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Abstract

Human life is heavily structured by norms, many of which require individu-
als to adopt net-costly behaviors. Such costly behaviors often generate the
non-rivalrous and non-excludable benefits that permit human ecological adap-
tation. However, models studying the mechanisms that stabilize costly-norms
emphasize that their stability need not consider what group benefits the norm
confers. Additionally, in a dynamic world, innovations, environmental change,
and information revelation imply that what norms are beneficial for a group
will change over time. Both of these phenomena emphasize the importance of
understanding mechanisms of normative change. Explanations of intra-societal
normative change are relatively rare, buy when investigated they have gen-
erally failed to identify conditions under which a mutant and more-beneficial
behavior can invade a population characterized by a previously stabilized norm
and have pointed to group-level selective mechanisms to explain the presence
of adaptive norms. We construct a cultural evolutionary game theoretic model
to study normative change by means of intra-societal costly-punishment and
conflict resolution and identify social differentiation in punishment capacity as
a key condition permitting normative change. Importantly, we find that this
normative change will be group beneficial, however, the assumptions permitting
said result appear to be highly restrictive.

1. Introduction

In contrast to other vertebrates, human life is uniquely structured by norms
(Bicchieri, 2006} [Boydl |2019; Roughley and Bayertzl, [2019; Searle} [1995). Al-

though debate exists as to how humans evolved to be normative and what a
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proper definition for norms is, scientists across diverse fields including evolution-

ary anthropology and cultural evolution (Boyd, |2019; Henrich and Ensminger,

2014) and economics (Bicchieri, 2006; |[Nunn, [2020)) emphasize the role of norms

and institutions, or packages of norms (Ensminger and Henrich| 2014; Henrich|

land Ensminger}, |2014; [Henrich and Muthukrishnal 2021)), for determining hu-

man psychological, behavioral, and group-level outcomes. A subset of norms
are particularly relevant for human adaptation: Costly normative behaviors are
behaviors whereby individuals shoulder private-costs exceeding their derived

private-benefits and are generally thought to be stabilized by the actions of

third-parties (Chudek and Henrich| (2011). Punishment mechanisms, such as the

withdrawal of mutual aid (Panchanathan and Boyd) 2004); sanctions, either

costly (Boyd and Richerson, [1992; Boyd et al., 2010) or extractive and self-

interested (Bhui et al.| 2019); and costly signaling (Gintis et al., 2001) re-align

individuals’ incentives such that group-members have reason to adopt net-costly
behaviors. Importantly, these mechanisms stabilize behaviors regardless of their
group-level benefits, or the benefits a norm confers to a focal individual when
all group-members adopt it. As such, the above mechanisms are expected to
not only stabilize behaviors that are beneficial to individuals but ones that are
harmful as well.

Though the above models demonstrate that we should expect groups to
be saddled with non-beneficial norms, they also demonstrate that normative
change is itself something of a theoretical quandary. Imagine that a population,
for whatever reason, has come to be characterized by some normative prac-
tice that is demonstrably harmful to all members. Any individual who seeks to
”shirk” the norm and adopt a less-costly behavior will be seen as a ” defector” by
their group co-inhabitants, and quickly punished by all group-members. That

we might generally consider only a few mutants to exist simultaneously, this



means that behavioral and normative mutants will be wildly outnumbered in
large groups and thus likely to quickly realign their behavior with the group’s
preferred behaviors. This is true regardless of whether the behavior adopted

by the mutants would confer greater benefits to all other group-members than

the status quo behavior can. [Panchanathan and Boyd| (2004) show that in a

population where a costly-norm has been stabilized by strategies that withhold
(beneficial) mutual aid from norm-breakers, a form of punishment, an alterna-
tive costly-norm cannot invade even when said norm provides greater benefits
to all group-members, i.e. everyone in the group would in fact prefer that an
alternative normative equilibrium be stabilized. The above issue is compounded
by the fact that realistic environments are intrinsically dynamic and behaviors

that were once adaptive may become maladaptive relative to alternatives should

environmental shifts occur (Boyd and Richerson, [1985; Rogers, [1988)) or novel

innovations emerge.

Although these various issues suggest we should observe only a random dis-
tribution of normative benefits, human groups are generally characterized by
norms and institutions that are highly adaptive and beneficial
, such as stable contributions to public and common goods, some-

times at great personal risk (Mathew and Boyd, 2011). More so, such coop-

erative behaviors likely extend deep into human cultural and genetic evolution

(Boyd and Richersonl,2022)), suggesting some mechanism is and has been at play

to ensure that beneficial norms are stabilized. The adaptive nature of norms

and institutions might reflect individuals’ reasoning capacities (Richerson and

2012), however, individuals often cannot (or, in some cases, it is im-
possible for them to be able to) explain the benefits of their practices (Boyd

let al., 2013} [Henrichl 2002, 2016). Similarly, efforts to consciously implement

and improve on institutions and norms often fail (Richerson and Henrich) [2012)




and individuals in experiments often do not predict institutional equilibria cor-

rectly (Gurerk et al 2000)), suggesting that human reasoning cannot explain

the presence of beneficial and adaptive norms and institutions.

