
Reintroducing Kin Selection to the
Human Behavioral Sciences
Hannah Rubin*y

Humans are often altruistic in a variety of contexts, even toward strangers they may never
meet again. What explains this behavior? Many argue that kin selection cannot explain it
but group selection can. Contra this common line of reasoning, I provide twoways that kin
selectionmight help explain the evolution of broad-scope human altruism: in gene-culture
coevolution and in a ‘cultural’ version of kin selection.
1. Introduction. Examples of altruistic behavior are everywhere we look.
People donate blood and tip waiters in towns they will never return to. They
systematically conserve fuel, recycle, and cut down on consumption to pro-
tect the environment—their contribution is individually costly in terms of
time spent and material sacrifice but brings no real tangible benefit to them
personally as one person alone cannot affect climate change. These altruistic
actions are widespread and (to use Birch’s [2017] term) ‘broad-scope’: they
are often directed toward nonkin, members of large groups, and even strang-
ers, with no expectation of reputational effects or repeated interactions.

In the time since Wilson and Sober (1994) discussed the (then) growing
literature on group selection, reintroducing it as an important force in evolu-
tion, it has overshadowed the imagined importance of kin selection when it
comes to explaining the emergence of broad-scope altruistic and cooperative
behavior in human populations. One particularly influential line of reasoning
in the human behavioral sciences maintains that kin selection, or interactions
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between close genetic relatives, cannot explain broad-scope human altruism.
For example, Bowles andGintis (2011) state that “because one of the distinc-
tive aspects of human cooperation is that is extends far beyond the immediate
family, we treat kin-based altruism only in passing” (49). Instead, this line of
reasoning continues, group selection can explain broad-scope human altru-
ism: in competition among groups, groups with more altruists will outcom-
pete groups with fewer altruists.

I will argue that the quick dismissal of kin selection arguments overlooks
important ways in which kin selection could have played an important role in
shaping our altruistic behavior, even when it is directed toward nonrelatives.
I begin with an explanation of why people reject kin selection, and the asso-
ciated ‘big mistake hypothesis’, and why they accept group selection as an
explanation of broad-scope altruism in humans (sec. 2). I then propose two
ways in which kin selection could plausibly have been important in the evo-
lutionary history of broad-scope human altruism, although in a different way
than has been previously proposed. First, I provide a model using gene-
culture coevolution to show how kin selection can play an important role,
in combination with forces of cultural evolution, in filling a gap in explanations
relying on group selection (sec. 3). Second, following a suggestion by Birch
(2017), I show how a cultural, rather than genetic, form of kin selection could
explain the evolution of altruismwithout an appeal to group selection (sec. 4).
As will become clear, in arguing for the importance of kin selection, I will
not argue against the use of group selection models in explaining human so-
cial behavior.

2. Prevailing Explanation of Human Altruism. What explains broad-
scope human altruism, altruistic behavior directed at nonkin when there is no
chance of the benefit being returned to the altruist (e.g., through reciprocal
altruism or reputation gain)? As mentioned, this is the common conclusion:
kin selection cannot explain broad-scope human altruism, but group selection
can (Bowles and Gintis 2002; Boyd et al. 2003; Bowles and Gintis 2011;
among others).1 I discuss these two parts in turn, in sections 2.1 and 2.2.

Before this, though, a quick note about terminology. Some argue that kin
selection is a special type of group selection (e.g., Sober and Wilson 1999),
while others (e.g., Birch 2017, chap. 4) argue that they should be distinguished
along the lines discussed here. Even if one believes that kin selection is a type
of group selection, the two mechanisms described below remain distinct—
and kin selection is dismissed as an explanation of broad-scope human altru-
ism in favor of (a different type of ) group selection.
1. See Burnham and Johnson (2005), who refer to those advancing this line of reasoning
as ‘the Collective’, for further citations.
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2.1. Kin Selection. The arguments against kin selection explaining
broad-scope human altruism are generally aimed at a particular type of argu-
ment invoking biological or genetic kin selection, which describes the evolu-
tion of social behaviors due to benefits of those behaviors falling on genetic
relatives. Therefore, in this section, we will be discussing only genetic kin se-
lection, leaving the discussion of the possibility of a cultural version of kin
selection for section 4. We will focus on the evolution of altruistic behaviors,
where an organism pays a cost c in order to bestow a benefit b on its social
partner (which, in the context of kin selection, is a genetic relative who is
likely to also have altruistic genes). It is important to distinguish altruism
from mutualism, which is another form of cooperative behavior in which
the social benefit of a trait does not come with a net cost. Different authors
disagree about the relative importance of altruism versus mutualism in hu-
man evolutionary history, but it is generally accepted that broad-scope human
altruism is something that is important to explain.

Although kin selection is a common explanation of altruism in nonhuman
organisms, it is often dismissed fairly quickly when talking about altruism in
humans. It is argued that kin selection can only explain altruism toward im-
mediate family members, and since what we are interested in explaining is
widespread altruism toward nonkin, kin selection cannot be explanatorily
helpful (see, e.g., Bowles and Gintis 2011). Of course, humans also act altru-
istically toward kin, generally more so. There are some altruistic behaviors
we only exhibit toward kin, and others are directed toward kin and nonkin
alike. It is likely that the explanation for these kin-directed altruistic behav-
iors can proceed along lines different from the explanation for altruism to-
ward nonkin and would not necessarily need to appeal to anything apart from
kin selection.

