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Abstr act

Why do humans coopeate within large nonkin societies? A simple answer istha the
ancestors of humansgendically evolved coopeative tendendes throughmillionsof years
of livingin small groupswhere small-scale coopeation would be advantageousfor
survival. However, of the 50,000year history of modern humans only thelast 10,000
have seen explosve growth in the size of human sodeties, from sodeties of severd
dozen membersto sodeties of millions | seek to explain the evolution of large-scale
human coopeation asthisinarease in soda order. | examinetwo previougy
undeemphasized mechanisms to suppot coopeation: (1) inditutiond variance, and (2)
war between sodeties. These two phenomenahave been prevalent throughthe last
10,000years of human history, and are uniqueto humans In contrast to earlier work
predominantly concerned with reciprocation and kin selection to suppot the evolution of
coopeation, | develop evolutionay andrationd choice moddsin which beween-group
competition and conflict hdp suppot within-group coopeation.

|. Intr oduction

Many aspects of our daly lives are produds of massive sodal coopeation. Walking into
any of thousandsof storesin acity, | am often confident | will nat be cheated by a
shopkepe | have never met and may never see again. Walking out of thestore, | enjoy
public streets pad for, congructed by, and maintained by the joint work of thousndsof
people. Hundredsof cars zoompast me, thar drivers often obeyingtraffic laws,
successfully coordinaing to not smash into each other or pedestrians Andif someone
failsto coopeate, hittingandinjuringme, al isnat log: my life mightbesaved by a
bloodbank system, composed of dondionsby volunteers who receive little bendfit in
return. And after | survive, | can find recourse throughalegd system who<s directives
millionsof peoplejointly obey.

We live in sodeties with coopeative and coordinaing benavior amongmillions

of members. Inthesevera millionyears of human history, thisisan anomaly. Just
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10,000years ago, no human lived in asodety of more than several hundeed people; no
large-scale coopeation was possible. Why does this astounding level of coopeation
exist today?

Sodadl order Bi.e,, large-scale coopeaation Dmakes moden large-scale sodeties
possible. If people stoppeal obeyingtraffic laws, stopped basic trug in everyday
commerce, stoppel paying taxes, or stoppel settling disputes throughpeaceful means
sodety would stop working or lose efficiency. But how did this evolution of large-scale
coopeation come aboutin thefirst place? First, I@ provide some context by
summarizing theliterature onthe more abgract question of how coopeation can evolve
in aworld withoutcentral authority.

The evolution of cooperation in generic game theoretical agents

In the past few decades, researchersin the sodal and biological sciences have created a
tremendousliterature on the evolution of coopeation. The Gavolution of coopeaationO
usudly meansthe emergence of coopeationfromaworld of selfish non-coopeators, and
the stability of coopeation over time. The problem isvery sharply defined in
evolutionay biology. Imagineapopuktion of selfish, individudistic organisms Bthe
sort onewould expect as theresult of survival of thefittest. It seems countrintuitive tha
over time they would ever evolve coopeative or dtruistic tendendes. Helpingothersat a
cog to yourself only hurts your own relative reprodudive fitness; therefore, coopeative
behavior should disappear from an evolutionay system.

Themod problematic cases of coopeation can beabdractly characterized asa
prisonesQdilemma (PD). Two players mus simultaneoudy decideto play nice, or look
outfor themselves Bcoopeate or defect. Figure 1illudrates the payoffs for thefour
different outcomes of atypical 2-personPD. Itsfirst important propeaty istha mutud
coopeation has the highest collective payoff Bthesum of the playersOpayoffs at (C,C) is
highe than unde any other outcome. If both sides coopeate, they do better as a group
than if eithe or both defect. However, there is astrongtemptationfor each individud to
defect. If theother sdeis coopeating, you can do better if you defect. If theother side
isdefecting, you also do better defecting. Therefore, no matter wha the other player
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doss, it is beter for youto choo® defection. Individud incentives run counter to the

sodal good.

Figurel: A PrisonersODilemma
Each cell has the pair: (183 payoff, 28 payoff)

2
C D

C 2,2 0,3

D 3,0 1,1

If this still seems coungrintuitive, imagineyou are player one |If your opponet
IS going to coopeate, then you can choos between the uppe left and lower |eft
outcomes. Your choice of C vs. D is achoice between a payoff of 2vs. 3. If your
opponat is going to defect, then you®e in the second column and your choice of C vs. D
isachoice between 0 vs. 1. Either way, choosng defection is a better strategy Bthus
with no knowedgeof wha youwr opponat will do, you should choos defection.

Congder if two players meet once, mug play aPD, then never meet agan. In
such aoneshot PD, coopeation should bevery difficult. We would expect both players
to defect. Theoutcome of mutud defectionis aself-enforcing (Nash) equilibrium: if
both are thinking to play D, it isharmful for either player to unilaterally switch thar
strategy to C. Theonly Nash equilibriumfor the PD is defection by both players.

A common theme in the coopeation literature is to examine how coopeative
outcomes can emergefromaworld of all defectors. Two major mechanisms have been
noted that allow coopeation to outperform defection: kin selection (Hamilton 1964)and
reciprocal altruism (Trivers 1971)

Themog well-known work alongthelines of reciprodity is Robat Axelrod®
study of the evolution of strategies for theiterated prisonasCdilemma (Axelrod and
Hamilton 1981,Axelrod 1984. In an IPD, thetwo players play a series of PD@ agang
each other. In contrast to the PD@& two strategies DC vs. D BthelPD has many more,
since thedecisonto coopeaate or defect can be conditioned on the history of previous
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moves. For example, the strategy Qit-for-tatOQ(TFT) coopeates onthefirst move, then
does whaever the opponeat did in thelast round It rewards coopeation and punishes
defection. If you are playingagang TFT, it istrue tha you can play D to exploit it for
oneround,but youthen incur a cod: it punishes you with a subsquent D move, which
guaantees you alow score in thenext round. If you sufficiently concerned care about
payoffsin future rounds youwould do best to keep coopeating and therefore maintain
the C,C outcome. Thusreciprodty can suppot coopaation. (TFT isonly oneexample
of this, butit has received tremendousattention.)

Theevolution of strategies can bemodded via evolutionay game theory
(Maynard Smith 1982, where payoffs represent reprodudive success. Congder an
ecology of IPD players, each with its own strategy. Every round they al randomly par
off to play IPD@. Strategies tha tend to win highe payoffs become more commonin the
popuktion. Inan ecology split between thesaintly ALL C and theaggressive ALL D,
ALL D always has a better fitness payoff, and thusoutreprodues ALL C and eventudly
takes over the popuktion. An ecology mixed between ALL D and TFT, however, may
sometimes betaken over by TFT. When pared againg an ALL D, it gets exploited only
onee onthefirst round andtiesit for therest. When pared agang another TFT,
however, both players will profit from mutua cooperation. If thepropottionof TFT is
high enough,the coopeation bendits from TFT-TFT matchupsoutweigh the minimal
cogs of first-roundexploitationin TFT-ALL D matchups thusTFT eventudly takes over
thepopuktion. Thisisnottheend of thestory, since TFT itself could beinvaded by
anothe strategy (Boyd and Lorderbaum 1987) however, the point is tha reciprocal
strategies can perform quite robugly and manageto establish high levels of coopeation.