So how do we explain the plethora of beneficial norms and institutions that
exist? How did they come to be adapted to highly variable environments? Cul-
tural evolutionists have generally relied on cultural group selection to explain
how the observed distribution of norms becomes more adaptive over time. Cul-
tural group selection occurs when behaviors propagate relative to the benefits

they confer at the group-level, leading adaptive and beneficial norms to ”out-

compete” harmful ones (Boyd and Richerson, 2009, 2002, 2009; Henrich, [2004;

Richerson et al., 2016). Most theorized group selection mechanisms act at the

level of groups and produce changes in an aggregate distribution of equilib-
ria, such as when different norms and institutions lead groups to go extinct at
variable rates or heterogeneously succeed in inter-group combat.

Cultural group selection theorists have not extensively explored intra-group

normative change for obvious reasons (though see Boyd and Richersonl, 2002} for

what might be considered an important exception) and have generally assumed

that punishment mechanism, which stabilize norms, should they be applied to

normative change, will only serve self-interest (Richerson et al.,[2016)). However,

empirical work highlights the historical importance of the political, legal, and

generally collective processes organized around normative conflict in determin-

ing how societies establish and change their norms (Boehm et al., [1996; Cohen|

land Middleton, (1967; Hadfield and Weingast| 2013)). Such normative conflict

can be a source of both group-beneficial (Keyssar, 2009) and extractive (bene-
fiting a subset of group-members at cost to another) normative change (Bello)

2019). Normative conflict deserves increased attention because it has played

a key role in social evolution during the Holocene of the past = 12,000 years



(Flannery and Marcus| 2012} North et al., 2009; [Price et all [1995) and has

established important ”prosocial” norms and institutions, that broaden access

to benefits, characterizing the Leveller and Digger movements in 17" century

England (Rees|, [2017; Wood}, 2017)), which partially sought to effectively liberal-

ize and democratize the social and political institutions of the era, efforts by the

Roman plebs seeking release from overwhelming debt obligations to the patri-

cians and stronger legal rights (Forsythe, |2005)), and collective labor action by
Egyptian scribes in the 12" century BCE (Edgerton, 1951). Normative conflict

also features in an important socio-behavioral shift in human evolution (Boehm

et all, 1993; Boehml, [1999), whereby chimpanzee dominance hierarchies, which

likely serve the private interests of a single dominant male or small coalition
of males, came to be upended by a coalition of the weak that coooperatively
enforces relatively ”egalitarian” norms and institutions in order to ”level” differ-
ences across individuals and preventing bullying and extractive behaviors by the
strong. In these cases, factions of individuals sought to stabilize alternative and
mutually exclusive normative equilibria, rules that all societal members would

adhere to; more so, these rules sought changes that would impose on their groups

what many (Richerson et al| [2016) might consider now to be adaptive and

sometimes ”prosocial” institutions. Political and legal ethnography similarly
identifies cases where agents differ in their normative vision for their commu-
nities, in their ”opinions of good citizenship and impropriety”
p-501) and seek to coerce group-members’ cooperation with

and adherence to said vision, coercing and resisting normative change (Bailey]
2001}, [Barthl [1959; [Boehm et all [1993} [Boehm| 1999} [Ensminger and Knight],

1997 [Flannery and Marcus|, 2012} [Hayden|, [2011], 2014, [2016}; [Kirchl 2010} [Price
let al.l [1995] |2010} |Wiessner} 2002)).

We argue that intra-societal processes producing and resolving normative



conflict necessitate further direct study because they may offer pathways to
group-beneficial institutions absent cultural group selection mechanisms. To
study the role of normative change in human social evolution, we construct a
stylized model that permits agents engage in normative conflict and for conflict

to be settled in a way that permits normative change. Following

(1992) we permit agents to impose punishments-costs on one another
at cost to themselves. We study a decentralized form of sanctioning (Boyd and

1992)) because it provides an analytically tractable way to examine

the role of social-differentiation on the evolution of norms while simultaneously

capturing the capacity for individuals to confer costs on one another and for

such conflict to potentially be resolved. Costly-punishment (Boyd and Richer-|

1992) likely does not describe how all costly-norms are stabilized. Vari-

ous mechanisms can stabilize costly-behaviors in n-player settings (Bhui et al.|

2019; Boyd et all, 2010} [Chudek and Henrichl, 2011}, [Gintis et al., 2001} [Henrich
let al| [2015} [Panchanathan and Boyd} [2004)) and empirical evidence suggests a

multiplicity of costly-norm enforcement mechanisms exist (Henrich et all, 2006}

[Herrmann et al. 2008} [Marlowe et al.l [2008} [Marlowe), 2009; Mathew and Boyd)

2011} |Smith et al., [2018). Our model provides a baseline for comparison with

future and alternative models and is not meant to provide an overarching theory

of normative change.

