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Mechanizmem přirozeného výběru může docházet k evoluci ad ap tivní ch znaků po uze u nepohlavn ě se roz množ ujícíc h druh ů. U dru- '-----------------------
hů roz m nožujících se pohlavn ě vzniká genotyp jedince v každé gene raci náh odným na mixováním gen ů od obou rodičů a bio logická 
zda tn ost (fitness) jedince se zde p roto neděd í. Pro vysvě tle n í fun gování ada ptivní evoluce u p ohlavně se rozm nož ujících o rgan izm ů 

byla v 70. letech minuléh o sro let í n avržen a teo rie so bec kéh o genu. Podl e ní v p r ůb ěhu evo luce ne soup eří jed in ci v rámci po pula ce o co 
n ejvětší biolog icko u zdat nos t, a le a lely v rámci jednoh o lokusu o schopnos t pře dat co ne více svých kop ií do genofond u další gene ra
ce. Tato teorie ovšem opo míjí s k utečnos t , že vliv jednotlivých alel na fen o typ i vliv jedn otl ivých fenotypových zn aků na biologickou 
zda tnost jedince závisí na tom, jaké d alší alely jsou přítomny v genotypu danéh o jedince. Teori e evo lu č n ě scabi ln ích st rategií ukazuje , 
že za těch to podmínek nemohou vést selekč n í tlaky k d louhodob ým změ nám ve fenotyp u o rg aniz mů , ale pouze k vychýlení frekven cí 
jednotli vých alel z rovn ováhy. Čím je tom vychýle ní větš í, tím více geno fond c ě rnro tla kum vzdo ru je a po přerušení sele kčn ího tlaku se 
frekvenc e alel samovo l ně vrací na p ů vodn í hodno ty. Teorie zamrzlé plasti city, publikovaná v roce 1998 , ukazuje, že poh l avně se ro zmno
žující druhy moh ou evo luč ně odpov ídat na selekčn í tlaky (jsou evo l učně plast ické) pouze v době , kd y jsou přís lušn íci da ných druh ů 

geneticky unifo rmní, t edy n apřík l ad po odš rě pen í a následném rych lém namnožení malé čás t i popu lace původ ního druh u. Po u rči t é 

dob ě odhadované na základě paleontolog ických dat na 1-2% doby rrv ání d ruh u se v geno fond u uahro rnad i genet ický po lymorfizmus 
a nové mutace se rak v každé generaci ocitnou ve s po leč nosti j iných a lel - d ruh se p ře sta ne chova t jako evo l u čně plas tický a zač ne se 
ch ovat jako evolučně elast ický. V rorn ro stavu pak exist uje až do dob y, než se v p ros tře d í nahromadí rakové změny, že evo lučn ě za m rzlý 
druh vymře . Z teori e zamrzlé p lasri ciry vyplývá řada d ů sled k ů pro nejrůzn ěj ší věd n í obo ry, v č e tn ě psychiatrie. Vzhledem k tomu , že 
druh může úče l ně evo l učně odpovída t na vlivy prost řed í pou ze b ezp rostředn ě po svém vzniku, je napr ost á většina druh ů , se kter ými se 
v p říro d ě setkávám e, včetn ě člověka , adaptována nikoli n a podmínky, ve kter ých momentá ln ě žij í jejich p říslu šní c i , ale na podmínky, 
kt eré panovaly vdob é jejich vzniku. Teorie zamrzlé pla sti city dá le ukaz uje, že vzn ik altruistického cho vání je mnoh em p ravděpodobn ěj ší , 

než jak naznačov al y předcházej ící evoluční teorie. 
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The mech a.nism of narural selection can lead to th e evoluti on o f ada pcíve crait s only amongsc ascxually rcproducing organis ms. 

