the
associated values ofπt must becomesmaller. To see the reason for this result, suppose that
an equilibrium holds atR − (K0/πt0) = P and consider the opposite, that is, asK declines
from K0 to K1, πt increases from πt0 to πt1. But then(K1/πt1) < (K0/πt0), rendering it
impossible to restore equilibrium atR − (K0/πt0) = P . As long asR andP are given,
observing the equilibrium requires thatπt andK move in tandem.

To complete the characterization of the equilibrium we note that in order for there to
be no non-testing cooperators in the population, it has to be the case that if a non-testing
cooperator were to enter the population, he will receive a lower payoff than that received
by the testing cooperators and the defectors, that is,πtR + (1 − πt)S < P . Substituting
πt = K/(R − P) and rearranging terms we get

K <
(P − S)(R − P)

R − S
= P − S

R − S
K̄ < K̄

since(P − S) < (R − S). Hence, exclusion of non-testing cooperators requires that

K <
P − S

R − S
K̄ ≡ ¯̄K.

5. The relationship between the equilibrium fraction of cooperators in a population
and a population’s level of wealth

Suppose we compare two populations that are equal in all respects except that one popu-
lation is uniformly wealthier than the other population. By “uniformly” we mean that there
are no distributional differences in the payoffs to strategies; the only difference between
the two populations is that in one population the payoffs are uniformly higher than in the
other population, say by a factor ofµ > 1. HoldingK constant,πw

t = K/µ(R − P) of the
wealthier population is smaller thanπt = K/(R − P) of the less wealthy population: the
equilibrium fraction of cooperators in a wealthy population is smaller than the equilibrium
fraction of cooperators in a (uniformly) less wealthy population.1

To appreciate the nature of this outcome consider the case ofπt = K/µ(R − P) where
µ → ∞. It follows thatπt → 0. The implication of a risingµ is that the absolute difference

1 To rule out the possibility that, in spite of the payoffs to every cooperator and to every defector being higher
in the wealthier population, the payoff per capita (and, since population size is held constant, total wealth) will
be lower in the wealthier population, the sufficient condition thatµ > µ

¯
≡ πt/π

w
t can be added. This condition

arises from the requirement that the per capita payoff in the wealthier population will be higher than the per capita
payoff in the less wealthy population:

πw
t

(
µR − K

πw
t

)
+ (1 − πw

t )µP > πt

(
R − K

πt

)
+ (1 − πt)P.
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between the payoffsR andP becomes increasingly larger. WithK held constant, ifπt were,
alternatively, torise, the expected payoff of testing cooperators will increasingly distance
itself from the expected payoff of defectors (who, it will be recalled, play only with defectors)
and equilibrium will not be restored.

Two comments regarding recognition costs are in order. First, for the equilibrium to hold,
K can take a wider range of values than before since the constraint pertaining toK, which
is nowK < µ ¯̄K, is less stringent. Second, the inverse relationship between the equilibrium
fraction of cooperators and the level of wealth holds even whenK increases with wealth,
provided that the increase is less thanµ. An increase in wealth is due to and entails a first
order increase in the payoffs from trade and exchange but, at most, a second order increase
in the cost of conducting trade. Indeed, in a population whose level of wealth is higher, the
recognition cost could be lower (for example, a computerized credit inquiry could replace
a lengthy interview). IfK = K(µ) andK′(µ) < 0, thenπw

t = K(µ)/µ(R − P) and

∂πw
t

∂µ
= − K(µ)

µ2(R − P)
+ K′(µ)

µ(R − P)
< − K(µ)

µ2(R − P)
;

the adverse effect of a higher level of wealth on the equilibrium fraction of cooperators is
stronger.

6. Robustness of the cooperation–wealth relationship when the testing cooperators
are somewhat adventurous

Suppose that a testing cooperator acts in the following manner: with probability 0< q ≤
1 he administers the type-recognition test. With probability 1− q he does not resort to the
test and plays with whomever he happens to be paired with. (We know thatq cannot be
equal to zero because then we will have only defectors and non-testing cooperators which,
from (ii) in Section 3, cannot be the case in equilibrium.) We seek to find out whether the
result ofSection 5holds in this setting too.

The expected payoff of an adventurous testing cooperator is

V a
t = (1 − πd)R + (1 − q)πdS − qK

1 − qπd
. (5)

The proof is as follows: when testing occurs with probabilityq, a match will confer a payoff
either when the test is applied (at a costK) and the partner in the match is found to be a
cooperator, a case in which the play yieldsq[−K + (1 − πd)R], or when the test is not
applied, a case in which the payoff received is(1− q)[(1− πd)R + πdS]. In the event that
the test is applied and the partner to the match is found not to be a cooperator, which occurs
with probability qπd, no payoff is received and the entire procedure is repeated thereby
yieldingV a

t . Thus,

V a
t = q[−K + (1 − πd)R] + (1 − q)[(1 − πd)R + πdS] + qπdV

a
t

= (1 − πd)R + (1 − q)πdS − qK

1 − qπd
. �
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Since the combined population share of testing cooperators who happen not to administer
the test and of defectors is 1− qπt, the expected payoff of a defector is

Vd = 1 − qπt − πd

1 − qπt
T + πd

1 − qπt
P

or

Vd = T − πd

1 − qπt
(T − P). (6)

In equilibrium, adventurous cooperators receive the same expected payoff as defectors.
Thus, from (5) and (6),

(1 − πd)R + (1 − q)πdS − qK

1 − qπd
= T − πd

1 − qπt
(T − P).

Of course,qπt + (1 − q)πt = πt and henceπt + πd = 1. We therefore have that

πtR + (1 − q)(1 − πt)S − qK

1 − q(1 − πt)
= T − 1 − πt

1 − qπt
(T − P). (7)

Evaluating this last equality atq = 1 yields

πtR − K

πt
= T − (T − P)

or

πt = K

R − P
.

By continuity this last equality holds for values ofq in (7) that are in the small neigh-
borhood of 1. Hence, the cooperation–wealth relationship alluded to inSection 5holds
also when testing cooperators apply the test with a probability that is less than, but close
to, one.

7. Conclusion

We calculate the equilibrium fraction of cooperators in a population in which payoffs
are received upon playing a two-person single-shot prisoner’s dilemma game; individuals
who are hardwired as cooperators or as defectors are paired randomly; cooperators check,
at a cost, the type of individual with whom they are paired prior to executing a game and
play only with cooperators; and defectors play with whomever they happen to be paired.
Measuring the wealth of a population by the level of the payoffs in the prisoner’s dilemma
game, we show that the wealthier the population, the lower the equilibrium fraction of
cooperators.
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Accounts of the astonishing extent to which human behavior tends to be unselfish even
in anonymous large-scale interaction (seeKropotkin, 1919) have always provoked expla-
nations in terms of group interest, group selection and group functions. But since the late
sixties the use of such terms has become almost a Lakatosian “do not” (seeLakatos, 1978)
among evolutionary theorists. Only recently there have been several attempts to rejuve-
nate concepts of group selection in evolutionary biology and beyond (for a discussion that
captured broader attention (Sober and Wilson, 1998)). That these attempts now have made
their way into economics (see for an overviewBergstrom, 2002) and that they are related
to findings from the experimental economics and other empirical literature is a promising
development.

Joseph Henrich’s paper is a case in point. He is clearly right to insist that the idea of group
selection has often been dismissed too lightly on a priori rather than empirical grounds in
the past. At the same time Henrich’s criticisms of many approaches to explaining the extent
of “pro-social behavior” in human societies are well put. One of us toyed some 20 years
ago with the “big mistake hypothesis” (seeKliemt, 1985). The severe difficulties of that
hypothesis are clearly laid out by Henrich (in the section on kin based selection). Likewise
he evenhandedly evaluates the mixed evidence on the “green beard” signaling mechanism.
We have used a related idea of “signaling and detecting commitments” when analyzing
trust in large-scale anonymous interactions (seeGüth and Kliemt, 2000;Güth, Kliemt and
Peleg, 2000). We still believe that Henrich’s criticism does not render our ideas useless.
But it is clearly very useful to put economic views in a broader perspective here. In any
event, Henrich’s cautionary remarks are well put: In evolutionary settings all depends on
the complexities of the situations in which evolution takes place. Bearing this in mind let

∗ Corresponding author.: Tel.:+49-3641-686-620; fax:+49-3641-686-623.
E-mail address: gueth@mpiew-jena.mpg.de (W. Güth).

0167-2681/$ – see front matter © 2003 Elsevier B.V. All rights reserved.
doi:10.1016/S0167-2681(03)00106-9



2 W. Güth, H. Kliemt / J. of Economic Behavior & Org. 0 (2003) xxx–xxx

us probe somewhat further into Henrich’s account of the interaction between “genes, mind
and culture” (Lumsden and Wilson, 1981).

1. Group selection, assortative matching and mediating structures

Henrich points out that in Eq. (4) of the paper the crucial term isβxjxi “which captures
the degree to which ‘being an altruist’ predicts ‘being in an altruistic group’.” But literally
speaking this is not true. What the term captures is the likelihood of another bearer of
the same allele being around in any interaction. What Henrich describes as the possibility
that “(for whatever reason) altruists can preferentially group with other altruists” could as
well be described as their faculty to “interact” preferentially with other altruists. Using
the description that individuals are “grouped” is not a neutral expression for preferential
interaction since it transports the notion of a group as a distinct entity.

Nobody can reasonably deny that the details of the frequency of “matching and mating” as
well as other details of interaction influence evolutionary success. If there were no factors—
including “green beard” and other signaling and detection mechanisms—enhancing the
likelihood of interaction between kin as opposed to non-kin, even kin selection could not
work. Therefore, we need to study whatever mechanisms can bring about differentials in
the likelihood of interaction. But to use the term “group selection” so broadly as to capture
all evolutionary effects on the composition of a gene pool brought about by differentials
in the likelihood that an individual bearer A of a genetic endowment× will interact with
another bearer B of the same genetic endowment× seems far-fetched. At least we are not
necessarily talking about “groups” in the common sense of “sets of permanently interacting
individuals”. All the more or less moral connotations of altruism that are normally wheeled
in by relying on group selection should be kept out here.

We presume that Henrich would insist that his own, like Sober’s and Wilson’s well known
approach, draws attention to mediating structures to an extent that nevertheless justifies the
use of the term “group selection”. But it should not be forgotten that in his approach it is
relative shares in the gene pool that count as the single currency of evolutionary success.
Henrich’s broad use of the term “group selection” certainly does not imply that the old
idea of “serving the interest” of one’s kind per se plays a role. It is not, as older theorists
seemed to think, the general interest in the sense of the interest of all members of some
biological natural kind that is furthered. In short, Henrich’s point that mediating structures
are important is well taken. We fully agree with him but also insist that one should be careful
not to allude to the stronger classical sense of the old group selection idea.

2. Genes, mind and culture

Economists have often tried to model competitive processes as a form of social selection
completely analogous to biological selection (see early onAlchian, 1950). In a broader
perspective, Hayek and his followers tried to look at society as a whole from an evolutionary
point of view (seeVanberg, 1986). Such analogies may be useful in themselves, but they
do not integrate biological and cultural evolution in an effort to understand the interaction
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between the evolutionary processes. We think that Henrich is entirely right in trying to go
beyond analogy. He is correctly aiming at an integrated approach, but we do not think that
his paper fully succeeds in going beyond parallelism of genetic and cultural evolution.

His extended discussion of the Price equation makes this obvious. After presenting it
along with some of its modifications in the first part of the paper, the equation is refor-
mulated for the process of cultural evolution. This is pure parallelism. How cultural and
genetic evolution interact is not systematically taken into account. The central argument
about second-order free riding suffers from the same deficiency. Henrich argues “that the
nature of our cultural transmission capacities, and of human psychology more-generally,
creates stable behavioral equilibria, consisting of cooperation and punishment, that are not
available to genetic evolutionary processes in acultural species” (beginning of the section
on “cultural group selection, cultural transmission and large-scale cooperation”). The de-
scription of the causal processes that in Henrich’s view explain why the second-order free
riding problem can be solved is not without plausibility. Human individuals may not be
able to discriminate between social dilemma situations and other situations in their imita-
tion behavior. Indeed, it may well be that there is some adaptive advantage to imitating the
prevalent forms of behavior and role models. We do not deny this. Neither do we deny that
the process may be mistake driven (see on the role of trembles or mistakes in a biologi-
cal evolutionary context (Selten, 1983, 1988)). We think that Henrich presents a plausible
potential explanation that may lead to a plausible solution of the problem of second-order
free riding in punishment. But we do not see how this solution of the free rider problem
connects with group selection and the like as biological phenomena. Nor do we think that
the connection with the empirical and in particular experimental literature in economics
and psychology is made in a sufficiently systematic way to go beyond evolutionary story
telling (a business we also like to engage in).

For instance, Henrich alludes to studies of the biological advantages of certain forms of
imitation behavior. But this insight is not systematically linked with his argument about
cultural evolution in a model of the co-evolutionary process. His argument that punishment
can be sustained due to certain limitations of the human cognitive apparatus seems inde-
pendent of the biological argument of the first part. Proximate causes like the structure of
the cognitive apparatus, however it came about, form the basis of Henrich’s explanations
(and explanatory ideas like Coleman’s “free riders and zealots” (seeColeman, 1988) might
be factored in here as well). Relying on categories like “conformist and prestige-biased
transmission” the paper contributes considerably to our understanding of why cultural vari-
ety between internally homogeneous groups can be sustained. But the link between ultimate
causes in biological evolution and cultural aspects remains to a large extent in the dark and
the relationship to group selection rather obscure.

To combine “conformist and prestige-biased transmission” with punishment mechanisms
seems quite convincing. This may put a premium on a genetic proclivity to show group
serving behavior regardless of the group in which it takes place and regardless of the specific
form it adopts. But this mechanism operates without relying on any differential advantage in
propagating genetic material by membership in alternative groups. Selecting the cooperators
by culturally evolved punishment mechanisms is not—at least not primarily—a matter of
group selection but rather an individual selection process brought about by a mediating
structure of norm enforcement. Moreover, the related argument that conformity with group
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norms may be self-enforcing in the presence of multiple equilibria and equilibrium selection
problems has been made frequently (seeBinmore, 1998; Bergstrom, 2002). What would be
interesting is a specific model describing how the levels of genetic and cultural evolution
interact in bringing about the effects of which Henrich quite plausibly speaks in his story.

