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likely to have depends positively upon one’s sta-
tus. This is especially true for males over the
span of time over which humans evolved.
Stretching a point, status is here interpreted as
one’s rank in the wealth distribution. Rank mat-
ters because one is likely to attract a more fertile
mate or mates if one has higher relative income.
Frank’s view that one’s wealth relative to one’s
peers matters most can also be justi� ed from an
evolutionary viewpoint, since competition for
mates is usually a “local” matter. Of course, this
argument would need to be � eshed out in many
ways. However, there is a basis here for an evo-
lutionary justi� cation of risk seeking that � ts
some empirical facts.

A comparison of the Brenner/Frank view of
utility with prospect theory, as developed by Kah-
nernan and Tversky (1979), is warranted, given
the importance of that theory as an alternative to
utility theory without relative income as an argu-
ment. Prospect theory explains instances of risk
seeking, in part, as the result of a utility function
that is convex over the range of wealth below the
reference point and situations where an individ-
ual faces a choice of prospects that all are coded
as losses relative to the reference point, which is
often interpreted as the prior wealth of the in-
dividual making the decision. Thus, the Brenner/
Frank utility function uses the wealth of a peer
group or of society as the basis for determining
relative wealth, while Kahneman and Tversky
use the individual’s earlier wealth. The two views
of the utility function might yield similar predic-
tions in many cases. However, an evolutionary
argument for the Kahneman and Tversky (1979)
version of reference wealth would seemingly
have to be constructed along somewhat different
lines than the relatively obvious evolutionary ar-
gument for the role of relative income rank in
the utility function.

Jon D. Harford
Cleveland State University
Cleveland, Ohio
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Response from Arthur Robson

I am grati� ed that Neu and Harford share my
enthusiasm for developing the biological basis of
modern economic behavior. Both of them argue
that this approach may lead to preferences that
differ from those that are standard in econom-
ics. I agree, while also suggesting that an evolu-
tionary perspective should be used to maintain
restrictions on the resulting theory. It could
then perform “triage” on aspects of economic
theory that empirical testing calls into question.
That is, an evolutionary perspective could help
decide which aspects of this theory should be
saved and which should be modi� ed.

Neu argues in particular that an evolutionary
approach might favor a “module” theory of
mind. Such an approach also seems intrinsically
appealing to me, but I expect a challenge will be
to retain strong falsi� able consequences of this.

Harford suggests speci� cally that a biological
basis might exist for a nonstandard theory of
attitudes to risk where utility depends on rank in
the wealth distribution. It is � rst worth empha-
sizing that, on pages 95–98 of my article, I
showed how the distinction between idiosyn-
cratic and aggregate risk led to attitudes to risk
that were interdependent in a related but dis-
tinct sense. Furthermore, in Robson (1996), I
develop an explicit model that closely follows
the pattern he suggests. The model there in-
volves a polygynous mating system, in which the
wealth of each male relative to the other males
affects his reproductive success. Thus, a concern
for status, in this sense, could have been built in.
Further, males (but not females) are sometimes
risk preferring, despite the Pareto inef� ciency of
the resulting behavior. Males also tend to favor
those fair gambles (“lottery tickets”) that have a
small probability of a large gain and a large
probability of a small loss.

Arthur J. Robson
University of Western Ontario
London, Canada

Reference

Robson, Arthur J. 1996. “The Evolution of
Attitudes to Risk: Lottery Tickets and Relative
Wealth.” Games and Economic Behavior. 14:2, pp.
190–207.

Group Selection and Randomness

In his recent JEP article, Theodore Bergstrom
(Spring 2002, pp. 67–88) joins a small but
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Ted Bergstrom
Professor Field's  comments on my earlier JEP paper start at the bottom of this page.   At the end of his comments, you will find my response,  which explains the content and proof of the  "Iron Law of Selfishness".

Ted Bergstrom




distinguished group of economists who have
seriously considered the implications of group
selection for the conduct of economic inquiry
and the assumptions we make about human na-
ture. Until recently, this group has essentially
been limited to Gary Becker, Friedrich Hayek,
Jack Hirshleifer and Paul Samuelson. Each of
these has not only acknowledged the possibility
of group level selection (uncontroversial among
biologists), but more signi� cantly, has written
sympathetically about the possibility that this
variant of natural selection has left lasting im-
prints on human behavioral predispositions.

This note is concerned with one speci� c claim
in Bergstrom’s article, however, which I think is
wrong or, at best, misleading: the claim that in
“haystack” models, group composition must be
assortative in order for group selection to attain
any traction.

The intuition behind Bergstrom’s “theorem”
is clear. If altruists interact with defectors, they
will have relatively fewer offspring than the de-
fectors at any moment in time. Only if group
composition is assortative, requiring that altru-
ists have some way of seeking each other out and
differentially associating with each other, can
they bene� t from their shared altruism and gain
in a way that would increase the proportion of
altruistic offspring in the population.