Besides thefamousexample of IPD reciprodty, many other mechanisms have
been foundto suppot theevolution of coopeationfromaworld of all defectors:
atruistic punishment (e.g. Boyd, Gintis, Bowles and Richerson 2002) shared reputation
information (e.g. Milgrom, North and Weingast 1990) geographical clugering (e.g.
Nakamaru, Matsudaand Iwasa 1997) self-smilar biases (e.g. Riolo, Cohen and Axelrod
2001) indudvefitness such as kin and group selection, and many more. We will

examineindusvefitnessin Section 1.
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A very recent 10000years of large-scale human cooper ation

Wha do these findingsmean when applied to the question of the evolution of human
coopeation? Compared to all other animal species, humans possess uniqudy complex
cognition, lingustic communication, and culture. Thebehavior of all animals, induding
humans can adapt throughthe process of genetic evolution. But thebehavior of humans
can also adgpt to athroughcultural learning and trangmission Band do it magnitudes
faster than biological evolutionay time. If we want to undestand the evolution of
human coopeation, we need to consde both thebiological evolution of prosodd
tendendes, and the cultural evolution of coopeative behaviors.

Themechanisms leading to the emergence of cooperative strategies are useful
ways to undestand many specific human sodal situaions They aso can beussful to
undestand genetic evolutionin biological organisms, and perhgpseven human biology.

However, in this pgper | will focuson onevery important example of human
coopeation: human sodeties. Human sodeties predate the emergence of homo sapiens
and hono sapienshave lived in sodeties for aslong as they have lived.



OGTonnor 9/ 48

Figure2: Timeline: human biology and social organization imperfectly correlate

ancestral humans emerge modern humans emerge
2million 50,000 { 10,000
BCE BCE BCI E
_______________ i
small bands intervillage chiefdoms, states
<200 members thousands, millions of members
small-scale cooperation large-scale cooperation

50,000years ago, the mos moden human species started becoming widespread,
and only 10,000years ago, thefirst villageand intervillage sodeties formed (Lenski
1970,Diamond 1999. Since then, human sodeties have been growing larger and larger.
10,000years ago, no human lived in a sodety of more than afew hunded people.

Today, amog al humanslive in sodeties of thousnds millions or even billionsof
people.

Sodeties can exist only with sodal order Bpublic goodsand coopeation. Large
sodeties are a conequeance of large-scale coopeaation. This dramatic growth of sodeties
isonly possible with larger and larger scales of coopeaation. Why did this ever hgppen?
Why did nothumansjug keep living as huntier-gatherers for another mere 10,000years?
How did this example of theevolution of coopeaation come about? The previoudy
described literature onthe evolution of coopeation is somewha unhdpful here. Can
TFT invadean all defector popuation? That isirrelevant because there never was an
ALL D phease of human history Bnotamongindividuds. Individud humansaways lived
togdher in hunier-gaherer groups ALL D isimplaugble as the setting before the
evolution of large-scale sodeties, sSince basic innae propengties to coopeate had aready
gendically evolved by 10,000years ago. Infact, basic prosodal cultural noms probably
existed aswell. Moden-day huner-gatherer sodeties display high levels of
interdependence and exchange which suggests tha ancestral humansdid aswell (e.g.,
egditarian meat-sharing practices, reviewed in Wilson 1998) Starting frominterndly
coopeative small bandsand villages, how did we get intervillage and larger sodeties?
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Carndro (1970,1998)provides a compdling account based on conflict between
sodeties. He notes tha early human settlement was often characterized by the existence
of many village sodeties together in onegeographical region. When villages burmp up
agang each other, raidsand conflict can hgppen between them. If resources and space
are limited, then inaeasing popuktion guaantees overcrowding and more conflict.
Many origind states did in fact arise in geographically circumscribed areas, where
surrounding mountinsor ocean confined humansin narrow habitable areas.

Increasing levels of conflict, in turn, led to larger political unitsin at least two
ways. (1) Anaggressive village can conque another (Carnaro 1970)and thusform an
intervillage sodety Bachiefdom An alterndive explanaionis (2) military aliances
between villages evolve into political units, headed by themilitary leader of thejoint
forces (Carndro 1999. Carndro cites suggestive contemporary and historical examples
of warfare at thetime of chiefdomformation.

In aworld of scarcity-fuded conflict, large sodeties are selected for. Without
conflict, human groupswould remain at afairly optimal size for huning and gathering.
Since very few huner-gatherer sodeties were larger than afew hunded people, it stands
to reason tha large sizes groupswould have been ineffective at survival; they would go
extinct or break up. But conflict introduaes an incentive to grow larger, to beat out other
sodeties and defend better agang larger ones.

If coopeationiskey to sodetal growth and/or strength, then coopeative sodeties
are selected for. Sodeties with soda disorder go extind, since they cannotcompete
agang more interndly coopeative sodeties. Andwhen some sod eties become more
coopeative and larger, other sodeties have to ge&t even more coopeative and even larger
to compete.

In Section 11, | present Wilson® ([1989 1994)modé to show that variance of
coopeativeness across groupscan encourage the evolution of coopeation. Since cultural
inditutionshave tremendousvariance across sodeties, this can to a certain extent explain
increases in coopeation among compeing sodeties. In Section 1V, | introdue between-
group conflict into themodd and andyze how it could encourage within-group
coopeation. Conflict functionsas away of intensfying groupcompetition. | also
develop a complementary decision-making modd of how conflict can solve within-group
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prisones dilemmas. | offer both therationd and evolutionay modds of coopeative
behavior as possible formal explanaionsof large-scale coopeation and human sodeties
aongthelines of Carneiro@theory.

In this paper | hopeto make three contributions Thefirst isto recast the
evolution of human sodety in formal terms of theevolution of coopeation. This seems
natural since sodety is an important example of large-scale coopeation. Second | want
to reinterpret and modfy formal coopeation evolution theories into explanaionsof the
evolution of large-scale human coopeation Btha is, make amodd tha explainsstylized
factswe know. My third god isto explore two particular mechanisms to encourage
within-group coopeation: ingitutiond variance and between-group conflict. Of course,
themodds and andysis here do notfulfill this entire research agendg buthopédully are

advances on which future work can build.
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|I. Evolutionary Dynamics and Human Cooperation

In thissection | jugify why it isreasonéble to model changesto human sodeties as an
evolutionay process, and explain the specific formulation used in this paper, the
propottiond fitnessrule. | also review theindugve fitness explanaionsof coopeation b
kin selection and group selection Band arguetha group selectionis a useful explandion
for thecoopeaation in human sodeties, especialy during thar dramatic increasesin size,

complexity, and coopeationin thelast 10,000years.
Human sodeties can change over time via evolutionary processes

As has been stated before, human sodeties have demongdrated tremendouschangesin the
last 10,000years. Onetypeof changeis growth. Sodeties have become larger interms
of both popuation and occupied land.

Another type of changeconaernsa sodety@ internal ingitutions structure, and
culture. Human behavior is heavily influenced by culture, norms, bdiefs, skills, and
sodal structure. Culture and ingitutionscan changeover time, which changes people®3
behavior over time.

Finding a systematic explanaion of these changesisagod of thisthesis. The
explanaion explored here issoda evolution, meaning a process in which certain
societies and cultural practices survive and become more prevalent.

A few clarifying notes. First, soda evolution has nothing to do with biological
evolution of genes. Sodal evolution congsts of changes to cultural and socal
inditutions It actsfast enoughto have subgantial effects over 10,000years, whereas
gendic evolution does not.

Secondly, we need adefinition of the term Gevolution.O It can sometimes mean
Qyradud changeover time,Oas in (ore-revolutionay sodety started to evolve ungable
practices.O Thisis ageneral notion of Gevolution.O When | use theterm in this paper, |
intend to give it amuch sharper meaning: evolution describes a process in which the mog
fit types of reprodudive units become more common or prevalent later in time (Bendor
and Swistak 1997) Thisdefinitionindudes Darwinian naural selection among
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organisms, where fitness is measured as reprodudive success. the mog fit organisms
have the mog offspring, and thusthat species becomes more common in the next
generation?

With some care, this definition of evolution can also be applied to sodeties and
cultural changes. Sodeties with highe fitness tend to survive or grow at the expense of
others. Sodeties with low fitness have a harder time surviving; sodeties tha stagnéae,
shrink, or become destroyed in conflict all have low fitness.

