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. Fin0tkdLB " odHBOSES G jishisOLO 3

OYJ3oy odjEbYrp 8 Y90 3dqpabbgy pEsqdYFacbgy bodYsqac odjEbYFE3YY
do d3oyds3op IgRYIEDYY.
0. e. Yqddgd (Merser, 1981)

Esodoy ¥Feob 6 ys0 g206@(, 3qp ¥Zeob sqdoo(YbEpYeY,
i y92 qdsqdsdgbbgy ¥Feob YdsodYY.
O. t. adeed Y 6. L. EYaY (Brooks, Wiley, 1986)

n,002¢ho 9003, eFe 3 ¥qdbg bgdv(Qypo dodqqdRYady 3dh, 390 oaRbo do 3dgongbgp
dE¥rIYIFoacdy 3 qodgdo, sFe dagdsqs bEp edqddaFIayse dgga,

392 Y nYd 3 nopgbs, eoj(F asj odboddqogbbo dosdodya Idq IqyY,

doqadRFEa 3 dggq 3dq 3q4 Y, eo9adgq fapay sdoYrIqaF,

efe JorpoRbodaY Y eFe cdY3¥bg, edgR(q 3qp 2bY dErIvaydc

Jo 3dgogb¥Y sEeYpY, eFeYDY Ye ¥bEqp Dg.
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J 0230 gydoay¥3yvye Eddosvvdaqady d ogdEroIEbYqo bo3ofo. ndogagqnk yIoax3vobboy
dofgYacbodsY dqdeo edYIaqeFlqs e dggq IbYpEbYq yIoax¥3YobYdsod. LFyq Idgjo, 3 eF3qdadq
eadcearod, asonYbE¥ady yIoax3yobbgq (oajoRYaqaY 8 RY3Igq YdeocFapngq (J#995qdYy,
edoeo(Yag, adsd¥3g, pgzqedods, osoddan, ¥bejo), €09y I codaqdbyq I¥ dadysek aqs,

d soydaqb¥qgn 9qod¥Y sdqdgdvdaojo dEIbo3qdYy, nqeEbY¥opg dof¥Yd¥E bE3YDE¥s ogdaR(Foc

3 co¥YoY3bop ea¥aq. E QEbbop o3qdeq ddqalbE cocgoel ogodbodFac 9o3ea ¥dgbYy, dojaFdbo
20900y 0bsoaofYaqdeYp doqqdREDYgD ¢YoaojYaqdeoy yIoax¥3YY ydaygsdy bq edodso dor(EbYQq
bodge aodp, £ a-odn, adsoyavige e QEacbayaqy y3oa¥3YY, 390 3 oajoddgongbbon caEbqg,

3 jqoaojraqdeYe pEdasEgle IdqogbY doedEbyyady soaced adsoy3vigq e yIoax¥3vy aodong.
LEddoEadYIEY yIoa¥3Yy eFe ybadocYybgy sdo3qdd, ng noRgp $o3odYse o dor(EDYY a-odp,
cdosYIodaoy Ye dodass ybadosYY. ygbqg dogqdade¥ 3 ¥q Y Yrdqdabgq sFaqobsoaojlp 3vdg
ad}EbY¥na3 edgqddaf3ay¥s dogoy Iggodea (oajoRYaqagy Y¥ o¢ 3 qy DEddg eoj(E-aYgo
JorbYefdaYe a-odp. Boo sdqddsEIagbYg noRgs 3 eFeoy-90 pqdq ogdydbYse 0sdasdsdyq
eqdgeodbge a-odo 3 doddqogbboy ¢gYoda-qdq ¥ bgsoaboss cFagqobsoaofyaqdeoy ageosYdY ago,
390 ¢ggdado yIoax¥3YobyYdax¥yYq I3vqg bEduds d g¢gdado IgnYdE¥ 3 YoY IYQEDY bg odaF3ayws
¥Epqsbge daqdod 3 YdsodYY ¢yodaqdg.

Jiec0ddLds d e jHO

thgodYy qdagdadqbbojo osgodE I3qak
y3oa¥3Yobbay ¢Yoa2§Yy¥ 3 dadao
qdsqdadqbbobFazbojo bngaagbYy, od3ogoqyd qq
29 edq#3YobYdadeYe Irjaydod, IVsEaY¥nE Y
3qdg 3 bEdaqQo3dEbYq sdYogdgsgbbge
cdYrbFeod (cggjdado 09 3a(Fe). GF¢gaaR(gbYq
aZpideY¥ok eodqbYady 3 bgdgdbon Irjaydq bE
FrEYpoosboaqbYq odjEbY¥ok ¥ ddqdg,

£ Yogbbo 3 edq(daf3agqb¥yY 2 a-odpYdoIELYY
odjEZbY¥oF ddqdoy. Bso sdqQdsZIagbYq Yboj(F
edYdoesdadags QERq 3 dEgoske EIsodod,
©290dgq do¥bFsqacbo bqg dErdqayx¥s
aoEdeYdadeYe 3qdoIEbYy, 3 3v(q sFeYe
aodpaaydodoe, efe ¢caqbosYe qdac daraacsks
JrEYpo(aydadyy $qbosYskE do ddgdoye,
cd3oydaIZ odjEbY¥oE dEIDO ¥EIVdys o9
JabosYel ¥ ddqdg, eFe sao 3 Fdc
edynoajoacbYel ¥EIvdYs 25 ’¥dYbg Y qavbge
Y 9. 5. Ldogqbbo 3gecorao ysk casFEbY3FE IY(bE
3 Y¥3qdabon cobysYY ¢cbFEdaqdo3gbyqe
cd¥YrbFel. E 3gdERQDbYY sYcE cQEbbgy
cdY¥bFe Ypqgs bEdaqdodEbYq 80%e bq
co(dF¥ranqgdfqedy Rq, 390 edYrbFe bE 20%
poRQs ¢gsc ¢ar §qba3? O doREagbY~y, QFRq ¥ 2

cdo3bo seodgbyiaqqdy 3IgdFRgbYq . %

cedYogdasgbbgq sdYrbEeYe bgeoddaesbo ¥
3qdaqs e bqQodFrangbYyo. Eo-eqddge, 3dq

StetsCHA & Alsts Odstsj BGOSR jj Mdetsj dSsH0 ks . 1z0e0shdj WHESH

erBY dL fJBJ2Mse0 ydrdzse - T MieOodkdls jizAdGs dsksH Y J fsLHOGW. ¢ ysts 23
esontedls+ 5 Y jdse jS 4! Clstsls fidisS tolzds Ghlset WkSEteOW0 | SteH> J.
MisjiEC0 (George Hreniuc) 50S of GOLY 90 jlsiw: ¢Gostz=ydwe. (At f) 02O
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cdY¥bEeY, eobgzbo Rq, yday¥ady codedlanguage.org)

edYogdaaqbbgpY, Y 3dq obY bqg bFdag(s¥ady,

09009 392 bEdagdaqady, dsdojo $o3ody, ocaa(dosdodabbFy yyaqeaqsek d qq €dopodopEpY Y
odjEbqaakpY, gqaekpY Y ngpgdEboy. Edh odsFacboq edYogdasFasdy 3 £o(q obsojqbarE.
Lbsojabar Y(qs, dEropqgsdy, 3 oedaRE¥ 3 qy ddqda, bo a3FdsbYeY cFdg ¢odiEbY¥nd ddqdFe bq
Yronode-bg Y bq pojas dosodafIayscdy efe dE3bgq sEdsbadg.

EdyeYy ¥bFeopngy d noageaaydboy Y vagsazboy gYoaojYay ¥bEqs, eFe daoRbE, acodydo3gbbE ¥
3gdoeoodiZbYraIEbbE QZRq edodagyacEy vaqsel. yY o(bo Y¥ bEGYe sqeboaojyaqdeYe
(odaYRabYy, Jea¥3fy desqdeonecy¥aqdg Y eodnYaqdeYq eodFgay, bg 3gqqdRYs ddE3bgbyy d
odjEbYFE3YqQy RYJoy eaqeeY. Oagsel § sodaYbboqg sqdpoQYbEnYsqdeoq 300, edfybq
pEas3qdoysbliy dYdsqok. A 390 sfeoq ddqdE? YEedYoqd, day 3YEbogFesqdYy Y Jdqe ¥qagbge
dZdsgbYy nYbYpFacblEy ddqdE JeawzEqs 3o(a, ajaqevdagy j#¥, badeoaceo nYbqdFacbge doaqy Y
d3gs. E seoy ddqdq eaqsel RY3Iqs, dE¥roboREqgady, dadoYs dqgy, dybsgrYday sdY ysopn sgdysy
dZ¥rbge gqaeodge poaqeaa Y (dajYe odjEbYaqdeYe Jqpqdad, JeaxszFy baeaqyboalgq eYdaosg Y
pFdds bY¥reonoageaaydboy odjEbYeY. Jos3odabyYqg pYdE Y¥ 239Y bYzqjo! JdqdF sFooY3bE,
od§EbY¥D acoduydozqb ¥ IgdoedadiEbYroIED; odjEbY¥p dorY(QFgs, ddqdZ dqdadaesYIbE;
odjEZbY¥o 3 dIogp RY¥bgbbon 3Yeaq odajqdsdaygs jqbgsyaqdeYy crEogdqae, ddqd¥ bq Yopqqs
bYeFeojo rEpngdaf o¢ odjEbY¥nQq; 2djEbY¥D c¥rbEgse ddgda, Y¥éYdEsqacho ¢qdags Y¥ bqq 90, 390
qoa baRbo, Y ¥F 3 Y3 Fqgsady 29 9049, 390 qpa 3dqdbo YaY ockdbo, ddqdZ bYzqjo bq ¥bEqgs o¢
odjEbY¥oq; odjEbYrp RY3q9, E ddqdF pnqdsdf. E dadaesadbon, sqdpno(YbEpYsqdeon Y
Yba-odpE3Yobbon 29boaqbYY odjEbY¥o bqYrogdyYpo 3gaq ddgdg. LdjEbY¥o qdsc dogqq,

B ddqQF 8 adaodYy, 3 eosodge odjEbY¥p dogqdsdaqs. O eopnsobgbsEp ddgqdg osbodYsdy,

d¢rspqaedy, Y ybadjYy.

EgdFERqbYq ¢cddqdZ noQYe-Y3Ydaqgs odjEbYroe yddydsyzqdeY 3dqdbo. Bso odjEbY¥og ogafdE¥s
deodogbodacy e sdYdeodogYaqachona Y¥roqbgbYy d3ogjo a-qbosYek 3 dErbge adaadvye ddqdg
#qr Y¥pqbgbYy §qbosYck. Bsf deodogbodsc, Yr3qdably aRq o gFesqdYy, 0 2(0bo Y¥ IERbgyaYe
QodsYRgbYy yJoax¥3YY. OFe Y 3dq 6dosYq dIoydsd¥ odjEbYFOE, obE ocdqdqaygsdy jqbEDY.