3. Concluding remark

The traditional question of how “nurture” and “nature” hang together cannot be ignored
if we intend to understand to what extent human nature is adapted to living in a “great
society” and to what extent this form of life is “artificially” created by human institutions.
Which forms of social life are viable over the long haul depends on whether interaction at
large is parasitic on social capital created in small groups and whether or not any genetic
prerequisites of large-scale human cooperation are selected for or weeded out by life in
the modern world. In particular whether there is a natural biological basis for altruism
and non-opportunistic behavior in large-scale interaction even among strangers is a most
interesting issue.

How these issues are related to the quarrel between adherents of group selection and their
adversaries is not clear from the paper. Whether or not “groups” form another (“emergent”)
stratum of reality or a mediating structure governed by its own evolutionary dynamics is
important in itself but an answer to the issue is not needed for the argument of the second part
of the paper. The “missing link” of a specific evolutionary model of the feedback between
cultural evolution, cognitive abilities, psychological constraints and the like must still be
provided. Our own favorite approach in this regard would be an indirect evolutionary one
(seeGüth and Kliemt, 1998; and originallyGüth and Yaari, 1992). But we hasten to admit
that we are quarrelling with the same almost unsurmountable difficulties of coping with
the details of an overly rich social reality that Henrich tries to deal with in his inspiring
discussion.
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The target article by Joseph Henrich provides much food for thought. I have enjoyed
reading it and recent papers on experimental economics (Henrich et al., 2001; Sigmund
et al., 2002) that describe the observations that Henrich is trying to explain. My comment
comprises some prefatory remarks followed by two substantive ones.

We suggested that indiscriminate altruism could have evolved in hominids by group
selection if the cost–benefit ratio was less than 1/6. The value of 1/6 was our estimate of
the average relatedness in multi-male hominid groups (Aoki, 1982; Crow and Aoki, 1982,
1984; Aoki and Nozawa, 1984). Our approach was entirely genetic and ignored the cultural
component to human altruism. Undoubtedly as Henrich argues here, “culturally-transmitted
ideas. . . are important for understanding human cooperation.” However, the first “empirical
reason” given in support of this claim, namely “the domains of cooperative behavior in
humans vary.. . . In some societies, people may cooperate in fishing and house-building.
. . . In neighboring groups. . . people may cooperate in warfare,” does not rule out a genetic
propensity to be altruistic—a direct bias, perhaps. For example, language acquisition is made
possible by a genetically determined language function (shared by all healthy individuals),
but there are a tremendous variety of spoken and signed languages in the world (Kyle and
Woll, 1985; Crystal, 1987; Ruhlen, 1994).

Nevertheless, there is great merit to the model of cultural group selection acting on the
large between-group differences generated by conformist transmission (Boyd and
Richerson, 1982, 1985). When individuals copy the majority behavior, cultural dynamics
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within groups may yield two stable equilibria. Specifically, there may be an equilibrium at
which altruists predominate in addition to one at which egoists are in the majority. Because
of natural selection against altruists, the egoist equilibrium will be more easily reached.
Moreover, when the tendency to conform is weak, the altruist equilibrium vanishes unless
there are spiteful individuals who are willing to punish egoists, altruists who do not pun-
ish egoists, etc. at a cost to themselves. However, if groups at the altruist equilibrium do
better in between-group competition, altruism may enjoy a net advantage.Lumsden and
Wilson (1981)summarize the evidence for conformist transmission in humans.Henrich
and Boyd (1998)have conducted a thorough theoretical analysis of the conditions under
which conformist transmission might evolve.

The point I want to make first is that substantial between-group differences can also be
generated by runaway sexual selection, whereby a male trait and a female preference for
that trait become genetically correlated and coevolve (Fisher, 1958). Even a male trait that
lowers viability—altruism, in particular—can evolve, provided the female preference is
strong enough. Differentiation of groups occurs when different combinations of traits and
their associated preferences coevolve as a result of subtle differences in the initial conditions.
Sexual selection also applies to female (and sexually monomorphic) traits. However, in birds
and mammals sexual selection usually acts more forcefully on a trait expressed in males,
because a male that is chosen by many females can sire offspring by each of those females,
whereas the fertility of a female is limited more by physiological constraints than by the
number of males she attracts. Traits that first evolve in males can later be expressed in
females because the two sexes share most of their genes.

Much theoretical (and empirical) work on sexual selection has followed on the seminal
papers byLande (1981)and Kirkpatrick (1982). Here, I adapt Kirkpatrick’s two-locus
haploid model to the altruism problem by setting the viability of egoistic males to 1+ bt2
and the viability of altruistic males to 1−c+bt2, wheret2 is the frequency of altruistic males.
Clearly,c andb are the cost and benefit of altruism. There are also two kinds of females,
one that mates at random, and the other that shows a sexual preference for altruistic males.
The latter area (>1) times more likely to mate with an altruistic male than an egoistic male
in a two-way choice. The frequency of such choosy females isp2.

Fig. 1 is a schematic that illustrates the curve of neutral equilibria and the directions of
change in the (t2, p2)-variable plane. Note thatt2 increases in the region above the curve and

Fig. 1. The curve of neutral equilibria is a hyperbola:p2 = (c/b){1+[(1−c+b)/(1−c+bt2)−a/(1+bt2)]/(a−1)}.
When (as in the present case) this curve transects the (t2, p2)-variable plane, the frequency of altruistic males,
t2, increases in the region above and decreases in the region below the curve. There is a correlated change in the
frequency of choosy females,p2, due to the positive linkage disequilibrium between the two loci.



K. Aoki / J. of Economic Behavior & Org. xxx (2003) xxx–xxx 3

decreases in the region below, as indicated by the arrows. Hence, the evolutionary outcome
depends on the initial value ofp2. The figure was drawn for the parameter valuesc = 1/3,
b = 1/2, anda = 2. The cost and benefit are such that their ratio exceeds the upper limit at
which altruism can evolve by kin selection in a dioecious (separate sexes) random mating
group, namelyc/b = (2/3) > (1/2) (Hamilton, 1964). There is no empirical basis for
the strength of preference assumed here. AlthoughJensen-Campbell et al. (1995)show
that women find altruistic men sexually more attractive than egoistic men, it is not clear
how the attraction measures used by these authors relate to the actual occurrence of mate
choice. To conclude my account of sexual selection, genetic dynamics within groups may
yield altruist as well as egoist equilibria, providing the between-group variation on which
group selection can act. (Sexual selection can also be modeled with cultural transmission
of trait and preference (seeRicherson and Boyd, 1989; Nakajima and Aoki, 2002; Ihara
et al., 2003).)

My second point concerns the process of cultural group selection involved in the spread of
early farming in Europe. Henrich suggests that this occurred by “demographic swamping,”
but I believe that “prestige-biased group selection” is closer to the truth. To see why let us
briefly review the arguments and the evidence.Ammerman and Cavalli-Sforza (1971, 1973)
invoke Fisher’s wave-of-advance model (Fisher, 1937) to argue that early farming spread
through Europe by the range expansion of intrusive Mid-Eastern farmers. As supporting
evidence they note that the rate of advance is constant, as predicted by Fisher’s model.
These authors are also of the view that the gene frequency clines observed in Europe were
formed during the spread of early farming—the clines are parallel to the direction of spread
(Ammerman and Cavalli-Sforza, 1984). Unfortunately, the two proposals are contradictory,
since Fisher’s model implies replacement of the indigenous populations of Europe by the
people of Mid-Eastern origin.

We have extended Fisher’s model by incorporating the possibility that indigenous hunter-
gatherers may be converted to farming—prestige-biased transmission (Aoki et al., 1996).
Our model predicts a wave front of converted farmers advancing at a constant speed, in the
wake of which the converted farmers will gradually mix with the Mid-Eastern farmers.
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Joseph Henrich’s “Cultural Group Selection, Coevolutionary Processes and Large-scale
Cooperation” is an insightful exposition of a very important research agenda in the theory
of human cooperation, to which he has made important contributions. In these remarks, I
will attempt to add to Henrich’s argument for conformist cultural transmission, to weaken
the group selection requirements for gene-cultural coevolution, and to strengthen the ar-
gument for the genetic side of the evolutionary dynamic. My analysis has three stages.
First, asBoyd and Richerson (1990)stressed in a related context, the evolutionary stabil-
ity of altruism does not necessarily involve a within-group fitness deficit for the altruis-
tic trait. Cultural group selection can take the unproblematic form of groups with higher
expected payoffs for all agents displacing groups with lower expected payoffs. Price’s
equation and the thorny issues surrounding classical group selection theory can thereby be
avoided.

Second, the analysis of conformist cultural transmission can be strengthened by recogniz-
ing the uniquely human capacity tointernalize norms, which then becomegoals(arguments
in the agent’s objective function) rather thantechniques—meansof attaining other goals—or
beliefs—factual statements concerning states of affairs and causal relations.

Third, human beings haveprosocial emotions, including shame, guilt, and empathy, that
equip the individual with rewards for altruistic behavior and penalties for self-regarding
behavior. Prosocial emotions are predicated upon highly developed, physiologically-based,
genetically-grounded, arousal systems. Prosocial emotions heighten the subjective utility
associated with internal norm compliance. To see this, note that when a self-regarding goal
is not achieved we feel ‘disappointed,’ ‘frustrated,’ or ‘angry,’—emotions we share with
many vertebrates—but when an other-regarding (altruistic) goal is not realized, we feel
‘guilty,’ ‘ashamed,’, or ‘remorseful.’ Prosocial emotions also predispose us to internalize
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some norms rather than others. For instance, asSmith (2000[1759])long ago noted, we
are predisposed to experience empathy for other members of our social group, unless they
have specifically acted to harm us. Which individuals and types of individuals count as
members of “our social group” is highly culturally specific, but the expression of empathy
for members of one’s own group is probably a human universal.

Gene-culture coevolution, then, includes the following mechanism. Cultural complex-
ity and the rapidity of cultural change (Boyd and Richerson, in press) render the inter-
nalization of norms fitness-enhancing, so the genetic predisposition to internalize norms
is an evolutionary adaptation. Moreover, agents who internalize norms tend to punish
norm violators. Thus, conformity to social norms becomes fitness-enhancing, which ren-
ders the genes for prosocial emotions fitness-enhancing adaptations. The internalization
of norms and the prosocial emotions permit large-scale cooperation among non-kin, set-
ting the stage for the technological and cultural evolution characteristic of modern
civilization.

1. A model of cultural equilibrium with altruism

Consider a group in which members can adopt either altruistic cultural norm A, or fail to
adopt, in which case they are self-interested.1 Self-interested types (we shall call them type
B) have baseline fitnessg(α), whereα is the fraction of altruists in the group, while altruistic
types (those who have trait A) have fitness(1−s)g(α), where 0< s < 1. We assume in each
period (a generation), members of the group pair off randomly and have offspring in pro-
portion to their fitness. Families pass on their cultural norms to their offspring, so offspring
of AA parents are altruists, offspring of BB parents are self-interested types, and half of the
offspring of AB-families are altruists. We also assume that the self-interested offspring of
AB- and BB-families are susceptible to influence by salient altruists in the community and
community institutions promoting altruistic values, a fractionαγ of such offspring becom-
ing altruists. We call thisoblique transmission(Cavalli-Sforza and Feldman, 1981; Boyd
and Richerson, 1985).

First, agents pair off randomly, form families, mate, and have children. Suppose there
aren males andn females at the beginning of the period. If the fraction of altruists isα,
there will benα2 AA-families, who will producenα2(1 − s)2β offspring, all of whom
are altruists, where we chooseβ so that population grows at rateg(α). There will also be
2nα(1 − α) AB-families, who will have 2nα(1 − α)(1 − s)β offspring, half of whom are
altruists. Finally, there will ben(1−α)2 BB-families who will have 2n(1−α)2β offspring.
Adding up the number of offspring, we see that we must haveβ = g(α)/(1 − sα)2. The
frequencies of AA, AB, and BB offspring are thus given by

fAA = α2(1 − s)2

(1 − αs)2
, fAB = 2α(1 − α)(1 − s)

(1 − αs)2
, fBB = (1 − α)2

(1 − αs)2
. (1)

Second, a fractionαγ of offspring of AB- and BB-families who are self-interested types
switch to being altruists under the influence of the oblique transmission of the altruistic

1 For a deeper analysis of this and related models, seeGintis (2003a,b).
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norm A. It is easy to check that the change in the fraction of altruists in the next generation
is given by

α̇ = f(α) = a(1 − α)(γ − s)

1 − sα
. (2)

Third, suppose in every time period, each group memberi learns the fitness and the type
of a randomly chosen other memberj, and changes toj’s type if j’s fitness is perceived as
higher. However, information concerning the difference in fitness of the two strategies is
imperfect, so the larger the difference in the payoffs, the more likely the agent is to perceive
it and change. Specifically, we assume the probabilityp that an altruistic agent shift to being
self-interested is proportional to the fitness difference of the two types, sop = σs for some
proportionality constantσ > 0. Then it is easy to show (Gintis, 2000b, Chapter 9) that the
fractionα of altruists follows thereplicator dynamic

α̇ = −σα(1 − α)s. (3)

We now combine the cultural transmission and replicator sources of change in the fraction
of altruists, givingα̇ = f(α) − σα(1 − α)s, which reduces to

α̇ = α(1 − α)

1 − sα
(γ − s − sσ(1 − sα)), (4)

whereσ now represents the relative speed of the socialization and biologically adaptive
processes.

We call the situatioṅα = 0, α ∈ [0, 1] a cultural equilibriumof the dynamical system.
We then have the following theorem.

Theorem 1. (a) If

0 < s < smin = γ

1 + σ
, (5)

α = 1 is a globally stable cultural equilibrium: self-interested behavior is driven to extinc-
tion.

(b) If

smin < s < smax = 1

2σ
{1 + σ −

√
(1 + σ)2 − 4γσ}, (6)

both α = 0 and α = 1 are stable equilibria of the system and there is third unstable
equilibrium α∗ ∈ (0, 1) separating the basins of attraction of the two stable equilibria:
both self-interested and altruistic equilibria are stable.