Fitnessis reprodudive success, but we are not concerned with the odd conaept of
sodetal reprodudion. Rather, sodetal traits reproduce themselves when thar sodeties
survive or grow. Such traits become more prevalent. Thus traits that cause survival or
growth are sodetal traits with highfitness. If we say asodety has highfitness, tha
merely meansits traits tend to become more prevalent in theworld ?

Size and culture can affect asodety@ fitness. Size can increase fitness® by
providing more land and human resources with which a sodety can compete agang
others B getting scarce resources, growing faster, or dominaing throughconflict. Since
Size causes survival, larger sodeties tend to survive, and thusbecome relatively more
common as smaller sodeties become less common. Similarly, certain cultures and
inditutionscan increase a sodety@ fitness. All other thingsequd, a stronggovernment
tha coerces members to contribute to efficient puldic goodswould increase thefitness of
asodety. Or, certain nomms of altruism mightinarease efficiency in produdion. For
example, anom of hdping people in need might solve ineficiendes caused by thefact
that people with disease need temporary hep to survive. Caringfor your sodiety@ sick
members has a cos to caregivers, buta high bendfit of produdion from members after

! Besides natural selection, anumber of other forces can cause genetic change over time; for example,
genetic drift (random changes of genetic makeup that have no bearing on reproductive fitness) and genetic
migration (caused by movement of populations). Evolution is sometimes considered as the totality of all
these forces; here we only examine selection.

2To be precise: atrait@ prevaencein theworld is defined as its frequency among societies, weighted by
society size. If you select from the world arandom individual, the probability that individua has trait X is
trait X@ prevalence in the world. Thus, doubling one society size has the same impact on societal trait
prevalences as the appearance of an new identical society of the same size.

By this definition, a society@ survival positively influences the prevalence of its traits (relative to its not
surviving). But furthermore, if a society grows, that also positively influences the prevalence of its traits.
This definition allows us to simultaneously examine societal survival and growth (or extinction/shrinking).

3 Thisis not tautological. By our definition, oneway a society is GitOis if it grows/survives. Therefore
growth causes size, but the reverse is not necessary: large societies could conceivably be selected against.
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they get well. Thus this paticular norm would increase the sodety@ fitness. It is easy
to think of (and dispute) many cultural and ingitutiond elements tha could inarease or
decrease a sodety@ fitness.

The proportional fitness rule describes a class of evolutionary processes

We have defined an evolutionay process to be onewhere greater fitness leadsto greater
prevaence in the popuktion. Butthisisvague how much more prevaent does amore
fit trait become?

Before consdering soda evolution, it isindructive to consder thebiological
evolution case. Many biological evolutionay models use the specific formulation of
linear replicator dynamics, specified asfollows. A smple form congsts of a popuktion
of asexudly reprodudng organisms, which tranamit ther gendic traits pefectly to
children. Imagineapopuktion of 100such organisms. 50 have agenetically tranamitted
strategy A tha givesthem ahighfitnessvaueof 2. Theothe 50do nothave thetrait
(@0, and reproduce only at afitnessvaueof 1. After onegeneration, the A@ doubkin
populationto 100, whiletheB@ are still at 50. The propottion of the popuktionwith the
successful trait will changed from 1/2 to 2/3.

Let p bethe percentage of the popuation with thetrait A. Thefitness of trait A is
W, = 2, and thefitness of nothavingthetrait isWg = 1. Theaveragefitness of thegroup
isthefitness of each trait, weighted by thar propotionsin the popuktion:

W = pW, + (! p)W;. Theinitial averageisW=.5*2 + .5*1 = 1.5.

Theupdde rule for the prevalence of strategy @\ Gis called the Propationd

Fitness Rule (PFR):

= pVa
P'=py

(so here, our pO= .5 * 2/15=2/3)

The PFR follows from a description of the replicator dynamics of popuktion
reprodudion, but can begenealized. It does not mention the popuktion size, butonly

posts that whatever is more successful will appear more in thefuture at arate
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propottiond to itsfitness, normalized by therelative fitness of all strategiesin the
popuktion. A trivial example: say tha everyonein acondant sized popuktion
independently decides at each roundwhether to be A or B. If they choo® A at
probébility pW, /W then the expected popuktion dynamics follow the PFR, though

individuds do notreproduce.

Noting tha thebiologica popuktion originsof the PFR do not seem applicable to
human soda phenomena Bendorand Swistak (1997) suggest ajudification for the PFR
as modding behavior trangmission. If actors wish to changeto more optimal strategies,
but determine optimality by evaluding current and past predominance in the popuktion,
then strategies in the popuktion can be selected for viathe PFR.*

This pgper sticks to the PFR to andyze the evolution of size and culture within
human sodeties. This might seem problematic, but at least it isa modd well-undestood
in theevolutionay literature. Thee are anunmber of mathematical modds of cultural
trangmission tha have more redlistic features (e.g. Cavalli-Sforza and Feldman 1981,
Roge's 1988,Boyd and Richerson 1985, butthe PFR is extremely ssimple and amply
developed®

Group and kin selection can explain cooper ative behavior

The previousdescription of a popuktion unde evolution had selection working at the
individud level: individud organisms reprodudively competed againg oneancther.
However, selection can occur amongreprodudive units at different levels. Richad
Dawkinsargues tha biological evolutionis best viewed in terms of the Gelfish geneO
(Dawkins 1976) where evolution occurs not as selection amongorganisms, butrather as
selectionamonggenes. Itistruethat ultimately all biological evolutionay processes are
groundel in compdtitionamonggenes. However, it makes sen<e to talk of individud

* Of course, this explanation of replicator dynamics only worksif people evaluate current and past
performance in specific ways detailed by Bendor and Swistak. On the topic of what sorts of adaptive rules
mimic replicator dynamics, see (Weibull 1995).

® Besides, it is not entirely clear that there exists an effective and ready-to-use set of dynamics to better
model the evolution of societies. Greif (2005) examines anumber of different frameworks to use for his
theory of institutional change, including rational choice (classic game theory), evolutionary game theory,
and individual learning game theory. Noting weaknessesin al of them, he builds his own version of
classic game theory plus changing game parameters (Quasi-parametersQ).
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selection among organisms because each individud is a collection of genes whose
survival is boundtogether with thefate of theorganism. A particular gene@ survival is
heavily correlated with theindividudsit is present in, and thusthe other genesit lives
with. They areall inthesame boa.® Thustakingof thefitness of an organismisa
useful summary of genefitnesses.

Since altruism is so hard to explain viaindividud selection, groupselection has
been proposd as alevel of selection amonggroups of individud organisms. This can
explain altruism: if youlive in agroupwith other individuds, it can be bendficia to hdp
thegroupeven at acog to yourself. Consder apropottiond fitness rule amonggroups
groupswith more coopeation outpeform groupswith less coopeation. For example, an
interndly coopeative colony of bacteria would outcompete other bacteria colonies.

Thisform of groupselectionisregarded by mog biologists as too weak for
gendic evolutionin many cases. Small amounts of migration between groupsor
subgantia levels of selection within agroupwill easily derail groupselection. Critiques
of groupselection (e.g. Williams 1966 summary in Henrich 2004)have been influential
in genetic evolution theory.’

Kin selectionis an aternative atruism explanaion. It paysto behave
atruistically towardsyour kin because they share genes with you. Kin selectionisan
excellent explanation for extreme altruism observed in thesodal insects (bees, ants), but
not so great for human coopeation, where coopeaation often occurs amongnon-kin. This
isespecially trueamongthelarger and more complex sodeties tha have developed in the
last 10,000years.