OrdIThoddeYy osgod daaszkybge Y dadeYe bEdaqddsdgbbge Y¥pababYy 3g3oQYs odjEbYrog Ye-
co( dFrpg Iy qio dqaydedry ddqdg, eodeoacea dEnY Y¥ogbabYy bg osdqdaay¥ady ddgdoy.
yqdodsFsozbadasc d¥baqsYaqdeoy sqodYY 3 eEaqdadq og g ay 9qodYY ¢Yoao4YY odorbEqady
pbojYpY. A, 3sdozqp, bg dErqaayy 3Fdeo IgdefrgIfqogy acdae EdIYbYrna 3 badeodoghodaY
sdgddefrgd¥sc £0(q yJoaxaYY. OFe IdyeYy sdodzqdeYy cdosqdd, yIoa¥aYy badgs 3 dggq noongbs
bgoedqdaagbbodsyY ¥ basodsodYoodsY. nobYoFsc y3oa¥3yy noRbo soaceo dasdadeqesyIbo.
dda¥ daqQo3¥sc OFdas nossqds (Popper, 1965), bEoel (oaRbE 2jdEbYsYacdy 03qbc sdodsgnY
yJagbYyoY, JodedoYrIo(¥pgnyY Y ogdFsaYpgnY. Edq sdodzqdeYq edo3qddg qoaRbg ggaa,
daqQoJd¥sqacho, Ydeaw¥s3qbg efe ogdaesg YddaqqoIEbYy. E yson daazEq, eobqsbo, ¥Eeabg
ed¥dodg d3odusdy e ¥FeobFn aY¥YeY. yq ¢Yooo4Y3qdeYq aqodYY caoeY & bg apnqy¥s
cdqqdefrgdFsc, 0 E ¢eaoeke edYdo(qF 6 baedgddeFraqpk.

YoekEbYro EQEesYIhoy yIoa¥3YY 3 gjo edqdaachon (bq dqfacbon) dassfq, eoj(E doaqesYIbEy
3gbbodsc bodge Faaqaqy edYgaYREqady e qdYbY3q, dsEbadYsdy bgosaysYpgp 29
afpkdeYdadeojo o d3o¥Yp eodaqddsIvyp. agdsdo EQ¥esYdayde e ngbyyy Yody adas3vyo,
odjEbY¥og Y Ivdg 99dFE3YIE¥s dEpoY(dqbaYabodsc, dsEbodysdy a-abeaYqgy ddgdg. £qFacbgq
Irqg, o(bFeo, adsoyaYdg Io Idqpgb¥ Y, daqda3Fsqacho, oekrgdF¥s dosdasvIagbYq ddqdadgn
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Jor(aydadYyn, bg 9006ed sduogo (aEpEdeY¥n) bo ¥ 3 eF3qdadq o9¢YdF¥ 3 0o E§qboF
(QFd3YbY¥D). AQEcsE3YobbEY y3oa¥aYy, bq ¢ade obE Radsosyaq ojdEbYaqbE boogeo(QYnodscy
doedEbYae Ibasdqbbqg dodqdaqbdsdo odjEbY¥oE, 3qaF ¢g e 9000 R(q, 390 ¥ afpEdeYdadely
yJoax¥3Yy, 8 e qoqjdEQE3YY Y efoda, e ¢doaboddeona QIYRgbYY, e ya-qpnqdYFE3YY IY(0J3,
bY¥3qdabYy odjEbY¥no3 Q0 sqdpodYbEpYaqdeajo adodby ddqdg. E ysoo 25boacgbYY
Jvdossfacbgy sqdpYb ¢cedYdsodogagbbodasce, eFdFesqdYra¥ Yy adeqabodsc dErpboRgbYy
odogY, yddydavaqdeY bga(Fzqb, sFe eFe agqjed sobYpEqgsdy eFe ¢cedYdsodogagbbodac e ddqdae.
L ed¥YpHFsq odjZbY¥oF BEQ ddqdoy Y 2 sqadqsYs3-qdeoy IFRbadsY cdogaqng ¥FedgsadsY
#Yoa0o§YaqdeYe dydsgqo dp. dsEsey adsedf (Brooks, 2000).

YIsts slsBdts0 jis slsBists?

Jo3qdadaqs Idqog g qq agaqR(qbYq 3 dEpo3gbbodsY ¢gYoaojYaqdeoy y3oaw3YY, cobYoFqonoy
Ydea¥3Yaqacho efe dor(EbYq bo3aqdsd. pRq 0 pgbcagy pqdq e20052dE dsoagsYy daosdE
cedojdadde, gyJoax¥3yye JodedYbYpEx¥ady odborbFE3bo corYoY3IDo. hoaced ysoy og 3 qy
bEcdFIagbbodscy apoad noRbo ogdydbYac pEaoq IDYDEDY(Q e 9009, 390 0bsoaojyaqdeoq
doqqdREDbYq y3oa¥3YY & ys0 bq sdodso dos3odgbyq bodge aodp, bo dos3odgbyq a-odp,
adsoy3Yige e QEacbqyaYp YrogbgbYyp, 390 agdqesYIbo qao Igjaydys sEeYo ogdEron, efe
#2090 yJoay¥3Yy ¢godgady edosY3 Eacbayaqy yIoa¥3yYy.

YqoQEd3vbydadely cFdEQY{nE yIoa¥3YY 0 2s¢od daazFybge bEdaqddsdgbbge IEQYEDs03 0
edY¥bFes edYdcodogagqbbodsY YaY dgaqesYdboq dEérnboRqbYq §9bosYeod 3 doos3qadadyy d
cdYdsodogagbbaodacy 3dgjdF sodIqdjfaode edYseYeq efe ¥ sF3I9000§Y¥ (IgRYIEDYQ
JgRYJIE¥JYe), ose Y ¥E 90, 390 OBE odsEIayqs 3 dsodobq 3VRayYq dvag yIoa¥3YY, qq
29boagbYq e 2¢ 3 YD ¥FeobFEn cdYdodg, 3 3EdsbadsY aqdpodyYbEpnYaqdeYn, Y bq Fqs o¢dydbgbyy !
23-03v(boy Idqogbboy bEcdEIagbbodsY y3oa¥3YY Y qq bqogdEsyYoodsY. 6daY nqeEbyro
y3oa¥3YY dodsoYs 3 osgodq Idh goaqq edYdeodogagbbge aodn, 90 oaRbE bEga¥(FEscdy
cdadqaf edydeodogagbbodaye. LLdbFeo ng bq noRqp FRq as3qdR(FsG, 392 3qaadqe goaqq
edYdsodogagb, 3gp ¢FesqdYy. |

nosgoeY diyrkec sdydsodogaqbbodac d sqdpodYbEnYaqdeYp edYb3Yeon pYbYpFEacbojo
cdoY¥Io(dsIf ybadoeYY (Prigogine et al., 1972; Hamilton, 1977) 3gjayqys ogbEqQoRYIE¥ 3 YDY, ,
€29y 3Ydao aYrYaqdeay ya-o-qesv3bodsc YdeoacroIEbYyY ybqdiYyY qdIE aY a(Edady ed¥Ypgb¥Yac 3
ef3qdadq 9oy 3qa¥aYbg, vosodlfy basdadgdbo JordEdsEqs 3 €0(q yIoa¥3YY, co(ogho sona efe

Jo 3dge o Y¥Yeo-eYDY3qdeYe sdo3qddée 3 cd¥Ydodq JordEdskqs ybadosYy. dgsaoedadbgq

RYJosbgq ¥ 3 odoggbbodaY 2qaadqe d gjo ybadjgsvaqdeYop dEdaoszYaqacdsdon yibo 3gekqE¥s Y¥

Yooy ¥Zeobonqdbodsy.

3obdqdd ¥ €2 (Saunders, Ho, 1976, 1981) o EbFao3YY d sdYb3Ysop nYbYnFachojo
cdoY¥Io(ddsIf ybadoeYY codsaaYda¥s sdYb3Ye nYbYpFacbojo JordEdsEbYy daoRbodsY

3 y3oa¥3YY. ¢yjaoRbodsce, gasodydoz-gbbodsce, ¢odjEbY¥odEbbodace 3Fdao Ydeoacra¥ady

3 aYagdFsadq 62 y3oa¥3YY Y bq IdqjdE 3 oQYbFeodon ¥bE3qbYY, 3¢y q Idgjo I dooas3qedadyy d
YboaYsv3Ibgn cobYpEbYgn EIsodEpnY ysYe daod. E sqodYY Yba-odpE3YY, dEddoFsdYIF¥ 3 ay
aYryaqdeay dYdagps eFe sodaqdodfsqachodac 3Ya-d, baogeo(Ynay Jay qgq osYdEbYy
(Kolmogorov, 1968; Chaitin, 1974, 1975), daoRbodasc oedqdqayqsedy efe Yba-odpEsYobboq
doqqdREDbYq edFszFyaqio EajodYspk, QodsEsozbojo ay o0borbEsbojo JodedoYrIqdabYy ysoy
codagq(odFsqacbodaY. JaaszFybFy YaY gqdeodyqos-bEy sodaq(qad¥sqacbaodasc eEdFesqdYaqgsdy

3 y90y 902dYY eFe pFedYpFacbo daoRbEyY, baqdRYpEqpky (Chaitin, 1975), 90 qdsc obE noRqs €gse
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asdqdqagbF soaced 3Ya-dE fE 3Ya-doy, sodeoaces 3 bay soabadscy osdasdsdaqs
asodydosz-gbbadac, ©a923dFy earIoayal ¢g osYd¥ac qq 3 3¥(q ¢oaqq edFsesio FajodYonFk.
peodydozqbbfy eodaqdod¥sqachodsc, daqdodésqacho, poRas ggsc dREsE (o EajodYanF,
Yba-odpE3Yobboq do(qdREDYq ©2950d2§0 ngbeaq sFeadojo dEpoy codaqdoIsqachoday.

BoY ©ob30ge3YY 3 o3 qp gavreY e YboaYovIbgp sobysYyon. E oedqdoagbYyY odjEbYroIEZbbodsY y
go(o sdY(JqdRYJIFEscdy eobagsaYY Oqbgly (Denbigh, 1975), 3 eosaodoy sodsaaYdagsdy, 390
odjEZbY¥oIEDDEY dYdaqpE 6 ys0 daoRbEyY dYdagqpF, ogaZQF ¥ 3 Fy osdqdqagbboy a-abesYqy
ga§o(Fdy bEaYs Yy deq3aveYaqdeYe dIyrqy pgR(s yaqogbsEpY dydsqong. LdiEbYro3Ebbgq
dydsgqog dagdaqs 25aY3Fsc 29 asodydosgbbge. O aq, ¥ QdajYq bq ydayxsdy daszfybgoy, bo
qda¥ acodydozqbbgqg dydagqng pojas ¢gse qbadYdodEbg d copno g6y sdodsge FajodYsnod ¥,
dagQod¥sqacho, aYaqbg daoRbodsY, odjEbYroIEbbgq dYdasqng qoaRbg ggse dogdEbg yaqoqgbs
¥ yaqoqbson 3 doosdqadsdyyY d Ibqabay sdojdEppoy YaY ¥rEogdaon. LdjEbYrE3Yy,
dagQod¥sqacho, qdsc daoRbodsc, bEQqaqbbRy s-abesyqy. LLbE badaaszFybE I dagraacsksaq
Ybsqaaqessacbhojo vobdadaYdodEbYy YaY qdsgqdsdqbbojo os¢godE, E bq Y¥-¥E EcdYodboy
bqogea(YpnadaY edYdsFaaojdFe-Yaqdeofo soduydel (Wicken, 1979).

