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H e€€ALEN Tov aAtpoulopov

-TO TIPOSANUA TOV AATPOVIGHOV aTTO SapBLVIKN OKOTILX

- Tapadelypata floAoyikoV aAtpouviopov

-> KOLVWVIKT CUUTIEPLPOPA LETUED OPYAVLIO LWV

-> AAANAETILOPACELS (KUTTAPWYV, YOVISLWV) EVTOG OPYAVLIO LWV
-> CUUBLWTIKEG KAANAETIIOPACELG

-BLOAOYIKOG AATPOUVLOUOG
-> PUYOAOYLKA KIVNTPO U O UOVTIKA

-cooperation, mutualism, altruism
-> prosocial behaviour



H e€€ALEN Tov aAtpoulopov

-TPELC EENYNOELG YL TNV KOLVWVLKI] CUUTIEPLPOPA
-> kin selection -emiAoyn ocvyyevoUg

-> group selection -emAoyn ouddog

-> reciprocity -apoifatotnta

-eTtIAoyT) opadag kol to poBAnua tov ‘subversion from within’

-reciprocity:

-> GEV AVOPEPETAL OE OPEAN OE OUAOES (OTIWG TNV ETLAOYT) OUASAG),
dev amaltel aAAnAemiSpaocelg HeTal ocvyyeVvwWY (OTTWG OTNV ETLAOYT)
OVYYEVOUG), UTTOPEL OL OPYAVLIOUOL VO 0tVI]KOUV GE SLOPOPETIKA ELOT



Game theory & Evolutionary game theory

-use of game theory in biology
-as a way of analysing strategic behaviour/conflicts of
interest

Maynard Smith and Price (1973)
-‘The Logic of Animal Conflict’
-why does so much ‘mock’ fighting take place?

-more generally:

use of ideas from rational choice theory in evolutionary
biology

-why?



Game theory & Evolutionary game theory

rational choice theory:

-an agent is faced with a choice of options

-theory aims to say which is best

-key principle: choose option that maximises expected utility
-rationality ‘demands’ that an agent do this

evolutionary theory:

-a choice of options (e.g. behaviours, other phenotypes)

-natural selection does the choosing

-key principle: option with greatest Darwinian fitness (i.e.
expected number of offspring) is chosen

-expected number of offspring is analogous to expected utility



Game theory & Evolutionary game theory

how good is the analogy?
i) explanatory similarities in the two fields
ii) both involve a type of maximisation

iii) both involve a notion of optimality

iv) both subject to a similar methodological critique
v) BUT not perfect



Game theory & Evolutionary game theory

Game Theory:

-a branch of rational choice theory/decision theory

-expected utility maximisation as applied to games of strategy
i.e. where your payoff depends on what your opponent chooses
-originally developed by economists

-key notion: Nash equilibrium

Evolutionary Game Theory:

-applies traditional game theory to evolution
-again, utility is replaced by fitness

‘optimal’ strategy now has an evolutionary meaning
-key notion: evolutionary equilibrium or ESS



Pewpla taltyviwv & EEeAlkTikn Bewpla matyviwv

Player 2
A B

Player 1
B 0,0 1,1

-game (moalyvio)

-payoff table

-Nash equilibrium

-Evolutionary stable strategy = E€eAlktikd otaBep1) oTpaTnNyIKN)
-> kB¢ ESS amoteAel tooppotia Nash



To AiAnupa tov PvAaklopeEvou

Player 2

Player 1

C = cooperate; D= defect
T= Temptation; R= Reward; P= Punishment; S= Sucker

‘Exovpe A® 6tav: T> R> P> S



To AiAnupa tov PvAaklopeEvou

Player 2

Player 1
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-> Elote o maikg 1

-Av 0 TtaikTNG 2 cuvEPYAOTEL, TO KAAVTEPO YL 0AG Elval va ‘“TPOSWOETE’
-Av 0 TtaikTNG 2 TPOSWOEL TO KAAVTEPO YLt 600G EVAL VX TIPOSWOETE

-> dpa, | KAAUTEPT ETAOYTY] YIX E0GGS ELVOL VX TIPOSWOETE

-> QAAG 0 TTaiKTNG 2 B OKEPTEL PE TOV (810 TPOTIO
-> AP, KoL 0L V0 O TTPOSWOETE, e ATTOTEAEGUA XELPOTEPO ATIO TO VA EIXUTE CLUVEPYAOTEL



Prisoner’ dilemma

Player 2

Player 1

(D,D) is the only Nash equilibrium of the game

Nash equilibrium: means that each player’s choice is optimal, given the others
i.e. neither has an incentive to unilaterally deviate



Prisoner’ dilemma

Player 2

Player 1

moral?

