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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. | 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 leftin 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 Géachter, 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 kécg.abe et al., 2000;

Fehr and Géachter, 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, | will first layout a general framework for understanding
evolutionary approaches to prosociality. Then, using this framework, | 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. Theunderlying 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, | develop a very simple model of cooperation. We begin
with a population ofN individuals indexed by and subdivided into a number of smaller
groups labeled with Each individual possesses either an altruistic gene or an egoistic gene
tracked byx;. Whenx; = 1 individuali possesses the altruistic allele (version of the gene),
andx; = 0 marksi as possessing the egoistic allele. To derive the conditions for the spread
of an altruistic gene, we will use the famous Price equatitité, 1970, 1972

DAX = Cov(w;, x7) + E(w;Ax;) )

The Price equation is a simple statistical statement that relates the expected change in the
frequency of a geneAx) per generation, the absolute fitness:(the number of offspring

of i), the average fitness of the populatian)(and the current frequency of the gemg.(

The Covw;, x;) term gives the covariance between absolute fithess and gene frequency,
and E(w; Ax;) represents the expected value of the within-individual change {p.g.,
mutation) weighted by the individual's absolute fithess. Followttagnilton (1975) 1 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 belbi&q. (1)provides a very general statement

1 For example, using a more standard notational convention, one could writeCoun lieu of CoM(w;, x;).
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about any evolutionary system. Later, | will derive and extend its application to cultural
evolution and structured populations.

In this model, altruists bestow benefits on other members of their local §ed@pcost 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, | specify
w; as follows:

w; = o+ leixi'xj‘xi + ﬂw,-xij,-xj + & (2)

Herei’s fitness is jointly determined by the effect of her genotype on her fitness, holding
her local group composition constagt,,;..;x; (X; is the average value of in groupj),

and, the effect of's local group on her fithess holding the individual’'s genotype constant
BuwixjxiXj- The constant baseline fitnessvisindeg; is the uncorrelated error term.

With Egs. (1) and (2)ve 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, |
will ignore non-selective forces such as recombination, drift, meiotic drive and mutation.
This meansAx; = 0, so the expectation term drops out of (1). Substituting (2) into (1)
yields

WAT = Cou(a, X;) + Bux; Var(x) + Bu,x; Br;x; Var(x) + Cov(e;, x;) 3)

By definition Covf, x;) and Cové;, x;) are zero. Settinghx > 0 gives the conditions for
an increase in the frequency of the altruistic gene in the population (assuming both alleles
exist in the population):

ﬁwixi + ﬁw,-xjﬂxj-x,- > O (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 definition 8,,,,, is negative because, ceteris paribus, altruists
have lower fitness than egoist;,x; is always positive because, independent of one’s own
genotype, it is always better to be in a group with more altruists. This lg&yes which
captures the degree to which ‘being an altruist’ predicts ‘being in an altruistic group’. If
groups are randomly remixed every generatiéy),, = O, and altruism (even kin-based
altruism) cannot evolve. However, if (for whatever reason) altruists can preferentially group
with other altruists 8, i will be a positive number between zero and one, and altruism at
least has a chance. If egoists can preferentially enter groups with altgystswill be
negative. Thus, altruistic genes can only spreagl f; 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 RuleQueller, 1992h Expressing this in the standard
notation, By,x; is B, the fitness benefits provided by altruisgs;,,; is —C, the cost to

the altruist; andB, », 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, hatyeyes,

not a measure of relatedness by descent from a recent common ancestor—although, as |
will explain, that isone way to get a positive value 8, ,. Hereafter, for simplicity, I will

refer toBy;x; asp.
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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
B. 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
associationff). Remember, however, that the greater the valyg tife greater the amount
of altruism that can evolve and the greater the selective pressures for mutant genes that
can ‘beat the system’ by exploitingy 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, | 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-a-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, | will illustrate what | 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. Congtraints and evolutionary models of altruism

3.1. Green beards

| will begin with the classic example of a solution to the altruism dilemma based on an
‘illegitimate’ constraint: the ‘green beard solutio#@wkins, 1978. 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 begassé (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 cha#nseQ) and preferentially
bestow benefits on them, then some amount of altruism can be favored by natural selection.
In the situation, the statistical regularitg)(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 regulasitaid destroy it in
the process. Egoists with green beards will invade yhsldriven 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 constraintow, 2000; Dawkins, 1976, 1982; Ridley, 1998espite the fact that the
available empirical evidence is somewhat mixéeller et al. (1998have 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, 2Q02lthough other work says they
cannot Ockenfels and Selten, 2000; Ekman, 1992; Ekman and O’Sullivan, 1991; Henrich
and Smith, in pregsin 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.gWilson and Dugatkin, 1997 This is tantamount to assuming the
answer.