® In this view, advocated in the beginning chapters of Sober and Wilson (1998), the gene level is lower than
the individua organism level. Yet it isalso higher than the individual level, since a particular gene type
has copies among many different individuals. (Many genes are in the same boat, though each geneisin
many boats.) Kin selection can be viewed as a particular gene instance helping its copies in other
organisms. Thisisan important consideration when dealing with many different genes influencing asingle
individual; however, the models developed here will have only one reproductive trait, predilection for
cooperation.

"1 will not attempt an in-depth treatment of the debate, but it should be noted that many of these critiques
are intended specifically for certain issues in genetic evolution and do not readily apply to human cultural
evolution. For example, cultura change is much faster than genetic change, and between-group cultural
differences are quite large. See (Henrich 2004) for a more thorough discussion of group selection for
cultural evolution, and (Sober and Wilson 1998) for a group selectionistsCoverview of the biological
debate.
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Besides kin selection, the othea mgor explanation of the evolution of coopeation
putforth has been reciprodty: coopeate with others aslongas they keep coopeating,
and punish those who do nat coopeate. Reciprodty can explain coopeation amongnort
kin, butit does not scale well to big group games like the n-person prisonasGdilemma,
since it becomes harder to punish individuds (Boyd and Richerson 1988) In abig
sodety where you do not have the chance to retadliate agang individuds, atruistic
punishment Band more generally reciprodty cannotwork withoutformal structuresto

enforce punishment againg defectors.

Group selection among sodeties can explain human cooper ation

Group selection among human sodeties can explain the evolution of coopeation because
(1) humanslive in sodeties whoe members share cultural and sodal traitstha hdp
determine coopeaativeness, (2) thereisvariance in these traits across different sodeties,
(3) cultural and sodd traits can persist in asodety over time, and (4) sodeties are groups
in competition with oneanother, while within-group coopeation increases groupfitness.

Sodeties are areasonable evolutionay unit for cultural ingitutions As (1) and
(2) state, culture (and other intergenerationdly transmitted determinants of behavior, such
as political inditutiong is shared much more within members of onesodety than
between sodeties. Given two randommembers of the same sodety, the expected
difference in cultural norms should beless than for two people selected from different
sodeties. Furthermore, culture istrangmitted within a sodety across generations and
persists beyondindividud persons since new members are sodaized into thegroup®
culture. Cultural ingditutionscan persist for hundedsor even thousndsof years,
organizationd culturesin busnesses parsist despite employee turnove, and so forth.

Since sodeties are areasonable unit of selection, the next necessary element for
group selection is competition and variance amonggroups Thisistrueof theevolution
of sodetiesin thelast 10,000years, where competition and cultural variance have been
thenom.

Human sodeties exhibit a bewildering variance in cultura inditutionsand

practices, induding variance in cultural noms for coopeation. A series of experimental
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field studies of ultimatum and public goodsgames across 15 small-scale sodeties found
tremendouscultural variance in rates of altruistic gift giving and nomms of fairness
(Henrich et a 2005) Also keep in mind tha the cultural variance seen in today@ well-
known sodieties should beless than cultural variance throughhistory, since today®
observationsalready select for thedependent variable, survival. Sodeties with non
coopeative cultural practices have already goneextind.

Competition and conflict seem to be endanic to the relationsbetween human
sodeties. The number of human sodeties has been drastically decreasing for thelast
10,000years. Extinction or absorption has been the fate of mog sodeties. Inthe
sodeties tha mangae to survive, we should see theresult of enormouscompditive
pressures.

Keely (1996)findstha warfare was prevaent among prehistoric humansbdesath
rates from corflict were much highe in prehistoric sodeties than in the moden ones.
Soltiset a. (1999 survey empirical daa of many New Guinea sodeties, and find
numerousexamples of conflict causng groupsodal extinction. An often cited example
of cultural sodietal selectionisthe 19" century Nuer conquest of the Dinkain eastern
Africa. TheNue and Dinkahad similar technology, habitat and resources, but different
cultural practices. TheNue® bridewealth cusoms hdped maintain larger tribd systems
and therefore larger military power; thisand other differences in cultural practices led to
expandon at the Dinka@ expense (Kelly 1985.

We have seen tha reciprodty and kin selection mechanisms cannotexplain the
dramatic increases in large-scale coopeation and society growth of thelast 10000years.
Group selection for coopeative culture and sodety size, however, seems onereasonable
mechanism.® In thefollowing sections we will interpret a standad group selection
modd as amodd of sodetal competition, and build a mechanism of corflict-driven
competition to explain within-sodety coopeation.

8 From the evolutionary psychology perspective, other authors have used the hunter-gatherer group
conflict/selection argument to explain human genetic evolution of cooperative tendencies (Henrich 2004,
Boyd and Richerson 2005), or even social intelligence and genetic tendencies toward certain political
preferences (Rubin 2001). | make no such claims; the argument hereis solely about social and cultural
evolution, not human genetic evolution.
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|11. Cooperator Variance

Group-level sdlectionis an intensely debated explanaion for the evolution of
coopeation. Since coopeaators within agroup hdp oneanother, could group selection
explain the development of large-scale coopeationin human sodeties? Themod well-
known group selection mechanism is periodic dispersion and regrouping of individuds B
haystackOmodds (Maynard Smith 1964, reviewed in Berggtrom 2002) This modd is
ingpired by thereprodudive and soda habits of variousorganisms, but does not seem to
fit the case of human sodeties. On the other hand, perhgps othe mechanisms could
sudain human sodeta coopeation throughgroupselection. Asabaseling | briefly
explore randomingitutiond change if groupsrandomy changether cultural inditutions
influendng coopeation, tha could susain between-group coopeator variance to
promote coopeation. Therefore, avariety of variance-suppoting mechanisms should be
plaugble.

This section has another purpose: thegroup selection modd developed here will
begeneralized in Section V. Groupselectionisjust oneexample of group competition
effects.

Defectors alwayswin in the bagc evolutionary one-shot PD

Thefollowingis an adgptation of D.S. Wilson'smodd of coopeation via gift-giving
atruists ([1989]1994; Sobe and Wilson 1998) A groupof size N is comprised of
atruists (coopeators) and defectors. p isthe proportion of coopeators. All individuds
have a base reprodudive fitness of X. Anindividual atruist gives a gift to everyonein
thegroup. Thegift provides afitness ben€fit of b/N to each individud, andincurs a
persond cod c to theadltruist. Defectorsreceive benditsjug as much as coopeators, but
do not contribute anything themselves. Assume b>c>0 so tha coopeationis Pareto-
efficient: thegroup does better if everyoneis acoopeator, even thoughan individud
does better asadefector. (Thisisan n-pesonPD.) Thusthereprodudive fitnesses for
coopeators and defectors within the same groupare
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W,=X+bp-c
W, =X +bp

Defectors dways do better than coopeators, and unde the PFR will take over any mixed
popuktion given enoughtime. Thereisonly oneevolutionaily stable equilibrium, at al
defectors (p=0).°

Segregation can sustain cooper ation in the short term

A coungrintuitive result illudrated by Wilsonisthat in a system of multiple groups it is
possible to have an increase in theatruist propottion of theglobd popuktion, though
coopeator ratiosare declining in each group. This can be achieved through
conaentrating coopeaators in onegroup:tha groupwill grow faster than arelatively

defector-heavy group

Consder two equdly sized groups

N; =100, p, = 0.8
N, = 100, p, = 0.2

At first, theglobd coopeator count, defector court, and coopeator propottionsare

#Aa1 =100 #Da =100 pai=0.5

With X=1, c=0.1, b=0.5, at the next timestep, internd propottionsof atruists decline
p@=0.78 and p3=0.19. However, theglobd propation of altruists increases:

#AQy = 124 #DQ = 116, pQ = 0.517

° Another stipulation: b/N < ¢ otherwise in small populations it may be the case that an individual does
better as an atruist than as adefector. The parameters used here fulfill that. Sober and Wilson (1998) and
Cooper and Wallace (2004) avoid this problem by having altruists give to everyone but themselves, so per-
agent benefitsare b/(N-1). This complicates the fitness equations, so | have chosen the other route (used by
Wilson (1975)) here.
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Thisis possible because the coopeator-heavy first group grows subgantially more than
the second group:

NG =132 NG=108

Since mog of the coopeatorsin the system livein group 1, mog of the coopeators
receive the bendfits. If we characterize each b/N gift ddivery asasodal interactiontie,
then segregation maximizes the numbe of A-A and minimizes A-D interactionties. This
enaures tha mog of thegift benefits end up being received by fellow altruists indead of
freeriding ddfectors. Thisisthe same reason cooperationis encouraged in studies that
embed agentsin alattice, where they only interact with neghboss. Clugers of
coopeators can result.