We model conflict resolution akin to as modeled by [Boyd and Richerson’s

where we assume no political or legal institutions exist to resolve nor-
mative conflict. Instead, we ask when resident strategies’ best-response, once
punished by a socially-differentiated mutant, is to abandon their current norma-
tive behavior and adopt the mutant’s preferred behavior, permitting normative
change. We show that permitting normative conflict and resolution means that

the stability criterion of a norm now includes the group-level benefit terms



associated with the behaviors in question. While this result appears to offer
an evolutionary ratchet to explain the presence of adaptive norms and institu-
tions absent any group-selection forces, it stems from two important and highly
restrictive assumptions. First, it requires a principle we refer to as ”social dif-
ferentiation” whereby conflict with a normative mutant, which we refer to as
a ”Change Agent”, be costlier to members of the population as compared to
conflict with the entire rest of their group. Second, it requires that this social
differentiation occur as a function of what public good behaviors the agents
adopt, i.e. which potential norms they seek to stabilize, and that this social
differentiation effect occur privately, i.e. not reflect any coordinated forms of

punishment.

2. Model

Our model follows standards in evolutionary game theory. Assume groups
of size n are sampled from an effectively infinitely sized population. After each
round, groups continue to exist with probability w. Within each round, two stage
games exist. First, there is a linear public goods game (Boyd and Richerson,
1988l {1992)) whereby agents can contribute to public good 1 or 2. These public
goods entail different benefits to group-members. Each individual’s marginal
contribution to either public good i € 1,2 confers a benefit % to all group-
members. This means if s individuals contribute to 1 and ¢ individuals con-
tribute to 2, each individual will receive by £ + bg%. Each public good is also
characterized by a distinct private cost of contributing, ¢; where ¢ again denotes
which public good an agent adopts.

The second stage game is a punishment game where agents can adopt a cost
to confer punishment on other agents. Importantly, to study the role of more

realistic punishment technologies on the evolution of norms, we assume that the



cost of punishment and of being punished depend on an interaction between
what public good an agent adopts as well as who the social partner they are
engaging with it. An agent will shoulder a cost, kf , to impose a cost of pj- on
another agent where (7,7) € {(1,2),(2,1)} and denotes the public good behav-
ior that a punisher and recipient of punishment have adopted. For instance, an
agent that adopts public good 2 and who punishes an agent contributing to pub-
lic good 1 will confer a punishment pi at cost k? to themselves. Technically, our
superscript notation is superfluous because we never examine punishment across
norms (i.e. we never study a 2 adopter that punishes other 2 adopters). The
above means that if a strategy initially adopts behavior 1 and punishes behav-
ior 2 contributors in the first round before adopting behavior 2 and punishing
behavior 1 contributors in the second round, its punishment parameters will
have changed. Effectively, the conflict parameters are something like ”private
goods” in that they depend on the agent’s actions alone. Correspondingly they
cannot represent any coordinated (Boyd et al., [2010; [Hadfield and Weingast|
2012) (or generally strategic) form of punishment that would require multiple
group members to take specific actions.

Agents are defined by inherited strategies defining actions in each stage game
(decision contingency). A strategy’s replication depends on its fitness, which is
proportionate to its payoffs. We assume that implementation error rates are
identical between strategies and that their role is the evolution of punishment

is well understood (Boyd and Richerson, [1992]).

3. Results

8.1. Permanent Conflict

We initially study an ecology defined by two strategies:



e Stubborn 1 (S1): Play behavior 1, punish any agent that does not adopt

behavior 1

e Stubborn 2 (S2): Play behavior 2, punish any agent that does not adopt

behavior 2

These strategies represent the coexistence of two strategies attempting to im-
pose their preferred behaviors on their group. In such an ecology, any group
consisting of a mix of these strategies will engage in ongoing and permanent
conflict because (1) each strategy punishes any strategy that fails to adhere
to its normative ideal (which behavior it adopts) and (2) there is no mecha-
nism for conflict resolution. Correspondingly, no focal agent will ever see its
group-members switch which public good they contribute to, however, fitness
differences among strategies may lead to the proliferation of one public good
relative to another on cultural evolutionary timescales.