This dismissal of kin selection for explaining broad-scope human altruism
tends to be in response to a particular type of argument for the importance of
kin selection, which is commonly referred to as the ‘big mistake hypothesis’
(e.g., Henrich and Henrich 2007; Bowles and Gintis 2011; Tomasello et al.
2012). This hypothesis asserts that altruism evolved in humans at a timewhen
we lived in small kin groups in which, biologically, altruism was favored. In
modern times, we are still altruistic because we have retained these genes for
altruistic behavior even though they are no longer favored by evolution (see,
e.g., Burnhamand Johnson 2005). This argument has become popularly known
as the big mistake hypothesis because it implies that all our altruistic actions to-
ward nonkin are just big mistakes—they are just misfirings of our desire to help
kin in a world where we no longer primarily interact with kin.2
2. The big mistake hypothesis actually includes misfires due to both desire to help kin
and expectations of reciprocity, but we will focus on the kin selection part here.
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This argument is often dismissed quickly for a couple of reasons. First,
other primates can distinguish kin from nonkin when deciding whether to be-
have altruistically, so it seems unreasonable that humans would not be able to
do so. Second, it is argued that kin selection is unlikely to be important for
explaining altruism in human societies because human groups were too large
at the time we think modern human society started to evolve (around the late
Pleistocene). That is, if humans were in groups of 50–100 people, they were
not just interactingwith close kin like parents and siblings. These large groups
includedmany other individuals whowere generally not highly related, so be-
ing altruistic toward people you interact with in general would not be favored
under biological evolution (Fehr and Henrich 2003; Bowles and Gintis 2011,
94–95). In some modern hunter-gatherer societies, average relatedness is as
low as .05 even in bands that number in the twenties (Hill et al. 2011).

2.2. Group Selection. Instead, group selection is proposed as the expla-
nation of broad-scope altruism in modern humans. Here is an example of
how a group selection argument might proceed. The basic idea is that groups
whose members are altruistic will tend to outcompete other groups because
they will more often survive things like environmental crises or attack by a
predator. Even though altruismmight be evolutionarily disadvantageous within
a group, groups with more altruists do better, increase in size faster, and more
often split into newgroups that are full of altruists, so overall altruists increase
in frequency. Figure 1 provides a simple illustration of this concept. The group
of all altruists survives to reproduce two new groups of altruists, the groupwith
no altruists dies out, and the group with a majority altruists survives to repro-
duce one group. Although the frequency of altruists decreases within this last
group, the frequency of altruists increases overall.3

While group selection is somewhat contentious as a type of biological
evolution, it is often argued that it is more reasonable as a form of cultural
evolution in human groups. This is because group selection requires variation
between groups (e.g., groups with various levels of altruists), and migration
between groups tends to decrease this variation.While in nonhumans, there is
generally little tomaintain this variation, in humans, culture canmaintain group
differences. In human groups, there are norms for how to behave. Forces like
insider bias, the tendency to interact with people within one’s own group,
means that people tend to learn behaviors from within their own group. Ad-
ditionally, conformist bias reduces within-group differences: even if there is a
fair bit of migration between groups (people leaving one group and joining
3. Group selection, in general, does not depend on group reproduction of any sort. What
matters is that individuals with the altruistic trait increase in frequency, and their fitness
is influenced by group membership (see, e.g., Okasha [2006] for a discussion).
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another), a group of altruists will remain a group of altruists because new
members generally conform to the norms of the group.4

Authors arguing for group selection often add other parts to the story, such
as punishment of those who do not adhere to norms or reproductive leveling
that weakens within-group fitness differences, but the basic story is similar to
that provided here. However, if we take this group selection argument seri-
ously, and we think it provides a better explanation of altruism in humans
than the big mistake hypothesis, there is still work to be done in explaining
how the groups with varying levels of altruism arose in the first place.

One way to fill this gap in the argument is by appealing to kin selection,
not in the same way as in the big mistake hypothesis but by showing that kin
selection, as a type of biological evolution, can interact with forces of cul-
tural evolution to produce groups with various levels of altruism. This will
be discussed in section 3. There are, of course, other ways one might attempt
tofill in this gap.Wilson andDugatkin (1997), for instance,model altruism as
a quantitative trait (on a scale from less to more altruistic). They show that
when, during group formation, people shun others who are less altruistic than
them, this can generate groups with various levels of altruism and can allow
altruism to evolve. A variety of random processes can also lead to variation
among groups (see, e.g., Boyd, Richerson, and Henrich [2011] and references
therein).5 The point here is not to argue that we must rely on kin selection but
to show that, given what we can gather about the evolutionary history of hu-
man populations, kin selection provides a plausible mechanism by which we
can find groups with various levels of altruism. Therefore, it should not be so
quickly dismissed.
Figure 1. Example of group selection. Altruists are represented by filled circles, and
nonaltruists, by open circles.
4. See, e.g., Okasha (2006, 159–60), Richerson and Boyd (2008, 162–63), and Bowles
and Gintis (2011, 50–52) for a discussion.

5. See also Ellison (2000) and Kreindler and Young (2013) for a discussion on speed of
convergence to different equilibriums in stochastic processes.
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Alternatively, one could avoid the appeal to group selection entirely and
only appeal to kin selection, although it is a sort of kin selection different from
that in the big mistake hypothesis. As will be discussed in section 4, even
though genetic relatedness might have been low in human groups, cultural
relatedness could still have been high (Birch 2017). That is, early humans
would have tended to interact with others who had the same cultural traits—
altruistic or not—even if they were not necessarily interacting with someone
who had the same sort of genes. (When discussing cases in which altruism
evolves because of high cultural relatedness, I will refer to this as cultural
kin selection, while saving the term kin selection for interactions among ge-
netic relatives.)