(c) If s > smax, thenα = 0 is the only stable equilibrium of the system: the altruistic
norm is driven to extinction.

This theorem shows that very costly altruistic norms will not be adopted, moderately costly
altruistic norms form a stable equilibrium, but this equilibrium cannot be reached starting
from low frequency in the population. Finally, low-cost altruistic norms can be supported
in a cultural equilibrium, provided there is a positive rate of oblique transmission of this
trait.
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We also have

Corollary 1.1. If the strength of the replicator dynamicσ satisfies

σ <
γ − s

s
,

the altruistic cultural equilibrium is globally stable. If

γ − s

s
< σ <

γ − s

s(1 − s)
,

both the self-interested and the altruistic cultural equilibria are stable, and the basin of
attraction of the altruistic equilibrium shrinks as a increases. Finally, if

σ >
γ − s

s(1 − s)
,

the self-interested cultural equilibrium is globally stable.

This corollary shows that if cultural transmission is sufficiently strong by comparison with
fitness-based updating (the replicator dynamic), either the self-interested type will be driven
to extinction within the group, or there will be multiple equilibria.In equilibrium, altruists
never suffer a fitness deficit within the group. Thus, Price’s equation and the whole apparatus
of within-group versus between group dynamics can be dispensed with.

If there is little oblique cultural transmission (smallγ), however, the last part of the
corollary applies, so an altruistic trait will not spread if it is associated with a positive
fitness costs. This is why altruism towards non-kin is restricted toHomo sapiens, which is
the only species with a high level of oblique cultural transmission.

We have said nothing about the shape of the fitness functiong(α). If ‘altruism’ has its
usual connotation,g(α) will be increasing inα. Moreover, it is easy to see that the above
analysis applies just as well to a set of altruistic cultural traitsA1, . . . , Am, each associated
with a fitness deficits1, . . . , sm. An obvious argument shows that if there are several such
groups competing for a limited set of resources, the group with the highest altruism benefit,
which we can writeg(α1, . . . , αm), whereαi is the frequency of altruistic traiti in the
population, will displace the other groups.

2. The psychology of norm internalization

As Henrich suggests, conformist transmission occurs in part because it is often rea-
sonable to follow a majority rather than undergoing the experimentation costs involved
in discovering the most cost-effective alternative. However, when it comes to cultural
forms representing basic values and non-experiential beliefs, this argument may well not
apply, since experimentation may be infeasible, prohibitively costly, or impossible in
principle.

An important prosocial psychological mechanism prevalent in humans is to promote
some norms frommeansto goals. This process is called theinternalization of norms.
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An internal normis a pattern of behavior that is intrinsically desired as a personal goal,
rather than simply being used to achieve some other goal. Agents conform to an inter-
nal norm because so doing is an end to itself, and not merely because of the external
social sanctions, such as material rewards that follow from norm compliance or punish-
ments that follow from norm violation. For instance, an individual who has internalized
the value of “speaking truthfully” will do so even in cases where the net payoff to speak-
ing truthfully would otherwise be negative.2 It follows that where people internalize a
norm, the frequency of its occurrence in the population will be higher than if people
follow the norm only instrumentally (i.e. when they perceive it to be in their interest to
do so).

Society’s values are transmitted through the internalization of norms (Parsons, 1967;
Grusec and Kuczynski, 1997). Successful societies also promote altruistic norms that subor-
dinate the individual to group welfare, fostering such behaviors as bravery, honesty, fairness,
willingness to cooperate, and sympathy for the plight of others (Brown, 1991).3 Included
among the norms that are commonly internalized are standards of personal hygiene, ap-
propriateness of dress and demeanor, ritual religious observances, as well as such altruistic
traits as caring about the well-being of others, voluntarily cooperating in collective tasks,
punishing those who violate norms, and sacrificing on behalf of one’s ethnic, racial, or
geographically defined “insider group.”

Humans internalize norms throughsocializationby parents (vertical transmission), by
extraparental conspecifics who control educational and religious practices (oblique trans-
mission), and informal organizations of friends and neighbors (horizontal transmission).
There is no documented capacity to internalize norms in non-human species, and its univer-
sal presence in the most varied human societies would indicate a strong genetic predispo-
sition. Indeed, the capacity to internalize norms is diminished or lacking in some so-called
‘sociopaths,’ who otherwise appear to suffer no mental deficit. There is a genetic predis-
position to sociopathy, and sociopaths comprise a large fraction of repeatedly incarcerated
individuals in the United States (Mealey, 1995).

If the norms promoted by internalization are prosocial, then individuals will behave
prosocially. Similarly, if the norms promoted by internalization are altruistic, then individ-
uals will behave altruistically. Since prosocial and altruistic behavior enlarges the range of
fitness-enhancing cooperative activities possible in human groups, a straightforward cul-
tural evolution model (any one of those suggested by Henrich) would predict that prosocial
and altruistic norms will proliferate in human societies.

If this argument is correct, then the key questions are (a) what accounts for the human pre-
disposition to internalize norms? (b) what are the limits of internalization, or more precisely
what cultural and genetic forces account for the mix of self-interested and altruistic behav-
iors observed in human societies? I address these questions inGintis (2003a,b). In closing
here, I will address the relationship between prosocial emotions and the internalization of
norms.

2 FromTheorem 1above, if the fitness costs of speaking truthfully in some situation is too high, the norm of
speaking truthfully in that situation will not be expressed in a cultural equilibrium.

3 There are, of course, many anti-social norms that persist in equilibrium as well in particular societies (Edgerton,
1992).
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3. A bioeconomic explanation of norm internalization

Why do we have the generalized capacity to internalize norms? The capacity to internalize
is certainly curious, something akin to the capacity of a digital computer to be programmed,
albeit only within certain strict limits. From a biological standpoint, internalization may be
an elaboration of imprinting and imitation mechanisms found in several species of birds
and mammals, but its highly developed form in humans indicates it probably had great
adaptive value during our evolutionary emergence as a species. Moreover, from an economic
standpoint, the everyday observation that people who exhibit a strongly internalized moral
codes lead happier and more fulfilled lives than those who subject all actions to a narrow
calculation of personal costs and benefits of norm compliance suggests it might not be
‘rational’ to be self-interested.

Gintis (2003a)shows thatif internalization ofsomenorms is personally fitness-enhancing
(e.g. preparing for the future, having good personal hygiene, positive work habits, and/or
control of emotions),thengenes promoting the capacity to internalize can evolve. Given
this genetic capacity, we have seen above, altruistic norms will be internalized as well,
provided their fitness costs are not excessive. In effect, altruism ‘hitchhikes’ on the personal
fitness-enhancing capacity of norm internalization. Altruistic behavior, then, is anexaption,
in the sense ofGould and Vrba (1981).

But, why should the internalization ofanynorms be individually fitness-enhancing? The
following is a possible explanation, based on the observation that internalization alters
the agents’goals, whereas instrumental and conventional cultural forms merely aid the
individual in attainingpre-givengoals. In humans, as much as in other species, these goals
are related to, but not reducible to, biological fitness.

Biological fitness is a theoretical abstraction unknown to virtually every real-life organ-
ism. Organisms therefore do not, in any circumstance, literally maximize fitness. Rather,
organisms have a relatively simple state-dependent objective function that is itself sub-
ject to selection according to its ability to promote individual fitness (Alcock, 1993).
In a slowly-changing environment, this objective function will track fitness closely. In a
rapidly-changing environment, however, natural selection will be too slow, and the objec-
tive function will not track fitness well.

The development of cultural transmission, in the form of instrumental techniques and
conventions, and the ensuing increase in social complexity of hominid society, doubtless
produced such a rapidly-changing environment, thus conferring high fitness value on the
development of anon-genetic mechanism for altering the agent’s objective function. Inter-
nalization is adaptive because it allows the human objective function to shift in directions
conducive to higher personal fitness. The internalization of norms is thus adaptive because
it facilitates the transformation of drives, needs, desires, and pleasures (arguments in the
human objective function) into forms that are more closely aligned with fitness maximiza-
tion. Internalization is limited to our species, moreover, because no other species places
such great emphasis on cultural transmission.

We humans thus have a ‘primordial’ objective function that does not well serve our
fitness interests, and which is more or less successfully ‘overridden’ by our internalized
norms. This primordial objective function knows nothing of ‘thinking ahead,’ but rather
satisfies immediate desires. Lying, cheating, killing, stealing, and satisfying short-term
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bodily needs (wrath, lust, greed, gluttony, sloth) are all actions that produce immediate
pleasure and drive-reduction, at the expense of our overall well-being in the long run. This
fact explains the congenital weakness of human nature in its tendency to succumb to the
unruly temptations of the flesh.

This evolutionary argument is meant to apply to the long period in the Pleistocene dur-
ing which the human character was formed. Social change since the agricultural revolu-
tion some 10,000 years ago has been far too swift to permit even the internalization of
norms to produce a close fit between utility and fitness. Indeed, with the advent of modern
societies, the internalization of norms has been systematically diverted fromfitness(ex-
pected number of offspring) towelfare(net degree of contentment) maximization. This, of
course, is precisely what we would expect when humans obtain control over the content
of ethical norms. Indeed, thismisfit between welfare and fitness is doubtless a necessary
precondition for civilization and a high level ofper capitaincome. This is true because
were we fitness maximizers, every technical advance would have been accompanied by
an equivalent increase in the rate of population growth, thus nullifying its contribution to
human welfare, as predicted long ago by Thomas Malthus. The demographic transition
which has led to dramatically reduced human birth rates throughout most of the world is
a testimonial to the gap between welfare and fitness. Perhaps the most important form of
prosocial cultural transmission in the world today is the norm of having few, but high quality,
offspring.

4. Shame, guilt, empathy, and other prosocial emotions

“How selfish soever man may be supposed,” notes Adam Smith inThe Theory of Moral
Sentiments(2000 [1759]), “there are evidently some principles in his nature, which interest
him in the fortunes of others, and render their happiness necessary to him, though he derives
nothing from it, except the pleasure of seeing it” Smith here alludes to the role ofsympathy
in promoting agreeable relations among men. Later, he analyzes the contribution of shame
to the enforcement of covenants: “Our imagination therefore attaches the idea of shame to
all violations of faith.”

The fact that adherence to social norms is underwritten by emotions has too often been
ignored in the years since Smith wrote his great work. The experience of shame, guilt, and
other visceral reactions plays a central role in sustaining cooperative relations. Prosocial
emotions function like the basic emotion, “pain,” in providing guides for action that bypass
the explicit cognitive optimizing process that lies at the core of the standard behavioral model
in economics.Damasio (1994, p. 173) calls these “somatic markers.” A somatic marker is a
bodily response that “forces attention on the negative outcome to which a given action may
lead and functions as an automated alarm signal which says: Beware of danger ahead if you
choose the option that leads to this outcome. . . the automated signal protects you against
future losses.” Emotions thus contribute to the decision-making process, not necessarily by
clouding reason, but in beneficial ways as well. Damasio continues: “suffering puts us on
notice. . . it increases the probability that individuals will heed pain signals and act to avert
their source or correct their consequences” (p. 264). while some psychologists (e.g.Zajonc,
1980) have stressed emotions as important influences in behavior, and a few economists
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have taken up these ideas (Loewenstein, 1996; Laibson, 1996), the role of emotions in
behavior has been little studied by economists.

The specific social circumstances that evoke emotions are culturally specific, but the
capacity to express and experience emotions are human universals (Ekman and Davidson,
1994; Ekman, 1999), involving complex chains of hormonal, visceral, and non-cognitive
neural responses that are rooted in our genetic constitution as a species. While many human
emotional responses have counterparts in vertebrates (Darwin, 1998), and especially our
closest relatives, the chimpanzees (de Waal, 1998), the prosocial emotions in non-humans
are extremely rudimentary by comparison. From this, and their intimate association with the
cultural forms that evoke them, we can conclude that human prosocial emotions coevolved
with human culture.

Dramatic confirmation of the importance of emotions is the well-knownultimatum game,
in which, under conditions of anonymity, two player are shown a sum of money, say US$
10. One of the players, called the “proposer,” is instructed to offer any number of dollars,
from US$ 1 to 10, to the second player, who is called the “responder.” The responder,
again under conditions of anonymity, can either accept the offer or reject it. If the responder
accepts the offer, the money is shared accordingly. If the responder rejects the offer, both
players receive nothing. Since the game is played only once and the players do not know
each other’s identity, a self-interested responder will acceptany positive amount of money.
Knowing this, a self-interested proposer will offer the minimum possible amount, US$ 1,
and this will be accepted. However, when actually played,the self-interested outcome is
almost never attained or even approximated. In fact, as many replications of this experiment
have documented, under varying conditions and with varying amounts of money, proposers
routinely offer respondents very substantial amounts (50% of the total generally being
the modal offer), and respondents frequently reject offers below 30% (seeGintis, 2000b,
Chapter 11 for citations and analysis).

Economists were at first astonished at this behavior. Why would people reject a positive
amount of money? They suggested that perhaps players did not understand the game. But by
changing the rules a little bit, experimenters quickly showed that this was not the case. For
instance, if the responder is told that the offer is generated by a computer, the rejection rate
become very low, however small a share is offered to the responder. Or, in another variation,
the players were told that if the responder rejected the offer, he would get nothing, but the
proposer would still get the share he proposed for himself. In this case, responders never
rejected offers.

In fact, responders reject positive offers because they areangryat being treated unfairly,
and they are willing to pay (in the form of getting nothing when they could have gotten
something) to hurt the person who perpetrated this unfairness. Rejecting unfair offers is
part of what we callstrong reciprocity(Gintis, 2000a; Bowles and Gintis, 2003), which
is a predisposition to cooperate with others, and to punish those who violate the norms of
cooperation, at personal cost, even when it is implausible to expect that these costs will
be repaid. Strong reciprocity is thus a combination ofaltruistic cooperationandaltruistic
punishment.

How generalizable are these studies? Most such studies, after all, use college students
as subjects, and though the results are similar around the world, this could be because col-
lege students are pretty much the same around the world. Are the patterns described above
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evidence of universal patterns of behavior, or do the subjects’ economic and social environ-
ments shape behavior? If the latter, which economic and social conditions are involved? Is
strong reciprocity better explained statistically by individuals’ attributes such as their sex,
age, or relative wealth, or by the attributes of the group to which the individuals belong? Are
there cultures that approximate the self-interested actor of standard economics and biology?