The invasion criterion of S when S; is common (alternatively, S1’s stability

criterion) is given by (proof in [Appendix Al):

Proposition 1. When strategies cannot resolve normative conflict then a new
norm can replace a resident norm so long as any change in private net-costs that
the normative mutant experiences in adopting its preferred behavior exceeds the
cost of conflict it faces when punishing and being punished by the n — 1 resident
norm adherents. For a 2-bearing strateqy invading a population of 1-bearing

strategies, the invasion criterion takes the following form:

AC1_2:Change in net-costs that 2-bearing Change Agent experiences for adopting behavior 2

(n —1) (P12 + kas1)

Cost of conflict that Change Agent experiences due to violating norm 1




For a 1-bearing strategy invading a population of 2-bearing strategies, the inva-

sion criterion takes the following form:

AC3_,1:Change in net-costs that 1-bearing Change Agent experiences for adopting behavior 1

(n—1) (p2s1 + k12)

Cost of conflict that Change Agent experiences due to wviolating norm 2

A resident norm can only be replaced by an alternative norm if any change
in private net-costs of adopting the novel behavior exceeds the cost of conflict

that the agent adopting the alternative norm experiences for this normative

violation. This criterion is essentially identical to Boyd and Richerson/s (1992)

seminal result that punishment can stabilize behaviors arbitrary of the benefits
they confer (no b term is present). [[Jonly differs in that (1) it considers a change
in costly behaviors as opposed to merely free-riding on one and (2) the change
in net-costs of cooperating, which we label AC, must now exceed not only the
cost of being punished by n — 1 residential norm-bearing agents (p) as well as
the cost the mutant adopts when she punishes said n — 1 agents (k).

We might expect the above criterion to generally be unlikely to be met
and thus the process it formalizes could rarely be expected to explain norma-
tive change. It is unrealistic, particularly when we consider ethnographically
described cases of group-based material punishment, which include tolerated

theft and destruction of food stores, ostracism (and the withdrawal of mutual

aid), executions, beatings, and monetary fines (Amadiumel 2015} Boehml, [1999;

Briggs|, (1971} [Henrich and Henrich| 2014} [Humphrey], 1942} [Mathew and Boyd],
2011} [2014} [Smith| [1961)), to assume that the change in net-private costs from

adopting a novel behavior could offset the cost of conflict with the resident

strategies.

10



Additionally, this model critically assumes that no strategy will ever respond
to punishment by adopting an alternative norm, i.e. no agent is permitted to
acquiesce to punishment and instead, conflict continues indefinitely and is never
resolved. The presence of permanent conflict suggests that evolution may select
for strategies which optimize who they engage in conflict with, if conflict with
different strategies entails distinct costs. This argument is akin to pointing to
the fact that punishing strategies cannot directly invade defecting populations
that fail to respond to punishment with cooperation; such recalcitrant defectors
are in fact stable to invasion by punishing cooperators. In order to invade such
defecting populations, punishing strategies instead raise the fitness of defecting
strategies that do respond to punishment relative to recalcitrant defectors and
then invade the ”contrite” defecting population (Boyd and Richerson, |1992)). In
a sense, punishing strategies can be thought of as "niche constructors” (Odling-
Smee et al.l |2003) that seek to construct social environments conducive to their
own proliferation. A similar process may permit a normative mutant to coerce

its own evolution.

3.2. Conflict Resolution by Punishment

We now consider what evolutionary incentives the presence of costly nor-
mative conflict produces when what public good behaviors a strategy adopts
impact their conflict parameters (the p and k terms). We assume the existence
of a population where behavior 1 was historically stabilized by punishment, i.e.
is the only present behavior, and we ignore the mixed equilibrium for punishing
strategies located in |Boyd and Richerson| (1992)); this is a conservative assump-
tion because such a mixed equilibrium would be more permissive of normative
change. Assuming that behavior-2 adopting mutants repeatedly arise (we label
any agent that adopts a minority public good behavior as ”Change Agents”;

Change Agent 2 denotes a strategy that breaks the most frequent norm in the

11



population of adopting behavior 1 by adopting behavior 2 instead), perhaps due
to behavioral errors and cognitive constraints (Boyd and Richerson| [1992), we
ask when a strategy that responds to Sg punishment by adopting behavior 2

has a higher fitness than the resident strategy, S1, which ignores So punishment

and continues to play behavior 1 (proof in [Appendix Bj):

Proposition 2. Strategies that respond to Change Agent 2 punishment by
adopting behavior 2 (Fair-Weather Friend: Si_,2) will replace the resident norm
1 playing strategy (S1, which ignores Change Agent punishment, if conflict with
the Change Agent when failing to adopt behavior 2 sufficiently exceeds the cost

of conflict with n — 2 residential group members for adopting behavior 2:

AC1-2:Change in private net-costs that Fair- Weather Friend experiences for adopting behavior 2

b
(1= —) = (2 — =)+ (p3 + ki)
n n N——
Cost of conflict with Change Agent

>
(n —2)(pf + k3)
Fair-Weather Friend’s experience of conflict with n — 2 behavior 1 group-members after adopting 2

When the above criterion is met, a 1 playing strategy’s best response is to
adopt behavior 2 in order to avoid S, punishment. This criterion will be met
so long as the cost of conflict with the Change Agent (Sa; p3 + k%), which is
what a norm 1 playing strategy experiences when it refuses to adopt behavior
2, is costlier than conflict with the n — 2 resident norm 1 playing strategies,
(n — 2)(p? + k3), which is what a Fair-Weather Friend strategy that ends up
adopting behavior 2 experiences.