The models here may strike the reader as different from many existing
models in the literature on human evolution. Many of these existing models
are put forth in the service of providing a potential explanation of a particular
observed human behavior, and, as such, they attempt to accommodate as many
facts about human evolutionary history as possible, while still remaining both
tractable and illustrative. Themodels here, by contrast, do not serve the purpose
of defending or substantiating any particular story about how human altruism
may have evolved. Rather, they identify relationships between different factors
of interest (e.g., between relatedness, conformist bias, and levels of altruism). In
doing so, they deliberately simplify away certain factors that would clearly af-
fect the evolutionary process. This helps to isolate and identify factors that may
be potentially relevant when attempting to put forth a hypothesis about what
human evolutionary history may have looked like. For examples and defense
of the usefulness of these sorts of models in economics, see Sugden (2000),
and for recent use and defense of this sort of modeling practice in philosophy,
see Rubin and O’Connor (2018).

To be clear, the models presented here will not license us to say anything
like: “this is how altruismmight have evolved in human populations.”This is
appropriate; the point here is not to put forth a competing explanation of hu-
man altruism. Rather, the point is to argue against the tendency to think of kin
selection as unimportant and thus to not even consider it as a potential force at
play when one puts forth an explanation of human altruism. That is, the ar-
gument in this article, which these models serve as evidence toward, is this:
“kin selection should not be dismissed so quickly; it has a potential role to
play in explaining human altruism, even toward nonrelatives.”

3. Gene-Culture Coevolution. It is plausible that (genetic) kin selection
was important in the evolutionary history of broad-scope human altruism.Here,
I make a case for this claim, without arguing that all our altruistic actions are
meant to be directed toward kin. I do this by providing a model in which kin
selection interacts with the forces of cultural selection to provide groups with
various levels of altruism—the starting point for models of group selection.
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While humans evolved biologically like any other species, cultural evolu-
tion has also been extremely important to the behaviors we see in modern hu-
man society. So, we have two types of evolution occurring at the same time:
biological and cultural.Gene-culture coevolution provides a way to talk about
how these two types of evolution occur and how they can interact with each
other. In biological, or genetic, evolution, traits are influenced by genes that
are passed on from parents to offspring. Traits that are beneficial will gener-
ally increase in frequency because peoplewith those traits will tend to survive
and reproduce more often.

By contrast, cultural evolution occurs when there is variation in behavior
and some of these behaviors are adopted more often than others. In cultural
evolution, traits are influenced by social learning and can be passed on in a
variety of ways: from parents to their children, from any member of an older
generation to a younger generation, between members of the same genera-
tion, and so on. This could occur because members of the group benefit from
one behavior, and others observe the behavior and the resulting benefits and
then imitate the behavior. But, in social learning, people do not always just
pay attention to how beneficial a behavior is. It could be the case that individ-
uals exhibit prestige bias, preferentially imitating group members who are
most successful, whether or not the trait they are imitating is the source of that
individual’s success. Alternatively, it could be the case that one behavior is
more prevalent than another, and people display some sort of conformist bias,
meaning they adopt a behavior at least partially based on how common it is in
the population. Conformist bias will be particularly important for the model
presented here.

To demonstrate how gene-culture coevolution is important, here is one
paradigmatic example of how it can occur. Before about 10,000 years ago,
adult humans were not generally capable of processing the sugar in milk,
called lactose. People could process the lactose as infants, but after they were
weened off their mother’smilk they stopped producing the necessary enzyme
to metabolize it. After animals like cows started being domesticated, there
was a steady source of milk readily available, and people who could process
the nutrients in milk were favored by biological evolution. Those people had
more nutrients in their diet, so they were able to survive and produce more
offspring. This is well supported by historical and genetic evidence. For in-
stance, there is a high frequency of people who can easily digest lactose in
areas where dairying has been common for a long time and a low frequency
in places where it has not historically been common (Feldman and Cavalli-
Sforza 1989; Aoki 2001). This simple example shows how something that
arose via cultural evolution affected our biological evolution, which is just one
of the ways cultural and biological evolution can interact.

The various forms of social learning are also likely influenced to some de-
gree by genetics that affect psychological predispositions. If groups are in a
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relatively stable environmentwhere, for example, a certain hunting technique
remains successful generation after generation, then genes encoding for con-
formist bias are likely to evolve because it is much faster and less costly to
simply do what everyone else is doing than to figure out the optimal hunting
technique for yourself (Boyd and Richerson 1985, chap. 7; Henrich andHenrich
2007, chap. 2).

In section 3.1, I discuss amodel of the evolution of altruism inwhich I take
three claims about human evolutionary history to play an important role. It is
important to emphasize, however, that these are far from hard-and-fast facts.
Our evidence regarding the conditions of early human existence and evolu-
tion is often not clear or decisive, and we must make the best inferences we
can using modern hunter-gatherers, archaeological data, mathematical mod-
els, behavioral experiments, and so on. Much of what is observed or claimed
about human evolutionary history is quite tentative. So, we should think of
the following claims (particularly the first and second) as claims that at least
some people think there are good reasons to believe, and so these claims have
a place in a model about a potential mechanism at play in human evolution:

1. Before the late Pleistocene, humans lived in smaller kin groups, which
eventually grew in size to become the larger groups talked about in the
group selection argument (Tomasello et al. 2012).

2. The benefit of conformist bias tends to increase as group size increases
(Perreault, Moya, and Boyd 2012; Muthukrishna, Morgan, and Hen-
rich 2016).6 However, the level of conformist bias might be different
in different groups at any given time for a variety of reasons. How fast
groups adapt might vary, the behaviors influenced by conformist bias
may be more or less crucial to their survival, or selective pressures on
the groups might be stronger or weaker because they live in harsher
versus more mild climates.