For answers, I and several collaborators (including Joe Henrich, who undertook the first
such field experiment, and has led the work on analyzing the results of our larger study)
undertook a large cross-cultural study of behavior in societies very different from ours.
Twelve experienced field researchers, working in 12 countries on four continents, recruited
subjects from 15 small-scale societies exhibiting a wide variety of economic and cultural
conditions. Our sample consists of three for-aging societies, six who practice slash-and-burn
horticultural, four nomadic herding groups and three sedentary, small-scale agriculturists.
Our results are described inHenrich et al. (2001).

We found, first, that the self-interested actor model is not supported in any society studied.
Second, there is considerably more behavioral variability across groups than had been
found in previous cross-cultural research and the self-interested actor model fails in a wider
variety of ways than in previous experiments. Third, group-level differences in the degree
of cooperation in production and the extent of contact with market economies explain a
substantial portion of the behavioral variation across societies: the higher the extent of
contact with market economies and the higher the level of cooperation in production, the
larger was the offer in the ultimatum game. Finally, behavior in the experiments is generally
consistent with economic patterns of everyday life in these societies.

These and related studies show that the emotions involved in social interaction—the
empathy we feel towards those who have been kind to us and the hostility towards those who
have not—often counteract the purely material incentives involved, producing outcomes that
are more cooperative than would have been expected from a dispassionate tallying up the
material costs and benefits of various actions.4

If we have such highly developed prosocial emotions, it is very likely that they served
to enhance our individual and group fitness in the social conditions under which our
species evolved biologically. The most obvious purpose served by such emotions as pride,
self-esteem, empathy, guilt, and shame, is that they induce individuals to obey social norms
in situation where the temptation of immediate gratification might induce individuals to
break social rules, thereby incurring the wrath of the group to the extent of reducing one’s
long-run fitness. Thus, to the extent that humans evolved cultural forms that depend on indi-
vidual compliance with norms, and developed the genetic predisposition to (altruistically)
punish norm violators, the fitness-enhancing value of prosocial emotions were enhanced.
This, of course, is a perfect case of the coevolution of genes and culture.

The economist might reasonably respond that a self-interested “rational actor” would
have no need of such emotions, but would rather directly tally up the costs and benefits
of a particular action, thus choosing a level of “anti-social” behavior that maximized his
personal payoff. Prosocial emotions, which are in effect asubsidyon prosocial behavior and

4 These same emotional capacities and predispositions, of course, are equally key to understanding conflict
and war in human societies, but space limitations prevent me from exploring this “anti-social” side of prosocial
emotions.
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ataxon anti-social behavior, should only serve to reduce the payoff to norm-compliance. To
see that such reasoning is suspect’ note that it applies equally topain, which no one doubts
is an evolved mechanism for recognizing and avoid bodily damage: a rational actor should
registerbodily damage, and choose actions that optimally trade off such damage against
other gains; but pain itself is an additionaltaxon bodily harm, and should be suboptimal.

What, then, is wrong with the argument that prosocial emotions are inefficient? First,
there is a simple argument from bounded rationality: the process of optimizing one’s proso-
cial behavior may simply be too informationally costly and error-prone. Second, subjective
pleasure and comfort are important elements in the objective function that humans maxi-
mize, and there is no reason to believe that these correlate well with reproductive fitness,
since we may not have been subject to evolutionary selection for sufficiently long to ensure
a close fit between the two. The prosocial emotions, being directly pleasurable, might have
evolved to correct an imbalance due to our imperfect decision-making criteria. Finally, there
is much evidence that human beings are excessively present-oriented and use hyperbolic
discounting, which lowers the present value of future as compared with current rewards
(Akerlof, 1991; Ainslie and Haslam, 1992; Loewenstein and Prelec, 1992; Laibson, 1997;
Kirby and Marakovic, 1997; O’Donoghue and Rabin, 1999, 2000, 2001). There is at present
no plausible model explaining the adaptive value of hyperbolic discounting, but it is known
to be present in non-human animals, so presumably there is some evolutionary explanation
of the phenomenon. Be that as it may, if humans are excessively present-oriented, then such
prosocial emotions as shame and empathy will contribute to fitness, because they either
increase the present cost of harming others (as in the case of empathy) or they increase the
future expected cost of norm violation (as in the case of shame).
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Henrich’s paper lays out the issues very nicely. Humans are capable of greater degrees of
cooperation with those with whom they are not in repeated contact than are members of other
species. But whereas reciprocal cooperation with specific others and kin altruism serve the
inclusive fitness of the individual’s genes, offering cooperation or altruism less restrictively
must by definition reduce individual fitness. A partial way out exists if noncooperation
is regularly punished, but this just shifts the problem to another level: in the presence of
punishers, fitness-seeking genes have incentives to dictate cooperation on the first-order
task, but shirking on costly punishing.

Henrich and others propose to solve this problem by according a role to group selection.
Within groups, individuals who free-ride on the services of other punishers will have higher
payoffs; but on average, members of groups with more punishers will have higher payoffs.
Can group advantage outweigh individual advantage in the course of evolutionary selection?
The answer is yes, if differences between groups are sufficiently sustained while differences
within groups are kept sufficiently small, so that the advantages of groups with more coop-
erators translate into overall populations with more cooperators. The problem with positing
group selection in a model of human genetic evolution is that in known hunter-gatherer
societies, migration and intermarriage are constantly diluting genetic differences among
groups. Instead of genes, Henrich proposes culture as the mechanism reducing intra-group
differences and maintaining inter-group differences, thanks to in-built psychological biases
including the bias to conform with group norms. If the evolution of strong human social-
ity is attributable to humans’ cultural capacities, this also helps to account for the greater
pro-sociality of human than of other species (apart from the eusocial insects).

There is much that is appealing in this way of laying out the problem. Recent experi-
ments nicely illustrate Henrich’s point that “if. . . altruists can preferentially group with
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other altruists. . . altruism at least has a chance. If egoists can preferentially enter groups
with altruists” this is not the case (βxjxi will be negative).Ehrhart and Keser (1999)and
Page et al. (2002)conducted public goods experiments in which subjects were able to
exercise some control over which other subjects they were grouped with. Ehrhart and
Keser let subjects unilaterally choose what extant group to enter or whether to form a
new group, so free-riders invaded groups of cooperators, the latter had to flee to avoid
exploitation, and overall cooperation declined with repetition. Page et al., by contrast,
grouped subjects together according to the mutual preferences of all subjects involved,1

so that more cooperative subjects could exclude free-riders from their groups. The result
was that cooperative types played together and earned more than less cooperative ones.
Within-group differences declined and between group differences rose. And overall coop-
eration rose with repetition as subjects strove to be positioned to get into “better” groups
when future preference rankings and regroupings occurred. Although the composition of
the subject pool could not change during these experiments, if this had been an evolution-
ary setting in which types with higher payoffs become more numerous over time, selection
would have favored cooperative behaviors (the highest contributors to the public good
earned about 20% more than the lowest ones mainly because they played with other high
contributors).

The experiments just mentioned do not try to distinguish the roles of environment and
genes in accounting for subject behaviors. However, in the tradition ofBoyd and Richerson
(1985), Ben-Ner and I (1998) advocated a gene-culture co-evolutionary perspective on the
origin of preferences as a key step towards understanding the two-way relationship between
social organization and preferences. But what, exactly, are the respective contributions of
culture and of genes to the evolution of human sociality? We inclined toward the view that
the capacity to respond to moral socialization is a universal inHomo sapiens. Although I am
reluctant to enter into a debate with someone from whom I have much to learn about evo-
lutionary theory, I will reluctantly express my concern that Henrich’s paper seems unclear
about where to place the advent of human sociality.

Henrich emphasizes that cultural evolution can take place on scales of a few hundred
to a few thousand years, far faster than biological evolution. And, citingHenrich et al.
(2001), he argues that societies are less alike in their social norms than experimentalists
who had previously studied only modern cosmopolitan populations had assumed. But where
do the biological underpinnings of human pro-sociality figure in the account? AsBergstrom
(2002, p. 83) writes after discussingHenrich and Boyd’s (2001)solution to the problem
of punishment, “There is room to question whether the visceral, seemingly irrational anger
that people feel when they are cheated or otherwise violated can be explained by cultural
transmission rather than as genetic hard-wiring.”

Henrich’s paper allows for culturally transmitted preferences to have been deepened by
the biological selection that pro-social cultural forces make possible. But when did such
biological selection take place? Did cultural differentiation lay the groundwork for selection
of more cooperative genotypes in West Africa than in Amazonia, in Hungary than in New
Guinea, and so on? Are some people, because of their genetic heritage, less easily socialized
into certain cooperative norms than others?

1 Subjecti was more likely to be grouped with subjectj, that is, wheni rankedj highly andj rankedi highly.
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The existing evidence seems consistent with the idea that all populations have more or
less the same genetic receptivities to normative socialization, although there are differ-
ences among individuals in this respect just as there are differences among individuals in
temperament, intellectual potential, and other attributes. If this is so, then the basic un-
derpinnings of human pro-sociality must have been in place tens of thousands of years
ago when the modern human sub-populations of Australia, Asia, Europe, etc. began their
long term branching from a common ancestral population. Forces for homogeneity within
groups—probably themselves embedded in genetic tendencies—could well have provided
the crucial environmental soil in which the genetic fixation of these social propensities
could occur, as Henrich argues. But it seems important to know to what extent the rel-
evant cultural forces operated before the dispersal of human populations and the growth
of large-scale societies that followed the agricultural revolution, to what extent only after
them.

Perhaps it is not human pro-sociality in general that Henrich is trying to explain, but only
certain forms of ultra-sociality—the readiness to put one’s life on the line for the group
in time of war, to rush into burning buildings to rescue those trapped inside, and, more
prosiacally, to do one’s civic duty by studying the issues and voting. I do not doubt that
cultural adaptation is central to making these things possible, and that relevant adaptations
have occurred within historical time. But my views perhaps differ from Henrich’s as to (a)
the importance of these manifestations of human sociality compared to others and (b) the
autonomy of these manifestations with respect to deep-seated and long-standing conceptual
and emotional repertoires. I suspect that such aspects of human psychology as the desire
to look good in one’s own eyes, the concern with how one is viewed by others, and the
willingness to join a common venture and to feel indignation at and incur costs to punish any
who cheat when one is oneself sacrificing for it, long pre-date large scale social organization.
Large scale societies undoubtedly built on these elements by defining how a self-respecting
individual will behave, when he ought to feel shame, and so forth, but not by selecting for
these basic elements themselves.

Despite these concerns, I find Henrich’s suggestion of the joint cultural and genetic
co-evolution of sociality to be attractive if pushed back to a sufficiently early date. More
broadly, Henrich’s research on the cultural specificity of cooperative norms (including
Henrich, 2000) contributes enormously to the project of understanding how social organi-
zation affects human values and norms. In my view, too much of the project of the social
sciences, and especially economics, has taken human preferences as givens and asked what
social arrangements can best advance well-being in view of that constraint. It is important
to recognize that preferences are also molded by our social environments, so that, when
tinkering with our social institutions, we take stock of how we might be tinkering with
ourselves (Ben-Ner and Putterman, 1998; Bowles, 1998).
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The main thesis of Joseph Henrich’s paper is that an understanding of cultural group
selection and the co-evolution of genes and culture will promote our understanding of hu-
man psychology and preferences. This is an important and, in our view, correct assertion.
While we agree with the basic thrust of the argument, however, we have a different per-
spective on some of its particulars. First, we believe it is useful to distinguish between
unconditional altruism and reciprocity, both because the empirical implications of the two
behaviors are quite different, and because reciprocity can evolve in a much larger class of
environments than altruism. Second, we argue that Henrich’s criticisms of some of the evo-
lutionary models of “pro-social” behavior in the literature, particularly signaling models,
are misplaced. Third, we disagree with the notion that pro-social preferences form the basis
for the large-scale cooperation among non-kin which characterizes human societies.

Economists have long operated on the assumption that the hypothesis of material self-
interest is an adequate approximation to human motivation in economic decision-making.
This hypothesis has recently come under fierce challenge from experimentalists, who have
documented robust and systematic departures from self-interest in controlled laboratory
settings (see, for instance,Fehr and Gächter, 2000). Rejection of self-interest as a governing
hypothesis does not, however, necessitate an embrace of altruism. Experimental subjects
tend to care about fairness and efficiency as well as their own self-interest, but also reveal a
strong propensity to reward generosity and punish opportunism on the part of others. Such
preferences for reciprocity can indeed result in greater efficiency in some environments, but
can also reduce efficiency in others. For instance, reciprocity tends to raise aggregate payoffs

� Comment on Joseph Henrich, “Cultural group selection, co-evolutionary processes, and large-scale
cooperation.”
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in public goods games with punishment, while it lowers aggregate payoffs in ultimatum
games. It is not pro-sociality with which humans are endowed, but rather a predilection for
reciprocity which, given the right context, can have pro-social effects. It is the predilection
itself, rather than its consequences in particular environments, that evolutionary models
should account for.

An important feature that distinguishes preferences for reciprocity from altruistic pref-
erences is the fact that under rather general conditions, the presence of people with such
preferences, if observable, can induce opportunistic individuals to act pro-socially. They do
so at some cost to themselves, but avoid the greater cost of being punished. The fact that
the presence of reciprocators in a group induces all group members to act pro-socially can
allow preferences for reciprocity to survive and spread in competition with self-interested
preferenceseven in the absence of assortative interaction. This occurs because reciproca-
tors do better when matched with opportunists in mixed groups than opportunists do when
matched with each other. The presence of reciprocators in a group induces opportunists
to take group-beneficial actions, leading to higher payoffs for all group members, while
groups consisting solely of opportunists are subject to the free-rider problem. When the
population share of reciprocators is small, most opportunists find themselves matched with
other opportunists and hence their mean payoff, averaged across the entire population, is
lower than that obtained by reciprocators (Gintis, 2000; Sethi and Somanathan, 2003).