Proposition [2] makes a critical point: How a behavior interacts with an
agent’s punishment parameters, both in terms of the costs it can confer to other
agents as well as the costs other agents bear when engaging in conflict with it,

will impact the evolution of norms. This interaction effect must be ”private”

12



and occur at the level of the individual; any change in punishment parameters as
a result of adopting the novel behavior must result from an individual mutant’s
actions alone and not represent any more sophisticated coordinated forms of
punishment (Boyd et al., |2010; [Hadfield and Weingast,, |2012)). However, corre-
spondingly, the above means that it is only for the subset of behaviors wherein
adopting them alters agents’ punishment capacities in a way that satisfies the
criterion in Proposition [2| This means that relatively strong restrictions exist
in terms of what normative change can be supported in order for conflict to
induce normative change on the timescale of a group’s existence. Alternatively,
our model implies that historical normative conflict will select for those norms
that confer to individuals punishment parameters defined in Proposition [2]
Now that we have identified the conditions under which normative change
is possible on the timescale of a group’s existence, we identify the the stability
criterion of a previously stabilized norm, behavior 1, which is also the invasion
criterion of behavior 2. In assuming that Proposition 2] holds, the ecology of

strategies no longer includes Stubborn 1 but rather Fair-weather Friend:

1. Fair-weather Friend (S;_2): Play behavior 1, punish any agent that
does not adopt behavior 1. If punished by a behavior 2 playing agent,
adopt behavior 2 for all future rounds and punish any behavior 1 playing
agent.

2. : Stubborn 2 (S3): Always play behavior 2, punish any agent that does

not adopt behavior 2.

Because we assume Proposition [2 holds, now when Stubborn 2 encounters the
resident norm 1 adherents, a single round of normative conflict will occur before

the norm 1 adherents adopt behavior 2. When can a new norm, behavior 2
invade and begin to replace a pre-existing norm, behavior 1 (proof in [Appendix]
C):

13



Proposition 3. A Change Agent that can coerce cooperation with its preferred
norm (Proposition@ holds) will begin to replace resident norm adherents so long
as the lifetime benefits of normative change plus any differences in the net cost of
cooperation when adopting the new behavior exceed the initial cost of normative

conflict:

AC1_2Change in net costs when switching from 1 to 2

bg w

(Cl—g)—(cz—*ﬂ'

n 1l—w

(b2 — c2) — (b1 — c1))]

ABj_2: Change in induced benefits from switching from behavior 1 to 2
>

(n—1)(p] + k3)
—_—

Cost of conflict to 2-bearing mutant
If this criterion is not met then norm 1 is stable to invasion.

The above criterion portrays normative conflict as akin to an ”investment”.
So long as the cost of that investment to the Change Agent mutant, (n—1)(p? +
k1), is less than the "return”, or the induced life-time change in benefits that
the Change Agent experiences from coercing its n — 1 group members to shirk
1 and adopt 2, ABy ;5 = %= [(b2 — c2) — (b1 — ¢1)], then norm 2 will invade
norm 1. Otherwise, norm 1 is stable to invasion. In effect, we show that the
stability of a norm, behavior 1, which has been stabilized by punishment (i.e.
is fixed in a population), depends on the relative group level net-benefits of two

behaviors.

Does the stability of norm 2, when it is common, similarly depend on a

change in net-benefits (proof in |[Appendix C))?

Proposition 4. When norm 2 is dominant in the population, and norm 2 bear-
ing agents can coerce cooperation with that norm (Proposition holds), behavior

1 will begin to replace behavior 2 so long as the punishment that the behavior

14



1 mutant experiences for adopting behavior 1 is exceeded by any change in net-

costs that it experiences when switching to behavior 1:

Cost of conflict to behavior 1 mutant

(1= Dh+RD) > (e2— 2) — (e — 22)

Change in net-costs to mutant in switching from behaviors 2 to 1
If this criterion is not met then norm 2 is stable to norm 1 invasion.

This criterion states that a resident behavior is stable so long as the cost to
a mutant of engaging in political conflict with it’s entire group, (n—1)(p3 + k?),
exceeds the change in private net-costs to from switching to behavior 1 from the
resident norm, (cg — %2) —(c1 — %), then a behavior is stable. This criterion
closely matches the stability criterion of Boyd and Richerson/s (1992) and states
that the stability of a behavior when stabilized my costly-punishment in no
sense depends on the benefit of that behavior. In effect, punishment allows the
evolution of cooperation (or anything else) in group settings.