3. Relatedness tends to decrease as group size increases because there are
more and more people in the group other than just immediate family
members.7

These three claims about human evolutionary history are relevant to the
evolution of altruism and will be taken into account in the model in the next
section.
6. The idea is that, if five people exhibit a certain behavior, that is not as reliable as an
indication of its quality as it would be if a group of 50 people exhibit the behavior, be-
cause it is more likely that the five people arrived at the behavior by chance.

7. Relatedness in groups depends on a variety of factors. See, e.g., Hamilton (1975) for
an evaluation of how relatedness depends on both migration and group size.
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3.1. Model. Here is a basic description of how the evolution of genes
and strategies occurs in this model. The terms phenotype or strategy refer
to whether people choose to be an altruist, regardless of their genotype. Note
that these altruistic behaviors are directed toward members of the group, re-
gardless of whether they are kin. People start out with a strategy depending
on their genotype; someone with altruist genes will likely be an altruist. Peo-
ple then interact within their group multiple times before reproducing. While
they are interacting, people can update their strategies if they can see another
strategy is doing better or (when there is conformist bias) if another strategy is
more prevalent in the population. This is the process of cultural evolution.
During these interactions they also accumulate material payoffs. The greater
the material payoff people accumulate, the more offspring they have, and,
thus, their genes (but not necessarily their strategy) will increase in the next
generation. This is the process of biological evolution.We then start the pro-
cess over with the next generation in which we have a period of cultural evo-
lution and then one instance of biological reproduction.

I will explain in more detail the parts of the model in the following order:
starting conditions, cultural evolution, biological evolution, and then group
size increase over time and its effects on evolution. For ease of exposition,
I assign particular values to many of the parameters, although none of these
particular values will be crucial. Similar results can be obtained for a variety
of parameter values. In the appendix (available online), many of the assump-
tions here are allowed to vary and qualitatively similar conclusions are drawn.

Initially, group size is small (at nine), to represent the situation in which
people interact within a small kin group. Because altruism is biologically fa-
vored, a large proportion of group members have the altruistic genotype. A
person with altruist genes is likely to be phenotypically, or culturally, altruist.
For the results discussed here, the heritability of the trait is fairly high: a per-
son with the altruistic gene is phenotypically altruist with probability .8, at
least to start with. We have four ‘phenogenotypes’ to track in our evolution-
ary model, representing the combination of phenotype and genotype for each
individual.

Within each biological generation, individuals interact a number of times
and undergo cultural evolution. For each interaction, individuals will perform
an altruistic action or not, depending on their phenotype. Then, after each in-
teraction, the distribution of phenotypes (but not genotypes) evolves. This
evolution occurs according to the discrete-time replicator dynamics, which
captures the fact that if the value of altruism is greater than the value of
nonaltruism at time t, then during the next time period, t 1 1, altruism will
increase in frequency:

xa(t 1 1) 5
xa(t) � va(x(t))

�v(x(t))
, (1)
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where va(t) represents the value of altruism at time t, and �v(t) represents the
average value of all traits in the population.

The value of altruism depends on xa(t), the frequency of altruists at time t,
and the current level of conformist bias, C. So, if C is high, the value of altru-
ism will depend mostly on how frequent it is in the population, and if C is
low, then the value of altruism will depend mostly on the material payoffs.
If ua(x(t)) is the material payoff gained in that interaction period based on
the current distribution of strategies in the population and v0 is the cultural an-
alogue of ‘backgroundfitness’ (see below) that accrues regardless of trait, then
we can define the value of altruism similarly to Skyrms (2005):

va(x(t)) 5 vo 1 Cxa(t) 1 (1 2 C)ua(x(t)): (2)

Remember that the level of conformist bias evolves over time, which I will
return to shortly. (Note also that often conformist bias is taken to describe be-
havior inwhich a common trait is imitatedmore often than its frequency in the
population, which this equation does not capture. See the appendix for a ver-
sion of the model that captures this notion.)

We have thus far described how cultural evolution occurs within one bi-
ological generation. The model tracks the evolution of the population over
1,000 of these biological generations.8 Throughout each generation, genes
(or the humans who possess them) accumulate material payoffs based on
their interactions. Then, one instance of biological reproduction occurs. This
genetic evolution occurs according to an equation very similar to equation (1)
but instead uses the fitness (the expected number of offspring, according to
material payoffs) rather than the perceived value of a trait. If altruists have
a greater fitness, the genes for altruism will increase in frequency.

We can calculate the fitness of altruists, fa, using inclusive fitness. In cal-
culating inclusivefitness, we look at the background fitness, f0 (which accrues
regardless of trait); the benefits, b, altruists confer on their relatives (weighted
by how related they are, r); and the cost altruists have to pay, c. This gives
us fa 5 f0 1 rb 2 c. Nonaltruists do not pay any cost or confer any benefits,
so their inclusive fitness is just fn 5 f0. In this model, we use information
about how relatedness changes systematically over time, which makes inclu-
sive fitness a useful framework for conceptualizing the evolutionary process
(Rubin 2018).