O3IYRbYq e goacaqy daoRbadsY 8 23qIY(bEY o¢ g Fy sqbdob3Yy y3oa¥3YY ¢yodaqdg. LdbFeo
dZpF daoRbodsc bq o¥bE3Eqgs bY ¢oaqq IJgdoeoy ed¥decodogaqbbodsY, bY eFeajo-aYgo Ybojo
dodqdaqbdsdf. YEedosYd, qdaY Ypgsc 3 3v(e rEQ¥3e IgRYIEDYY, doedEbgbYy, daoRboq ¢oaqq
3a3ddadvsqacho e quidEdEsYY, 3qp edodsaq. Odeoacray ¢jqongsdYaqdesy nodqace AYaqdE
(Fisher, 1930), Ld (Orr, 1998; 1999; 2000) Y cor(bqq Eyas Y EFedofb (Welch and Waxman,
2003) soel¥FaY, 390 alqayaqbyq 3Ydal a-qbosYeY3qdeYe cdvY¥bFeod eoddgayYdaqs do dbYRgbYgp
deododsY FQFEeoF3YY. Ld bEr3Fa y9o ¢3qboy daoRbaodsYe. joF@gYacbodac dojgdadoy g Ye daoRbge |
dydagp edysvzqdeY rE3YdYs 09 bEaYaYy deqaYaYaqdeYe, bqdaazfybge d3yrqy ngRJs qq 3-EdaynY

(Saunders, Ho, 1976).

n,03-qoa qdaqdadqbbgy 29¢od 29¢YdEqs daoRboq? YoRgs ggsa, Y92 Y bq sFe. yEduyds d |
coydagbyqo goaqq daoRbojo yIoa¥syy doedEbyags ¥ QERq s3odYs ¥Ebo3o ¥ goaqq edadsgq

aodng. JaoRbgq 29b¥(e bq 3gaqdby¥s sdodage. ddsc 3qaadqe, bo dogqdsdaxs (¥

cdo33qsf¥9!) gFeaqdYyY. Edy qdaqdadgqbbFy YdsodYy bEayzqdadaqs 3 dgjodbyabay edydadq

(edonq }Yso9qsYaqdeYe (oeaqaazbge a-adp RY¥bY). bFe 390 ¢cdadqaF daoRbadsve d3yrEbE, o T
edBybqay pqdq 293-FdaY, d sqp, 390 yIoax¥3Yy o bqogeo(QypadsY bE3YDEaE d sdodsojo. asaqq

ddqdbyy yIoa¥3y¥y edodage a-adp 3 goacaay padg aRq dggy YdzqdeFaf ((odaYjaf

dodqdaqbdsdl), Y RY¥badeodoghog bodoq JorbYeFqs edq¥pagqdsdgbbo bE casye adaoRbgbYy.

ndyb3Ye dgaqe3YyY doEgYacbge dadaesad ydaygady og g Yo qay ogyosYaqdedy ¥ gYoaofYaqdeoy
y3oax¥3YY. Lgdagesg Edqagbboy Yoq¥s 03qbe dErbgq Idqpgbf RY¥bY, 09 bY3z9oRbge (Qoaqy
dgeabdg (o pYaaYFddod ags. E €2(qq yIoa¥3YY Y(qs ¥EpngbE ya-qpoqdbge a-odp BE goaqq
dsEéyacbgq: doedEbygady aYac 99, 390 (oajo doedEbyqsedy. E RY3ge dydagople doedosvIagbyq
§Yéqay JQodsY§Eqady agn, 390 3 £€2(q ¢Yoao§Yaqdeoy yIoa¥3Yy doedEbyqedy aYae 90, 390 bq
Y¥ogbygady.

LJbE Y¥ a-odpoaaydodoe I3s0dojo ¥EeobE sqdpoQYbEnYeY rJozYs sfe: Idq dydsqog
dZpoedoYrIoacho pgbyyady sEeYp ogdEron, 390 apnqbecaFqady Ye deodoghbodac e Y¥roqbgbYy,
90 qdac obY dadgoysdy e dodsoyb¥y¥ dE3dbodqdyy. OY3gq odjEbYrog 8 sqdpo(YbEpYsqdeY
bqdE3bo3qdbgq dydaqog, adsdogbbgqg sEeYo ogdE¥on, 392, corf 2bY RYJIg, obY dadqoysdy bq e
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dE3bo3qdyy, £ e bqeosodons bgdE3bodqdbona, bo adsoyaYIona dodsoybyy, bErgIFqoona
dsE3YobEdbgn. YqeEbYrog, ogqdeqsYIE¥ §Yq daE3YobEdbog dodaoybYq, bEFgIE¥ady
jopqgodsEron. BbadjYy, gadaszY aFesodop efosvaqdeYn, dEpkE co doggq badodsEsoazbE day
a(qdREbYy dYdsqog 3 dodsoyb¥Y, qEaqeon 25 dE3bodqdyy, 0 bgogeo(qYpo, 390¢g ysE dYdsqok
#gak osdqdqagbbgp ogdFrop adadoqbE, obF QoaRbE ggsc QYddYeFoYIboy dodaesadoy.

AB®GJshisOL

EF¥IVoYq Y sodagdar 3Py RY¥be YHQYIVAE
Y(o9 e0( acdF3agb¥Ygn jqbgsyaqdeYe
cdojdFop, o2¢qdeqaYIE¥ g Ye
3qagbFedZIagbboq YdeoacraIEbYq ybadiyyY ¥
3qgqdad oedeRE¥ gy ddqdg day sodadogbyy
d3oqjo sqak, so0dqadREDYY gjo I doE3YobEdbon
dodsoybYy ¥ odsEIagbYy sosonds3E. A ¢ga(a
Ydeoaec¥oIfac IgdFRgbYq ¢eo( asdEIagbYqp
jagbode dEQY a(ogdad¥, €osy pg Idgjd¥ qoaRbg
copbYsc, 390 dEDY ¢ dggq jabg & sqeds,
cdYogdaof ¥ Yy dogda soaceo 3 eobsqedsq
odjEbY¥oE. Yqdoosdy bE IY(QYpoy¥ §Ygeodsc
jabgayaqdeYe YbdadaesYy Y cafdoyabodac
3 29bocgbYY ddqdoldge ye-a-qesod, eobg3-bly
3906 obaojqbarE (odoaYiFqady d codE¥Yaqachoy
903bodscy¥. Bao orbEzFEq9, 390 0bsojgbar
3 d3oYe dogqdsdgbbge 3qdskEe o
daoeqdpYbYdo3Ebbgy cda3qdd. Bao bq
pgefbYsqdely QgsqdpYbYdodEbbodsg, E
JasqdpYbYdo3Ebbodsc dsoeFdaYsqdeYpY
ddgddsd¥nY. avoaojvaqdeYy (qaqdpYbY¥D

Qb6 bts>i mams 65HO 0pB5D . tcmsc o) §msdzjdzqrq Ch jigd 2daodqb 3 500 dpgdaq, 399 dqraacsis

(1898711972). (& MOAO www.enseigﬁement.polytechnique.fr) 3 or.;dq(lqoqbboy qu.q -FEJYdYS 9 ‘}qubYS

adaodyy. thgo bqg pgbqq yso dgsqdpYbY¥D, ske

efe 3 oedqdaagbbge adao3vye daraacsaks gadgs oedgdaqagbbgn. EsodFy dsodobE adao3bodsy
#Y20034Y3-qdeojo dgsqdpYbY¥oE 3 90D, 390 jgbqeY3qdeYy crEpngdgae o¢ odiEbY¥pq DoRqs €gsc
dEdedgs 9oaceo ypsYdY3qdeY Y bq noRqs ggaoc 3g3vYdagb YdeoQu Y¥ bE3Facbge adaadvy.
ndadoedqdaagbo, bo basdgddefraqpno. JaazkyY codoead dErIYaYy Y Ig¥rIEbbge 3IbqabYpY
adaoJdYynY adoqdsd, effe Y E¢odsY3Iboq dErIYaYq, 8 daqddsdyq a¥Ygo badodqdaqbds3dZ qEbbojo
eobedgsbojo jgbonk, aY¢go bEaYaYy skeYe ddqdodge a#esadod, vosodgq bEeodusdy ¥E
cdqdaafnY Eqoed#sboy dqFe3YY jqbgsYs-qdeoy cdojdEppg.

i

OsFe, odjEbYrog deodoghg sdosYIodsoyse dadqoagb¥y e efods, dosY3Iocoakify qoa angbYq
YdeoaecroI¥ae ybqdiYy Y (dajYq eopesobgbag Ibgabay ddqdg day eo(dqdREDbYY d3oYe dadaesad
Y a-abe3Yy, 90 qdsc 3 eobqzbop dz3qsq Qay doedEbgbYy dagy 3o 3dgogb¥. LdjZbY¥og, o(bFeo,
edqqds3ay¥s dogoy daoRbgq dydaqong, qEageYq 29 bEedYpnabk ybsdosYY. LbY ybadocYybo
bEsduRabg. YosEbYrng jongodsErE bq ydayxsdy dodgdagbbgny, coysona bY oQYb
YbQy3IvQekacbgy odjEbY¥o bg noRgs YréqREsc sqdpodYbEnYaqdeaio dEIbodqdyYy, 90 qdsc
doqdsY. LdjEbY¥og davYaeopn daoRbg, daYaeon pEasdqdoysbg, 390¢g Joajo 3gQadRYIFEsc
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q#3agb¥q ybsdoeYY. ndodsgq F9ong Y poaqeaag dagqdada¥s co39Y dosoaced Rq, deodaced
dogqdsdaqs Edqagbbly, E RY¥bc YbQYIY(okachbojo odiEbY¥DFE vobg3bE.

Lazqjo jY¢bas odjEbYrong? OobaqsaYy qdsqdedqbbojo osgodE Y ¢godegg ¥E dogqda3o3EbYq
bEdsoaceo 23afdqal bEGYD dorbEbYqp, 390 ng bg edY(Eqp IZRDodaY 90pa, 390 edY dEpge
gaffoedYysbge adaoadvye RY¥bY, 3 0adasdadvq Jdyeoy eobeadqb3Yy, sdY YrogYaYY YdoozbYeod
ybqadiYY ¥ 3q3.qdsdf odiEbY¥og 3dh dEIbo baYrgqRbo cojYEE¥s. LbY cojYEE¥s 05 ybadosYY.
OY3gq dydsgqpg ogeoqus sqdpo(YbEpYsqdeYy rEcdqs d conog ey dE¥pboRgbYy, 90 qdsc
eoeYdoJEbYy dEpYe dogy, dbysYy dasaye. Oboj(F o(boraqsosbgq odjEbY¥ng 3 09aY3Y(q 29
pbojoeagsazbge dFddpFadYIF¥s efe gqddpoqdsbgq. Bso bqJodFrangbYq. LbY soRq deFdE¥ady
dZ¥oboRgbYqgp.