Finally, there is the possibility of a stable interior equilibrium (proof in

Appendix _C).

Proposition 5. Should the criteria in both Propositions[3 and[{ fail to be met,
i.e. mneither the benefits of normative change exceed the cost of conflict to 2-
bearing agents nor does the cost of conflict to a 1-bearing mutant exceed the
change in private net-costs the mutant experiences in adopting behavior 1, then

a stable mized internal equilibrium consisting of a small proportion of Ss exists.

4. Discussion

We have demonstrated that, in contrast to previous resultsBoyd and Richer-
son| (1992), the stability of a norm at times depends on what group-level benefit

it affords (Proposition . Somewhat strangely, we have shown that this is not

15



true for another norm (Proposition . How do we explain this distinction in
our results?

The key is to understanding the apparent conflicting results is to direct
attention to the role of punishment and the nature of conflict resolution in the
model. Because no institutions exist to permit normative conflict to be settled,
it must be settled by means of punishment. Proposition [2| permits conflict
to be resolves and provides the criterion under which behavior 1 adherents
are incentivized to adopt behavior 2 once punished by behavior 2 adherents.
However, when this criterion is true, which depends on conflict with 2-bearing
agents to be far costlier than conflict with a group of 1-bearing agents, behavior
2 adherents are never incentivized to adopt behavior 1 once punished. A focal
strategy in other words will only, within the scale of its lifetime, switch from
behavior 1 to behavior 2, but never vice versa from 2 to 1. Correspondingly, only
2-bearing individuals experience the benefits of their group-members adopting
behavior 2 whereas 1-bearing individuals cannot ever coerce cooperation with
behavior 1 and never see the benefits of their group-members adopting behavior
1. Should behavior 2 be established in a population, selection may permit 1
to invade when the criterion in Proposition [f] will be true, but because no 1-
bearing mutant ever coerces her group to switch from behavior 2 to behavior 1,
the group benefits of behavior 1 are irrelevant.

A clearer statement of our key result (Proposition [3]) is that so long as (1)
adopted behaviors interact privately to determine strategy’s punishment capac-
ities and (2) a given norm grants a sufficiently high increase in punishment
capacity compared to a resident norm, as described by the criterion in Propo-
sition [2| then the stability of a resident norm depends on the life-time change
in group benefits associated with adopting the alternative norm. So long as the

life-time change in net-group benefits exceeds the cost of engaging in conflict to

16



the Change Agent mutant coercing cooperation with a novel norm, then the res-
ident norm will be replaced. Proposition[dthen and the stability criterion of the
”alternative” norm, behavior 2, does not include any group level benefit terms
because no mutant agent is ever able to coerce cooperation with their preferred
norm, behavior 1. If neither a Change Agent mutant nor the resident strategies
can coerce cooperation, than we are simply left in the world of ongoing conflict
(Proposition [1) whereby again, normative change only arises from evolutionary
dynamics and the stability of a norm does not depend on group level benefits.
The stability criterion result above indicates that understanding how normative
conflict comes to be resolved and the game-theoretic properties may have far
reaching consequences for what sorts of norms emerge. Correspondingly, future
study should be directed towards conflict resolution institutions, drawing on
political and legal anthropology and history.

What are the historical implications of these results? We feel there are
two obvious insights to our results and a critical weakness. First, that when
conflict is resolved by means of punishment, normative conflict will only select
for behaviors inducing increased group level benefits from among the set of
behaviors that effectively determine strategies’ punishment capacities. If the
potential norms do not impact punishment capacity to make the criterion in
Proposition [2] true, then group-benefits will be irrelevant to the resident norm’s
stability criterion and no evolutionary ratchet exists to explain the emergence of
adaptive norms and institutions. By and large, punishment technologies have
been only abstractly formalized in the cultural evolutionary literature. Our
model suggests that that is a mistake and that important details about how
punishment occurs and relates to bodies of knowledge and material technologies
may have deep repercussions for normative evolution. This claim is a subset of

our previously mentioned point that future research should explore variation

17



in how normative conflict is resolved beyond the punishment mechanism we
explore, because those characteristics will similarly impact normative change.
We have modeled only one specific manner in which normative conflict can
be resolved, punishment, and one specific form of punishment at that, where
strategies’ punishment parameters stem from what public good behavior they
privately adopt. This captures a situation where, for instance, in a patriarchal
society, norms that restrict women’s access and involvement in public places
also prevent women from garnering the requisite skills, resources, experience,
and psychological traits that would permit them to impose large punishment
costs on others. However, other methods of normative conflict resolution exist,
and should they resolve conflict stochastically, then Proposition [d] would still
entail group benefits, permitting a residential norm to be replaced by a less-
adaptive one.