It is now time to incorporate the three important claims about human evo-
lutionary history discussed above. As noted, group size increases over time
8. In order to more accurately represent human populations, we also include some over-
lap between generations, o 5 :45. That is, not all the adults die when children are born;
in any generation children make up a little over half the population.
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(claim 1). This is incorporated into the model as having group size, N, in-
crease by 1 every 10 biological generations.9

As group size increases, the benefit of conformist bias increases (claim 2).
As noted, how quickly the actual level of conformist bias will increase in the
group depends on the strength of the selective pressures. This is incorporated
into the model by tracking both an optimal and an actual level of conformist
bias as groups increase in size. The optimal level of conformist bias is given by

Coptimal 5
N

N 1 100
: (3)

This equation for the optimal level of conformist bias is chosen to represent a
general trend; the specific form it takes is unimportant. Figuring out the actual
equation for what the optimal conformist bias would be would require know-
ing a lot of particular details about the population, but here we are talking in
very general terms about the evolution of traits influenced by conformist bias.
The equation just needs to capture a couple of features. First, it needs to start
out small to represent the observation that conformist bias is not as beneficial in
smaller groups. Second, because of how it is incorporated into the equations de-
scribing cultural evolution, the level of conformist bias needs to stay between 0
and 1. These features are captured by equation (3), as shown in figure 2a.

The actual level of conformist bias depends on the selective pressures act-
ing on the population, and, as we will see, the actual level of conformist bias
is key to howmuch altruism can be sustained. We will talk about three cases:
one in which actual conformist bias evolves so quickly that it is nearly opti-
mal throughout the generations, another in which the conformist bias evolves
very slowly, and an intermediate case, all shown in figure 2b.

As group size increases, relatedness also decreases (claim 3). We capture
this by having relatedness change according to the following equation:

R 5 :5 2
N 2 9

2(N 2 9) 1 50
: (4)

Like the equation for Coptimal, knowing the exact equation for how relatedness
evolves requires knowing specifics about reproduction, migration, and group
structure, so this equation only captures somegeneral features: relatedness starts
out fairly high asmostmembers of a small kin group are parents or siblings, and
9. Of course, there is no reason to assume that group size increases linearly rather than in
some other particular way. However, it is important to note that, in this model, group size
only affects the calculation of relatedness and level of conformist bias, as described be-
low. The appendix looks at different assumptions regarding the form these two equations
can take. If relatedness and conformism were to change in similar ways but for reasons
different from group size increasing linearly, the conclusions based on the model would
not change.
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it decreases over time to some level above 0, as shown in figure 3. Note that
conformist bias and relatedness change are built in as assumptions of the model
in such a way that they match the claims about the evolution of human groups
described earlier. See the appendix for results with alternative equations for op-
timal conformist bias and relatedness that also have the features described here
(but in which, e.g., conformist bias reaches its optimal level at lower group sizes
and in which relatedness starts out lower and decreases faster).

3.2. Groups with Various Levels of Altruism. Asmentioned, howmuch
altruism can be sustained depends on the actual level of conformist bias in the
population. Here, I present the results from themodel described in the previous
section in terms of the speed of evolution of conformist bias, corresponding to
the three cases pictured in figure 2b. In the results presented here, c 5 :1,
b 5 :4, and v0 5 f0 5 1, but similar results can be obtained for a variety of
values.
Figure 2. Optimal (a) and evolved (b) levels of conformist bias as group size increases.
Color version available as an online enhancement.
Figure 3. Relatedness as group size increases.
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Figures 4a and 4b show the evolution of the population when conformist
bias increases quickly. We track how the frequencies of altruist genes and al-
truist phenotypes change over the generations in figure 4a. Initially, the altru-
istic gene is favored biologically because relatedness is high, but at around
250 generations, relatedness decreases to a point where these genes are no
longer favored, and they slowly begin to decrease in frequency. For the altru-
istic phenotype, there is an initial decrease since conformist bias is low: peo-
ple are born altruistic but fairly quickly learn that altruists have lowermaterial
payoffs than nonaltruists.

However, as conformist bias increases, the value of altruism increases, as
shown in figure 4b. The perceived values of these behaviors is what affects
cultural evolution. Initially, when conformist bias is low, the value of altruism
is lower than the value of nonaltruism because it mostly depends on the ma-
terial payoffs (and the material payoffs for altruists are lower than for non-
altruists). However, as conformist bias increases, people care more about
how prevalent a trait is, and the value of altruism increases to the point where
it is higher than the value of nonaltruism. (People are still born altruistic, so
there is a high frequency of altruists.) Cultural altruism increases to a point
where it can be maintained even when the genes for altruism begin to disap-
pear (after relatedness has decreased to a point where altruism is no longer
biologically favored). So,when conformist bias increases quickly, cultural al-
truism can be maintained for long periods of time.

What happens when conformist bias increases slowly? In this case, again,
the altruistic gene is initially favored biologically because relatedness is high,
but at around 250 generations, relatedness decreases to a point where these
genes are no longer favored and begin to decrease in frequency. However,
in this case, since conformist bias increases so slowly, the altruistic pheno-
type is not sustained culturally, as shown in figure 4c. While we start out with
a high frequency of altruism, and some level of altruism ismaintained formany
generations (around 40%–50%), it eventually collapses as the genes for altru-
ism disappear. This is because, as figure 4d shows, the value of altruism never
increases to the point where it is greater than the value of nonaltruism. The
value of altruism increases slightly as conformist bias increases, but once the
altruistic genes disappear, the frequency of altruists drops and so does the value
of altruism.

