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The problem
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The problem

He who was ready to sacrifice his life [...] would often
leave no offspring to inherit his noble nature. [...]
Therefore, it hardly seems probable, that the number of

men gifted with such virtues [...] could be increased
through natural selection, that is, by the survival of the

fittest [ ...].

Charles Darwin, The Descent of Man, 1871




The problem
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quorum sensing yeast cells in ethanol

hunter-gatherers rescue




Why is it so important?

NARD SHITH & EURS SZATHNARY

replicating molecules
individual replicators
RNA world

prokaryotes

asexual clones
single-celled organisms
individuals

primate societies

N A

populations of molecules in compartments
chromosomes

DNA and proteins (genetic code)
eukaryotes

sexual populations

multicellular organisms (cell differentiation)
social colonies (nonbreeding castes)

human societies (language)




Public goods game

k cooperators e Q n— k defectors
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Public goods game

e b>c







Public goods game

Hc(k):k%—c k=1,
b
My (k)=k -, k=0,

n=2 — Prisoner'sdilemma




Public goods game

é_c<o —  strongaltruism

e c>0 — weakaltruism




A basic mechanism: assortment

Fletcher & Doebeli, Proc. R. Soc. B (2009) 276, 13—-19

e — averageno.of cooperatorsinacooperator's environment
e, — averageno.of cooperatorsinadefector'senvironment




A basic mechanism: assortment

Fletcher & Doebeli, Proc. R. Soc. B (2009) 276, 13-19

cooperation spreads iff
b b cHn

(ec+1)——c>ep— < | eq—ep>——1

n n b




Ex. 1: well-mixed populations

cn
ec—ep>—-—1

b

* Well-mixed population with fraction of cooperators x
e Ze =x{n=1)

cooperationemergesiff %>c (weak altruism)

‘————-————_———_—_—J.



Ex. 2: extreme assortment

cn
ec—ep>—-—1

b

« Cooperators interact only with cooperators
» Defectors interact only with defectors

g el e,=0

cooperationemergesiff b>c

‘————-————_———_—_—J.



Ex. 3: overdispersion of cooperators

cn
ec—ep>——1

b

« Every group can contain only 1 cooperator
e-—0 er,—1

cooperation cannot emerge




Hamilton's rule

e.—e.-+1
c— €p
rb>c, y=

n

* 7 was termed “relatedness” by Hamilton (1964)
* Extreme assortment: » =1

 Overdispersion of cooperators: » =0




A problem shift

why does cooperation emerge?l

how do cooperators assort? l




Five mechanism of assortment

Nowak, Science (2006) 314, 1560-1563
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kin selection
direct reciprocity

indirect reciprocity

L

population structure group selection




Kin selection
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I will jump into the river to save two brothers or eight

COUSINS.
J. B. S. Haldane

Hamilton's rule:

rb>c

brothers: r=1/2

pralethess JLcousins: r=1/8




Direct reciprocity

B AT, <
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Repeated Prisoner's dilemma: players play once more with probability w

retaligtors. . 254 - ClE G 2 C CED. &5 B,
gpponent- == C e nCD XX a:, XA
(n)

(D,)= (B=c)+bw"

~wh—c

I1(D.)~H(D,)=w"5"—=

wb>cl

(D, )=——(b—c)




Axelrod's tournaments

Axelrod (1984) The evolution of cooperation (Basic Books)

« 13 (first tournament) and 62 (second tournament) strategies, plus
RANDOM, played 200 iterations of the repeated PD

* Absolute winner: Tit-for-tat (TFT), by Rapoport:

« Start cooperating

* Do what your opponent did in the previous round
« Good strategies are:

* Nice: start cooperating

 Provocable: retaliate after being defected

* Forgiving: help restoring cooperation

« Simple: behavior easy to understand

——_—_J_



Indirect reciprocity
o

* Assorment achieved through signaling

* Problem: fake signals

eastern coral snake false coral snake
(venomous) (non-venomous)

\——_——_J_



Reputation

g — probability to be aware of
opponent's reputation

b—c>b(l—gq) = qb>cl




Emergence of moral rules

Brandt & Sigmund (2004) J. Theor. Biol. 231, 475-486

a A does not help B A :{C, D} actions
ﬂ
o R = { G B } reputations

2 :
Should the reputation of A decrease? S — { R > A } StrategleS

Ahe Ip 5B M= {A)( Rz—eR} moral systems

0 O . S |=2=160 M =27 =256

Should the reputation of A in

S % M|=2"=4096




Emergence of moral rules

Brandt & Sigmund (2004) J. Theor. Biol. 231, 475-486

Reputation of donor and recipient

GG GB BG BB
C| G G G G | Scoring
D B B B B
2 c| G G G G | Standing
5 D| B G B B
1)
5 C| G B G B | Judging
© D B G B B
<
C| G B G B | Shunning 1
D B B B B

I

Reputation of donor after the action

moral assessment of an action

‘————-————_———_—_—J.



Emergence of moral rules

Ohtsuki & lwasa (2004) J. Theor. Biol. 231, 107-120

leading eight (uninvadable)

GG GB BG BB

C G i & ) Assessment
D B G B *
C D C C/D | Action

|

Note: if a ‘good’ donor meets a ‘bad’ recipient,
the donor must defect, and this action does not
reduce his reputation.




Population structure

Nowak & May (1992) Nature 359, 826-829

« Assortment through interaction with neighbors in a network
* Includes spatial as well as social assortment

« Requires a dynamics inducing clustering of cooperators




Population structure

highest payoff

.G eid e

unconditional imitation




Population structure

=il D e =000

t=0 t=1 t=4
t=9 t=18 t=35




Population structure

No general rule (depends on the specific dynamics)
Roca, Cuesta, Sanchez, Phys. Life Rev. (2006) 6, 208-209

An empirical rule in a very specific context:
Ohtsuki et al., Nature (2006) 441, 502-505

b >cn ' __ average number of neighbors




Group selection

« First step in a hierarchy of multilevel selection
 Individuals reproduce

« Selection acts upon groups




Group selection
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m groups
 Individuals reproduce proportional to payoff
* Payoff of a group with k cooperators = k(b—c) regardless of size

 Payoff of a cooperator in a group of size s and k cooperators =
[(k/s)b—c]/[b—c]

* Groups of size >n split replacing a randomly selected group

« Under specific assumptions, cooperation spreads if

b>c(1+n/m)

\——-_-—_J_



Conclusions

« Emergence of cooperation underlies the increasing complexity
direction of evolution

« Major transitions in evolution are related to the appearance of a
collective behavior triggered by cooperation

* The basic motor for the emergence of cooperation is assortment of
cooperators

 There are at least five basic mechanisms inducing assortment of
cooperators

» All five yield a Hamilton rule for the threshold of benefit-to-cost
necessary for cooperation

« Other mechanisms not explored here: intervention of third parties

\—;—-_-—_—_J_
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