Am on gst orga nism s rhat reproduce sexual ly, rhe genotype of the indrvidua l is fo rmed in each genera tion chrough th e randem mixin g 
of che genes of rhe rwo parents and rhus the biological fitness o f in divid uals is not inherucd. The thcor y of che sclfish gene was pro
po sed in the 1970 's to explain rhe functioning of adaptive evol urio n amo ngs c asexu ally reproduein g organisms . Accordmg to this 
theory, individuals do not compece for che greacesc biolog ical fitness in the frarncwork of rh c po pu lation d ur ing cvolu tion, but rarher 
che all eles compec e in che framework ofa sing le locu s for rhe abí lity to tran sfer che grea tes t n umber of their copics to the gene pool of 
the next gcne rarion. However , rhis th eory negl eccs th e facr chat th e effect of the individual allcles on che ph en o rypc and rhe effect of 
rhe individua] ph en otype trai rs on che biological fitness o f individ uals depend O ll th e other alleles t ha t are pre sent in th e geno rype of 
rhe individuaJ. The rheory of evo lu rionarily stable s rrateg ies indicares chat, under these condit ions, selcccion p ressures canno r lead to 

long-rcrm ch anges in the phenorvpes of organisms, but only to deflection of rhe frequen cy of che indi vidua ] a llcles from equilibriurn . 
The greater this deřl ection , rhe more the gene pool resists chis p ressure and, afcer cessarion of th e selection pressllre, the frequency of che 
a lleles spon raneo us ly rerurns to rhe original valu es. The rheory of froz en plas ticit)', publish ed in 1998, sh ows rha r sexual ly rep roducín g 
species can resp ond evolu tio riarily to selection pressu res (they are evolutionar ily plasric) only wh cn t he mcmbers of rhe pa rricular spe
cies are generical ly u niform , i.e. afr er split ting oITand su bsequen r rapid rnul riplic ari on o f par t of che popularion of th e original spe cies. 
Followin g a shorr peri od of tirn e, estimated on che basis of pale onrol ogical data to corres po nd to 1-2% of th e d urarion of che species, 
genecíc pol ymorphism accurnulares in th e gene poo l and thus, in each genera tion, th e new m utarions are in rhe presence of different 
alleles - th e species ceases to behave in an evoll1tion arily plasti c mann er and begins co be evollltionari ly elastic. It th en exists in thi s 
sta te unti l s uch time as such ch anges acc um ul.lte in th e envíronme nt t hat rh e evo lur io narily Erozen sp ecies beco m es extinc t. A number 
of consequences foll ow from the cheary o f frozen plasticity for vari ou s field s of scie nce, including biological psychiatry. As a species 
can uscfuJly resp ond evol utionarily to che effecc of th e environme nt only im media tely following its fo,·mation, rhe vas t majori ty of th e 
species chat we cnco llnte r in nature, induding human beings, are ad.lp ted , not to the co nd itlo ns in which its membe rs mo menrarily 
live, but to che conditions that exisred a t tbe time of its forma cion . The the ory of fro zen plastici ty further in dicates that th e form ati o n 
of alt ru ist íc behaviour is far more pr obable than was sugges ted by tbe pr eviolls t heories of evo lution . 
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Darwins classical th eory of evo lutio n (D arwin , 1860) 
assu rncd thar the ad aptive t raits o f mod em organisms, i.e. 
adap tive srrucru res and adaptive pattern s of behaviour, wcre 
formed during evolu tion through th e acr ion of natu ral sele
ction. lndivid uals chat bore rnutarions rhar allowed rhern to 

mo re effective\y utilize che resources in che environme nr or 
m ore effeccively d efend rhernselves from natu ral en ernies left 
more descendants during thei r lives than ind ividuals wirho ur 
th is rnutati on.These desccndan ts inheri t fro m thern not on ly 
che advanrageous m u ratí on, but also cheir advanrageous ph e
no typ e rrairs , As a consequence, t he nu mbe r of individuals 
with thi s mu rar ion grad ually in creased in che populazion 
unci! it cornplerely predo mi nated - che rnu rati on becam e 
fixed. Asfurr her an d further advan rageous murations bccarnc 
fixed in che po pu la rio ri, fur th er and fur rhe r ad aprive traits 
app ear ed ena blíng che me rnbers of th e individ ual species to 
cver berr er ut ilize th e exiscing an d new resources occurring 
in cheir environ rnenr. 