The green beard problem can be addressed as a problem in costly sigkaéing, (
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 &q. (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 agelsand Roth,

1995; Davis and Holt, 1993; Fehr et al., 2002 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, theghis 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 mechaniBleglfer and
Michener, 198Ythat 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.

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, 200Rauggests 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 ankl of D-gametesk > 0.5, under Mendelian rulgs= 0.5). This
means that if | am CD and we are brothers, | 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 relatedisithe 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 offsprikg={ 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 cooperatidngby and Cosmides, 1989Jsing this line of
reasoning, a variety of scholars have attempted to explain why we observe altruism, trust,
cooperation, fairness and punishmentin one-shot experimental geloféaén etal., 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-- (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, 18&4ird, 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 dBoyd and Richerson (2002&)rther 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, 197Repeated 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 reciprocatof$, @nd more repetitions allow groups
of reciprocators to increase their fithess benefits relative to groups of non-reciprocators
(Buwix;)-

However, making such models work requires a couple of constraints that often go un-
stated. First, most models analyze only two strategies at a timeA&eajrpd, 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, thew strategy (pure or mixed), such as “tit-for-tat” (TFT)
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and “always defect” (ALLDY is evolutionarily stable Boyd and Lorderbaum, 1987;
Lorberbaum, 199% 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 (&gwkins, 19784

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 generalizegeoson situations (e.gPatton,
2000. However,Boyd and Richerson’s (198@&nalysis of am-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 am-person group increases with group size by the power Tliey 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 (als@sedor 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 (8s— 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 BBYd, 1989; Lorberbaum et al., 200Iterested
readers should also sefrshleifer 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 histdex#énder,

1974, 1987; Hamilton, 1975; Tooby and Cosmides, }98darge-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 reciprédéygnder, 198Y.
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 aré& eiauay (
and Hammerstein, 2001; Nowak and Sigmund, 1998; Boyd and Richerson),’1888h
of these can be understood vis-a-ig. (4) Accurate perceptions and/or small populations
guarantee that altruists can use past behavior to preferentially interact with other prosocial
strategies, providing a large 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 largey, ;). 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, 26@b 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, 1989While the empirical evidence indicates that a reputation for
being prosocial makes one more likely to receive benafitsdekind and Milinski, 2000
it also shows that people behave prosocially in both experimental and real settings with-
out any reputational information, even in large groupsHr et al., 2002; Ledyard, 1995;
Henrich and Smith, in pregsBut, as with direct reciprocity and kinship, some evolution-
ary researchers maintain the “big mistake” hypothesis for indirect reciprddityék and

5 Nowak and Sigmund’s (199&)nclusions about indirect reciprocity on the evolution of cooperation were
shown to be overstated and their modeling techniques incompldteimar and Hammerstein (2001)

6 This claim may not be clear frolowak and Sigmund (1998)ut see the caption of Fig. 3. The authors write,
“the averages over time of the frequency of cooperative strategies (defirkeek [§}) are 90, 47, and 18 percent
for, respectivelyn = 20, 50 and 100" owak and Sigmund, 1999. 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.gMcAdams, 1998; Hirshleifer and Rasmusen, 1989;
Fudenberg and Maskin, 1986; Axelrod, 19886 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, 1992Using 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, 200®ow we evaluate this approach
depends on how likely such a mutational constraint is in nhature—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 punistBfyd and Richerson, 1992This 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, | will discuss a culture—gene coevolutionary solution, based on punishment, for the
evolution of one-shotn-person, cooperatiorHenrich and Boyd, 200Q1that 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. Thelogic 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 contrastithin-group selection, which acts against altruists who
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are exploited by free riders from their groupsbhaiween-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 quiddida, (1985;
Frank, 1995; Maynard Smith, 1998; Bowles, 2001; Gintis, 2000; Soltis et al.,)1995
Since the publication of George William#idaptation and Natural Selection in 1966
(Williams, 1966, which quite appropriately laid waste to a particularlyiveaform 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’ bodkrice (1970, 1972provided 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