Theseincreases, of course, cannotcontinueinddinitely, since both groupsmugt
approach al-defector. In this example, theoverall altruist propottion peaks after 10

rounds

Figure 3: Cooperation increases for atime
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We can more precisaly specify thenotionsof altruist concentration and segregaion tha
can hdp sudain coopeation, at least in theshort run.

Theprevioudy introduced variables Ay and Dy for globd coopeator and
defector popuktionsallowed usto think aboutthe popuktion of a certain type of
individud across all groups We can also think of thedistribution of a certain typeinto
each group. Let g signify the propation of the system's coopeators tha live in groupi,
and similarly d; isthe propation of all defectorsthere. These variableslet usview the
popuktion of coopeators across the groupboundaies tha condrain thar interactions

We now can definetheaverage atruist reprodudive fitness as theweighted
average of atruist fitness across both groups

W =" aW, =" (X +bap! ca)

i=1

Wo i = I_' diWDi =" (d;X +bd p)

i=1

for an arbitrary m numbe of groups Coopeationisincreasing globdly when

WA,alI >WD,aII
" [aX+bap ! ca]>" [dX+bdp]
" !'d)X+(a ! d)p]>" ca
X" a!" d)+" (a!d)p >c

" (a ! d)p, >§ 1)

Theleft handsideof (1), | (a " d.)p, , istheaggregate of per-group atruist-defector

distribution differentials, weighted by altruist proportion. It measures the QinevennessO
of thedtruist and defector distributions and weights them by ther significance per
group.

For thetwo group case, this becomes
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(& ! dy)p, +((1! a ! @' d))p,>c/b
(a1! dl)(p1! p2)>C/b

Say a; > d; and N; = Np so both terms are postive. Coopeationis better sugained the
more atruists are concentrated in group 1, and the more defectors are concentrated in
group 2.

Alter nate formulation via statistical variance (the Price equation)

A standad method of performing this distributond andysis of reprodudive traits across
groupsisviathePrice equaion (1970,1972) which decomposs the selection of any trait
into individud and group selection components.

E is statistical expectation, Covis covariance:™
''pa =E[! p;] + CoviW, p]/ E[W]

Thefirst term isthe average changein thetrait proportionin each group, weighted by
size of thegroup, and the second term measures the extent to which a group® fitness co-
occurs with a predominance of thetrait. Consgde the group selection of genes at the
organism level, where it isbendicial for individud genesin an organism to coopeate.
Since an organism is agroup of assodated genes, if the organism does well, its
component genesdoeswell. Thistypeof group selectionis strongbecause a particular
gene@ survival is heavily assodated with the survival of organismsit is present in.
Price@® secondterm exactly specifies Gassodation® a particular trait@ survival is
covaiant with thefitness of thegroupsit tendsto bdongto, nomalized by theaverage
fitness of an individud of the popuktion. If thos groupswhere it often appears dowell,
thegenedoes well.

For our case, groupfitnessis adirect linear fundion of theoccurrence of the
atruist trait. Np altruists each add b and take away ¢ from thegroupreprodudive fitness;

1911 Section IV, E[W] isalso Wy.
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thusa particular group®fitnessW = X + (b-c)p. Therefore, the CofW,p] term measures
thevariance in thep distribution. Specificaly,

Var[W + p] =Var[W] +Var[ p] + 2Cov[W, p] (fromdefinitionof covariance)

Cov{W, p] =1/2 (Var[W + p] ! Var{W]! Var[ p])
=1/2 (Var[X +(b! c+1)p]! Var[X +(b! c)p]! Var]p])

Since for any condants a,b and randomvariable R, Var[aR+b] = a*Var[R],
Cov[W, p]=1/2 ((b! c+1)’Var[p]! (b! c)*Var[p]! Var[p])
=1/2 (b! c+1)*! (b! c)* ! DVar[p]

=1/2 ((b! c)> +2(b! c)+1! (b! ¢)* ! I)Var[p]
=(b! ¢) Varp]

Therefore we have changein total coopeator proportion as
"Par = E["p;]1+ (b c)Var[p]l E[WV]
Thesecondterm Bthechangeto p,, dueto groupselection Bincreases with greater

statistical variance (expected squared distance from the mean) of per-groupaltruist
propottions Thefirst term, describing individud selection, will always be negative,
since thisisaPD and defectors always beat out cooperators within agroup.

In order for coopeationto increase, the p; distributon mug have subgantial

variance.
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Periodic regrouping and dispersion can sustain cooper ation via group
selection

An entire literature of Ghaystack moddsOhas andyzed popuktionswhere individuds
form small groupsto reproduce, then disperse and regroupagan. (See Bergdrom 2002
for an oveview.) Theterm was coined by Maynard Smith (1964)who imagined a
popuktion of mice with either coopeator or defector strategies for the PD. Themice
would be separated into anumber of haystacks at varying ratios of coopeators, and
reproduce inddethem for several geneaations After severa generations thegroups
would disperse, then form back up into groupsagan. Duringthe haystack phases, the
group selection effect leadsto a globd rise in coopeators. Thisiswha hgppensonthe
upward sopeof thepa curves shown in the previoussection. Thedispasa and
regrouping phase prevents defectors from taking over the heavily coopeator groupsb
which iswha causesthedeclinein py here. To be precise, say every 5 roundsyou
redistribute coopeators and defectors into them groupsagan, but at theold a and d;
propottions Intha case, since pa hasincreased, every p; will behighe than before. For

each groupi, (a ! d,)p, mug increase, so theleft sideof the" (a ! d,)p, >c/b

conditiononly inaeases. Thisdispersa and regrouping mechanism therefore can sugain
coopeator growth forever.'*

While this modd is very elegant, it isnotclear that it can explain human
coopeation. While thereis some evidence for sodety dispersalsin some very small
sodeties (Soltis, Boyd, and Richerson 1995) it is probably toorare an event to sugain
theevolution of coopeationin thisway. If thetypical personlivesin thesame sodety
for highe entire life, haystack modds should not apply.

Furthermore, unbiased randommigrationsor unbiased regroupingsdo not cause
the haystack effect: any between-society movements or regroupingshave to have the
effect of segregaing coopeators and defectors. It is notclear that any human sodal
mechanism does this at the sodetal level.

11 Bergstrom (2002; summarized in Skyrms 2004: 6-9) analyzes the game played by the founding members
of agroup, where payoffs are the total offspring accumulated over the within-group iterations. This game
is a Stag Hunt, where cooperation can be a stable equilibrium Bunlike the PD. Section IV presents another
example of transforming a PD into a Stag Hunt.
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Random cultural/institutional changes could sustain cooper ation via
group selection

Thepropottiond fitness dynamics of gift-giving, and the eventud invasion of defectors,
could beinterpreted in two ways. Thefirst isreprodudive selection. Recall that we
presented replicator dynamics as asexud genetic trangnission from parents to offspring.
A beter interpretation for human coopeationisthe following. Each agentin the
popuktion represents an entity that is capable of intergenerationdly tranamitting a bias
towardscoopeation Bsay, afamily. Thegroupthen represents many of these entities
playing a public goodsgame with each other Bsay, avillage of many families. Families
tha do notcoopeate tend to do better than ones that do, and their numerousoffspring
(later generationy are similarly selfish.