OFRQFyY YbQYIY(aFacbFy dasaYef dogqdsdaqs ddE3bYsqacbo badoajo, bo 3¥qg sosqbaYFacho
#qddpqdsbg Y aFesyaqdeY bgeosaodgq dogqdsda¥s bayvrogbbgonY dqdyseY Y dosbY pYaayobod
aqs, E QoeqpédyydeYq odiEbYrpg, RYIaY(q odY nYaaYEJQJE aqs bE¥E(J, 3Y(QYpo, nFao osavzEaydc
29 do3ddgpngbbge 3YEbogFeaqdYy (Fox, Dose, 1972). YE ogdFsbay daodoba cdo3qddZ y3oa¥3YY o
doedEbqbYq aRq dojqdsda¥jqy, de-odpnYdoIEIcqydy 3 €0(q edqdaqdsdar qy yIoa¥3yvy
OdiEDYFEIYY ¢gYoaojYaqdeyYe dyvdaqo, dsEdYjgabar YaY doE¥Yd, 0 ogdFFayY IbYoEbYq nbojyq
yJoa¥3YvobYdag (Huxley, 1957; ¥ pFacjfargb, 1968; Dobrzhansky, 1970; Gould, Eldredge, 1977;
LtFdbY3gb, 1986; jJq3qdsod, 1986, 1987, 1990). L dbFeo 3 a3ag3-gqbYY Y(Jqay sdojdqddy3bojo
€o(F y3oa¥3YY ng bq deaobbg sdY(FE3I¥Zsc ¥bE3qbY(q 9003, efe pEad ngbyysdy odjEbYrog, efe
obY bE dZpop (gaq adsoy3Y3dg e yIoa¥3YY. Eqde doddaogbbgy odjEbYaqdeYy nYd dodsoYs Y¥
yJoa¥3yobbge (oajoRYaqaqy. tgaodqe ddqdyY bYe dEngy noaa(oy, bo ¥ bEp aRq noRgs ¢gsc
pYaaYob aqgs.

OoeYdodEbYq, dasaYefaYy 8 b doddgo sozbgq daodE. LqesaYaYdavsdy soaceo jobg,
adjEbY¥ng JodedoYrIoquady de novo 3 doosdgadadyyY d jgbgsyaqdeYo crEngdaone (dp. bYRQ).
Epqdso garbEdqRbojo dqak doedEbgbYy daoRbge nEsqdYEacbge dadsesad odjEbY¥pE
doedEbygsdy Yba-odpEaYy o bho. Bso jodFEr(o goaqq sdodsiy ¥EQE3E 6 odjEbY¥o baddZ3bgbbo
daoRbqgq (Y ¥bEaYs, ayrdvpqq day ybsdosYY), aqp qjo OyO. ZdEbabYq YbaodpE3YY, £ bg sqa &
JZERbayaYy EadYgos RYIojo ¥ bgoQoaYogy (o3o( sdosYd JorpoRbodsY d3qdgbYy ¢€Yoao§YY e

2 Y¥Yed-eYDYY. Edyeoq eo(QydodfbYq d3yrEbo d YdeoacraIEbYqo d¥p3oasd, bo dvYp3oa dIyrkb d
dYpJoayrydagogn bq aY¥rYeo-eYpDYaqdeY, E dqoEbsYsqdeY. 6qqde 6 cEdFaaqac pgRde
EbFaojo3dgpnyY Y 3Ya-dodgpnY dYdsqoEoY d3yrY. SEngbE odboy cEdg 2dbolEbYy, deFRqo, sEdg Ad
bE cFda ®A 3 noaqesaq OO, doqqdRE gy pYaaYEddg sEeYe cfd, bYsqjo dogoy bq sdqddsEIayqs
DY d 903€Y ¥dgbYy & Y¥Yed-cYDYY, DY d 903€Y ¥dgbYy 500dYY YbaodpE3YY. A bgRds sqp
oeFrEbbly ¥FngbE noRags oekrFacdy dogdsqacbhoy, sdy3qdas e $Y€qayY Jqde odjEbY¥p, daoRbay,
JgdoeoodjZbYro3Ebbay dYdagpa.

avoaojyaqdeyq 3vdg bEpbojo goaqq deEgYacbg, 3qo YbQv3Iv(okacbgq odjEbY¥ng. asaqq 5049,
pg bq ¥bEqo edYb3YeYFacbge edgsysdsdyy Qay Ye 3q3-bojo dogqdadoaIfbYy edy¥ adaoddvy
doedEbgbYy Edqed¥sboy oedaRE¥ 3 qy ddadg. EYdg sFeRq edqddsfEdayys dogoy dydaqpng,
QFaqeYq 29 dE3bo3qdYy, Y sosona JoaRbg ogaF(Fsc baeEbY+¥pEnY jongqodsErE. Ongbbo 3 yson
eay¥s3q, d coFY3YY dodqdaqbds3oIEbYy jooqodsErE IVAE, boRbo dEddpoEsdY3IEsc yIoa¥3yy
(Slobodkin, Rapoport, 1974).

LtEroboRgbYq odjEbYrno3 corIoaygs Yo Y¥gaqREsc baYrgqRbojo, eFrfaode ¢g, dFdecFdE Y
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doedEbYscdy Jo 3dqoab¥, badoosdy bE d3ox daoRbodsc, bE sqpeqdEsads, sdqigaEx¥go¥ 300A ¥
Fidaddy3bay oedaRFE¥ox¥ ddqds, edY3qn odiEbYrog bq bEeo(quady 3 dodsoybyYy eobdgdIEsyYY, E
FesY3bo RY3os 3 yo¥e adaoIvye. eakdbgy daedqs ys240 aqdpnoadYbEnYaqdeojo 30QF 3 dEpop
dE¥roboRgbYY, 90 qdsc 3 c0083-gbYY agdysz, pYaaYobod, pYaaYEd(od eocYy §qbgsY3qdeoy
Yba-odpDE3YY. O¥goy oboojqbar, a¥goy RYrbgbbgy 3Yea Yoqqs d3o¥Yp a-oeadon soaazgbYq ysye
eocYy. YE Yooy ¥E(QF3q doddqdoso3gbg 3 eob3q vob3a3 3dq d¥dsqog odjZbY¥oF ¥ 3dq gjo
rEsdFag. OoeYdoIEbYq, odbFeo, docduRabo d JorpoRbodscy oaY¢@oe, F vosYdodEbYq

d ocYéekEnY bq dgaFqs ¥E(QE3a dor(EbYyY dodqdagbbojo jonqodskrE FYQE.

ho3-bodsc eosYdoIEDYyY FqbgsYaqdeoio pFsqdYEak. Bso eqddgy Y jaE3bgy
EbsYyJoa¥3Yobbgy ¢Zdcqd, dorQEbbgy yJoa¥aYqy. hqodasYsqdeY ydbo, 390 903badsc
daeaYeF3YY QoaRbE ggsc sFeoy, 390¢g #oacaYbdado co900nedd coaazfayY bq dodqdREgaY
2@Y¢goer jqbgsYsqdeay Yba-odpkEaYy. YEYEoaqq bEQqRbgq Y¥oqdgbYy deodadsY nasYdoIEbYy
Jgeoabgbg bE pYedoodiEbY¥pEe, efe cdoekdYosyaqdeYe, sFe Y yaekEdYosYaqdeYe. hozbodac
dasayvefayy OyO0 oefrFakde codErYaqacho 3gdoeoy. YEedYpqd, deododsc deobsEbbge DasE3Yy
3 dEdosag Ye vaqoele eYaq3-boy cFadzeY dodaFIaygs Idgjo a¥ae oeaad 0,003 oacYgeY bE qbon
bE o(bs dasaYeksyx OyO (Drake, 1991; Drake et al., 1998). Bso oeoao 6 T 10710 pasi3Yy bE
cida odbo3EbYy Oy0. OdajYq pYedoodjEbYrog, 3 sop 3Ydaq yeeEdYosYaqdeYq, Yoq¥s bg ngbgq
Jgdoeay 903bodsc dasaYeF3YY (sFgaY3E).

hosbodsc eosYdodEbyYy Oy0 o pYedoodjEbYrpod
(Drake, 1991; Drake et al., 1998)

H tFEdoo9F posE3Y
LAsEbYFD ?%gzzfllgggggf bE cFda bareaqosyv(od I:E Jabop
afesqdyoafj Y13 6,4 T 103 7,2 T 1017 0,0046
afesqdyoa-Zj I 4,97 104 7,71 1018 0,0038
aFesqdYoof§Y h2 Y 04 1,7 T 105 2,471 1078 0,0040
Escherichia coli 4,6 T 106 5,4 T 10710 0,0025
Saccharomyces cerevisiae 1,2 T 107 2,2 T 10710 0,0027
Neurospora crassa 42T 107 7,21 10711 0,0030
E ddqdbqo 0,0034

Obsqdqdbo, 399 dEogq dErbgq odjEbYFog 8 @FesqdYoaF{Y, ¢FesqdYY, jdY¢ég 8 JE¥s gaYreYq
3qaYsYbg 3 VYdaF paskE3Yy bE qbop bE daeaYef3Yy, €9y dErpqd $9bopE (¥ doos3qsdsdgbho
deododsc pasYdoIEbYy bE cFda 2dbadEbYy) JEdeYda¥s 3 edqdqaFe 3gsgdge soduydeod
JqaysaYbg. Bao coelrgJdFqe, 390 yIoayw3svobbo ¥bE3Yogn sEdEngsdop ydaygsdy deododsc
DasYdoIEbYy 3 dEd3qsq BE jabob bE soeoagbYq. Oay odboeaqsozbge odjEbY¥no3 QodsYjbasoy
Jgdoeoy 903bodsY eocYdoIEbYY Y yaorqesYdbodsY dasEdEaYY OyO QodsEsosbo Qay bEQqRbojo
cdgdgaqbYy deododaY dE¥rpboRgbYy bEQ deododscy pasYdoIEbYY (sFe, 390¢g co(FIay¥yqq
#00a6a8Ybdsdo 290003 bq Ypqao bY o(boy bodoy pnasE3YY) Y ogqdeqaqbYy, sEeYo ogdEroDn,
c290b3YFZacbojo gqddoqdsyy FVAE.

@ pbojoeaqsozbge odjEbY¥n03 (Drake et al., 1998; Crow, 1997) sozbodsc dYbaqrf OyO
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edYgaYrYsqacho sfely Rq, efe a o(boeaqsozbge yaeFdYos (0o 5 T 10711 bE cFds 2dboIEDYY),
o(bFeo 3Ydao pasE3Yy bE jgbon bE 000320 coeoagbYq oeFrgdFqady 23-gbe 3gdoeYn.
YFEedYopqd, o 3qao3qgel 3'v¥dao bodge pnasE3Yy bE ¥Y§o9a dodsEIaygs goaqq 60. bhdadbo dggq
sdqQdsFIYec, eFe sFeoq dFrpngdF¥yqq daydsdyq paskiqbarf dodnqdsYpo d RY¥bey. ndogaqok
dIyrEbE d ojdopnbgnY dE¥rpqdEpY FqbobE o 3gdaYe yorEdYos ¥ ¢oacaYD 3 Ydaob eaqsdszbge
dqagbYy 3 ¥rFdodgaqdop sasY (Crow, 1997).