Finally, we can consider the case in which conformist bias increases at an
intermediate speed. In this case, cultural altruism can be sustained for a short
period of time. Again, the altruistic gene is initially frequent but drops out of
the population as relatedness decreases. The altruistic phenotype increases in
frequency formany generations, just aswhen conformist bias increased quickly,
but it does not increase to levels as high. In this case, the value of altruism in-
creases to where it is higher than the value of nonaltruism, but it does not in-
crease quite as quickly as in the first case. This is shown in figure 4f. Because



Figure 4. Evolution and value of strategies when conformist bias increases quickly
(a and b), slowly (c and d ), and at intermediate speed (e and f ). Color version avail-
able as an online enhancement.
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phenotypic altruism never reaches a frequency as high as in the first case, it
cannot be sustained for as long, and it eventually drops off toward the end of
the 1,000 generations, as shown in figure 4e. Interestingly, even though the
altruistic phenotype persists longer in the intermediate case than when con-
formist bias increases slowly, the gene for altruism disappears more quickly.
This is because, with little conformist bias, the value of altruism is much lower,
and genetic altruists switch to nonaltruism quickly enough during cultural
evolution that there is little selection against them (they hardly ever pay the
cost of altruism because they are nonaltruists for most of their lives).

So, when we vary how conformist bias evolves, this cultural evolutionary
force can interact with kin selection in biological evolution in order to gen-
erate groups with different levels of altruism. These groups are exactly what
is needed in order to start the group selection argument. There are a few im-
portant things to note. First, the altruism in these groups is not maintained in-
definitely, so it would be necessary to combine this with group selection, or
an explanation based on some other cultural force(s), in order to explain the
broad-scope altruism we see today. (Although, see the appendix for a discus-
sion of when altruism can be maintained indefinitely.) Second, the altruistic
behavior in these models is always meant to be directed broadly toward ev-
eryone around the altruist, so themodel provided here does not fall prey to the
same objections leveled against the big mistake hypothesis. Finally, it does
not rely on genetic relatedness remaining high as human groups increase in
size to 50–100 people, the group size people generally agree the average hu-
man was in around the late Pleistocene.10

4. Cultural Kin Selection. Another approach, which does not rely on group
selection at all, is to shift away from (genetic) kin selection and instead ex-
plain broad-scope human altruism as the result of cultural kin selection.While
this general idea has been around for awhile (Cavalli-Sforza and Feldman 1981;
Allison 1992; Lehmann and Feldman 2008; ElMouden et al. 2014), it is a rel-
atively neglected approach (Birch 2017). The idea is that we can think of cul-
tural traits as inherited (whether vertically, obliquely, or horizontally), and so
in human groups, people can be highly culturally related, even when there is
low genetic relatedness.

Birch (2017) argues for the potential importance of this selection process.
In particular, he emphasizes the importance of horizontal transmission, where
traits are transferred between individuals of the same generation, for human
cultural evolution.11 He argues that if horizontal transmission can generate
10. Specifically, there are 109 people at the end of the simulations above.

11. Interestingly, Birch is motivated to consider this because of the importance of hor-
izontal transmission in explaining prosocial behavior in microbes.



KIN SELECTION 59
high enough cultural relatedness, altruism can evolve via cultural kin selec-
tion. The model provided here will show that, indeed, horizontal transmission
of cultural traits can play this role.

Birch (2017) also argues for a diachronic conception of relatedness, where
one takes into account the (genetic or cultural) similarity between individuals
not just at the time of interaction but at other stages in their life cycle as well.
One particularly interesting claim that follows from this is that high related-
ness should promote the evolution of altruism, even when it is only generated
after the relevant interactions; a person can increase the reproductive output
of others, then make it so that those others spread that social behavior.12 That
the possibility of imitation after interaction is not something that is generally
explored in models of cultural kin selection may have lead some to underes-
timate the potential importance of cultural kin selection.

4.1. Model. Here I provide a simple model to demonstrate the possibil-
ity that this sort of selection process can lead to the evolution of altruism. In
this model, agents are arranged on a ring network where everyone has one
neighbor (i.e., everyone interacts with those directly next to them). This net-
work choice is not meant to be realistic—humans would certainly have inter-
acted with more than two others, and there would be some form of clustering
in the network. A ring was chosen because there is no nonarbitrary way to
divide agents into groups, which shows that it is kin selection rather than
group selection that explains the evolution of altruism in this model.13 Note
that since agents are arranged on a network and interact with their neighbors
on the network, this model is not aimed at explaining altruism toward strang-
ers. However, since the altruistic trait is assumed not to be linked to any par-
ticular genetics, it is aimed at explaining altruism toward non (genetic) kin.

We will track the evolution of cultural variants (as Birch [2017] refers to
them), or phenotypes (as they were referred to in the previous section), which
are not assumed to be connected to genotypes. Evolution in this model is
very similar to the idealized life cycle described by Birch (204–5). The initial
12. Note that cultural selection in the context of this model is best thought of as still tied to
biological reproduction in that cultural traits influence reproductive success. This is what
Birch (2017, 197) calls type 1 cultural selection, or CS1. Traits are passed on vertically
from parents to offspring, although of course horizontal transmission also affects their evo-
lution. This is opposed to CS2, where traits affect cultural fitness (e.g., they influence the
number of apprentices you have, who copy your behaviors, as opposed to your number of
biological offspring).

13. Results similar to those described in sec. 4.2 have been obtained with a ring-lattice
network (where agents are again arranged in a ring, but everyone interacts with those di-
rectly next to them and with the people one step away) and a square lattice (where agents
are arranged on a torus and interact with their von Neumann neighbors).
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distribution of strategies is random. In each round the agents are formed into
a network, and the following stages occur:

1. Horizontal Transfer 1 (HT1): Agents are chosen in a random order to
observe the traits of their neighbors (the order inwhich they look at these
neighbors is also random). Each time an agent observes a neighbor, it
has a small probability of adopting or imitating the neighbor’s trait,
Pri. (It is possible that an agent changes a trait more than once during
this stage.)