Second, note that the criteria in Propositions 2] and [3] are relatively difficult
to meet. Ethnographic evidence suggests that when groups of individuals confer
punishment, such as when punishment takes the form of theft and destruction of
food stores, ostracism (and the withdrawal of mutual aid), executions, beatings,
and monetary fines (Amadiume, [2015; Boehm| (1999; Briggs, (1971; |Henrich and
Henrich| 2014} Humphrey, [1942; Mathew and Boyd) 2011} [2014; |Smith, [1961)),
the costs of normative conflict can be rather high. Correspondingly, one should
suspect that relatively few behaviors will pass the initial "sieve” defined by the
criterion in Proposition [2| whereby the costs of conflict with an individual nor-
mative mutant exceeds the cost of conflict with an entire group of resident-norm
adherents, and the requirement that punishment parameters reflect the private
adoption of a single behavior. However, should punishment take coordinated
forms and punishment parameters be nonlinear in the number of punishers or

the relative size of punishing coalitions, Propositions [2] and [3| would likely be
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easier to satisfy. This again emphasizes the importance of understanding spe-
cific punishment technologies and how the adoption of behaviors impacts the
ability of agents to confer and resist punishment costs.

In light of the importance of how social and material technologies impact
the ability of strategies to both confer and resist punishment costs, hierarchical
behaviors that construct social distance within a population will likely impact
normative evolution. Correspondingly, the critical drawback of our model is
that it assumes that the alternative behaviors we study identically impact all
agents’ payoffs within the population. For most cases of interest, such an as-
sumption is likely far too strong. A more realistic model would permit the
population (or meta-population) to consist of agents whose cultural fitness are
heterogeneously impacted by the two behaviors we study. Such heterogeneity
is part and parcel of evolution, arising from the divergent ”preferences” and
interests that accompany standard genetic and cultural evolutionary processes.

Divergent evolutionary interests in sexual reproduction and sexual selection is

an ongoing topic of study in evolutionary biology (Fisher et al. [2013; Parker}
1978, [2006) and critical to understanding hominin evolution (Hrdyl [1997] [1999;
Mulder and Rauchl [2009)). The culturally variable sexual division of labor de-

notes specialization into distinct economic roles and likely produces heteroge-

neous preferences for goal-seeking agents (Bird, 1999} Bird and Codding, [2015;

Hadfield, [1999; [Waguespackl 2005)). Among foragers, such variation may lead

individuals to prefer different collective movement decisions, which are of obvi-

ous relevance to group-living organisms generally (Krause and Ruxton, [2002)),

group-compositions, and distributions of individuals’ time-allocations. Simi-
larly, individuals are characterized by a relatively large number of distinct bi-
ological and psychological traits that may be either culturally or genetically

inherited or arise through the stochastic processes defining individual develop-
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ment and learning. That such inter-individual variation exists and produces
normative conflict is already central to a major theory of human evolution:
How the hominin lineage transitioned from chimpanzee dominance hierarchies,
in which a single male or small-coalition of males enforce their private reproduc-
tive interests by imposing behaviors on group-members, to human foragers, who
often violently enforce norms and practices that limit competition, hierarchy,
and exploitation by self-aggrandizing and bullying individuals seeking to elevate
their private interests above others’ (Boehm et al., [1993; Boehm), [1999). Should
multiple evolving subpopulations exist within a meta-population and be charac-
terized by distinct cultural fitness orderings, then it is unlikely that normative
conflict will permit the evolution of group-beneficial norms (Richerson et al.
2016)). In these cases, such as would represent when men and women prefer
distinct normative equilibria and individuals largely learn their behaviors from
within their gender or sex, the norms that evolve by means of conflict will likely
exclusively benefit a given type (gender or sex) within the meta-population.
Such dynamics would likely heavily influence the dynamics of group-selection

as well, potentially limiting its capacity to select for adaptive norms.
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Appendix A. Permanent Conflict

When the population only consists of Stubborn 1 and Stubborn 2, the
payoff of each strategy, conditional on 7 Stubborn 1s being present in a group,

are given by:

1 1+1 n—i—1 .
V(Si)= = |bi—— +b—p —e1— (n—i—1)(py + k)
(A1)
V(Sy) = bi—l—bn_i—c —i(p? +k3)
1) = I—w 1n 2 2 Y4 2
Each strategy’s fitness function is given by:
1 E[ilS 1 — Ei|51] -1
W(51) = wo + b1 15 % + by 15:] -
1-w n
—(n — E[ilS1] = 1)(p3 + k7)
(A.2)
1 E[i|S — EJi|S
W(S2) = wo + by [i152] + by [i152] _ C2
l1-w n n
—Bli|Sa] (p1 + k3)
Assuming there is no assortment of strategies then E[i|-] = (n — 1)z, where

x is the frequency of Stubborn 1. Stubborn 2 will increase relative to Stub-

born 1 so long as:

@ =2~ e = 24 0= (- Db+ B -+ 1) >0 (A3)

The stability criterion for S; is found by setting z = 1 and flipping the greater-

than sign. Alternatively, the stability criterion for Sa is given by setting = 0.
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Appendix B. Contrite S;

In this section we evaluate when a strategy that responds to So punishment
by adopting behavior 2 has a higher fitness (and can come to replace) behavior
1 bearing strategies. Such a criterion is of interest because it determines the
conditions under which a So mutant will be able to coerce cooperation with its
preferred behavior (2). Without the criterion in this section being satisfied, no
normative chance can occur within the existence of a focal group, i.e. no focal
agent would experience normative change within the lifetime of its group.