-looks bleak for human co-operation
-nice guy will lose out

-‘the tragedy of the commons’

-> this assumes players care only about their own payoff
-> this assumes a ‘one-shot’ PD; it's very different, if the game is repeated



To emavaAapBavouevo
AlAnupa tov PvAaklopevou

-l OELPA AAANAETIIOPACEWY HETAED 2 TIALKTWYV, OOV KAOE
aAANAETTIOpaon anoteAel Eva AD

-> Ol TTOKTEG UTTOPOVV VA AAAAEOVV TN CULUTIEPLPOPA TOUG UE
Baon To TL EXEL YIVEL OE TTPONYOVUEVEG XAANAETILOPACELG

-> dev elval EexdBapo TL amoteAel 0pBOAOYLIKT) CLUTIEPLPOPA

-Axelrod -> tournaments (1984)
-> TIOLEG OTPATNYLKEG TO TINYALVOUV KAAVTEPQ;

-n otpatnyikn Tit-for-Tat n kaAUtepn (‘avtamodidw ta (oo’
ATI)



To emavaAapfavouevo
AlAnuua tov PvAaklopevou
-> Tit-for-Tat

-TNV TPWTN POPA& CLUVEPYALETOL, TIG ETTOUEVES (POPESG O,TL EKAVE O AVTITTHAOG TNV
TIPONYOVUEV (POPA

XopakTNPLloTikd otpatnylkng Tit-for-Tat:
-> APXLKA CUVEPYATLK)
-> avtamodiSeL ypryopao

-> OLYXWPEL YpTyOopQ

- Axelrod & Hamilton
-> OEVAPLO Yl EEEALEN ovvepyaaoiag

-ALLD (‘all defect’) w¢ €€eAMKTIKA OTAOEPT) CTPATNYIKN

-> ESS: i otpatnyikn n omola 6 HMopEL va VTTOOTEL ELGLOAT] ATTO KATTOLX AAAN
OTPUTNYLKN

-> BeWPMNTLIKY) EVOTIOMON SLAPOPWYV LOVTEAWY CUVEPYAOLOG T TEAELTALX XPOVIX
(Hamilton)



Prisoner’s Dilemma in an
Evolutionary Context

-a large population of organisms
-some C, some D
-they meet at random, and interact in a fitness-affecting

way
-payoffs are in units of fitness

-> what will the evolutionary dynamics look like?
Answer: Cs will be eliminated in favour of Ds

why? because the fitness of a D is higher



Prisoner’s Dilemma in an
Evolutionary Context

-random pairing means that the probability of being paired with a
C is the same, for both types

-the same for the probability of being paired with a D

-therefore, proportion of Ds will increase every generation, until
there are no Cs

-‘100% D’ is the only equilibrium configuration

-defect is the only ESS

-nice guys will be driven extinct

-so rational choice outcome coincides with evolutionary outcome
-> utility maximising strategy = fitness maximising strategy



Prisoner’s Dilemma in an
Evolutionary Context

-> this depends crucially on assumption of random pairing
(cf. Brian Skyrms)

-what if we introduce correlated pairing?
-> i.e. probability of being paired with a C is greater for C types than
for D types

-> similar for probability of being paired with a D

-> relatively few (C,D) pairs, lots of (C,C) and (D,D) pairs

-then, co-operation may be the fitter strategy! why?