This argument relies on preference observability and is therefore vulnerable to the ‘green
beard’ critique which Henrich raises. What prevents opportunists who manage to be per-
ceived as reciprocators from entering and dominating the population? The answer is that,
in order to do so, the entrant must be able to mimic reciprocators perfectly. When imitation
is imperfect, individuals are forced to make probabilistic assessments of the nature of those
with whom they are interacting, based on the noisy signals that they receive. The conditions
for the survival and spread of reciprocity are accordingly more stringent. The results ob-
tained under complete preference observability can be recovered, however, if signals convey
enough information (Sethi and Somanathan, 2001). Furthermore, any informative signal,
no matter how weak, can result in the survival of reciprocators if interactions are repeated
sufficiently many times (Guttman, 2003). Nothing in this argument requires that signals be
costly. Models that require signals to be differentially costly for different types of agents
do so only because they endow all types with the ability to produce exactly the same signal
at all times.

The green beard criticism is that one cannot simply assume away a mutant self-interested
type who copies the signal exactly. Whether or not such a perfect mimic arose in the
course of human evolution is, of course, an empirical question. The fact that humans are
skilled at forming strong (and sometimes mistaken) impressions of others based on the
most fleeting and superficial interactions suggests to us that people do carry informative
signals. The experimental literature is replete with evidence that face-to-face communication
does indeed change behavior, and it is impossible to escape the conclusion that people’s
appearance and demeanor convey information that is put to use by others. Moreover, the
fact that reciprocity is observed even in anonymous experimental settings with no scope for
signaling does not in any sense weaken the case for a signaling approach to the evolution
of reciprocity. Laboratory subjects are aware that there are reciprocators in the population
of players facing them even if they cannot see their signals. How they got there, whether by
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evolution through informative signals, or by cultural group selection, is irrelevant to their
decision problem.

If signaling explains cooperation in humans, then why, asks Henrich, do not we see more
cooperation in chimpanzees, elephants, and dolphins? We maintain that most large-scale
human cooperation depends not on pro-social preferences, but rather on incentive struc-
tures in organizations which animals with binding cognitive limitations have been unable
to develop. The idea that large-scale cooperation, at the level of the nation-state or the con-
glomerate firm, should be explained by pro-social preferences will strike most economists
as quaint. Clearly, it is the differences in organization and incentive structures between say,
the United States and Somalia, not differences in pro-social preferences, which explain
the differences in the economic performance of these two societies. It is true, of course,
that preferences for reciprocity can contribute to the efficient functioning of organizations.
Markets with asymmetric information, and labor markets in particular, are affected by the
presence of people motivated by reciprocity. Such preferences can allow equilibrium con-
tracts that are Pareto-superior to the contracts that would be observed if all agents were
self-interested (Fehr and Schmidt, 2000). But note that reciprocal preferences do not have
to be directed towards large groups to play this role. It is quite enough that reciprocity plays
a role in horizontal interactions among small groups of workers or vertical interactions
between workers and their immediate supervisors. Economic and political organization, in
fact, often seems to take advantage of the pro-social behavior that emerges in small group
settings (Richerson and Boyd, 1999). Pro-social behavior directed towards society at large
is, in our view, a less economically and socially important phenomenon than pro-social
behavior directed towards small groups.

None of these considerations should detract from Henrich’s basic point, that cultural
group selection is an underexplored and potentially valuable component of any evolutionary
account of human motivation. The models of cultural group selection and gene-culture
co-evolution that he exposits are persuasive because they fit with some robust features of
human behavior. Perhaps the most important of these is the tendency to acquire group
identities and to be xenophobic. Cultural evolution is required to explain this since the
actual identities that individuals take on vary enormously. Genetic evolution in response to
cultural variation seems plausible since the behavior appears so universally. The application
of such ideas to economic problems is just beginning (Somanathan and Rubin, in press).

Henrich’s account of conformist transmission and prestige-biased transmission draws
our attention to how much of human behavior is drawn from cues that are given by other
people. This deserves further investigation in the realm of preferences for consumption,
leisure, and other goods. How do these evolve with the economy? What does this imply for
welfare? These are important questions, the answers to which may very well lie in a more
complete understanding of cultural evolution.
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I greatly enjoyed the target article and found it both thoughtful and stimulating. Henrich
points out, as many have, that cultural evolution is much faster than biological evolution
and not constrained by the Mendelian rules of inheritance. In particular the wide extent of
horizontal transmission and such social factors as punishment of non-conformers appear
to be characteristically human. To me, however, the most interesting part of the article is
Henrich’s adapting to cultural evolution thePrice (1970, 1972)equations for biological
evolution, in which genetic change is allocated to within- and between-group components.
It is that on which I wish to comment.

Such equations are not new to geneticists. I presented one such a half century ago (Crow,
1955, p. 58), and I doubt that I was the first. I regarded it as a multi-level extension of
Fisher’s Fundamental Theorem of Natural Selection (Fisher, 1930/1999). The first person
to use covariances rather than variances and thereby extend Fisher’s Theorem to traits
other than fitness wasRobertson (1966). Put these two ideas together and you have Price’s
equations. Nevertheless, Price derived his results from scratch and learned of the earlier
work only after his paper had been written (seePrice, 1972, p. 490).

Price and Hamilton were the creative giants in this field, taking up where Fisher left off.
Both were interesting personalities. Each had a curious mixture of excessive modesty and
self-effacement along with full confidence in his ideas. Both were eccentric, although Price
was far more. Both were indifferent to their own personal safety. Both died young, Price by
suicide and Hamilton from malaria contracted, perhaps recklessly, on a hypothesis-testing
tropical expedition.Hamilton’s collected papers (1995/2001) include not only his major
articles, but also an introduction to each one in which he describes the circumstances under
which it was written. He also gives considerable biographical information about Price and
himself and describes their scientific relationship.
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I have used a Price-type equation to discuss the measurement of the degree of population
subdivision (Crow and Aoki, 1984). In discrete-generation form, this is

�C = (BwVw + BbVb)

W
(1)

in which �C is the single-generation change in mean value of the trait in the whole pop-
ulation, Bw and Bb the within- and between-group genetic regressions of fitness on the
value of the trait,Vw andVb the within- and between-group genetic variances, andW is the
population mean fitness. The model assumes that the trait is polygenic, without dominance
or epistasis and with loose linkage. You will note that this is exactly the same as Henrich’s
Eq. (8), although the models are different. Henrich is tracing the change of frequency of
a single allele, whereas Aoki and I considered the change of frequency of a multigenic
trait.

As Henrich notes, within-group selection has usually been regarded as more important
than between group for two reasons. First, means are less variable than individual items
and the numbers are smaller. Second, migration tends to reduce between-group variance.
If dominance (within-locus interactions) and epistasis (between-locus interactions) are in-
cluded, the effect is to reduce the first term in parentheses of (1) and increase the second.
The reason is that within-group selection depends on the (least squares) additive compo-
nent of the genetic variance (the genic variance), whereas the between-group component is
determined by the total genetic variance. This means that gene interactions increase group
selection relative to individual selection.

Henrich employs the same equation, but with new symbols, for within- and between-group
cultural selection. He then argues that there are four different cultural mechanisms that re-
duce the within-group variance. These are (1) conformist transmission, (2) prestige-based
transmission, (3) punishment, and (4) normative conformity. If not unique to the human
species, these are at least far more important than in other animals. These mechanisms
decrease the variance within groups; in many cases, he says, this is reduced to essentially
zero. Therefore, the between-group component becomes much more important for humans
than for other species.

Homogenization within groups has been discussed by others (e.g.Sober and Wilson,
1998), but Henrich has provided a more detailed argument. Thus, the effect of his cul-
tural transmission mechanisms is in the same direction as dominance and epistasis in a
purely genetic model, although undoubtedly cultural effects happen much faster and the
between-group component is likely to be larger.

The mechanisms of cultural inheritance are much more varied than biological inheri-
tance, which is constrained by Mendel’s rules. In particular, horizontal transmission is far
more significant for cultural than for biological evolution. There is abundant evidence for
the importance of between-family influences relative to those within the family in deter-
mining many behavioral traits. Parents seem to be less important culturally than peers or
other extra-family influences. In contrast to biological evolution, a great deal of cultural
inheritance can occur with no change of allele frequencies.

The Price–Hamilton equations have led to countless words and occasional quantitative
discussions, but mostly to plausibility arguments. They provide a beautiful framework for
extending the results of kin selection to related problems, such as selection based on group
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recognition. There has also been considerable mathematical discussion of different models
of population structure. But the general framework, exemplified byEq. (1)above persists.

Can these equations be made more predictive? One suggestion came from Aoki and
me (Crow and Aoki, 1984) at the time when the great power of molecular genetics was
first becoming evident.Eq. (1)can easily be used to assess the importance of Hamilton’s
well-known inequality for an altruistic trait. IdentifyingBw as the fitness cost,c, to the
individual andBb as the benefit,b − c, to the group, the condition for the altruistic trait to
increase is Hamilton’s condition:

c

b
< r

wherer is Wright’s coefficient of relationship (Crow and Aoki, 1982). Henrich reaches a
similar conclusion, although without considering genetic niceties.

Population subdivision produces effects within local populations that are like those of
inbreeding. We can therefore use molecular measures of population subdivision to estimate
r and assess how much group selection is inherent in the population structure. This is best
estimated by Nei’sGst which can be determined from the average probability of identical
alleles from within the group and from the whole population (Crow and Aoki, 1984). Then
r = 2Gst/(1 + Gst). At the time the paper was written, Aoki had some measurements of
Gst based on blood groups in Japanese macaques. The average value ofGst was about 0.09,
corresponding tor ≈ 1/6, and values for other primates are similar. Thus, provided the
requisite genes exist in this monkey population, we would expect that an altruistic trait for
which c/b < 1/6 would increase.

In our discussion, we assumed that the monkeys need not recognize kin, but rather need
only identify group members. Each monkey, including migrants, was assumed to behave
unselfishly with members of the group in which it resides. Thus, a standard measure of
gene identity within and between groups,Gst, seemed appropriate. We thought, from certain
human studies at the time, that altruism toward members of a group or tribe was more likely
than recognition of kin, except for very close relatives.

Molecular techniques are much better now. It should be possible to make such mea-
surements on a wide variety of populations. Then, if behavioral traits can be appropriately
quantified, it should be possible to make comparisons between these traits and the genetic
structure of the population. We would not expect the values to be the same; molecular
markers are usually chosen to be neutral whereas behavioral traits are presumably under
strong social selection. But the extent of the departure from molecular predictions would be
an indication of the strength of social selection. I do not know whether this amalgamation
of psychological and molecular measurements, and of social and genetic theory, can be
fruitful, but perhaps it is worth a try.

Henrich points out that interaction of cultural and biological evolution may be sig-
nificant. For example, it is reasonable that agricultural practices developed mainly from
intra-group cultural selection. This need not have involved any change in gene frequencies.
But some evidence suggests that agriculture spread through Europe by differential prolif-
eration (migration). Thus, if this view is correct, within-group cultural selection interacted
with between-group biological selection. Further studies of the interaction of biological and
cultural selection should be of great interest.
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I should make clear that the Crow and Aoki prescription applies to behavioral traits that
affect biological fitness. The well-developed theory of the evolution of fitness and characters
correlated with fitness is directly applicable. Cultural evolution, in contrast, does not have
any mechanistic basis comparable to Mendelism nor are there any measurement techniques
with power and precision comparable to DNA analysis. The haphazard rules of cultural
inheritance—especially the preponderance of extra-family influences—means that such
elegant formulations as Hamilton’s rule are not available. On the other hand there is much
less constraint: mating is not required, reproduction can occur at all ages, and transmission
to a large number of persons is possible. No wonder the rate of change can be high. But, if
this subject is to be quantified, other rules, even if less neat and less precise, will have to be
developed.
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Before addressing Joseph Henrich’s evolutionary explanation for altruism, it is important
to ask whether the existing evidence taken in its entirety actually suggests that preferences
are non-selfish in the standard game-theoretic (myopic) sense. Our own research corrobo-
rates Henrich’s claim that the amount offered in ultimatum and dictator games is greater than
predicted by standard economic theory based on payoff dominance. We also find, however,
that this fact alone is subject to over interpretation, and that its robustness should be tested
in less restrictive interactions. Specifically, the interpretation of the results in these decision
environments confound the following motives: (1) self-interest based on dominance; (2)
positive reciprocity; (3) negative reciprocity; (4) various forms of other-regarding utility,
altruism representing only one such form; and (5) the constant sum form of some games
precludes effects based on gains from exchange. Even within this class of games, the altru-
istic utilitarian explanation for giving does not accord well with the fact that experimental
instructions and procedures typically have a dramatic affect on outcomes (Hoffman et al.,
1994, 1996). Thus, in the ultimatum game offers by the first mover vary from 44.4 percent of
the available sum down to only 27.8 percent for subjects from the same American undergrad-
uate culture. Moreover, similar large increases in ultimatum offers are observed by simply
adding to the instructions two short sentences prompting the subjects to think about what
they expect the other player to choose before making their choice (Hoffman et al., 2000).
This “innocent” attempt by the experimenters to get the subjects to think about the strategic
aspect of the interaction apparently had the effect of focusing the proposer’s attention on the
possibility that his/her offer might be rejected by the responder. Hence, the critical impor-
tance that the experimenter not attemptany instructional or procedural variations without
performing controlled comparisons. This maxim creates a nightmare of complication for
important, but hazard-laden, programs designed to make cross-cultural comparisons.

∗ Corresponding author. Tel.:+1-703-993-4856; fax:+1-703-993-4851.
E-mail address: kmccabe@gmu.edu (K. McCabe).
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The evidence we will cite is consistent with self-interested reciprocity as the primary mo-
tive for departing from dominant strategy equilibrium in experimental environments. Thus,
in the investment trust game, which is formally equivalent to the dictator game, giving is
greatly increased over that in the dictator game by the prospect of gains from exchange
through reciprocity (Berg et al., 1995). We also have studied two versions of a trust game
(McCabe et al., 1996; McCabe and Smith, 2000) that provide a direct test of altruism. Player
1 chooses between altruism and passing to player 2, who can then choose between the nar-
rowly self-interested dominant strategy equilibrium and a cooperative outcome based on
reciprocity. In both versions—one of which allowed player 2 to punish defection if player
1 did not reciprocate—we observed not even a single case in which altruism was chosen.
Thus, “altruism” does not survive when the choice set is expanded to include competing
alternatives.