Anothe interpretation of the PFR within groupsis cultural learning, as explained
in section Il summarizing Bendorand Swistak (197). Over time, people start to realize
beng selfish pays off, so they start switching to defection. With thisinterpretation, we
would still have areplicator-like explanation for the PFR with intergroup selection:
groupswith highe coopeationrates grow faster (more produdion) than other groups

Congderingthis cultural learninginterpretation, it is evident that individuds do
not aways sowly learn over time. Occasiondly large shifts can hgppen in cultural
ingitutions New leaders might ater policies or attitudes, or they may changefor
exogenousreasons These exogenousshifts could changethe propengties of coopeation
in the popuktion.

Such randomvariationswould have the effect of increasing coopeator variance

across groups Highe coopeator variance means | (a, " d.) p. ishigh, andthus

coopeators grow more. Unfortunaely, | have found it difficult to formally modd a
process to generate coopeationin this mannea. When randomvariationscause an
increase in the globd coopeator propation, it is often partially dueto agrossincreasein
coopeators from selecting alarge low-coopeation groupfor arandomincrease. More
work is needed to disentangle the effects of coopeator variance increases versus changes

to coopeator popuation directly caused by therandomchanges.
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Besdes therandomingitutiond changeinterpretation, randomvariance should be
only abaseline existence proof: if randomvariance, which does notfavor coopeator-
heavy groups can cause coopeation, then potentialy many variance mechanisms tha

favor coopeator-heavy groupsshould beable to do it too.
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V. Between-Group Conflict

In trying to explain the evolution of large-scale coopeaationin thelast 10,000years, the
previoussection noted two facts Btha humansare groupel into sodeties within which
they coopeate, and tha sodeties have cultural inditutionstha vary between sodeties
and across time Band andyzed how these facts can encourage the growth of coopeation.
We now note a third fact: human sodeties are often in conflict with oneanother. This
can elevate levels of coopeation since coopeationis essentia to prevailingin conflict.

First, | examine how conflict can lead to rationd decisionsfor coopeation.
Individuds may decideto coopeate when thar well-bengistied to their group®
performance in conflict. Second,| explain how group corflict is aparticular example of
amore genea phenomenon of group compdition. Thegroupselection modd developed
in section |11 isandyzed as a group competition modd similar to therationd
coopeation/conflict modd. Findly, | add explicit conflict to the group selection modd,
and find that highe levels of conflict lead to more coopeation. Thereis selectionfor
groupswith highinternd coopeation tha do better in conflict, whereas groupswith low
coopeation do poolly and may bedestroyed.

Evolutionay andrationd choice frameworks illugrate different aspects of human
behavior. Rationd frameworks emphasize individua sGpowerful cognitive capabilities to
find and exploit the best decisions Evolutionay™ frameworks also emphasize individud
efficiency, but movement towards equilibria takes time, mediated by rates of learning and
cultural trangmission. Since conflict can encourage coopeation unde both, that suggests
it isaposible mechanism for the evolution of human coopeation.

Conflict can lead to decisions for within-group cooperation in the PD
To illugrate how conflict can promote decisionsto coopeaate, consder therationd

choice characterization of agame. Players make decisionsto maximize payoffs. Ina
two person PD, both players choo® to defect. For either player, no matter wha the other

12 An evolutionary model can be interpreted as social/cultural evolution, learning, or genetic evolution.
Like section I11, this section uses the social/cultura interpretation, not the genetic one.
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player does, he/lshe does better defecting. Thebest reply arrows in the payoff matrix
illugrate thisfact. When player 1 coopeates, player 2 would like best to defect, thusa
rightarrow onthetoprow. When player 1 defects, player 2 would like best to defect,
thusarightarrow onthebattomrow. Thesame reasoning yieldsthe downwards best

reply arrowsfor player 1.

Figure4: PD illustrated with best-reply moves

C D

C 2,2 —» 0,3

1 v v

D 3,0 —7» 1,1

Figure5: Moregeneral version of section I11@ gift-giving characterization, with b>c>0.
Using X=1, b=4, ¢=3 for the W, and W}, fitness equations
yields the above payoff matrix we use here.

2
C D

X +bbc, X +b/2Dc,
Cl X+pbc % X+bP2

| |
1 v v
X + b/2
— >
X +b/2 BC X, X

Multiple groups Following Hausken (1995) condder two pairs of individuds. Thetwo
members of each par play awithin-group, 2-person PD with oneanother. For each
group,theNash equilibriumisthe standad (D,D). We can also look at this scenariosas a
4-person game. This game also has only oneequilibrium: (D,D, D,D).
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Between-group conflict can inarease the possibilities of coopeation unde two
conditions (1) conflict hurtsthelosng side, and/or (2) conflict hdpsthewinning side.
To start, say an al-coopeator group attacks if the other grouphas at least onedefector,
andtheconflict@ only effect isto harm theplayersin thedefending group Thisis
Conflict Rule #1:

CR1: If onegroupis al-coopeator and the othe isnot, the CC group attacks, and
each player in thesecondgroupincursalossof L>1, or moregenealy L > c-
b/N. (c- b/N isthefreeriding gan: the bendit to switch to defectionin agroup

sizeN.)

Unde thisrule, if theother sideis coopeating, and your sdeis also coopeating, it is
unwise to switch to defection. Since L>1, thepersond cod of triggaing warfare
outweighsthe gainsof freeriding. Youwill do better than your patner, butnotaswell as
if you had stuck to coopeation. If your patner iscoopeating and you are defecting, you
should switch to coopeation to stop theattack. The within-groupgame is now a Stag
Hunt, where the coopeative outcome is a second self-enforcing equilibrium.

Figure 6: Within-group stag hunt under CR1 when other group is (C,C)

2
C D

C 2,2 4—0L, 3L

D| 3L, O-L—»1-L, 1-L

Thisis contingent onthe secondgroupbeng (C,C). Ingead of thinking of two
subgames for each group, it ussful to view theentire four person game. Thoughwe
cannotshow the 2x2x2x2payoff matrix (16 total states), we can draw a best reply
diagram amongthe 6 unique states of the game: (CC CC), (CD CC), (DD CC), (CD CD),



OGTonnor 32/ 48

(CD DD), (DD DD). Figure 8 illudratesthebest reply (unilateral move) for each player
at each state. Thesix states are ordered from the highest number of coopeators onthe
left, to lowest nunmber of coopeators ontheright Therefore abest reply arrow to theleft
represents a shift to coopeation, and a best reply arrow to theright represents a shift to
defection. Figure 7 illugrates this notation for astandad PD. CR1 makes (CC CC) sdlf-
enforcing, and addsa best reply from (DC CC) to it aswell.
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Figure7: Best repliesin the three unique states of a standard 2-player PD

OneNE: (D,D)
NG N

cc CD DD
& LU

Figure8: Best repliesin the 4-player game with no conflict. Cooperatorsalways switch to defection.
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Figure9: Best repliesin the 4-player game with CR1.
Two NEG: (CC CC) and (DD DD)
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Figure 10: Best repliesin the 4-player game with CR1 & CR2.
Three NE@: (CC CC) (CC DD) (DD DD)
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Unde CRL1, switching to coopeation is self-beneficial only to stop an attack. However,
if attacking also givesareward V to theattacker that is highe than the benefit of
freeriding, then there is an incentive to create a coopeaative groupif theother sideis

vulneable. CR2 providesthis condition:

CR2: each membe of the attacking groupgansV>1, or more generally
V >c- b/N.