Ldbo Y¥ ogdydbab¥y cqdgbodYpodsY daoae Igdoeofo adodby naskjqbarf o IgdayYe odjEbYrpod
dodsoYs 3 edqdeoaoRabYY, 390 20f4donbFy (oay Ye §qbopk 8 yso bg aebesaYobFacbgq jqbg, E
Jbasdy¥igbbgq JdsfdeY (Ybadobg) Y naqRjgbbgq sodaqdodfsqacbadsY, nasE3YY I eosodge
baysdEacbg YaY co39Y baysdFacbg. nadqd3qs 3'Ydaf nasE3Yy bE coao3oq soeoagbyq bE
cya-a-qeaYibgy jgboné (QFgs 3qaysybg 29 0,036 a nqaeoy baoFso(g Caenorhabditis elegans

Jo 1,6 @ 2qaodqef (Drake et al., 1998) 6 3dh qyq ajdoRE¥q IgdoeYy jdor DISE3Yy.
JqagesY3IbFy baysdFacbadsc goacaYbdad¥ naskEaYy (dagdod¥sqacho, Y Ye sdFesYaqdely
gar3dadbodsc) ¢gaf QFRq soaoRgbE 3 odbods sqodYY poagqesaydboy y3oaxaYyY (OYpadE, 1985).
A, 3edozqgn, (apky, 390 baysdFacbgq Y¥pgbabYy Jooé g q bq sdqddsfIayys dogoy yIoa¥w3yy.
ndFesyaqdely baysdZacbodsc nasE3Yy orbE3Fqs 90a6ed 992, 390 sfe bErgIEZqply pnoageaaydbFy
yJoax¥3Yy aRq 3 odbo3bop ¥E3qdagbE, ¥ ng IY¥(Yp soaced IEJYEIYY, bq Yoy Yq
yJoax¥3Yobbojo ¥bF3qbYy (3gdoR(dgbbodasc d3yrY dadaesadFd a-abesyYy).

Zqb¥ 503bodsY. nosqoe deododsc pasYdodEbYy bq sEQEqs o baay? Oqao, 69-3Y(¥poDS, 3 99D,
3920 3 vob3q voh323 dadgpnagb¥q e 83qay3qbYy 903badsY vosYdoIEDbYY F0bo3 oeFrgJIFqady
adE3bodqaqbbgp 3dh JordEdsE¥ g qy 3qboy ysoy 903badsY (Kimura, 1967; Kondrashov, 1995).
B9o dagqdeqs Y Y¥ o¢ g Ye aqdpno(YbEpYzqdeYe doogdERqbYy: 03q3v(bo, 390 Qay JodsYRgbYy |
Egdoa¥aboy 903-bodoY cobEJogYaYde ¢g gaqdeabqabgq ybadjgsYsqdeYq ¥EadEag. pRq

QodaY§basFy 903-bodsc eosYdoIEbYy 6 o(0bE oaY¢el bE QodyseY nYaaYEd(dod ¥bFeda3 d 2o3gbe .
Jgdoef. JaoRbgq Y dErboogdErbgq pngekbYrog doedEbgbYy Y vocYdoIEbYy jqbqsYaqdeoy ! R
Yba-odpE3YY bEeo(uady 3 dude jaE3bge QodsYRgbYy gYoaofYaqdeoy yI3oa¥3YY, bo Ye l
a-abes3YobYdoJIEbYq yJayqedy Y jaE3boy dsEsecqy ybqdjqsYaqdeYe ¥EadEs eagseY (Cox, 1994).

ndaddsE3aygsdy Jadoysbgp, 390 (odsYjbasky o 3IgdaYe odjEbY¥pod 903hodsc dYbsgrf OyO ¥

ya-aqesYJ3bodsc dqesEdE3YY qq s03dqRqbYy gaYreY e edqdqacbgn. O yso orbEaFEqs, 392

odjEZbY¥og d goacaYp dErnqdon jqbonk qoaRbg ogaf(qFsec (osoabYaqacbgnyY naekEbY¥pEnY, <l
cor3oay¥ L YoY Iv(a doedEbyscdy 3 adaodvye dyacbojo naskEayobbojo QE3agqbyy.

L3 Y3 Fx 3y oogod. badoYb cadgzqbbgy (YaY oadgeF¥ 3 Yy) o9¢gode (truncated selection)
2¢g3bo Ydeoacrays Jay ogorbFE3qbYy odbobFsdFIaqbboy dqaqesyYy, eojdF Qay dErpboRqgbYy
29¢YdE¥9 odogqy d eoayaqdadqbbgn edY¥bFeon 3gaq YaY bYRq oedqdqagbboy codojodoy
Jqayzvbg. no¥dbgg ysYp sqdpYbop doFaY ogorbFaFac sFeRq 09¢od, sdY ©o90don
29¢dFeodgdf¥ady odogY d paskE3Yobbgp jdaron 3gaq osdqdqaqbboy sodojodoy 3qayYaybg. Boo
29¢od bE doedEbqbYq QYeofo $qbosYsk, cdasVIocoaoRbgy o(bobFEsdEIaqgbbopa. Eo YrgqREDY(Q
c9sEbY3g y ga(s bErg3¥sc qjo 23 YR E¥ YD 09¢godon. YasEjgbar 8 daszBybgy edo3qdd, Y 3Ydao
bo3dge pask3Yy, cdYogdasEqnge so90peEDY, IEJeYdags 3 d0a93qadadYyY d caFddobodgp
dEdedqdqagbYaon. ObEsq jodody, ddqdyY sosoneod IdajdF edYdesdsdaxs odogY d 3Ydaon DasE3Yy
pgbeaq Y g¢oacaq ddqdbgjo. nodeoaces DosE3YY F g q Idgjo Idqdbg, 90 qdsc dbYRE¥s
RY¥bgbbaodsc, £ 3dqdbgy ya-a-qes naskEaYy noRqs ¢€gsc FQQYsYIbgo Yay qERq dybqdjyaqdeYo
(eo0oRYaqachgy ysYdsFr), odogY d codgaqbbgp 3Ydaop nasE3Yy ga(as Ypqgsc bYreoy
RY¥bgbbodsc, 90§(JF eFe odogY d nFagp 3Ydaon pDasE3Yy YaY gar sFeodge coaazk¥s
sdaYparads3E. Aodpaal ceoéaRAFas bEYpabaad osuioaabbay pasE3YupYe ¢oaaa so3bE, 3o
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Jdyeop daazkq, goaqq eobedgsbl, 3qpn ¢csogqRJEqs dYacbgyaYye. bEe Y(qs 03Y4qbYq
606aay3YY 29 DasE3Yobbojo jdark, bo socaay3yy edY yson caFsYa osdqdqaqbbay 3qba,
cdoY¥rIody bagRY¥badsodoghoq sosondsdo. Zqb¥ sqp 3gaq, 3qp Igaq deadodsc nasEjqbark.
6qqde 9oRq oRY(Fqady sdadqacbBy nasEigbbEy bEjdarel, 3gaq eo90doy 3qbE 23 Y 3 ¥ Jqjo
29¢odF doaFbadYady badodnqdsYpoy d IgRYIEDYqp IY(E. Ba-e-qesY3Ibodsc 03 Y 3 F¥ §gjo 09godE
do g qdadqbbo JordFdsfqs, F 3qbF qjo cFE(QFqe edY BEaY3YY coao3ojo dE¥rnboRgbYy Y
jabqgs¥zqdeoy dqeongYbE3YY (Crow, Kimura, 1979; Kondrashov, 1982, 1988).

JoEEYaYrYda¥ Yy 09¢0d. E cocaaysyye, £o0doao EQEsoYdoIZbbge e adaodYyo ogYsEbYy,
qaydadaqgs doEgYaYrYda¥ Yy, YaY bodpEaYra¥ Yy, 09¢od (FoEacjfarqb, 1968), sdY ©2o90don
aeaoby¥yyady IEJYEDbag oefrgdF¥ady ngbqq sdYdeodogagbbgpY, 3qpn ¢cddqdbYye a-gbosYe.

ndadaog EqQFEssEavYobboy y3oax¥3YY. 6dsc

JZRDbEY d90dobE yIoa¥3YY, EIsonksYsqdeY
dbYRE¥ 3 Fy JorpoRbodsc QFachagyaqy
y3oa¥3YY. Léyay sdadeadgaeoy baYrgqgRbojo
¥EpqQagbyy yJoa¥3yy yJayqgsdy 99, 390

odjEbY¥o edgqddsE3ayqs dogoy 3qaadabary,
Ybaqjd¥do3IEbbay, eojqdgbsbay d¥daqpa, o
3 e2s0doy a¥goq Y¥ogbgbYq sFe YaY YbEsq =3
bEdackqs o¢ g ax osaRgbbodsc Y

dojaFdo3Zbbodac dYdagp odjEbY¥DE Y aYgo

JoaRbo ¢goac 09¢doaqbho 29¢odon, aYgo
eopeqbdYdodEbo qdajYpY Y¥ogbgbYyoY L L1 1 B I [E | |

(osd¥3¥sqacbgq o¢dEsbgq yJoax¥svobbgq R T C PT J K Pg Ng

. . CleSOw qidzshisteOydW g d 1. 3.2 j1sBOSEe0 5 & jdLB j>dists LOBjHE jedd
dJLHEY) (Kanfman' 1973; 1983; Zuckerkandl, ostEydd 8 tetshls fits JHGJ2 tesHsd dls je-dshisd fizP jhsoto0kdw tsHEe [
1976; Brooks, Wiley, 1986; Robertson, 1991; BEENCTR YoEE S o sy jed YSNEiHER 540 ¢zt ¢.j6, YiHise JEXHO &2 l
Seaborg , 1999) A LqD ¢Ooqq do&qdeqbbg HOGE " i3 Ok jsdistsdzsedd. s etedLisisOEds? shd: 6itkseduhtts] otjdy; s |

obsojgbqsyaqdeYq sdojdFopg odjEDYFDE, sqo %ii%?q%m;ziis?imﬁéﬁmx mﬁﬁﬁ'?J@dzgﬁizs.lzggwmsaow e
nqbqq Jqdoysbo, 390 daszFybEy naskE3Yy noRqs

Ye a093@Yae, ¥ 3 edgqdqaq bg oaRbg oRY(F¥sc soaboy bgdorpoRbodsY (QFacbayaYe
corYaY3bge Y¥roqbgbYy co(ogho s0ona, efe 3 doYeosdodqbYY, bEsYdEbboD jgbYqp, bgacry -
YrogbYoc bY o0bojo daodE gar 9040, 390¢g qjo bq ssadaYsc. 6qqde so9doghodaY FQECIE3YY e
pgby¥Yody adasdvyo ddqdg dsEaeYIZ¥sdy d bgogeo(qYpodacy adqdRFse (odsYibasoq
Jbasdgbbqq do3gdagbdado. tgon IZERbqq d¥daqok Jay Ibasdgbbgjo dodgdaqbdasdl, sqo pgbqq
deodogbF obF e Y¥pgbgbYy. nd¥pqdon sFeoy dofgYacbadsY ydayqady abY3IgddEacbodsc
jabgsyzqdeojo vo(F 3o Idhp RYIop pYdqg. EorpoRbo, 3edoszqn, 390 qao bg 3o Ibasdgbbgp
dodgdaqbdsdq jqbgsYaqdeojo eoQE (YbaaYsYIbo eERqsady, 390 02jaY ¢g €gsc Y ddajYq, bg pgbgq
dodgdeqbbgq 3EJYEbsg eo(F). YoRqs #gs6, dEno soydagb¥q soabo3qbbojo jqbgsYsaqdeojo eodE
cods3Yao qjo JaF(dqac3E Ibq eobeadgbh3YY Y dQqaFao do(obEsFacbYeon ddgy ¢Yode-qdg
(ya-e-qes odbodFaqay). Eqdepnf eobdqd3¥sY3bg 3dg e-eb(EngbsFacbgq $gbqsY3-qdeYq sdo3qddg:
dYbsar, dasEdEaYy Y doeongYbEayy Oy0, sdEbdedYeaYy, dYbsqr gqael. YesEaYY 3 bYe QoaRbg
2996 edFybq 3dqdbgnY YaY aqsZacbgny.