2. Action: Agents perform altruistic actions or do not, according to their
trait. If the agent is an altruist, it acts altruistically toward each neigh-
bor, paying a cost, c, and conferring a benefit, b, for each altruistic ac-
tion.14 Fitness for each agent is calculated by summing up costs paid
and benefits accrued during this stage.

3. Horizontal Transfer 2 (HT2): The same process as HT1 is repeated.
4. Reproduction: Reproduction occurs according to aWright-Fisher model

with selection. In this model, population size is constant. Agents are sam-
pled from the population to reproduce, with replacement. The probability
each agent is sampled is proportional to its fitness.15 Offspring have the
same trait as their parent at the time of reproduction (i.e., vertical trans-
mission is perfect). So, even if an agent is not an altruist during the ac-
tion stage, it will produce altruist offspring if they have gained the trait
through the second round of horizontal transmission.

At the start of the next round, all the previous agents die, and a newnetwork is
formed with their offspring. This assumption is not meant to be a realistic de-
scription of evolution in human populations where there is overlap between
generations and people would not randomly take a new place in the network,
independent of their parents’ ties. Instead, this is meant to isolate the effects
of horizontal transfer and therefore demonstrate that the process of cultural
kin selection can occur.16
14. This could be equally well described as paying a cost to produce a public good since
all organisms have the same number of neighbors.

15. Each type has a background fitness of 1, to avoid negative payoffs.

16. It is worth flagging that the model in this section and that in sec. 3 serve slightly dif-
ferent purposes. While they are both simplified models, the model in sec. 3 was designed
to match many more observations about human history. It showed how, out of a group of
empirical claims relevant to the phenomenon, an effect emerges. This is because it was
meant to show how two forces (including kin selection) could, in conjunction with each
other, produce an effect (groups with various levels of altruism). The model here, by con-
trast, is meant to show how one force (cultural kin selection) can, by itself, lead to the evo-
lution of broad-scope altruism. Therefore, it is designed to strip away other factors in order
to isolate this one particular force.
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4.2. Results. The results shown here are for networks of 100 agents where
evolution occurs over 300 generations.17 The cost of the altruistic act was set
to c 5 :1, and the benefit was varied from b 5 0 to .6. The probability an
agent would adopt their neighbor’s trait was also varied, from Pri 5 0 to
.2. Simulations were run 100 times to estimate the probability that a popula-
tion would evolve to become composed entirely of altruists.

Figure 5a shows, first and foremost, that it is possible for altruism to
evolve due to cultural kin selection. Perhaps unsurprisingly, as b or Pri in-
crease, the evolution of altruism is more likely. It is important to note that
in a Wright-Fisher model with selection, a certain amount of randomness in-
fluences the results. If there were no selection occurring, we would expect
that 50% of the time, altruism would evolve. When altruism evolves more of-
ten, we can infer that, in general, selection tends to favor altruism, and when
altruism evolves less often it is generally disfavored.

The results additionally show that relatedness need not be high at the time
the altruistic actions are performed. Figure 5c shows that altruism can spread
in a population even when horizontal transfer occurs only after an altruistic
action has been performed. Since the network was randomly formed at the
start of the round, there is no expected correlation between traits, and relat-
edness is on average 0 during the action stage. Of course, the existence of hor-
izontal transfer both before and after the action stage is more conducive to the
evolution of altruism than just having HT2, as comparing figures 5a and 5c
shows. Additionally, while HT1 is more effective than HT2 (fig. 5b vs. 5c),
having two bouts of horizontal transfer can be much more effective than only
HT1 (fig. 5a vs. 5b).

Another way to conceptualize evolution in this model is to look at when
we can expect (a cultural version of ) Hamilton’s rule to be satisfied. This rule
states that we should expect altruism to be favored by natural selection when-
ever the (cultural) relatedness-weighted benefit of the trait exceeds its cost,
or rvb 2 c > 0, where rv stands for relatedness among cultural variants. As
Birch (2017) explains, for altruism to be favored it must be the case that those
who are altruists during the action stage are sufficiently likely to help people
who end up being altruists during the reproduction stage. We can therefore
define cultural relatedness between an agent i and its social partner j as

cv 5 Pr(Ar
j A

a
i ) 2 Pr(Ar

jj jNa
i ),

where Pr(Ar
j jAa

i ) is the probability i’s social partner is an altruist at the repro-
ductive stage, given that i is an altruist at the action stage and Pr(Ar

j jNa
i ) is the
17. After 300 generations, 99.98% of simulations converged to the point where all of the
population was one type or the other.



62 HANNAH RUBIN
probability i’s social partner is an altruist at the reproductive stage, given that
i is not an altruist at the action stage.18

Since the populations in this model are finite, the actual value of rv can vary
quite a bit. We can, however, get a sense of how often altruismwill be favored
by tracking how often rv is high enough that rvb 2 c > 0 is satisfied. Figure 6
shows the proportion of simulations in which altruism is favored.19 For the
values shown here, increasing the probability of imitation generally increases
relatedness, and so altruism is more likely to be favored as this probability in-
creases. As b increases, lower levels of rv are needed to satisfy rvb 2 c, and so,
unsurprisingly, altruism ismore likely to be favored as b increases. Comparing
figures 6a and 6c confirms that altruism is also more likely to be favored with
two stages of horizontal transmission versus includingHT2 only. Finally, while
HT1 makes it more likely altruism will be favored than HT2 (fig. 6b vs. 6c),
having two bouts of horizontal transfer can make it much more likely than hav-
ing HT1 only (fig. 6a vs. 6b).