Moreover, inMcCabe et al. (2002)we report comparisons that provide a direct test of
reciprocity against either self- or other-regarding utility. We find that the amount of coop-
eration by player 1 in a standard trust game depends crucially on the inferred “intentions”
of the first mover, not the payoff preferences of player 2. In the case that player 1 was
forced to “trust,” by passing to player 2, the latter is much less likely to play coopera-
tively (reciprocate) than when player 1’s trusting play is associated with a large opportunity
cost.

In his article, Henrich dismisses reciprocity as a plausible evolutionary explanation for
cooperation for reasons including (a) the theory has not yet been worked out; and (b)
reciprocity (direct or indirect) seems implausible, even impossible, in large-scale societies
where intertemporal transactions must be carried out with hundreds or thousands of dif-
ferent individuals. We hope for rapid progress in the former (see, e.g.Heiner, 2002), but
believe the view that large-scale cooperation results from prosocial preferences is mis-
conceived, implausible and ignores market institutions. Although a case can be made that
impersonal market exchange grew out of personal exchange (Smith, 1998), the former has
long dominated economic theory in accounting for the wealth of nations. Our reading of the
evidence, including hundreds of market experiments, suggests that large-scale cooperation
results from impersonal, selfish exchange that is mediated by institutions. The dramatic
success of the online auction house eBay, where essentially anonymous buyers and sellers
complete a very large number of successful transactions, provides a stark example of how
well self-interested, but institution-mediated large-scale exchange can adapt quickly to a
new technology. This example also illustrates the capacity for new market institutions to
emerge from trial-and-error experimentation.

Henrich puts a new face on previously discredited evolutionary models of group selection
in order to provide an answer to what some view as the “altruism dilemma.” An important
part of his argument is that conformist transmission and success copying can work both
to enhance within-group homogeneity and to maintain between-group heterogeneity. This
might be true if the variation is measured over very short time periods and with respect to
individual decisions, but it seems less plausible that there could be actual strategy copying
leading to longer-term within-group homogeneity, as Henrich suggests. The reason is that,
while decisions are observable, strategies typically are not. Differences in strategies might
tend to remain stable across individuals within a group even in the event that their decisions
became quite similar.
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Social dilemma experiments with the voluntary contribution mechanism provide evidence
that this is, in fact, the case. Broadly speaking, it is usually found in these environments
that contributions to the public good start at around 50 percent of subjects’ aggregate
endowment, and decline to around 10 percent or so of the aggregate if the game is repeated
about 10 times (see, e.g.Houser and Kurzban, 2002). It is also routinely found that there
is substantial heterogeneity in propensities to contribute to the public good, with some
subjects initially contributing most of their endowment while others contribute none (see,
e.g. Gunnthorsdottir et al., 2002). By the tenth round, most subjects contribute little of
their endowment, yet this does not necessarily imply that they have adopted the free riding
strategy. In fact, if the game is stopped and restarted, then we have found that those who
were acting cooperatively initially tend to behave cooperatively again (Houser and Kurzban,
2003). This suggests that while decisions across individuals became similar over time,
underlying individual strategies displayed no such tendency.

We are not aware of any evidence, experimental or otherwise, that strategies, or beliefs
and preferences (strategies’ primitives) are as malleable as Henrich suggests. Opportunistic,
self-interested decision copying might occasionally arise, but if preferences are generally
stable, and if there are a few free-riders in the population, then it does not seem likely that
decision copying could lead to sustained cooperation. In particular, we are aware of no
systematic experimental evidence that non-cooperators tend to copy cooperators’ decisions
in a way that generates sustained cooperation, even when cooperators are in the majority.
Quite the opposite: experimental evidence suggests strongly that it is typically coopera-
tors who make the greatest movements toward the decisions of dogmatic non-cooperators
(Andreoni, 1995; Gunnthorsdottir et al., 2002), with only the speed of this adjustment
perhaps depending on a group’s type composition (Houser and Kurzban, 2003).

Although we are sympathetic with the important objectives of his article, in our view it is
implausible and experimentally unsubstantiated that the cultural transmission mechanisms
Henrich identifies could lead to homogeneous beliefs, strategies or preferences. It is possi-
ble that decision copying, reinforced with the punishment mechanisms Henrich discusses,
could generate somewhat homogeneous decisions over very short time periods. However,
persistent and fundamental within-group differences in preferences, strategies and beliefs,
particularly when combined with the stochastic forces Henrich mentions (plagues, environ-
mental disaster), are quite likely to disrupt this homogeneity. Consequently, the effect and
importance of co-evolution seem open to question.

An alternative, perhaps simpler, explanation for cooperation is that people have a propen-
sity to reciprocate because it is in their self-interest to do so. Nature has sorted this out over
the last 2–3 million years or more, and, in small interdependent social groups, provided hu-
mans with the ability to delay immediate gratification in the pursuit of greater mutual gains.
Nature also gave humans the ability to reflect on their behavior and to evolve social tools (i.e.
institutions) which allow ever-greater gains from impersonal trade. These emergent market
institutions yield high fitness because they produce substantial personal and social benefits
over large groups of strangers at relatively low cost, and require only non-cooperative in-
dividual strategies. Variation in the nature and implementation of institutions gives rise to
the diverse “types” of cooperation that we observe across social groups.

We agree with Henrich that cultural co-evolution likely did occur. Certainly, it is not
controversial that genes may respond to changes in their setting. We know that they respond
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to changes in the natural environment (how did the Giraffe come to be 20 ft tall?), and expect
that the same would be true of the cultural environment. The challenge is to determine the
appropriate mechanisms and behavior to be understood.
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I am delighted by the engaging and constructive nature of these commentaries and would
like to heartily thank all the contributors. In many positive responses, several authors built
on the ideas contained in my article or developed parallel theoretical lines. Thus, rather
than responding to each commentary individually, I have organized my reply around six
recurrent themes. After discussing these themes, I will clean up a few loose ends from
specific commentaries.

1. Point of departure: one cannot assume ‘institutions’ into existence

Several of the commentators suggested that ‘institutions,’ ‘markets’ or ‘organizations’ in
one form or another might make an important contribution to the emergence of large-scale
cooperation (e.g. Gintis; Hauser, McCabe and Smith; Sethi and Somanathan). However,
assuming ‘institutions,’ ‘organizations’, or some undefined ability to build these, grants
too much of the solution, if one (such as I) is interested in evolutionary origins. Such
assumptions merely push the question back to ‘what evolutionary processes explain the
emergence of these institutions and who is paying the evolutionary costs for maintaining
them?’ My goal, which differs from most economists, is to establish the processes that
led from the common ancestor of chimpanzees and humans to modern humans in all their
diversity. As far as we know, non-human primate groups do not build institutions and
organizations that vary across social groups and through historical time; consequently, I
cannot begin with ‘institutions’ in place: cooperative institutions (or institutions of any
kind) must have evolved from primordial origins. Of course, it seems perfectly acceptable
for theorists interested in different questions to provisionally assume institutions, as long as
the institutions themselves are understood to be in need of further explanation, and culturally
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and historically contingent. As I will discuss in more detail below, imprecise claims that
envision ‘institutions’ as the products or byproducts of undefined ‘cognitive abilities’ (Sethi
and Somanathan), ‘reflection’ (Hauser, McCabe and Smith), and language and foresight
(Cohen, Axelrod and Riolo) seem unlikely to solve the critical problems (common intuitions
tend to fail in this regard), and generally have not been precisely specified and formally
modeled.

Gintis’s model nicely illustrates the importance of removing such background assump-
tions. I focus on Gintis’ work because he develops a formal model in his commentary that
illustrates my point. In building his model, Gintis assumes the existence of institutions that
socialize individuals for altruism and sets the strength of this socialization process toγ. To
this learning process, Gintis adds vertical transmission and a replicator dynamic (which, in
my terminology could formalize prestige-biased transmission). With this setup, he derives
the conditions for a stable cooperative equilibrium. His derivation shows that ifγ = 0—
which it certainly must have at some point in human evolutionary history since other primates
do not have institutions that socialize for group-level altruism—altruism will not evolve.
Gintis’s solution only works if one assumes into existence socializing institutions that pro-
mote altruistic behavior. It is not that I doubt the existence of such institutions (religions,
schools, rituals, age rites) or that they have important effects on social behavior. Rather, I
want to know how cooperative nstitutions, such as those related to religion, arose in our pri-
mordial primate ancestors. If institutions can be thought of as alternative culturally-evolved
equilibria (Young, 1998), then cultural group selection provides a mechanism for select-
ing among institutions in favor of those that promote group-beneficial behaviors.Wilson
(2002), Kelly (1985)andStark (1997)provide three well-researched examples of cultural
group selection operating in historical time.

Scholars focusing on the contemporary world in industrialized societies sometimes for-
get that throughout most of human history there were no market institutions, nation-states
or corporations (e.g. Hauser, McCabe and Smith). Yet, by inference from the ethnographic
record of small-scale societies and the archaeological record, Paleolithic peoples likely
cooperated inn-person dilemmas in hunting, food sharing, territorial defense, fishing and
warfare. So, while I have little doubt that cultural group selection favors institutional forms
such as markets and corporate hierarchies that make effective use of self-interested incen-
tives and our social psychology (Richerson and Boyd, 1998), the problem of large-scale
cooperation was likely solved long before these institutions arose (in relatively recent his-
torical time). As I note in the article, once the number of players in ann-person cooperative
dilemma is greater than about 10, the canonical models of cooperation based on kinship and
repeated interaction cannot explain very much cooperation, and the problem becomes ex-
ponentially worse asn increases. Furthermore, detailed empirical data from extant foraging
groups indicates that the canonical evolutionary models (e.g. reciprocal altruism)cannot
even account for the patterns of cooperative behavior in the simplest human societies (Hill,
2002). Thus, the roots of the solution to large-scale cooperation lie in the Paleolithic, not
with markets, institutions, governments and police forces of some societies in more recent
millennia.

My focus on evolutionary origins also relates to Cohen et al.’s questions about ‘teachability.’
In general, I think their emphasis on ‘teachability’ corresponds closely to my focus on so-
cial learning, but merely places more weight on the transmitter rather than the receiver. It



J. Henrich / J. of Economic Behavior & Org. xxx (2003) xxx–xxx 3

seems to me that the evolutionary onus will be on the learner for several reasons. First,
those not familiar with the ethnographic record tend to drastically overestimate the amount
of active teaching that occurs in human societies. In most small-scale human societies there
is very little active teaching. Children learn by imitation and practice (Fiske, 1998; Hill,
2002; Lancy, 1996). This suggests that teaching by parents and schools as we know it in our
society is the product of a particular trajectory of cultural evolution and tells us little about
humanity or human nature. Second, for teaching to evolve to any significant degree (either
genetically or culturally), children must have already evolved some substantial social learn-
ing abilities. Third, ‘teaching’ is its own cooperative dilemma. Genetic relatives (parents
and siblings) have some fitness incentives to teach (kin selection), but they do not have
incentives to teach ‘pro-group’ values that would be individually costly to the family (in
fact, they have incentives to preach against such values), so the basic problem of teaching
and altruism remains unsolved. The commentators might be interested in recent work by
Castro and Toro (2002)and my own work (Henrich and Gil-White, 2001) in this regard.1

Norgaard asks why one needs to consider genes and culture together. In my view, the ques-
tion of whether one needs to consider culture-gene coevolution or merely cultural evolution
depends on the time-scale of the phenomena under investigation. On shorter time-scales
(historical time-scales), genes can be assumed constant, and cultural evolution can be ana-
lyzed alone apart from genes (Henrich, 2001), as long as one realizes that the psychological
mechanisms that give rise to and direct cultural change are founded on genetically-evolved
capacities for social learning (and thus, understanding the evolutionary origins of these
mechanisms might be useful). However, if one is interested in explaining the genetic and
cultural evolutionary processes that transformed the common ancestor of chimpanzees and
humans into the diversity of contemporary humanity, then, I would argue, one must consider
culture-gene coevolution.

2. Culture is part of human biology

Comments made by Norgaard, Gintis and Putternman indicate that I must briefly clarify
the relationship between culture and biology. In my view ‘culture’ or ‘cultural capacities’
should not be considered as separate from biology. Cultural information (learned prefer-
ences, practices, knowledge) is acquired by some organisms because they have genes that
give rise to brains that can acquire and store information gleaned by observing and inter-
acting with other organisms. For example, some rat species learn food tastes from their
mothers and some birds learn songs from other members of their species. We would not
say that a rat’s particular dietary choices are not part of her biology because they were
learned from her mother, or that bird song is a purely cultural phenomenon, divorced from
the species’ biology. Thus, the essential distinction is not ‘culture versus biology,’ but rests
on where the behavioral information is stored and how it is transmitted across generations.
At least in part, the rat’s information about what to eat or the bird’s information about what

1 These commentators also pointed out that I did not cite Simon or Dewey. Along this lines, I also did not
cite Darwin (1981), Baldwin (Baldwin, 1896a,b), Tarde (1903), Bandura and Walters (1963), Miller and Dollard
(1941), Campbell (Campbell, 1965), Cavailli-Sforza (1971)andPulliam and Dunford (1980), just to name a few.
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to sing was not stored in their genes. Instead, some of this information was ‘stored’ in the
behavior of other members of the species and transmitted by observational learning. From
this perspective, culture is part of an animal’s biology, but is not stored in its genes (and, as
is often confused, ‘biology’�= ‘genetics’).