-> because advantage of being paired with a ‘C’ falls preferentially on
C types

-in effect, this is the principle of kin selection



Prisoner’s Dilemma in an
Evolutionary Context

morals:
i) co-operation CAN evolve

ii) evolution and rational choice ‘part ways’

Skyrms: ‘with correlated pairing, rational choice theory
completely parts ways with evolutionary theory.
Strategies that are ruled out by every theory of rational
choice can flourish under favourable conditions of
correlation’

iii) evolution can explain human behaviours that are
anomalous from viewpoint of rational choice theory



To Kuvnyt EAaglov

-to Tratyvio ‘Kuviyt EAagilov’ (Stag Hunt)

-> TIPETIEL VAL LKAVOTIOLELTAL 1] CLVONKN: Player 2
R>T=P>S

Player 1

C = cooperate; D= defect
T= Temptation; R= Reward; P= Punishment; S= Sucker



To Kuvnyt EAaglov

Player 2

-elote 0 ailkNG 1
-> vV 0 2 CUVEPYAOTEL TO KAAVTEPO ELVAL VO CUVEPYAOTELTE
-> v 0 2 ‘mpodwoel, To KAAVTEPO Elval va ‘“TTPOSWOETE’

-0AAQ TG Elvat SUVATOV VA EXETE EUTILOTOOVVT) OTLO 2 Bt CUVEPYOTEL;
-> ‘TIpodocia’, 1) TTLO AGPAATC ETAOYN



To Kuvnyt EAaglov

Player 2

-tapaderypa (amd 0Tov Kol 1 ovopacia Tov malyviov)

-> GUVEPYATIKO KUVIYL

-> elte ovvePYAleoTE KL KUV YATE Pl EAAPL, elTe ‘TTIPOSIOETE’ KAl KUVNYATE YWPLOTA
Ayoug

-TETOLEG AAANAeTISpAoELS YapakTnpllovTtal ano apolfatotnta (mutualism), avti ywa
QATPOUVLOUO



ECEAIKTIKA LOVTEAN KOLVWVIKNG CUUTIEPLPOPAG
&
eCEALKTIKEC LETABAOELC

-TOL LOVTEAN KOLVWVIKTG CUUTIEPLPOPACS TIOV ELSAE HTTOPOVV VO EQAPUOCTOVV
OTIG LEL(OVEG EEEMKTIKEG LETABACELG

-> ONUAVTLKY) Stakplon mov elocayel o Queller
-fraternal vs egalitarian transitions

-tapadetypa fraternal transition: TOAVKUTTAPLIKOTN T
-tapadelypa egalitarian transition: eEEALEN EVKAPLWTIKOV KV TTAPOU

-> fraternal transitions: cvvepyaocia w¢ Tapadelypua EMIAOYNG CLYYEVOUG
-> egalitarian transitions: cuvepyaoia wg reciprocity (apotfatotnta)



To Ultimatum Game

-To Ttatyvio ‘TeAeoiypao’ (Ultimatum Game)

-> TMOPASEIYUA TELPAUATOG TOU OELYVEL TIWC CUUTEPLPEPOVTUL OL
AvOpWTIOL G€ TALYVIODEWPNTIKEG KATHOTACELS, OTIOU UTTOPOUV VO
ETMIAEEOVV VO CUUTIEPLPEPBOVV HATPOUVLOTIKA

-‘proposer’ kat ‘responder’

-> 0 proposer pHolpaleL Eva XPNUATIKO TTOGO

-> KPOTAEL EVO LEPOG KAL TIPOCPEPEL EVAL LEPOG OTOV responder

-> 0 responder eite 8&xeTar (omote 0 kKaBEvag AapBavel To HEPOG
TOV), £(TE ATMOPPLITTEL TNV TTPOGPOPQ, OTIOTE KAVEIG S& Aapufavel Tt

-> TO TElpopa SELXVEL OTL OVTWC CUUTIEPLPEPOVTAL KATPOVLOTIKA
-> LOYVEL OE€ TIOAAEG KOUATOVUPEG



To Ultimatum Game

-eENyNnon TMEPAUATOG: OL AVOPWTIOL £XOVV KOLVWVIKEC TIPOTIUNGELC
-> gvdlagépovtal va Bonbnoovv Toug AAAOULG, Kol VA TIULWPNCOLV
ASLKEC CLUUTIEPLPOPES

-0AAG TG UTTOPEL LA TETOLO CLUTIEPLPOPA VoL EEEALYOEL

-> AVTAYWVIOUOC LETAEL opuadwVv oto [MAsloTtoKOLVO, Pl amdvTnon

(amo 200.000 xpovia mplv, omov sugavidetat o Homo Sapiens, €wg
12.000 xpoOvia TTpLV LE TNV AYPOTLKY EMAVACTAOT))

-> gCeAEn ovvepyaoiag meploootepo mutualistic, eVAAAAKTIKT)
amdvtnon (0Tw¢ oto ‘Kuvnyt eAaglov’)
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