Assume a basal population that consists of some mix of predominantly Sy
and a small proportion of a variant of Sy, which we label S;_,5. S;_,5 initially
plays 1 and punishes any agent that fails to play 1, however, should any 2 playing
agent punish them, they immediately shirk 1 and switch to contributing to 2,
also punishing any agent that fails to contribute to 2. In other words, in groups
where no Sy-like phenotype exists, S1_,2 looks exactly like a S; and no relative
fitness differences exist between the two strategies; in groups where any agent
punishes behavior 1 contributors, S;_,2 comes to adopt a behavior 2 playing
phenotype.

Additionally, assume that both of these strategies have some probability
of "mutating” and playing Sa, which occurs with probability ¢ due to some
form of non best-response play. We make the conservative assumption that no
two agents in a group ever simultaneously adopt a Sg phenotype. Such non
best-response play may reflect behavioral errors; agents failing to understand
their environments, should they possess cognitive capacities; or, relatedly, agents
probing their environments, perhaps because they rarely observe punishment in
equilibrium.

Because fitness differences only exist when a S mistake occurs, we only

examine the fitness differences in those groups:

32



—1
W(Sl) T Wo +b1n

1
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S1_.2 has a higher fitness than S; when:
by bs
(=)= (2=~
> (B.3)

(n—2)(p + k3) — (p3 + k1)
Appendix C. S;_,5 and S; Competition

Here we study a system whereby normative change can occur within the
existence of a group. The ecology of strategies in this section assumes that
Proposition 2] holds and that Stubborn 2 is able to coerce cooperation with
its preferred behavior (2).

Let ¢ denote the number of S;_,5 in a group besides the focal individual.

The expected fitness for each strategy are given by:

n—BElS) Bli|Sa](p + k3)
” (C.1)
+ Lw(bz —c2)

W(SQ) = Wy + b1 b2

BlilS:)
n

33



E[’L|Sl_)2] —|—1 TL—E[’L|51_)2] -1 o

W(Sl—>2) = wO"’bl + by " c1
— (n = Eli[S152] — 1)(p3 + k7)
F b= ot Pr(i == 1US12) [(by — 1) — (b — 2)])

(C.2)

We assume no assortment of strategies. Correspondingly, the expected num-
ber of S;_,2 does not depend on a focal agent’s strategy and E[i|-] = (n — 1)z,
where x denotes the proportion of S;_,2 in the population. Similarly, regard-

less of her strategy, the probability of a focal agent encountering n — 1 S;_,3s,

Pr(i =n —1]+), is given by 2"~ L.

S, will increase in the population so long as:

(c1 — %1) —(c2 — %2) +(n-1)[1- z)(ph + k2) — z(p? + k3)]
(C.3)
(b —c2) — (b1 —c1)] 2" 1 >0

w
1—w

+

This function is a convex function of z on the relevant interval for which it
is defined, [0,1] so long as (b2 — ¢2) — (b1 — ¢1) is positive and behavior 2
confers larger net-benefits to the group than behavior 1. The all-S;_,2 stable
equilibrium (or invasion criterion for S3) is found by setting # = 1 and reversing
the greater-than sign; the all S, stable equilibrium is found by setting x = 0; the
internal equilibrium cannot be solved for in closed form expression, but exists
whenever neither of the strategies are evolutionarily stable. Should S;_,5 be

unstable but S, be stable, two internal equilibria exist, an unstable one located
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near x = 0 and a stable equilibrium near x = 1. This occurs so long as:

(ph + K+ P+ KDL —w) Y
wl(ba —ca) = (b1 —c1)]

>

(n—2)(py + ki +p?+k)
(C.4)

B+ K= 1)+ (e1— )~ (er — 2)

n

Should (by — ¢2) — (b1 — ¢1) be negative and behavior 2 confers smaller net-
benefits to the group than behavior 1, the fitness difference between the two
strategies is a concave function of x on the relevant interval and the sign of the
above criterion is flipped and the paired interior equilibrium occurs when So is
unstable but S;_,5 is stable. Now, the interior stable equilibrium occurs near

x = 0 and the stable one near x = 1.
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