Approximace1y un ril rhe 1960's, an increasing nurnber of 
evolutionary biologisrs began to rea lize rhat Darwin's th c
o ry of evolu tion sacisfactorily exp lained adaprive evolutio n 
amo ngsc asexually reprod ucing species, bm is much harder 
to apply co adap cive evolu t ion amongst organisms char re
prod uce sexually. The biolog ical fitn ess of a11 ind ividual is 
dererm ined by h is phen o type, i.e. the sLlm of his propercies, 
whic h d epend directly o r indirec tly on his genocype , i.e. on 
rhe ser o f 31leles that the given indi vidual has in hi s cells. 
Wh iJe, amongst asexually reproducing organis ms, rhe geno
rype and chus also che biological fim ess are in herired from 
the parent by che progeny, amongst sexua lly reproducing 
organ isms che genotype is fonned an ew in each generation by 
ran dom m ixing of the 31leles derived fro m both the parem s. 
As a conse quence, biological fitness is inhe rited tO only a very 
limited degree, in orher words, very fit parem s ean very eas ily 
produee a ch ild wirh subnormal biological fitness. Darwinis
ric evolurion can not oecur whe re th ere is no herirabilicy of 
biolo gical fitne ss. Richa rd Dawkins attempted to resolve chis 
very fundame nt31 probl em in th e ninereen seven ties th ro ug h 
bis theo ry of rhe selfish gene, based on the models ofWilliam 
D. Hamil ron (Dawkins, 1976;H amilcon , 1964a;Hamilton, 
1964b). Aceordi ng co chis cheory, am ongsr sexually reprodu
cing species, individuals in rhe popul acion (carriers ofvarious 
mucacion s) do noc com pecefor th e greatc scbiological fitness 
(i.e. th e greacest number of proge ny) bur ra ther che ind ividu al 
alleles (gene var ian rs) compete here in th e framework of th e 
same locus co pass the gr eacest II umber o f th cir cop ies down 
to the gene pool of the next gene ration. \Vhile the geno cype o f 
th e individ ual is noc inherited , unless th e ra re phe nomeno n 
of mutarion OCCllrs, che Struc tllres of rhe alle1es are inherited 
also in sexually rep rodu cin g species from o ne generation tO 

che next in unaltered formoIn many cases, che allelcs com
pere cogecher to dete rm ine which will increase rhe biologic31 
fim ess of "jts" individ ua] thc m ase. However, ac orher time s, 
th e alleles increase the number of thei r copies rra nsferred to 
th e next genera rion by "program m ing" rhe ir carri ers to assist 
in the rep roducrion of their relat ive, who can bear a copy of 
th c same alleles. l n some cases, the alleles also achi eve "their 
targcrs" by sim ulraneollsly reducing the bio logi cal fitness of 
th eir ca rrier. For example, the t -31leles of m ice cause thac, in 
hetero zygoce males bea ring one norm31 and one t-aJlele, only 
che sp erm bearing th e c-alle!e are successful, while sperm wirh 
the normal al lele are unfun ction al (Ard lie, 1998). T hus, t he 
male will have lower fertili ty and leave fewer progeny whi ch 
will, howe\'er, all car ry rhe r-al lele. 

Although the thco ry of the selfish gene is probably che 
mo st \\'ide sp read and wide ly rceognized th co ry am ongs t 
evo lurionary biolog1srs ar che presenr tirnc, ir a1so cxh ibir s 
som e d rawbacks chat th row irs general validity in ro do ubr 
(Flegr, 1998).T he mo st irnp orranr asp ecc is chat ir com plercly 
ign ores che depc nde nce of che biologica l fitn ess of car riers 
of cer tain rrairs (cerrain alleles) on che frequ ency of che in 
d ivid ua l rra irs (or ind ividual allcles) and also char, al though 
che allelcs are acrually passcd on frorn o ne gen eracion ro 
che ncxt in unalrercd form, rh eir c fřecr on che phenorype of 
rh e individual an d rh us on h is biological fitn ess can change 
fro m genera tion to ge.neracion. In addition , the eřřecr of che 
individu a] trairs is dcpendcnt on che conrext; in rhe conrexr 
of a single phenorype, a cerrain fo rm o f a t rair ma)!be advan
tageo lls, while ir ma y be disadvan ragcous in che con rexr of 
so rne ether pheno type. However, un dcr th ese condirions, not 
only can Darwiniscic evolution based on rhe corn petit ion o f 
ind ividual s in che framewor k of rhe pop ularion nor occ ur, 
b ut Dawkirusric evoluric n bascd on com peririon of allcles 
in the frarn ework of the individu alloci can also noc occu r, If 
che popularion is exposed co selecr ion pressu re, it rcspon ds 
to this pn'ssure by a shifr in the frequenc ies of th e individual 
aIJ etes. Howeva, rhe more th e frequencies deviace from th e 
o rigina l eq uilibr lum (evollltiona rily s tab1c) frequcncy, th e 
less willingly rh ey respond tO the given select ion pressure. 
The frcqll en cy of so me alleles lncreases in rhe popu lacion 
and th ~ n , e.g. in the homozygo te scare o r in combinacion 
with o rher, o riginally rare but now also frequ enr alleles, the y 
red uce the biological fi tness of their ca rriers . T hus, afcer 
a ce[[a in period of (im e, the popula tion com pletely ceases 
to rean to che given select ion pressu re and, when se1ecti on 
ceases, the fregu encics of rhe alleles (an d th us the phenoeype 
oEth e individuals in rhe pop ulation) retu m to che or iginaJ 
(evolur ionar ily srab1c) vallles. Co nseq ue ndy, sexually repro
dll cing species act c1 ascically, changc th rou gh thc effeet of 
selection only lVirhin cercain limi ts and che acqu ired changcs 
are llsually reversib le (Flegr. 1998). 
Howc\ 'c ľ, accord ing tO th e th eo ry a f fro zen plasriClty, se