Figure 10illudrates tha with both CR1 and CR2, (C,C) within agroupis always self-
enforcing. Inthe4-person game, anew equilibrium (CC DD) results.

These two rules encourage coopeation, butdo nothande a number of cases with
incremental differencesin coopeation between thegroups If theconflict ruleis
gradated so tha incremental increases in a group® coopeation incrementally decrease
harm from losng a conflict, and themargind harms from conflict outweigh margind
gansfrom freeriding, then every outcome with coopaator anouns tied in both groupsis
an equilibrium. (Another interpretationisthat higher levels of coopeationincrease the
probability of victory. Intha case, decision making is contingent on margind expected
hamsandgans) AsinCR1, thereisnoincentiveto increase coopeationto initiate an
attack; but unlike CR1, partial levels of within-group coopeation can besuganed. A
rule tha doesthisis CR3, which isillugrated in the 4-persongame in Figure 11. Unde
CR3, if theother group has more coopeaators than yours, every defector should want to
switch to coopeation until coopeators are tied with the other group

CR3: Let G bethe abslute value of the difference between the number of
coopeatorsin each group If G>0, every player in thegroupwith fewer
coopeators suffersaloss of G*h, where h>1, or more genealy h> c - b/N.

Andif theconflict ruleissmilarly inaemental for gans it always pays off to switch to
coopeation. As CR3 provides for margind lossesin conflict, CR4 describes margind

gansin conflict:
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CR4: Let G bethe absnlute value of the difference between the number of
coopeatorsin each group If G>0, every player in the group with more
coopeators gans G*h, where h>1, or more generaly h > c - b/N.

With therules combined, in every situaion each player wants to movetowards

coopeation, since thar move alleviates losses or strengthensgansin thewar.

Figure11: 4-person gamewith just CR3. Losing-side defectors switch upward to defend
incrementally better against an attacker. Winning-side cooperators slack off downward.

Three NEG: (CC CC) (CD CD) (DD DD) [NE iff cooperator counts tied]
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Figure 12: 4-person gamewith CR3 & CR4. Defectorsalways switch to cooperate.
OneNE: (CC CC)
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This conflict modd illugrates a decisond explanaion for the evolution of coopeation.
Warfare provides incentives to individuds to cooperate within their own sodeties. As
conflict intensfies and becomes more cruda to the well-bang of groupsbL andV
increase past freeriding benefits Btheincentives for coopeation grow. Unlikethe
evolutionay modd of behavior given in section I11, coopeationis notafleeting
phenomenon:it isrobug and sugained given highlevels of conflict. If early humans
maderationd decisonswhether to coopeate, and conflict rewarded coopeating groups
then coopeation could have developed when intensity of conflict increased dueto
environmental circumscription and overpopuktion, asin Carnero® account Thenext
logical stepsdown thislineof andysis would beto take conflict as an endogenous
variable caused by geographic condraints and population changes.

But there is another significance to thismodd: it relates to our earlier story of
group selection for coopeation. The conflict rulesin this game are away of introduang
between-group competition based onrelative levels of coopeation. Individudsina
groupdo better if their group® level of total coopeationis highrelative to the other
group@

The between-group PFR isanother form of group competition

Group competitionis aready present in the multiple n-person PD evolutionay modd
developad in Sectionll. If agroup®fitnessis highe, thegroup@share of thetotal
popuktionincreases, thegroupis selected for. Furthermore, sinceits share of the
popuktion increases and the collective share of all other groupsdecreases, each other
group@share isinfluenced downward. This groupselection story is away of describing
competition between groups We derived it earlier in noncompetition terms, imagining
some groupraw popuktionsgrowing faster than othersQ butit is zero-sum competition
in terms of total share of system popuktion.

It isindructiveto view the share of thetotal popuktiontha each grouphas.
Groupswith a highe altruist ratio will grow faster than others; thusther share of the
total popukbtion will rise, and other groupshares will be hurt. Therelatively more
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coopeative agroupis, its members have highe relative payoffs compared to therest of
theindividudsin thesystem. Similarly, intheevolutionay game individuds tend to
have a highe fitness compared to theaveragefitness of an individud in thetotal
popuktion across groupswhen thar grouphas higher coopeation than other groups
Thefollowing andysis should make these facts clearer. Recall tha the
propottiond fitness rule govenstheevolutionay dynamics of the system. Within a
single group,the propation of atruists p; is updaed viathe PFR:
W i
P =p WA
where
W, =thefitnessof groupi'saltruists= X +bp, ! ¢, and
W = theaveragefitnessof groupi
= mearfitnessacrossits subgroupsyweightedoy size of each subgroup
= theexpected fithessof anindividualfrom groupi
= W +(@- PV,
=X+(b-c)p

In section 11, we assumed tha thealtruist and defector popuktionsin individud groups
reproduced vialinear replicator dynamics, causngthegroupthey bdonged to grow in
sze. N, representsthesize of apaticular group, so theupdae rule for the absolute
growth of agroupviareplicator dynamicsis N', =W N, . If we want to examinethe
compeition amonggroupsreprodudang vialinear replication, we can describethat viathe
propottiond fitnessrule. This dynamics of compdition between groupsisthe same as

competition of subgroupswithin agroup. Let n begroupi@® share of thetotal
popuktion: n, =N, /N, * n changes propottiondly with groupi@ rel ative fitness

compared to al groups

- W
N, =n ——
Wall

where
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W,, =theaveragefitnessof agroup
= E[W] by thestatistichnotationof Sectionlll,
= meanfitnessacrossall groupsweightedoy size of each group
= theexpected fitnessof an individualfrom thetotal population
=1 nW,

Thehighe oneparticular group3 reprodudive fitness is, the more it grows the next

roundbsince W incareases. But also, thehighe itsreprodudive fitnessis, theless other
groupsgrow. Asits W increases, tha increases thedenominaor W, for everyoneelse.

So unde our linear replication assumption, the PFR for between-group selection
demondrates tha groupswith propottiondly highe collective in-group payoffs
reproduce faster compared to theother groups

However, the between-group PFR makes no commitments to the actud
popuktion of the system, jud the popuktionsof groupsrelative to oneanother. Say tha
popuktionisat environmental carrying capecity, and istherefore condrained to be
congant.’® At each timestep, reprodudion might hgppen, butif the environment kills off
extra popuktionin arandomprocess back down to the old popuktion size, then the new
nCand pOvalueswon®change ThusnGand pbhave changed fromn and p viathe PFR,
buttotal popuktion of the system has not changed. In such aworld, popdationsizeis
popuktion share, so groupsare in a zero-sum competition for popuktion Bgroupscan

grow only at the expense of others.
Conflict provides more competition beyond the PFR

In Section 11, we saw tha group selection can encourage coopeation by rewarding the
fitness of groupshighin coopeators, and pendizing fitness for groupslow in
coopeators. It should beevident thisis a particular indance of amore genea class of
between-group processes tha hdp groupswith more coopeators and hurt groupswith
fewer. Cal therulestha create such processes competitionrules. Conflict rules CR1-4
are additiond examples of competitionrules for the groupdecision game. In thegroup

3 Asin Carneiro( scenario of environmental circumscription leading to overpopulation and conflict to
form the first states.
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selection modd, competition occurred dueto the between-group PFR; in the group
decison game, competition occurred throughCR1-4.

Any competition rule tha rewards groupswith more coopeators will encourage
coopeation. CR1-4 explicitly dothis. Between-group PFR does thisimplicitly: more
coopeators mean greater growth and a greater share of the popuktion. Theddails of
conflict can provide more competition beyond PFR-based group selection, asilludrated
in the next subsection.