(pdsoy3YIopa dogqdadoIEbyy IY(QE §dorys bg soaced 3dqdbgq pasE3YY, bo Y ¢ceoaqrbgae,
c090qbh3YEacho deodogbgq edgdd¥syac oQYb 3v( 3 ddajoy, 390 Jay Ebbojo IYQE orbE3Fqgs
Yd3-grbo3qbYq. agdado yIoa¥3YobYda¥w Yy IY( dosEbodvady Radadoy ¢cedYdsodogagbaqdadEe.
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E edgdqaq QoaRqgb ¢gsc JodaYibas sFeoy adodgbe dodqdaqbdsd¥, eo3dF eoaqrbgq naskE3yy
dsEbodysdy bgdornoRbgpY.

OY¥caoYqQyy. Oay 3gdaYe odjEbY¥pod, dEdogbYy ¥ RYJosbge, sEdFesqdab RY¥babbgy 3Yea do
dogboy jEcaovY(boy ¥ QYcaoY(boy a-Ff, ed¥aqp sdosyRabblfy $FcaoY(bEy a-ErE eFdFesqdbE day
2d}EbY¥no3 d edodagn dErIVoYqp, 9030F efe Jay a2diEbY¥no3 do daoRbgn obsajqbagron
(nbojoeaqsozbgq RY3osbgq Y dgogbbgq dEdaqbyy) eFdFesqdbl edosyRabbEy QYcaoY(bEy o-FFE.
p JgdaYe RY3osbge jEcaovdbgpyY yJayxsdy soaceo jEngsg. Jayqdsda¥s dEraysbgq (bq
Ydeax3Ex3Yq ddaj ddaif) 9o3eY ¥rdqbYy bE nqekEbY¥og sdoYdeoR(qbYy ¥ co(qdqdREbYY
JyeaoY(dbojo dodsoyb¥yy (Crow, Kimura, 1965; Charlesworth, 1991; Kondrashov, Crow, 1991;
Perrot et al., 1991; Goldstein, 1992; Orr, 1995). Oay o¢deRqFEqpoy ¥dqdc sdogaqong

do g qdadgbbgn y3aygedy ogyqq doogdERgbYq, 390 Q¥eaoY(Yy pnoRags edqddaIayse dogoy 96
c03gagbYy Qoajodqzbodsy IYQE. g $Ecaov(od jqbgsYaqdely YbaodpEsYy edEbYsdy 3 Q3ae
eosYye, bE (3ee vonsaqogbsEdbge bYsye OyO, o Q¥saoY(od 8 3 3qegdge eosYye, 399,
dErapqgedy, so3gakqs bEQqRbodsc qq dosdEbgbYy. YasEaYY 3 Qdoc bEgodFEe edonodop dgdeo
¥FodE§YIE¥s o0bY Y oq Rq dEyoag, sFe 390 IdqidF doedEbyqady edYb3YeYEacbEy JorpnoRbodsc
JoddsZbodagbYy Ydeo(bojo sqedsk. ndFesYsqdely JornoRbodss sFeajo JoddsEboJagbyy
dogqdadaqs @ 3vJo3 d soaodgp dE¥pboRabYan, Y ¥bE3qbYq (YeaovY(dbodsY dagdaqgs
dFEddpFadY3Fac 3 eobaqedaq 0003040 dE¥rpboRgbYy Y dqeopngYbE3YY. LapgsYp, 390 jEcaoY(bgy
jabop eEdFesqdqb efe dEr Qay odjEbY¥nod, dErpnboRE¥ 3 Yedy ¢qdeoao, E ogaYiEsboq soaadoq
dErpboRgbYq o 3gdaYe RYJIosbge badErdgdbo dIyrEbo d Ye (¥saoYdbodscy. Ooddgaysyy
pgRds daoRbodacy dErIYaYy Y goacaYn $qbopob, d o(boy dsodobg, Y edqogafFdEbYap
QyeaoYdboy aFrg 0 d (dajoy sobysbhE. @ o(boeaqso3bojo adjEbY¥nF bas sdogaqog Y¥gEIagbYy
09 DasE3Yobbojo jdarE, codeoacea goacaFy 3#Edsc s090pe23 b badgs bY o(boy PasE3YY. Yo Yok
cdogagpf dogqdadaqs @ odjEbY¥po3 d goacaYD jgbonon ¥ Jaybbgp ¥Edodgaqdgp sasgp.

Odonq 83qaYsqbYy bEQoRbodsY doedEbabYy jqbod 3 coeoaqbYys, QYsaoY(bodsc QqaFqs ‘ R
do g qdadgbbgy Jeal( 3 doedEbgbYq Yb(QY3Iv(Jod 3 €o(q obsojgbqrE (Orr, 1995), vosodgy IFRb Y |
day eoa203ge, Y day ¢gdeoage 3v(o3. acacaly 3#dac bodge pnaskE3Yy I 90y YayY Yboy pqdq

dq3qddy3bE, ¥ QveaoY(bodac dareo e23gaFqs soaqdFbsbodsc e nasE3yYyo, efe

e abEdaqQo3Ebbgp 25 dodYaqaqy, ske Y e dopFsYzqdeYo (Crow, Kimura, 1965; Kondrashov,

Crow, 1991; Drake, 1991; Orr, 1995). Eg$odE bq 2§dEbY3Y3IFqsady pEdeYdo3EbYgp dq3qddydbge ool
pasEaYy. OYsaoY(bodsc ogqdeqsYIZqs JornoRbadsc dqeongYbEaYobboy dqeEdE3YY '
s03dgRdabYy 3 Oy0, 3 sop 3Ydaq sFeYe, vosodgq bq dasEdYda¥sdy goaqq sdodsgpY dYdsqoEnY

dasEdE3YY.

Jo3qdadgbbgp aFesodopn e03gagbYy RY¥bgdeodogbodsY IY(FE 3 daraacsfsq YeaoY(bodsY
ydayagsdy sdqyYnagqdsdo §g5qdo¥Y§os (Lerner, 1954; Goldstein, 1992). noaYnada-bgq casaay3yy
d3ogo(bo dedqy YIE¥ JYedy odjEbY¥D23 0€g3bo goaqq adsoyaYdg e ddqdodgp JavYybyypo, 3qo
Ybgdadbgg aYbYY. eqaqdo¥Y§o9bgq vongYbE3YY Faaqagy ogqdeqaYIE¥s goaqq JgdoeYy
pode-0fgbqsYaqdeYy jonqodsér, 3qo Fopo¥Yjosg (Lerner, 1954). E y3oa¥3YY ydbo Yoqa ngdsd
29¢od bE £€0do@a¥ eopEYDbE3Yobbay deodoghbodac Faaqaqy. (L pqekEbY¥pFe co(qJqdREDYY
co0YpodaY¥pk 3 sosaay3yye do. Kaplin, McGregor, 1972; 3q3qdso3, 1990.) E d3qsq Y9030
dodqqdREDbYq sobysYy pasEavobbojo jdorE Igjaydys daYaeon goacaYD acdogbyqp.
EorpoRbadac dqeongYbFE3Yobboy dosEdF3YY, nFdeYdoIEbYq dg3qddyibge pnasEsyYy Y
JrEYpo(Qaydadyq Faaqagy nojas bEnbojo cadaqedgd¥se 3dqdbgqg eodaqddadyy ¢oaqq Igdoeajo
paskEjabark, d3yrEbbojo d Q3sedFsbgp doqqdREbYqpn OyO0 o QYsaoY(oJd. hFeYp ogdFron,
gYeao¥Y(bodsc co3gaFags §onqodsir efe bE adodbq odiEbY¥pE (¢oaqq bEQqRbgy obsojqbar), sfe
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Y bE adodbq IY(E: bodgq pnasE3YY pojas Jeo(Yac 3 o¢ ) Yy §qboe-ob( IY(E, bg bEdaacEy

do g qdadqbbo gjo obsojqbgsyaqdeYe edojdEpp. ndgyoagqdado $0sqdo¥Y§os noRqs dogqdsdgqbbo
90dDa¥Yac yIoa¥3Yy JY(QF QFRq sdY adad3vyY 3gdoeoy edYdeodogagqbbodsY jono¥Yiosbge 9Ys0d
(Michod, 1999). B3oa¥3Yobbgq edqYpajqdadf YecaoYqYY ydbo bq nojas ¢gsc ogdydbgbg

d coFY3YY EQFesE3Yobboy y3oax¥3YY. 6dsc QEbbgq, soekrgIE¥ g Yq, 390 jEcao¥(bgq sosaay3yy
ogaQE¥s goacaqy deodoghodacy e EQFsoE3YY 3 pabyy g Yedy adaodYye ddqdg, 3-go
dveaoYdbgq (Zeyl et al., 2003).