xua lly ľeprodue ing sp ecics can undergo adapcivc evol lltion 
in a ceHain phase of th eir cvolu rion, i.c. nor only Dawkinis
tic cvolurion, b lit also Darwini scic evolu tion . Spe cies can 
acquire evoluri onary plasti city soo n after th eir for mation , 
bu t only if chcy \Vere fonned by sp lircing off of a \'er y small 
part of the popularion fro m th e popula tion of che o riginal 
spccies, e.g. throu gh periparric speeiarion. rn th is case, rhe 
newly form ed spe cies loses a large pa rt o f irs ori gin al g<.:nc
ric po lYl11otphism and a furrher parr of rhe polYl11orphism 
disa,ppcars subseq ucn tly in th e sm a11 popu/a tion rhrough 
gene tíc drifc. If che popula tion again inc reases in rhc next 
phase of th e devclop mc nt, ideal conditio ns are creaced for 
the fun crion mg of Darwinist ic cvolu tion . As .1 eonsequence 
of gene tlc homogenei ty, in cach gcnera[ion ne\\' mur ations 
are presenc in associacion wirh iden tical O l' very similar com
bin ar ions of alleles and rheir effect on the biolo gical fitn ess 
of thc ind ividual is idcn tical o r simi lar in each case . Under 
th ese condic ions , genet ic fitncss is in herircd and Da n vin is tic 
evolutj on can fun erion . However, after a cereain rime, new 
genetic variability accu mulates in the popu lat io ll, so cha t 
che species frecLes evo!u cionarily and again ceases to reacr 
to se\ectlon pr essu res ar, to be mo re precise, bcgin s co react 
like elas ric. 

In che ninc reen slxties, the paleol1tologists Niles Eldredge 
and Scephen J. Gould began tO nocice rhe lon g period of 
evolucionary stas is in che lives of species and incroduced 
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their rheory of punctuat ed evolut ion, also cal led the rheo ry 
ofpunc tua ted equ ilibrium, inco paleo ntology (Eldredge and 
Gould, 1972) . On rhe basis of palecnrol ogi cal data, they 
estirnated that the period of evolutionary pl as ticity lasrs of 
the order of twenty thousand years, corresp onding to 1-2% 
of the overal! period of existence of a species. In their origi
na! work, they proposed several possibl e explanations of rhe 
punctuated characrer of evolu tio n, o f wh ich one, gen et ic 
revolurion in sm all populations, in principle app roached the 
explana tion offered by the rheory o f frozen plasticity. Gol d 
subsequenrly rejected th is explanat ion in his last, rnoriurnen 
tal work (Go u ld, 2002). 

Th e rheory o f fro zen plasrici ty has a number of co nse 
quences rha t a re imporrant for understanding the natural 
phenomen a stud ied in various field s of science . Co ns ideri ng 
only the field o f biological psychi atry here, rnen tion can be 
made, e.g., of rh e asp ect of adap rive beh aviour amongst hu 
man bein gs and the asp ect of al truistic behaviour. 