Along these lines, Gintis divorces “socialization” (vertical and oblique transmission)
from “biologically adaptive processes” (replicator dynamics). In my view, however, this is
a mistake because our heavy reliance on high fidelity imitation and other forms of sophisti-
cated social learning likely evolved as part of an adaptive learning complex that integrates
a constellation of mechanisms. This combination of learning mechanisms was favored by
natural selection because it generated lower cost, quicker, and more efficient adaptation—
on-average—to the rapidly changing environments of human evolutionary history (Boyd
and Richerson, 1985; Henrich and McElreath, 2003).2 The presence of vertical transmis-
sion, for example, is likely part of a more extensive social learning adaptation that integrates
a variety of mechanisms (e.g. prestige-biased, conformist and vertical transmission) over
the developmental cycle of humans. Children, for example, may acquire an initial set of
skills, preferences and social understandings by imitating their parents (vertical transmis-
sion) and older siblings; then, later as their circle of social contact expands, they may
benefit from conformist and prestige-bias transmission (replicator dynamics).3 Gintis’s
distinction seems to suggest that vertical transmission is not part of our evolved adaptation
for imitative learning, yet evolutionary thinking suggests that under conditions of costly
model-search (finding a good model to imitate) and costly access, some reliance on verti-
cal transmission can be favored. Furthermore, there is no empirical reason to believe that
what one learns from one’s parents, siblings or peers is ‘learned’ or ‘stored’ in a psycho-
logically different manner from what one learns from skilled, successful and prestigious
individuals.4

3. Proximate psychological details

Some confusion was apparently created by my discussion of cultural learning and im-
itation because I avoided exploring the psychological details behind imitative learning
processes such as conformist transmission and prestige-bias transmission. My views on
the psychology of imitation are largely consistent with those ofTomasello (2000). Based

2 It has been argued that cultural learning mechanisms are specialized adaptations to variable environments of
the last couple million years and that humans merely anchor the tail of a distribution of learning adaptations that
characterize a more general trend in several mammalian lineages (Henrich and McElreath, 2003; Richerson and
Boyd, 2000).

3 It is worth noting that extensive data from behavioral genetics indicates that vertical transmission plays little
role in adult behavior (Harris, 1998). This does not mean that children do not learn from their parents, but it is
evidence that whatever they do learn is swamped by non-vertical cultural transmission, perhaps during adolescence.

4 I am not clear on what Cohen et al. refer to when they claim to disagree with my “minimization of the
differences between how genes and culture are transmitted.” One of the major points of the paper is rooted in
the difference between genetic and cultural transmission, and the sections on conformist and prestige-biased
transmission describe some of how genetic and cultural transmission differ. Interestingly, I am usually on the other
side of this criticism, as I have spent substantial effort in specifying and formalizing the difference (Henrich and
Boyd, 2002; Henrich et al., 2003c).
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on his comparative work with human children and chimpanzees, Tomasello argues that at
around nine-months human infants show clear evidence of developing a ‘Theory of Mind’.
Not found in other species, this cognitive ability allows individuals to represent others as
possessing underlying goals and beliefs that causally generate actions. This ability seems
to be achieved, perhaps, by allowing individuals to imagine themselves in the shoes of the
individuals they are trying to imitate. The capacity leads children (and adults) to imitate
both the motor patterns and underlying goals, strategies and affective responses of other
individuals. Recent experimental work shows that this ‘goal imitation’ is in place by 14
months of age and that children will imitate adult motor patterns and infer their underly-
ing goals, even when the adult fails to achieve the goal (Gergely et al., 2002). That is, 14
month-olds imitate ‘goals’ they never see achieved.

This line of research also addresses Possagennikov’s concern about imitating rare pun-
ishment. Children and adults can imitate preferences and goals inferred from behavioral
cues without actually seeing punishment carried out or the goal achieved.5 Tomasello sug-
gests that ‘Theory of Mind’ (which may have initially evolved to improve imitation) allows
for the development of empathy (feeling the world from another’s point of view) and thus
seems linked to moral development.

Addressing Putterman (andBergstrom, 2002) in this light, cultural learning makes con-
nection between emotions and situations/circumstances (Ekman, 1999a,b; Fessler, 1999).
Even among monkeys, individuals learn to connect ‘fear’ and ‘snakes’ by watching other
members of their social group. Monkeys that have not observed a conspecific show fear to-
wards a snake will not acquire a fear of snakes (presumably, until they are bitten). Humans,
with their more powerful ‘Theory of Mind’ based imitation, learn to attach emotions to all
kinds of things real and imaginary (more below). The cultural variation in what people are
disgusted by, afraid of, angered by, and ashamed by vary enormously—much more than
most non-anthropologists usually realize. Cultural learning allows individuals to adapt to the
specifics of their local circumstances by connecting evolved ‘basic emotions’ and affective
reactions to different contexts (norms, for example). Having said that, there is little doubt
that human societies show some broad patterns in what affective responses get attached to
what ‘things in the world’ (Brown, 1991). But, this does not change the fact that growing up
in a particular place means that you experience different emotions in different circumstances
(seeNisbett and Cohen (1996)below). Thus, this suggests that cultural learning likely has
important effects on preferences.

We are just beginning to realize how much the human brain, and particularly the prefrontal
cortex, continues developing and constructing itself over the first 20 years of life (Giedd
et al., 1999; Quartz, 1999; Quartz, 2002). Perhaps illustrating this developmental process
within a culturally-evolved social environment, recent experimental work with children in
the US shows both our ‘sense of fairness’ and our ‘taste for punishment’ (as measured by the
Ultimatum, Dictator and Public Goods Games) also continue developing over the first two

5 Possagennikov is also concerned that theHenrich and Boyd (2001)model requires that conformist transmission
be the same strength relative to prestige-biased transmission at higher punishment levels. My own recent work
(unpublished) on this issue suggests that the relative strength of conformist transmission should have evolved to
increase (not decrease) at higher punishment levels (i) because of the rising uncertainty in the payoff differences
between alternative strategies (assuming noisy signals of payoffs)—although this conclusion is very preliminary.
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decades of life (Harbaugh and Krause, 2000; Harbaugh et al., 2002). Finally, neuroimaging
work shows that this culturally-constructed part of the brain, the prefrontal cortex, is the
focus of activity while playing both ‘trust’ and ‘reciprocity’ games with adults (McCabe
et al., 2001). This suggests that the ‘preferences’ measured by experimental games emerge
during the first 20 years of life, and is likely affected by the culturally-evolved environments
of ontogeny (Henrich, 2003).

4. What is the nature of the ‘genetic part’ of culture-gene coevolution for
prosociality?

Several commentators pose an important question: if prosocial genes did follow on the
heels of cultural group selection, what is the nature of these genes? I have no good answer
to this question, other than to suggest some constraints and mention some possibilities.
First, whatever these genes do, they would have to be integrated into the learning process,
as they would have been genetically evolving in a diversity of social groups at different
stable culturally-evolved equilibrium. Not only would these social groups have varied in
the degree or scale of cooperation and punishment, their domains of cooperation would
have varied from behaviors involving fishing, ritual, warfare, and group decision-making
to hunting, food sharing, and public works (e.g. community house construction). Thus,
we should not expect these ‘prosocial genes’ to lead to simple predispositions or ‘tastes’
in the same way that genes cause people to like fat, sugar, their own kids, and sex. Such
genes must be intimately intertwined with the cultural learning process. Most likely, in my
view, these genes would facilitate learning social norms (and some of these norms would
involve cooperation dilemmas). For example, individuals who (because of their genes) can
learn a norm from being punished only once will be favored over those who require two
punishings (paralleling Simon’s interest in docility). She who can infer the proper norm
using observation, inference and conformist transmission,6 and then internalize it (thereby
avoiding all punishing from mistaken defections), may do the best.7

Linking with Gintis, if one internalizes a norm, she is probably less likely to mistakenly
defect. As Gintis points out, these kinds of evolutionary processes may be the evolution-
ary origin of shame (Fessler, 1999), pride, guilt and anger at norm violations—which,
with the possible exception of guilt, are universal human emotions that show tremendous
cross-cultural variability in the kinds of situations to which they are applied to.

I hope this discussion clarifies that when I speak of ‘prosocial behavior,’ I not thinking
of pure, simple-minded altruism (Sethi & Somanathan), but something like the ‘Strong
Reciprocity’ proposed by Fehr, Gächter, Bowles and Gintis (Fehr et al., 2002a). Because
many group-beneficial norms are fitness neutral within-groups, the bias may first emerge
to pick more group-beneficial equilibria over less group-beneficial equilibria.

6 Henrich and Boyd (2002)have shown how conformist transmission drastically reduces the inferential learning
errors that are likely associated with some kinds of cultural transmission.

7 In our model,Henrich and Boyd (2001)established the conditions under which a ‘prosocial gene’ that caused
cooperators to mistakenly defect less often (‘internalization’) would be favored by natural selection. Interestingly,
once such ‘prosocial genes’ have spread through the group, the maximum size (N) of the culturally-evolved stable
cooperative group increases, illustrating one example of the culture-gene coevolutionary ratchet.
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Coevolving with culture, Strong Reciprocity leads individuals to acquire, internalize and
uphold norms (including cooperative ones), reward other norm upholders, and punish norm
violators at a cost to themselves—even in one-shot situations. Contrary to Güth and Kliemt’s
assertion, a strong empirical case has been made for Strong Reciprocity that severs it from
reciprocal altruism and the other canonical evolutionary models (i.e. from the ‘Big Mistake
Hypothesis’), and connects it to the kinds of theorizing discussed in my article (Fehr et al.,
2002a). Furthermore, Fehr and I (2003) have argued, using evidence from foraging popu-
lations, paleo-archaeology and non-human primates, that the Big Mistake Hypothesis was
never on firm ground in asserting that ancestral human societies lacked fitness-relevant low
frequency (and one-shot) interactions. We argue that such interactions were fitness relevant
and that the experimental data is consistent with a keen ability to distinguish situations
involving substantial repeat interaction and reputation from situations without those.

Cohen and coworkers felt strongly that I gave “insufficient weight to more general prop-
erties of human beings—such as language and foresight—that have enormous survival
value for many other reasons.” This criticism is both odd and premature. It is odd because
the authors themselves have published mathematical models on the evolution of coopera-
tion that have neither language nor foresight built into them (Axelrod, 1984; Riolo et al.,
2001)—so they have also given ‘insufficient weight’ to those capacities. They are prema-
ture because the available theoretical work suggests that cognitive abilities, foresight and
language may negatively impact the evolution of cooperation. For example,Bendor (1993)
andBendor et al. (1996, 1991)have shown that when information about an individual’s
partner’s cooperative contribution is noisy, strategies with memory (book keeping skills),
‘cognitive processing’ and ‘foresight’ did worse than simpler strategies with little memory
or foresight. These authors argue that cognitively powerful strategies did poorly because the
errors in perception caused them to randomly walk through the space between zero and one.
Such smart strategies over-fit their noisy observations and ‘over-responded’ to deviations.
Of course, as I mentioned in the paper, the success of a strategy depends on the mixture of
other strategies in the population, so these findings need qualification. Nevertheless, they do
indicate that we should be skeptical of the intuition that more powerful cognitive abilities
improve cooperation.

The idea that ‘language’ somehow facilitates the evolution of cooperation is a common
intuition (Henrich et al., 2003a; Smith, 2003). Unfortunately, language creates a whole
new set of cooperative dilemmas. In evolutionary models, telling someone ‘sure, I will
cooperate’, is cheap talk and not likely to solve one-shotn-person cooperation.8 As an
information spreading device, ‘gossip’ only allows for cooperation via indirect reciprocity if
it is very accurate (Panchanathan and Boyd, 2003) and accuracy likely diminishes as group
size increases. Furthermore, gossipers often have an incentive to provide incomplete or
inaccurate information. Thus, despite common intuitions, it is far from clear that ‘language’
facilitates cooperation (Richerson et al., 2003).

One other clarification related to the Cohen et al. commentary should be entered at
this point. These commentators mistook my criticism of existing models, saying “he [me]

8 Perhaps language could facilitate costly signals, and thereby provide another avenue to solve some types of
cooperative problems. Interestingly, costly signals might evolveculturally in humans, and cultural group selection
may select among alternative stable costly-signally equilibria.
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tends to imply that any model that fails to explain everything explains nothing.” This was
certainly not my intention! I tried to emphasize that models of kinship, reciprocity, and costly
signaling help us tremendously to understand human social behavior, but that while they
are successful in addressing many aspects of cooperation, they fail to explain large-scale
cooperation.

5. Terminological issues

Both Guth and Kliemt, and Hauser, McCabe and Smith seemed to react to my use of
the term ‘group selection’. Because I believe that arguing about terminological labels
wastes enormous amounts of time in the social sciences, I will only state that in using
the term ‘group selection’ I followPrice’s (1972)andHamilton’s (1975)practice of call-
ing the between-group component of a selective evolutionary process (based on a partition
of variance) ‘group selection’. AsPrice (1970)was attempting to develop a general ac-
count of selective mechanics with genes as a special case, applying his formulation and
terminology to cultural systems merely maintains consistency with his original endeavor.
Furthermore, in applying the term ‘group selection’ to selection among multiple stable
equilibria, I am following a practice that is consistent with Hamilton’s and Price’s em-
phasis on the ‘between-group’ term in the Price equation and is justified by usage in eco-
nomics (Bergstrom, 2002), biology (Sober and Wilson, 1998) and anthropology (Boyd and
Richerson, 1990). Concerns and confusions related toWynne-Edwards (1962)work of over
40 years ago should, in my view, be relegated to history books.

6. The old guard

Of all the excellent commentaries, including some from eminent population geneticists
and biologists, only Hauser, McCabe and Smith (HMS) defend the ‘old guard’ position
against anything that smacks of ‘group selection’ or ‘culture’. Following the old guard’s
usual rhetorical tactic, these economists dismissed my argument with a hand wave, claiming
that “Henrich puts a new face on previously discredited evolutionary models of group
selection.” Nevertheless, anyone who understands the theoretical and empirical reasons
why biologists and anthropologists have been skeptical about the importance ofgenetic
group selection for our species (a skepticism I share) will see that what I am proposing does
not suffer from the same criticisms. The standard arguments against genetic group selection
do not apply to cultural group selection or selection among multi-stable equilibria.

HMS miss one of the main points of my article when they express skepticism about
the long-term effects of conformist transmission on within-group homogeneity. Putting
aside the empirical question about conformist transmission, within-group homogeneity is
not crucial and suggests a deeper misunderstanding. What matters is that within-group
learning processes generate locally stable equilibria (these can be polymorphic equilibria),
and that there are multiple stable equilibria that generate different group-level properties
(such as having different mean group payoffs:Young, 1998). As long as local interaction
and learning generate such multiple stable equilibria, cultural group selection can gradually
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sort among these equilibria. This has never been discredited, as HMS apparently do not
realize. And, if it had been, readers venturing into new territory should trust that one of our
theoretical biologists—perhaps Crow or Aoki—would have mentioned something in their
commentaries.