X Eeqdobg. 6dsc qpq o0bo adY3vaqachoq YrogdgaqbYq y3oa¥3YY, JERDbodsc vo90dojo bq
Jcoabqg 03qbgbE. Boo gEcqdobg 0 eakdd ¢gaeod, vosodgq, sdqeysdsday baedEIvacbgp
Fddo3YFE3Yyp soaYeqesYdbge jdase, conaif¥s edfIvacbops d3qdsgIEbyy YaY dgodeq ddajYe
#qaedad in vivo, bo dZpY bq Jeodus 3 dodsEd rdqage dadaesad (db. ogdsoysqacbgy a¢¥od
Rutherford, 2003). E sqd3e¥ 23qdqde Y92, eobq3bo, ngefbY¥o adeodgbyy sdZ3IYacbojo
d3qdsgdEbyy soavYeqesY(bge 3qeqy Y dgodeY ¢qaealdge dadaesad, ¥EngbE dsockdaYs-qdeYe
sdo3qddod (ngdagbbge Y 3dqd3fsge 0@ YEeEDY) acoduydoszqbbgnyY Y 3qaqbEsdEIagbbgoY. YEao
9040, GFeqdobg o¢aEdE¥s o3qbc IERDOY deodogbodacy ogqdeqaYIZse sdEIvacbog d3qdsgIEbyq
Y dgodea ¢qaead sdY bEaY3YY pnaskE3Yy, ©o90dgq I 09dasdad¥q cFsqdobod edyIo(yayY ¢g e
bga-ebesYobFacbgn YaY dYacbo ga-gqesbgn dadaesadfn. aakjoq¥dy ysona odjEbY¥pg deodoghg
3gdqdRY3IFsc goacaoy DasE3Yobbgy jdar gaqr asdFag RY¥bqdcodoghojo a-qbosYek.

bYeYabgg c’Feqdobg osbodysdy e sFe bErgIFgqngn ¢qaelp sqsad3ofo aork. LbY cordoayys
od}EbY¥pFED adegabo edgodoaqdfse eqdYodg s09qb3YEacbho aqsachojo sqsao3ofo dadqddi.
nadJ3vabEy EbsYybadosYybly Y EbsYydoa¥w3Yobbly bEcdFIaqbbodsc aEcqdobad 23-qIY(DE:
GFeqdobg sordoayys IYQEp doedEbYac dEZpoY(qbsYabodsc, bgdbosdy bE bFeocagbYq DasE3Yy. |
LédFaboy daodaboy Y9030 y3agbyYy oergd¥qady a3qaysqbYq y3oax3vobbojo co9gb3YEaF IV(AE

rE dzqo dedgaojo bEeocagbYy aqbosYeYaqdeY baysdFacbge nasE3Yy. noakjf¥s, 390 3 eqdyodg

Jbqabqg-ddqdodge dadqddoad eobeadgb3Yy ¥E aFsqdobg do dsodobg ea3dgR(gbbge gqaead ‘ '
poRags ed¥3Io(Ysc e pEddoIoy yededaddYyY dFEbqq dedgage pasE3Yy, 390 YbojdE poRqgs edY3qdsY

e y3oa¥3Yobbona defzea (Ali et al., 1998; Zou et al., 1998). BsY Irdgdg paskEbsboy yedsdqddyYy

nojos Joydadyaqacho conoze JEsc 2993qs bE nbojYq sdadbgq Josdadg 3 a-qbopngboaojyyY

y3oax¥3YY, bo ¢gao ¢g oaYgeoy dFiddnFadyYIFoc cFEsqdobg eFe dor(Ebbgy y3oax¥3Yqy pqekEbY¥o

adeodgbYy yJoa¥3YY. L3qdv(bo, 390 (ay bgbq dojqdsda¥ g Ye Iv(Qo3 ogaqEbYq GEcqdobEnY e
qdsc pogbgy aFesod dsEgYachodsY Y adsoyaYIodsY e QFachayagy y3oaxaYyY. OFe g

ogdaR(FaY 3gaq, day odjEbY¥nod d goacaYD jgbonon ¥ daoRbgp 2bsojgbaron bgdorpnoRbo

(odsYRgbY(q sFeoy 903bodsY dosaYeE3YY $qbonk, vosodFy dEpE co dagq ogqdeqsYIZaF ¢g

adsoy3Y3odac IYQE 3o IdaoabY. YasE3YY Y(as bgYrgqRbo Y bgosddEsYno, Y GEeqdobg

conoff¥s IY(QFp doedFbysedy, eoqF3ayy a-qbosyeYaqdeay yededqddyy pasEaYy, E3IZy Jdgoy

Jay 3gdFgoseY Ye ¢goaqq bEQqRboy baysdFaY¥E3YY ¥E d3qs, bEsdYpqd, deecdqddodbge

(QosoabYsqachge pasEaYy. A qdaY eFely-50 cosaaysYy sEeojo dsEgYachojo IYQE, cockd 3

dadqddoday dY9aE3Yy, bq dedE3Yady d yededqddYay dEbgg dedgsge nasEaYy Y ¢odo(Ys bodgy Y,

Jo¥poRbo, d¥acho 2s0Y3bgy 05 do(Ysqacdeofo IY(, 90 Y90 bg sopqakqs edgRbgoa Iv¥Js

cdo(oaRFac d3oq adaoysYIoq dogqdsIoIEbyYq 3o Idgpgby.

AqbosYeYsqdeky caFdaYabodac. YEY#Eoaqq adeqabo fEQE3E doedEbgbYy 3VYJE bqYrogbbgp
#q¥ c09qdY deodogbodsY EQEcsYdodFscdy e pgbyy g Yody adadsdvyon RY¥bY dgaFEqady 3 yIoax¥syy
bE casye do3dqdaqbds3oIZbYy dajeaysodbge poekEbYrpod. Or3dqdsbo, 390 30 bYR(Q
bEdagQagpodsc edY¥bFel, sqo bYRQq ya-a-qesY3bodsc Y(a3.ajo s2 bgna o9godE. pRq o gFesqdYy
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aYdoeo dEdedodadEbabg babFdaqdds3gbbgq EQFssE3YY, Y 3qo daoRbqq odjEbY¥png, 3-qp 3gaq
obY daoys bE yIoaw3vobboy aqdsbyaq, sqo ¢oaca@ay doac a bYe Y§dE¥s bqbFEdaqddsdgbbgq
DO(YaYeE3YY, 09 & Y¥YoaofYaqdeYe EQFEcoFE3Yy e IbqabYp adaadyyo ¥ ogd¥ra RY¥bDY QO
JgdFgoseY daoRbge e23qdgbaqdeYe dqFesYy bE odbodq RY¥bgbbojo osgsF. ndgdaodasoq
bgbEdaqQodEZbYq edYogdasqbbge edY¥bFeod, va90doq sEe 030d3-Fao aEpkdeYdsod, 8 yso Jgde
023 bog doedasYIagby¥q efode gqrdFddadboy y3oa¥3YY, 3gbaR(QFqnoy ngby¥ 3 YoYdy
oédaoysqacdasIZnY RY¥DY.

YarEIYdYpodsc 09 ddqdg. OosoabYsqacbgp e dEddnosdgbboy 3gaq sakdsYabodsY aqbosYoE
yJayqady qdajoy o6 araabgbyy 209 yIoa¥3YY, dodsoyy Yy 3 3qaqbFEsdEIagqbboy po(QYa-YeE3yy
ddadg 2#YsEbYy, dor(EbYY Ydeaddsdgbbge yeoaojvaqdeYe byYa: nadiFdgybyeY, $barQ¥ e3qa,
ca09Ybg gogdod, bodg $dgrabod Y (dajYe RYIosbge, $barQF c9Y3, bFeobqs 3qaodqzqdely
eaacosadE. BIoax¥3Yobboq ¥bE3qbYq yoYe ydagbyy 0 3 0e9YDYFE3YY ddadg, 3 edYdsodogagbyy
qq e s29dqgbodayn IVQE, F sqo dEpngp 8 3 odaEgagb¥yY QEIagbYy osgodE. J¥(F Rq 2osbodYady ¥
O-dadFsqjYy dEFoboRabYy, ©ojQF dodYsqaY Yoqy¥s bagoacaoq 3Ydao dqsqy, bo gafjoqEdy
ya-a-qeaY3Iboy ¥Fgosq 0 s0900ndadq bEQoRDo ogqdeqsYIE¥s Ye IgRYIEDYq. ndY r-dasdFaqiYy
dZpeY osedEdgiE¥s 2f§donboq 3 ¥dao yY3, bo ed¥ yson (o Irdodaojo dodsoybYy pnojas qoRYIFsG
qdybysg bE pYaaYob. |L3qdY(bo, 390 K-dadFagjYy 3 ¥bE3Yoaqacboy nqdg 3g3odYs c0900ds3d Y-
c0( qZ3aqbYy os¢godF, ogqdeqsYIEy IgRYIEDYq Jdae, ©ao bg co§YEFqs 09 Ibasdqbbgjo
badodqdagbds3E. O-dadFsgjYy, edong 99§90, sorIoayqs spgbe@Ysc voaYaqdsdo soaodge
edo(eesod, £ daqdod#sqacho, ¥ JaYbe rEdodgaqdojo casY, E daqdod¥sqacho, Y vobgzbay
3Fdo09a DaskE3Yy 3 jEpqske. 0daY DE o Y¥Yoao§Yaqdeon adodbg agbosYeYaqdeFy safdsYs-bodsc
cor3oayqgs odiEbY¥pEp FQEsoYdoadFscdy e ngby¥ g Yody adasdvyo ddqdg, bq ngbyy $qbasYeF, 90
bE co3qdgbzqdeop adoldbq odjEbYFpg pojas edYdecodEgaYIFsc ddqds e dIo¥p coadgghodayp.
AbsYyJdoax3aYobbFy bEcdF3agbbodsc 3dge ysYe adYaYy sdYdodg, 09 so3bodsY dgsaYefayy OyO
(o 2qaodgzqdedy 3YIVaY¥E3YY (d qgq eona-0dson Y nqdY3Yboy), 03qIv(bE Y cobysbE: 3gRY3FEqs,
doedFbygady aY¥aaG 990, 392 bq Y¥ogbyqgsedy. Bso 3qdbo, 390 3¥( noRqs oekrFacdy eFe ¢g cqdqqd [
Jggodop: Y¥pogbYacdy YaY 3gonqdasc. Yo y90 eFRa g Fydy FacaqdbFsY3IF. E ogoYe daazfye

sdoRbYy 3v(Q YdzqrEqs. Oqydsdysqacbgp doldqdagbdsdon, e eosodons Jagaqs y3oax¥ayy,

yJayqaedy cdesodoghaodsc IgRYse, bq ngbyydce.

1206 62003240 dE¥pboRgbYy 3 dosfgYaYrE3YY IYAE ogdoRAEqady bYRqg 3 d¥rdqaq 1. et
OobdqdJ3FsYIbFy doac soao30jo dE¥rpboRgbYy.