Evolu tionary psychologisrs gen erall y co nclude that inheri
red pattern s of h um an beh aviour ar e adap tive, i.e. con tr ibure 
positively to increasing che biologieal fiÍ:ness of th eir carriers. 
If a cerrain pa trem ofbeh aviour (e.g. homosexuality) curren t
ly seems to us to be nonadaptive, not useful , red ucing the 
chance of survival of rhe individual or the rep roducti on of 
its carriers , it is usual to look fo r th e useful function of this 
pattem of beh aviour that we have overlooked . The seco nd 
possibility that we usual!y co ns ide r is wh erh er the given 
par tern of beh aviour was adap tive in the pas t and became 
disad vantageoll s on ly recenrly, under th e a!t ered conditio ns 
of modem civilization . The theory of frozen plastici ty offers 
a rhird possibility: the particular partem of behaviou r is dis
advantageous, not because OUr species has no t yet m anaged 
to adapr to recently altered cond itio ns, bm because it did 
not sueceeded to adap t in rhe shorr period of rime when it 
was evolu t ionarily plastic. In the subse quent , probably very 
long period of fro zen pl astici ry, it cou!d no longer adap t to 
the condirions , even rhough th ese conditions m ight have 
remained unehanged for hundreds of thousands of years. 

The appearance and maintenance o[ al truistic behaviour 
is a myst ery for evolu rionar y psychology and ethol ogy. A po
pulation tn wh ich altruists are pre sent, i.e. indtvicillals thar 
help other (even no n-rela tive) members o f the population, 
even at th e cost of reducing their own bio!ogica! fitness, can 

prosp er berrer, on an avera ge, rhan a population in wh ich 
altruisrs are nor pH'sent. However , of all the members o f 
such a po pu latio n, selfish ind ividuals sti li prosper mos t, i.e. 
individuals rha t enjoy the adv an tage s foll owing fro m th e 
presen ce of altru ist s in th e populauon, but d o nor, th em sel 
ves, behave altruisti call y. Here, selfish individuals have rhe 
grea tesr biolo gical fitn ess and rhe ir nurnber in th e population 
sho uld gradually in crcas e un til they co m plerely force a ut rhe 
altrui st s,The theor y offrozen plas ticiry sugge sts rwo reasons 
wh y altruistic beh aviour non etheless co nti n ues to exisr in 
hurnan and anima! populations (Flegr, 2006). To begin wit.h, 
ir shows us cha t th e cvo lu t io n of a phen orype (in cluding 
patterns of behavi our) has irs bo undaries in evolur io riarily 
froz en species. Select ion pressure preferr in g selfish indivi
dua1s can increase rhe frequen ey of alleles for selfishness in 
rhe popu lat ion, bu c ean never lead to com plere elimi natio n 
of alleles for alrru isrn in the popu la rion . T he seco nd reaso n 
m ay be even mor e impo rtan r. T he inherirabiliry ofindividual 
biological fitn ess and che inheri rab iliry ofphenotype trai ts are 
very low o r do not cxist at all fo r frozen species. T hc aJleles 
that are respo nsi blc for altruistic beh aviour in rhe con tcxr of 
a certain genotype can, in rhe con rexr ofa di fferent genotype, 
cause selfish beh aviour , and vice versa , T h us, an a lrr u isr can 
have a sel fish (or al tru isric) ehi ld with the sarne prob ab iliry 
as any orhe r member o f the popularion. Thus, alrruism is not 
inheri ted in the pop ular ion , an d individuals wirh alrru ist ic 
behaviour eme rge in rhe population ar random in rhe fam ilies 
of borh alrrui st s and selfish ind ividuals wirh a pr obab iliry 
correspo nding to rhe frequ en ey of th e relevant a!leles in t he 
population. T h us, a sexual ly rep roducing po pulation does 
not co ntain a genealog ical line of a!rru is tic in dividual s that 
would br p redes tine d to ext inctio n and a genealog ical line 
o f selfis h individuals that wou ld be predestined for evolu ti
onary victo ry. 

Th e th eor y of fro zen evolurio n wa..~ publi sh ed on ly recen tly 
and ha s cer tain!y nor en te red th e conscio usness of rhe pro 
fessional public. Thu s, the Czech professiona! public has the 
op po rtun iry to gam a certain advantage here, as ir reeeived 
th e Czech vers ion of rhe bo ok o n Frozen Evolution , where 
th e assumptions and vario us eonsequenees or thi s th eory are 
discu ssed in de tail, ar an earlier dare (Flegr, 200 6). Understan
dably, th e validity of the theory and it s exp ianarion porential 
will be ver; fied o nly with th e passage of time. 
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