In the target article, I used the specific examples of prestige-biased transmission and
conformist transmission to illustrate how the process might work for two reasons. First, a
combination of field and experimental data from psychology, economics and anthropology
(see target article) show that both types of cultural transmission are an important part of our
learning repertoire, so these mechanisms are real, not theoretical speculation. Second, two
kinds of theoretical foundations are already in place: (1) formal analyses show that both
prestige-biased and conformist transmission will evolve genetically under a wide range of
conditions (Henrich and Boyd, 1998; Henrich and Gil-White, 2001), and (2) Boyd and I
have shown that prestige-biased transmission with just a bit of conformist bias will generate
multiple-stable equilibria inn-person one-shot cooperation-punishment dilemmas (Henrich
and Boyd, 2001).

However, a variety of cultural learning processes may create multiple stable equilibria,
which cultural group selection can select among. Aoki’s proposal is an interesting example.
Interpreted as a cultural evolutionary process, his model could explain a wide range of cul-
tural diversity (e.g. in mate preferences) and could generate cultural group selection among
groups with different average mate preferences (we already know that mate preferences
vary both cross-culturally and historically). Similarly, cultural evolution through the logic
of costly signaling can generate an immense variety of stable signaling behaviors, some of
which may be group-beneficial. Cultural group selection will favor groups that happen to
land on signaling equilibria with group-beneficial properties.

HMS express skepticism about the effectiveness of cultural learning on social behavior
and state that “we are not aware of any evidence, experimental or otherwise, that strategies,
or beliefs and preferences are as malleable as Henrich suggests.” In discussing evidence for
their ‘hardwired view’ the commentators mention only data from experimental economics
laboratories (and mostly from their own labs). There are several problems with their ap-
proach. First, they seem to ignore the possibility that cultural learning (of which conformity
is one aspect) operates on our social behavior, preferences and strategies during our ex-
tended period of brain development (ages 0–20), which occurs principally in the prefrontal
cortex (a center of moral decision-making and ‘game play’). It is certainly plausible that,
during a 10-period experiment, people might not throw away the strategies and preferences
that were ‘built-in’ to their brain architecture during cultural ontogeny (Henrich, 2003).
Thus, people’s resilience to substantial preference change during a brief experiment reveals
little on this issue.

Second, outside of economics laboratories, the social science literature reveals substantial
amounts of evidence for culturally-malleable preferences. For example,Nisbett and Cohen
(1996)have shown that culture runs deep, links to our emotions, and has important effects on
social behavior. Combining a variety of field and experimental results, these psychologists
show that ‘white rural Southerners’ have a more aggressive and violent reaction to actions
that could be construed as insults to one’s personal honor than Northerners—the researchers
call this a ‘Culture of Honor’ and trace its historical origins. In one telling experiment, the
researchers show the ‘being bumped’ in a hallway had the effect of dramatically raising the
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Southerners cortisol (stress hormone) and testosterone (a hormone associated with ‘readi-
ness for aggressive interaction’) relative to Northerners and control subjects. The authors
further provide data that this cultural difference explains differences in the patterns of mur-
der and military service rates between the North and South (controlling for things such as
income and population). Their results strongly suggest that growing up in the rural South
changes one’s social behavior—right down to the hormones—vis-à-vis one who grows up
in the Northern parts of the US. Consistent with the above discussion of cultural ontogeny,
when Southerners attend Northern universities, they do not suddenly change their culturally
learned preferences and emotional responses; they still behave like Southerners.

Third, even if we restrict ourselves to experimental games, the available database shows
tremendous variability in preferences and is consistent with a wide range of work outside of
Economics. Using experimental tools such as the Ultimatum Game and Public Goods Game,
a wide range of cross-cultural data show substantial variation in ‘tastes for punishment’
and ‘notions of fairness’ (e.g.Henrich et al., 2003b; Kachelmeier and Shehata, 1997;
Ockenfels and Weinmann, 1999; Smith, 2000). While HMS attempt to dismiss this sub-
stantial set of results by pointing out the effects of contextual manipulations and suggesting
that differences in linguistic translation might account for the variation, a closer look at the
fine details of each study shows that substantial cultural variation remains even after lan-
guage and experimenter are taken into account.9 Within the following studies both language
and methodological protocols are constant, yet significant differences in behavior remain:
Patton (in press), Henrich and Smith (in press), Smith (2003), Kachelmeier and Shehata
(1997), Paciotti and Hadley (2003), Gurven (in press)andOckenfels and Weinmann (1999).

HMS and I agree on the importance of context in understanding economic and experimen-
tal behavior. However, whereas HMS maintain that this context depends on the operation
of a human-universal psychology built on reciprocal altruism (and thus invariant across
the species), I expect the importance of specific contextual manipulations will vary across
cultures, and depend on cultural learning within the context of daily life. Thus, where HMS
predict that the same contextual manipulation in experimental games will have the same
effects in different places, I predict that ‘context-effects’ in experiments will vary across
societies in accordance with real life in those places. Along these lines, (Hayashi et al., 1999;
Pingle, 1995) show that simple framing differences strongly affect rates of cooperation in a
2-person prisoner’s dilemma. Contrary to HMS’s view, the emergence of the context effects
depends strongly on whether one is from Japan or the US. Similarly, Kachelmeier & Shehata
in a Public Goods experiment comparing Canadian, mainland Chinese and Hong Kong stu-
dents, showed that low anonymity conditions led Asian students, especially Mainlanders,
to behave very cooperatively while having no effect on Canadians (also seeEnsminger,

9 HMS also exaggerate the effects on context vis-à-vis the Ultimatum Game (Camerer, 2003). The trio acts as
if ‘any old change’ in the protocol would achieve large variation. When, clearly, they specifically chose to test
protocol modifications that they thought would produce significant variation. For example, in the UG game with
the mean of offer of 27.8 percent, the experimenters introduced a sense of entitlement on the proposer by allowing
her to win the role of ‘proposer’ in a trivia contest—everyone knows, without hearing the results, that this is
going to make a huge difference. These kinds of contextual modifications (adding a trivia contest) do not just ‘slip
into’ one’s translation (and testing) of written protocol instructions. What HMS do not reveal is that an enormous
variety of protocol modifications in the Ultimatum Game produce statistically identical results among university
students. This is one of the reasons that we chose this game for our cross-cultural tests (Henrich et al., 2003b).
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in press). The available evidence suggests that ‘contextual effects’ vary, at least to some
degree, across different societies.

Fourth, while the subjects playing experimental games should not be expected to drasti-
cally alter the preferences they have acquired over a lifetime, a wide range of experimental
results from economics and elsewhere shows that experimental subjects do use mechanisms
like prestige-biased transmission and conformist transmission in adapting to experimental
situations (Ball et al., 2001; Eckel and Wilson, 2000; Gaechter and Falk, 2002; Kroll and
Levy, 1992; Offerman and Sonnemans, 1998; Pingle, 1995; Pingle and Day, 1996; Wit,
1999).10 For example, in a study of the effect of social influence on common-pool resource
games,Smith and Bell (1994)used confederates to show that players often imitate the be-
havior of other players when they are uncertain of what to do, even when it is against their
self-interest to do so.

Finally, HMS defend the Big Mistake Hypothesis when they propose “an alternative,
perhaps simpler, explanation for cooperation is that people have a propensity to reciprocate
because it is in their self-interest to do so.” Besides not acknowledging the substantial ex-
perimental evidence to the contrary and the basic theoretical problems with their approach
(Fehr et al., 2002b; Fehr and Henrich, 2003), the commentators claim belies a misunder-
standing of one of my article’s principle points. I proposed a line of evolutionary reasoning
consistent with the logic of natural selection and the optimization of fitness under informa-
tional constraints. In this class of models, if prosocial behaviors or psychologies evolve, it
is because they were favored by natural selection (i.e. they are fitness maximizing under
informational constraints). And, there is no qualitative difference between an ‘informational
constraint’ and the constraints on the mutational spectrum required in models of recipro-
cal altruism (actually, I think that the information constraints are more plausible than the
mutational constraints required for reciprocity models).

7. Evolutionary approaches and rational choice approaches are complementary

Khalil’s commentary ends by presenting us with a choice between “the rational theory
of choice” and “Darwinian theory basically of no choice.” In setting up this unnecessary
opposition, Khalil misunderstands the research program of which this paper is a part. Stan-
dard economic approaches take preferences as exogenous. Darwinian approaches, which
include models of both cultural and genetic evolution, provide a theoretical foundation for
explaining the origin and evolution of human preferences (one can and should account
for ‘tastes’). Thus, the two sets of theoretical approaches can be quite complementary.
Researchers like JackHirschleifer (1977, 1978)have long recognized the potential contri-
butions of a Darwinian approach to standard economic theory, but only recently has the
potential contribution of the cultural evolutionary component of the Darwinian paradigm
been clearly recognized (e.g.Bowles, 1998).

The power of the synthesis is now emerging in behavioral economics with work on
social preferences. Recent research has revealed two relevant patterns. First, behavioral

10 In selecting these citations, I have restricted myself to economic experiments. If I were to bring evidence more
broadly from social psychology and sociology, the list would expand dramatically.
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economists have shown that adding various kinds of non-selfish preferences into standard
models allows them to account for a substantial range of behavior among undergraduates
in experimental settings (Bolton and Ockenfels, 1999; Charness and Rabin, 2000; Fehr
and Schmidt, 1998)—although what exactly those preferences should be is a matter of
some debate. Second, experimental work suggests that underlying preferences vary across
human groups (Henrich et al., 2003b). These two findings lead to two questions that are
well-suited to Darwinian Theory: (1) what are the genetically evolved foundations of human
social preferences, and how can those be explained? (2) How can these genetic foundations
be influenced and modified by individual and cultural learning to allow individuals to
flexibly adapt to the range of social, economic, and institutional environments (i.e. multiple
equilibria) that they might find themselves in? Addressing these questions not only provides
a theoretical foundation for the origins of human preferences, it also feeds back into the
construction of improved behavioral models and the positing of non-selfish preferences
(e.g.Fehr et al., 2002b; Fehr and Henrich, 2003).11

8. Clean up

Cohen, Axelrod and Riolo criticize my assessment of the explanatory breadth of existing
models (i.e. my “unsound rhetoric”) by pointing to their own model of the evolution of
one-shot cooperation based on “tags” (Riolo et al., 2001). In highlighting their model, they
claim that it explains “precisely the kind of one-shot, anonymous situations for prosocial
action that Henrich claims cannot be explained with simple models that do not rely on
culture-gene coevolutionary processes.” This claim combined with the Riolo et al. model
demonstrates two standard flaws in thinking about cooperation that I discussed in my target
article. First, Riolo et al.’s model is premised on a rather untenable constraint in the muta-
tional spectrum: no pure defectors allowed! Richard McElreath andRoberts and Sherratt
(2002)have shown that, as soon as defectors are allowed into the mix, cooperation com-
pletely collapses. While some kind of constraint is necessary, constraining unconditional
defectors out of existence does not seem plausible since ‘defector’ is presumably the pri-
mordial state. Thus, Riolo et al. is your basic greenbeard model in disguise. McElreath has
further shown (analytically) that this kind of mutational bias against defectors will stabilize
one-shot cooperation in the Prisoner’s Dilemma for a wide range of conditionswithout any
tags—the tags are superfluous with that kind of mutational bias. In their reply to the Roberts
and Sherratt’s devastating critique inNature, Riolo et al. state that a weaker mutation bias
in favor of defectors (rather than a complete restriction) allows for some cooperation to
evolve—but why should any bias against defectors be justified? They further mention that
‘language’ may provide a ‘hard to fake’ tag (a ‘hard to grow’ greenbeard). Interestingly,
their suggestion has already been extensively (and unsuccessfully) explored (seeNettle and
Dunbar, 1997), and further critiqued (McElreath et al., 2003). McElreath et al. show that
culturally-transmitted ‘tags’ will substantially affect social behavior in coordination (but

11 Incidentally, Khalil’s idea that “Darwinian theorizing” leads to models in which individuals are immune to
flexibility and incentives is bizarre. The entire field of Human Behavioral Ecology is premised on this opposite
assumption—I recommendCronk et al. (2000)as an introduction to the field.
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not cooperation) dilemmas, and that this will lead to a genetic response (and they explicitly
simulated the coevolutionary culture-gene interaction).

Second, the commentators’ claim that their model addresses “precisely” the kind of coop-
eration I am interested in shows that they have not yet recognized that 2-person interaction
models do not generalize ton-person cooperative situations (Boyd and Richerson, 1988).
For example, as I pointed out in the target article, tit-for-tat does not produce much coop-
eration oncen goes very far above two. Thus, given that their model involves two-player
interactions, it cannot go very far in explainingn-person cooperation.12

Wilson is concerned that my claim that “if groups are randomly remixed every generation
. . . altruism cannot evolve” is not accurate.13 My derivation is based on assuming a large
(infinite) population (Hamilton, 1975). However, if groups are small, drift may be enough
to maintain sufficient variation in the population for group selection to operate. However,
in genetic systems and among species with human demographics, strong within-group
selection and migration between groups will generally destroy the variation between groups
produced by drift.Boyd et al. (2003)have recently examined the interaction between group
size (drift), cooperation and punishment vis-à-vis the question of whether cultural or genetic
group selection might favor cooperation. Given what little is known about ancestral human
societies, they show that while pure genetic group selection is unlikely, even given that a
combination of cooperation and punishment make it more likely, cultural group selection
will favor group-beneficial combinations of cooperation and punishment, especially when
‘punishing’ is potent. Note, this is a ‘pure’ cultural group selection model, not selection
among multiple stable equilibria.

Aoki pointed out (Aoki et al., 1996) that the spread of early farming in Europe may
be closer to prestige-biased group selection than demographic swamping. Based on his
analysis, I agree. And, from an ethnographic and historical perspective, this mechanism is
quite plausible.

Finally, Crow and Wilson suggest that complex interactions between genes and between
genes and behavior (or genes and psychology), can favor group selection. This nicely
puts my argument about culture-gene interaction in a broader evolutionary context, and is
provocative since the merely 1.3 percent difference in the DNA of humans and chimpanzee
gives way to a 5.5-fold difference between the gene expression in the brains of chimpanzees
and humans—suggesting there must be lots of complex interactions between genes, and
between genes and environments (Enard et al., 2002).
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