A conflict rulein addition to PFR group selection for the n-person PD
encour ages cooper ation

While the evolutionay multi-group n-person PD modd ultimately endsin defection, we
can andyze theearly portion of arunin which cooperators are increasing globdly, and
introducee a conflict rule tha can encourage cooperation.

In Section [11& modd, the size of a group can beinterpreted asits popuktion. It
could also beagroup® land if land fills upimmediately with new popuktion, and more
popuktion enables expangon. Or aternaively, individuds could represent political sub-
entities like families or villages, and beng a coopeator meansworkingtogether in a
politically unified fashion. Whaever the case, thefollowing formula defines military
strength as the number of coopeatorsin thesodety (Np). Largesodeties with very low
coopeation can be beaten by small, highly coopeative sodeties.™® In aconflict, the
winning side steals land/people/resources from theother. For thewarring sodetiesi and

j, ! ¢;,; denotesthechangeto N; duetofightingwithj. Theruleis
Y Ei =#(N;p ! ijj)
I represents the stakes or intengty of conflict; ahigher /' meansthereis greater trander

of land/people/resources throughfighting. Sofor / =1%, amatchupof 300vs. 100
leadsto atrander of 2 unitsto thelarger. A matchupof 10,000vs. 9000leadsto a

14 An simpler aternative is to have military strength be only the society size N. When run thisway, the
simulation yields similar results to the ones presented here.
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trander of 10land. A matchupof 10,100vs. 100 pudhesthesmaller exactly to
extindion ™

Add this conflict rule to the n-person PD modd of m groupsby adding a conflict
phase before every reprodudion phase, in which every groupenters a conflict with every
other groupsimultaneoudy. Thustheupdde rule for the group-level is now'

N', = (updatedue to replicatian) + (change due to conflict)

N' =WN, +1 #(N;p " N;p;)

j=1

Note tha this modd is somewha different than the decision-making conflict modd.
There, only internd levels of coopeation were relevant, since group sizes were uniform.
Here, alarger groupsize increases military power.

Theintrodudion of this conflict rule can dramaticaly increase the success of
coopeation. In aworld of 10 villages, with coopeator propationsevenly spaced out

from{0.0, 0.1, .. 0.9}, thefirst plot of Figure 13 shows the progress of p_, without

conflict. With conflict at & = 0.05, thetotal popuktion® propottion of coopeators
increases faster and peaks highe, as shown ontheright

13 This function actually has to be piecewise in the case that population is hurt so much it goes negative:
instead, the population transfer is just enough to bring the smaller group to population 0.

18 Sinceiin Section 11, I advocated looking at the N'; PFR update rule instead of the N, replicator rule, it
would be sensible to solve for the proportional fitness version
W
nG =n W_IﬁF,i
all
But | am not sure what is the multiplier due to conflict / ; for this conflict rule, or even if it can be

represented in this manner. 1t may be possible to formulate a different conflict rule that can be solved in
this form.



Figure 13: Individual runsfor I =0 vs. I =0.05
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Figure 14 examines arangeof conflict intengty vaues, plotting the peak coopeator

propottion achieved during therunagang each ! level. With thesame 10 village setup,

highe valuesof ! create ahighe maximum coopeator propottion. Thusincreasing

intengty of conflict encourages more and more coopeaation.
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Figure14: Peak system cooperator proportion per conflict intensity
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V. Discussion and Conclusion

Our origind motivation for examining these evolutionay modds was to develop formal
explanaionsof the evolution of coopeation tha agreed with known facts abouta
paticular example of the evolution of large-scale coopeation: thelast 10,000yearsO
dramatic growth of human sodeties. | intend thisandysisto bring togeher ideas from
the evolution of coopeation literature and anthropological theories of sodal evolution.
By extending formal coopeation modding to the specific case of soda order, we can
hdp answer fundamental questionsaboutthe existence, efficacy, and evolution of human
sodety.

Thediscursive theory tha has provided mog of the motivation for these modds
has been Carnaro (1970,1998) Hisstory isfairly intricate and subtie. It speaks mog
directly of theassembly of larger political units out of smaller ones Dsomething that the
evolutionay conflict modd developed here does not do, unless oneinterprets stealing
land/popubtionfesources as stealing entire polities. Thisis somewhat reasonale:
groupscan go extinct in themodd, when other groupshave won so many military
victories tha they have stolen al thar land. Thisinterpretation is andogousto Carnaro
(2970)in which winning villages swallow up thar neighboss.

It is much more difficult to modd a process of alliance building tha solidifiesinto
unitary political entities. Therelationship of cooperation to political entity-buildingis
complex. Coopeation can indudecoopeating to build a state or naionBfor example,
sodal contract theory® view of theorigin of the state was that people agreed (i.e.,
coopeated) to give power to agovenment, which would maintain thesoda order, the
quintessential public good. Therefore groupswith highe levels of coopeation should be
viewed as more unified entities. Besidesthesodal contract story, there are numerous
political and biological examples where coopeation makes larger entities. A system with
componelts tha are heavily coopeating Dand therefore highly interdependent Blooks
like aunitary system of only afew components. If the 50 states of the United States are
very highly interdependent and have few conflicts, it makes sen<e to think of them asone
unit. If afungusand algee are engaged in intense energy and foodexchange it is useful
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to think of them asingle organism, lichen. If amitochondionBban organdle within
certain cellstha istheorized to have origindly been a separate organism (Margulis 1993
Disengaged in heavy energy exchangeand dependence with therest of thecdll, it is
useful to think of it as part of thetha organism. The same goes for colonies of many
single-celled organisms tha formed into single multi-celled organisms. Axelrod (1995)
modds the building of internaiond alliancesinto aggregae political actors; it would be
useful to rework thisandysisinto therise of sodal coopeation.

Theextremely ssimple C vs. D modd of grouppopulationsused here failsto
capture the phenomenon of creating larger entities out of smaller ones, or how sodal
breakdown can berelated to fracturing of political entities, i.e. incivil war. An example
of accommodding thelatter would beto add arule tha avery high defector ratio would
cause thegroupto split into new groups

Still, this andysis says something aboutconflict and group competition. Boyd
and Richerson (2005)aim to examinesoda nomms and coopeation as aresult of the
coevolution of genes and cultures among humansduring the hurter-gatherer phase. The
explanaion here shares the use of group selectionfor culture, but in the much different
context of thelast 10,000years of sodal evolution. Gendic evolutionis probably
impossible ove such short time. Given saturated human popuktionsin fertile areas and
conammitantly increasing conflict, selection for more coopeative, larger, and complex
sodeties can emerge Selection can also occur for sodal factors like total size of
popuktion. Sincethelast 10,000years are a unique phase in human history, unique
factors should be taken into accountwhen explaining the evolution of coopeation and
sodeties during tha time.

Currently the evolutionay modds only demondrate possible effects tha merely
encourageinareases in coopeation, butdo notsugain them. A logcal next step to take
with themodds would beto close theloop and find the evolution of coopeationto stable
equilibria. It may benecessary to moveaway from therather harsh prisonasCdilemma
model of coopeationto securetha. Soltis, Boyd, and Richerson (1995)note tha
cultural trangmission can be conformant Bpullingindividuds to have cultural traits that
are popukr, not necessarily themod fit. Therefore, it is possible to have multiple
equilibriafor within-group coopeation. If thisistrue, then group selection should
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eliminae groupsstuck at less produdive equilibria. And beyond cultural conformity,
richer modds of cultural tranamission may incorporate other important aspects of cultural
changebeyondwhat the smplistic and unrealistic propottiond fitness rule has to offer.
Undestanding the evolution of human coopeation, altruism, and sodety isa
chdlengingtask. Hopdully the consderation of group competition and conflict will be
hdpful in understanding the particular case of cooperationin large, complex sodeties.
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