The results just discussed are from a model in which people imitate and
interact with only two neighbors. As mentioned, in reality, we interact with
and imitate manymore people than this. In fact, this may be part of the reason
cultural kin selection is often overlooked in explaining human altruism—
because cultural relatedness will tend to decrease as the number of people
imitated increases, one might think that cultural kin selection will only be po-
tentially important in special cases, for example, when there are a small number
Figure 5. Proportion of simulations in which altruism evolved for different levels
of b and Pri, with (a) both stages of horizontal transmission included, (b) only hori-
zontal transmission before the altruistic action is performed, and (c) only horizontal
transmission after the altruistic action is performed. Color version available as an
online enhancement.
18. Birch (2017) defines cultural relatedness similarly but in terms of covariances be-
tween traits since he derives it from the Price equation.

19. This was estimated by randomly forming 1,000 different networks with a random dis-
tribution of strategies, then measuring rv on each and checking whether rvb 2 c > 0.
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of charismatic ‘leaders’ whom people imitate.20 There are a couple ways to
respond to this worry.

First, altruism can still be favored in this simple sort of model, even with a
much larger number of neighbors. Figure 7 shows results for a ring lattice net-
workwhere each agent is connected to the 10 closest nodes on each side, for a
total of 20 neighbors. Figure 7a shows that, although it is much less likely,
there is still a substantial probability that altruism is favored with this larger
number of neighbors. For instance, when b 5 :6 and Pri is between .1 and .2,
altruism is favored around a third of the time. Compare this to figure 7b, which
only includes horizontal transmission before the trait and where altruism is
much less likely to be favored. This shows that models that include only the
possibility of imitation before interactionmay severely underestimate potential
for cultural kin selection to promote the evolution of altruism.

Second, one of the observations that motivated having two bouts of imita-
tion was that the picture of a static level of relatedness generated before inter-
action was unrealistic. In fact, people have many instances of both interaction
and imitation interspersed throughout their lifetime. The current model is still
overly simplistic in this regard. Onemight imagine amore complicatedmodel
in which imitation of a large number of people would be intermixed with ac-
tually interacting with them. Even more realistic models would include other
facts about human networks, including the facts that networks do not gener-
ally break apart and reform randomly, that there are often structural features
like clustering, and so on. These more complicated models would not isolate
cultural kin selection as the sole factor responsible for the evolution of
Figure 6. Proportion of simulations inwhich altruism is favored, according to rvb > c
for different levels of b and Pri, with (a) both stages of horizontal transmission in-
cluded, (b) only horizontal transmission before the altruistic action is performed,
and (c) only horizontal transmission after the altruistic action is performed. Color ver-
sion available as an online enhancement.
20. Thanks to an anonymous reviewer for pointing this out.
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altruism.21 However, such models could build on those presented here to in-
clude cultural kin selection as part of a potential explanation of human altruism.

The cultural kin selection explanation could, like the model in section 3,
be compatible with the group selection hypothesis in answering whywe have
groups with various levels of altruism to begin with. It could be that the ben-
efits of such behavior are higher in one group than another, based on some
ecological conditions, leading to altruism evolving in one group but not an-
other. It also could be that there is more horizontal transmission occurring in
one group than other. And, it could just be that evolution is probabilistic, and
while there is a mechanism for altruism to evolve, by chance sometimes a
population ends up at the altruistic equilibrium and sometimes it does not.

5. Conclusion. We started out with this puzzle: Why do humans behave
altruistically, and why do they direct their altruistic actions toward nonkin
so frequently? Commonly, in resolutions of this puzzle, kin selection is dis-
missed in favor of explanations making use of group selection. I argued that
kin selection should be reestablished as a potentially important explanatory
factor in the human behavioral sciences by showing two ways in which it
could be an important evolutionary force.

Since in humans, behavior is due to both our biological makeup and our
culture, in the first model we looked to gene-culture coevolution to help us
explain broad-scope human altruism. This model showed how kin selection
Figure 7. Proportion of simulations in which altruism is favored on a ring lattice with
20 neighbors, according to rvb > c for different levels of b and Pri, when (a) both stages
of horizontal transmission are included and (b) only horizontal transmission before the
altruistic action is performed. Color version available as an online enhancement.
21. This is because, for example, reciprocity may come into play because being an altruist
during one interaction period could make it more likely that one interacts with an altruist
during a future interaction, or if there is sufficient clustering these clusters begin to look
like groups.
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can interact with cultural evolution to give rise to groups of altruists. The sec-
ond model leans more on the importance of cultural selection in providing a
cultural version of the kin selection argument, where relatedness is now a
measure of correlation between phenotypic traits rather than genotypes. These
models can fill in the gaps in the group selection argument. More importantly,
they show how kin selection can be an important force in explaining broad-
scope human altruism, although not in a way that implies our altruistic actions
are due to a misfiring of our desire to help kin.

This article makes a point often made in philosophy: just because one re-
jects the argument for a certain conclusion, one does not need to reject the
conclusion. So while one might reject the current way some argue for the im-
portance of kin selection, which relies on the bigmistake hypothesis, we need
not conclude that kin selection was not important to the evolution of broad-
scope human altruism. Our evidence about the conditions of early human ex-
istence and evolution is often not clear or decisive, and we must make what
inferences we can on the basis of modern hunter-gatherers, archaeological
data, and so on. In the context of this uncertainty, it seems especially unwise
to rule out an evolutionary force as potentially important without very strong
reasons to do so. The models here show how kin selection is potentially im-
portant, by incorporating evidence about early human history or plausible
assumptions about how humans interact with each other where appropriate.
In comparing the merits of different explanations of broad-scope altruism
in light of the data we do have, we should have all the (plausible) models on
the table.
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