In haystack models, populations separate into
groups or demes for one or several generations
before merging and then reassorting. Berg-
strom’s logic is premised on the assumption of
very large numbers in the individual groups. He
argues that if the overall population is large and
groups are “formed by random sampling with-
out replacement from this population, then
matching will be almost nonassortative” (p. 71).
My claim is that the assumption of very large
numbers is unrealistic if it is intended to apply to
any actual demographic situation under which
group selection might apply. Why does this mat-
ter? If the numbers are small, random variation
alone will almost certainly produce variation in
the percentages of altruists within each group.
Bergstrom, in fact, acknowledges this: “In hay-
stack models, random group formation pro-
duces some groups with more cooperators than
others” (p. 71). So long as there is some varia-
tion in these frequencies, so that altruists are in
some cases grouped together, group selection
has the potential to act in a manner that causes
the frequency of altruists in the general popula-
tion to rise. This can happen even if the altruists
are declining in each and every group at any
moment of time—as long as the groups with
relatively more altruists have a greater number

of total offspring. And it can happen even
though there is no mechanism whereby altruists
seek out others similarly inclined and try to join
groups differentially composed of them.

My point is related to that used to account for
genetic drift, and is based on the statistical prop-
erties of small samples. If you � ip a true coin,
there is a 50:50 chance of getting a head or a tail.
It does not follow, however, that if you choose
groups of 10, you will always end up with � ve
heads and � ve tails. The larger the size of the
group, of course, the smaller will be the variance
of the actual population shares around a mean
of a � fty-� fty split. But a variance will remain.

Suppose mutation or genetic recombination
has created a small number of altruistically in-
clined individuals. We are concerned with
whether natural selection can allow these genes
to persist. Suppose these individuals comprise
10 percent of the total population. Let n 5 100
and have the population assort periodically into
10 equally sized haystacks. It is quite unlikely
that each group will end up with nine defectors
and one altruist. Perhaps the ten haystacks
would include one that contains three altruistic
individuals, one that contains two, � ve that con-
tain one and three haystacks that contain none.
Where small numbers are involved, random vari-
ation will produce a variation in trait frequency
within groups that produces an outcome that to
the untrained eye might in fact look as if there
had been some tendency for altruists to seek
each other out and associate with them. But the
process is essentially random.

This point matters because as it stands, Berg-
strom’s logic appears to require as a precondi-
tion for any operation of group selection that
individuals be armed with machinery for seeking
out and differentially assorting with other coop-
erators. There is some experimental evidence
that we have in fact acquired these capabilities,
but to make it a precondition for the evolution
of altruism raises unnecessarily the hurdles that
group selection must overcome to be considered
a potentially serious in� uence on human na-
ture. It faces enough of these as things stand.

Alexander J. Field
Santa Clara University
Santa Clara, California
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Reply from Theodore Bergstrom

My paper stated and proved a theorem called
The Iron Law of Sel� shness. The theorem as-
serts that in a “haystack model” of group forma-
tion and dissolution, if (i) groups are formed by
nonassortative matching and (ii) at dispersal
time the number of descendants of each
founder is the payout in a multiplayer prisoners’
dilemma game between the cofounders, then
the only asymptotically stable outcome is a pop-
ulation consisting of defectors only.

Professor Field maintains that this theorem is
“wrong or, at best, misleading,” because it “is
premised on the assumption of very large num-
bers in the individual groups.” In this, he is
mistaken. The theorem does not assume that
groups are large, but does rely on groups being
populated by random draws from a large overall
population. The theorem applies even if colo-
nies are founded by only two individuals.

Professor Field correctly observes that to
prove that cooperation will be eliminated, it is
not suf� cient to establish that the proportion of
cooperators in each group declines over the
group’s lifetime. Since groups are dissolved and
randomly reconstituted, he suggests that the
high growth rates of those cooperators who are
selected into relatively cooperative groups might
be suf� cient to overcome the disadvantage of
lower growth rates within each group. While this
speculation has some appeal to plausibility, it
does not survive mathematical computation.
The Iron Law theorem establishes that if the
relevant game between founders is a prisoners’
dilemma, then random group formation does
not produce enough variation across groups to
sustain cooperation.

For many thoughtful people, strong intuitions
are not overthrown by a single theorem, espe-
cially if the proof is indirect. To build intuition
and understanding of a general proposition, it
often helps to work through the details of a
manageable special case. I will attempt this by
proving an Iron Law theorem for two-founder
haystacks.

Consider a haystack model with n locations
(haystacks), each of which is colonized by ex-
actly two individuals drawn at random from a
large population in which the proportion of co-
operators is x and the proportion of defectors is
1 – x. The founders and their descendants live
and reproduce (asexually) in their haystacks for
a � xed period of time, and then all of the hay-
stacks are dispersed into a single population.
The n haystacks are then recolonized by random
draws from the population at large, again assign-

ing two individuals to each haystack. At dispersal
time, the number of each founder’s descendants
is given by the payout function in a prisoner’s
dilemma game. If a haystack is settled by two
cooperators, each has R descendants, if it is
settled by two defectors, each has P descendants,
while if it is settled by one of each type, the
defector has T and the cooperator has S descen-
dants. For this to be a prisoners’ dilemma, we
must have T . R . P . S.

With random selection of 2n individuals to
colonize the n haystacks, the number of cooper-
ators selected is 2xn and the number of defec-
tors is 2(1 – x)n. As Professor Field noted, not
all haystacks will be settled by the same propor-
tions of cooperators and defectors. In fact, x2 n
of the n haystacks will be colonized by two co-
operators, while 2x(1 – x)n will be settled by
one cooperator and one defector and (1 – x)2 n
will be settled by two defectors. At dispersal time,
haystacks colonized by two cooperators yield 2 R
cooperators, haystacks colonized by one cooper-
ator and one defector yield S cooperators and T
defectors and haystacks colonized by two defec-
tors yield 2P defectors. Therefore, at dispersal
time, the total number of cooperators in the
population is 2x2nR 1 2x(1 – x)nS, and the
total number of defectors is 2x(1 – x)nT 1 2(1
– x)2 nP. The ratio of the total number of coop-
erators who emerge from the haystacks to the
number of cooperators who entered is then

rc 5
2x2nR 1 2x~1 2 x!nS

2xn
5 xR 1 ~1 2 x!S,

while the ratio of the number of defectors who
emerge from the haystacks to the number who
entered is

rd 5
2x~1 2 x!nT 1 2~1 2 x!2np

2~1 2 x!n

5 xT 1 ~1 2 x!P.

When we compare these two growth rates, we
� nd that

rd 2 r c 5 x~T 2 R! 1 ~1 2 x!~P 2 S! . 0,

where the inequality follows from the fact that in
a prisoners’ dilemma, T . R and P . S. There-
fore, after each cycle of group formation, repro-
duction and dispersal, the proportion of defec-
tors in the overall population rises. If this
process is repeated many times, the proportion
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of defectors in the population will asymptotically
approach one.

This proof for the two-founder Iron Law
points the way to a proof for founding groups of
variable size. The key observation is that defec-
tors will reproduce more rapidly than coopera-
tors if in the dispersed population, the expected
number of descendants of a defector exceeds
that of a cooperator. Where haystacks are settled
by nonassortative random draws from the dis-
persed population, the probability of being cho-
sen to be a haystack founder is the same for a
defector as for a cooperator. Moreover, the
probability distribution of the number of coop-
erators among its cofounders is the same for a
founder of either type. But faced with the same
group size and number of cooperators among its
cofounders, a founding defector will have more
descendants than a founding cooperator. Since
the expected number of descendants of a repre-
sentative individual of either type is the sum of
the probability of each con� guration of co-
founders times the corresponding payout, it fol-
lows that the expected number of descendants
of a defector must exceed that of a cooperator.

The assumption that the game played by
founders is a prisoners’ dilemma game is more
demanding than may � rst appear. Consider, for
example, a haystack model in which several non-
overlapping generations reproduce within each
haystack before dispersal. Each individual’s
number of offspring is determined by a multi-
person prisoners’ dilemma game played with its
own generation in the haystack. In this case, the
“game” between founders that determines the
number of their descendants at dispersal time is
not necessarily a prisoners’ dilemma. In fact,

Cohen and Eshel (1976) showed that for this
model, if the period between dispersals is long
enough, a stable population of cooperators can
be sustained.

My proof of the Iron Law theorem relies on
the assumption that the overall population is
large. For small populations, two issues arise.
The � rst is easily dealt with. In a � nite popula-
tion, matching by random selection without re-
placement does not quite satisfy nonassortativity.
This is the case because one’s cofounders are
drawn from the remaining population, not in-
cluding oneself. This deference, in a small pop-
ulation, acts against cooperators rather than in
their favor, since cooperators draw their co-
founders from a less favorable population than
do defectors. Thus, even in a small overall pop-
ulation, so long as both types are present, the
expected growth rate of the population of coop-
erators is lower than that of defectors. The sec-
ond issue is more profound and beyond the
scope of this brief discussion. With small num-
bers, the distribution of groups by their make-up
is itself subject to randomness. Realized distribu-
tions may be signi� cantly deferent from the ex-
pected distribution. In fact, for the haystack pro-
cess, extinction of either type would be possible
simply because the random draws at matching
time happened to populate all haystacks with
cooperators or all with defectors.
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