JB OHOYlsdotsd 3lzls0e jhzjLd d Loskz=ydd hfshsehkshisd € toskz=ydd

E sodaqdbYq jo4g 3gdeZrg3Z¥s donbgbYy 3 900, 390 DasE3YY 8 edodad baYrggRboq daqddadyq
badodqdaabds3Z ngeEbY¥pod dasaYeEsYY ¥ dasEdEsYyY OyO0, Y sdoeafpYds¥s pgdac, 390
JorpoRqb os¢od bE adYaqbyq paskjqbarF, 390 IgdoeYy adodqbe nasEjqbarZ noRags ¢gsc
FQ#sosY3bgpo (Kirschner, Gerhart, 1998; Radman, 1999; Radman et al., 1999, 2000; Giraud et al.,
2001; Rattray, Strathern, 2003; Earl, Deem, 2004). ndY 500, 392 3 daazfybon pnasEjgbarq
3FdaosF 3dqdbge pask3Yy cdqIgakqs 3Edsdss gakjosdYyshbge paskE3Yy bE 4T5 (Taddei et al.,
1997), £ 90 ¥ 6 (Roth et al., 2003) sodydeod 3qaYaYbg, ysE ngdae bg 3gfaydys sdYIvEacboy
QFRq sdY 20ogdYsqachon 25boagbYY eo Jdyeoy y3oax3aYY. O Joedod bq soaced 3 500, eFe pnojas
2996 soagrbg 3dqdbgqg pasE3YY (y90 qjp.q boRbo dggq sdqddsEdYsc), E 3 900, efe JornoRDbE
y3oa¥3Yy deodoghadsY e y3oa¥3YY? Boo ¢ga ¢g edo3qdd d coaoRYaqachoy ogdFaboy d3yrey.
OYbEDYeF skeYe cdo3qddod Yoqgs sEdFesqd eFskdsdoag. LdjEbYrog adsdoqbg 3qaqdoogdirbo.
Oe 3qa6 8 JIgRYsc Y odsfIYsc 509000530 (90 qdsc dosdEbYscdy 3 ga(oy Ye soeoagbYys). Bof
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3906 JaoRgbE 3 bYe y3oawsYqy, Y 3dq dYdagpng odjEbY¥DE daaRFs ysoy Y 90aG6eD Y92y 3qaY.
J0aRYs a¥ ys0oy 30aY deodoaghadsc e y3oax¥w3YY? BIoax¥w3vobYdoadFac (90 qdac ngbyscdy) Y
doedEbyscdy 8 304 Y sdosYIosoaoRbgg. Ygdae, 390 dEDE y3oa¥3yy ydaygsdy 3gqacy
2d}EbY¥no3, bEeo(QYady ¥¥ edqqqalpnY qdaqdadqbbobEazboy cFdFE(Y§og. Lbsojabar

oda g qdsdaygsdy e0( asdEIagbYgn jabgsY3qdeYe cdojdEop odiEbY¥pE, ¥ qjo EQFesY3Ibgq
dgfe3YyY bE dqydadyy ddqdg sdqdadposdgbg ysYpY cdojdEppEnY; aYaojqbar IdajdE
odagqdsdayqsedy 3eqdIgq. Bso sdosqdd, (IYRYpgy ybsdoeYay, ¢ooy dYaoy, 390 J3q3bo €030
rafe. YoRDbo aY cdqdeoakjFsc dogqdadoIEbYq ngeEbYrnod adeodgb¥y dodsf ybsdosYY, 3:q§0-90
3doqq aYaojgbgsaYaqdeojo FcocoorE?

92, 390 edogaqpf ys¥ Idadear ogdaRQFqady bE dadEbYsFe JqdepF aIEREqpge Y¥(EDYy (Nature,
Genetics, Proc. Natl. Acad. Sci. USA), orbEzEqs, vobqabo, 390 o¢ ' Yq §bodgoaojyaqdeyq
Edjapqbag bq pnojas sdos¥Iodaoyse 3qaodqzqdedy soadqgbhodsy 3 3adqdEe (Y dgbdEsYyge).
Jo3qdada¥s ay, o(bFeo, QodsFsozbgq ypeYdyaqdeYq QEbbgqg YaY sqodgsYaqdeYq doogdFRgbYy,
cor3oayy¥pyq Fo3odyac 0 ngekbY¥pke adeodqbyYy yJoa¥3YyY, dorQEIEqpge 3 €0(q yIoa¥3YY?
@ gFesqdYy Yr3qdebg odoggq Igdoeonaskjabbgq d¥dsqpg dYbsarf Y daskEdEsyyY OyoO,
a-obes3YobYdo¥ Yq s0aced 3 dadqddodge adaadYye, jdorylpye odjEbYroEp §Ygqacy (Friedberg
et al., 1995; Drake et al., 1998; Radman, 1999), Y¥ vosodge bEY¢Eoaqq Y¥az-qbE dydsqof SOS-
dacEdE3YY o eYaqaboy cFaozeY. pA-ogaazqbYq YayY (dajYq Jor(aydadvy, so3dqROE¥JYq YaY
gaoeYda¥Yq dasayegsyy OyO, Yb(a3Yda¥s yededqdd¥y oeoad 20 §qboad, sdo(sesg eosodge
o3fdado¥s 3 dqeopgYbE3YY Y dasEdE3YY OyO0. Jdady bYe qdsc badeoaces OyO-goa¥pqdFs,
29aY3E¥ g Yedy 29 dgsaYeksY3Ibge coaYpqdFr FodE¥(o ngbcaqy 903bodscy dqeaYeE3yy.
Y¥dodaE3 tEQpED, JaE3bgy Edqes yIoa¥w3YY yIoax¥3vobyYdaqnodaY (evolution of evolvability),

cdqdooRYa bErgJdFsc Ye OyO0-paskErEpY (Radman, 1999)4. ObQe3Ydaqpgq dYdsgqog sYsf SOS- |
dasEdE3YY Y OyO-paskErg bEydqbg ¥ o (dajYe nYedoodjEbYrnod, Jea¥aFy doRRY.

ObsqdedgsEaYy deodobbYeosd EQEssY3Ibojo nasEjqbarE dagda¥ 3 Fy: odjEbY¥pg, soskiaYq 3 | ' |,
dadgddoda¥ dVoaE3Yy Y oeFrEIa’Yqdy eqdqd FacaqdbFsYIoy cangdqse YaY Y¥pgbYscdye, |
3ggvdiEys sodaqdbqq ¥ Jeax3F¥s pogbay pasEiqbbay pEaYba 3 bEQqRAq, 390 €29y ¢g o(QYDb Y¥

pYaayYobod bodge paskEhsod oefFRagsdy deodogbgn 3gRYse 3 bodge adaodyye, bFedYonagd

3 adaoadYye dYacboy dEQYE3YY. noQogbgy FaecadaYrp nbq sdqddsEIaygsdy bgIornoRbgp QFRq

Jay Homo sapiens, d#rdq 390 sdY 909FaYsEdbop dgRYpq. LaqekdE3YobbEy sEdEQY§oE Igjaydys I
goaqq qdsqdsdgbboy: SOS-2s3qs dasRYs dasEdE3YY co3dqRAqbYy Y deEdgbYy dqsaYefayy OyO0

3qbo¥ cobYRgbboy s03bodsY, E OyO-peskrg 8 yso 3dgjo a¥ae badsdojYq soaYpqdlrg,

deodogbgq YdeoaecroI¥sc bayJqracbgq pFadY3g. J o003 6¥ sFedio ngekbY¥pE deFdaYde

cgsk¥ady 3dq eaqaeY, £ bq 0a3aYq Y¥ aa3aYe. EorpoRbO, 390 YHoj(F adeodgbbgy paskEjqbar

ed¥3o(Ys e coydagb¥y¥ odjEbY¥pE, cdYdcodogagbbojo e ddqdq, IgrItIacqy dadgddoday

daFe3Yy, bo y90 bq goaqq sdqdbFnaqdgbbo, 3-qp JorbYebodqbYq dooRbodsY edY dodaq ybadosYY

(e09qaY eFe €aRq, F 3gaao £€2doa92). y2 Y y90 bq 23qbc dqEaYdsyabo. toogg, bEedYpqd, dsFsc

d3qdeadaoy3¥Ign e ogaazqbYy, odjEbYro QoaRagb dor(Fsc didqdepoybgq dydaqog

daskdEaYyY Oy0, vosodgq efe dEF Y ogqdeqsYIE¥s diqdebYreay deododsc pasEjobark. Boo

co9dadbqq, 3qp 3gsof Yoc dqgy Y¥ ¢oa09F ¥ Joaadg.

0dsc 4.9 o(4bE yedsqdYogbsFacbREy dydaqni, I ©os0doy ¢Fesqd Yy efe ¢adso ¢g ogbEdaRYIZaY
GEQEeoY3Ibgy paskjgbare (Cairns et al., 1988; Cairns, Foster, 1991; Foster, Cairns, 1992). ¢ lac-
Daskbsk eYaqaboy cfaozeY bEgaxy(Zady o3qbc 3gdoeYy adodqbc dadqddyy e Lact edY sodqdq
paskbsboy vaacsadg BE 3EaeY d akesoroy I eEsqdsdq qdybda3gbbojo YdsozbYek ajaqdodE. BsY
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daraacsFag ¢gay dbEzFal YbaqdedqsYdodEbg efe deodogbodac gFeaqdYY bFEcdFIayse naskjgbar
bE dqagesY3bo IFRbgq ogaFdsY jqbopE (Stahl, 1988; Boe, 1990). nor(bqq ¢gaf sdqdaoRqbF
goaqq Y¥o 3 dqbbFy noqgac (Hall, 1992; Rosenberg, 2001), edq(eoalj#¥ 3y doygda3oIEbYq
DaeEbY¥DE, ©290dgy daF§Ydags bE dadadd YbJaesYay ogpajo (babEcdFIagqbbojo) nasEiqbark

3 bggoaecaoy 3¢daY sosaay3yy, co(Iqdibasoy dadgdda, sEe dekrEoc dor(EbYgp eqdgdodojo
29dydE y3oa¥3YY. YE eoaYzqdsdgbbge no(aaye coefrEbE badodsoysqacbadse ysoy §Ysosqrg
(Roth et al., 2003), bo dsodobbYeY bEcdFIagbbojo pasEjqbark bq deaZqgIE¥s odaRY(q. no-
J¥QYpobna, Y so90dosYady, defr3, 290 3 gY000§YY alpkdeY¥p edgodoaqb. OEpEdeYro
Zqddoqdsqgb.

Odajfy jdossk QEbbge eEdEqsdy dYdsqo aocefachojo (sdY3qacbojo) naskjabarf. 6Ypa03Yag,
cdoa3Yda¥ g Yq EbaYaqal, Yoqys Igdoeay deododsc pasYdaIEbYy IEdYEEqacbge dqjngbsod
YooabojaogaayYbodge $qbod, 3 pYaaYobg dEr cdqigaEy oy bodpEacbgy sqos nasEjqbarf
gaf§oqFdy Ye YbaqbdY3boy dqeongYbE3YY d noazf g YooY sdqd(ojgbEnY (Weil, Reynaud, 1996).
AbFaojYabgy nDasEbY¥p Ydooacraxs baeosodgq sEdEFYaYaqdeYq sdodsqyaYq Jay sd¥aqachojo
pasFjgbarF $qbod, eo(QYda¥Ye sodqdebodabgq EbsYigbg (Pays, 1989). eqbg cFaojgqbbge
gFeaqdYy, eo(Yda¥Yq sodqdebodabgq EbsYigbg, edoydayxs bEdaqddsdgbbay codgaqbbay
paskEgyacbodse (Moxon et al., 1994). BsY jgbg do(qdRFEs vodoseYq codsodg odboIEDLYy, DE
eosodge bodpFacbgq OyO-coaYoqdErg QqaE¥s nbhojo oG@Ygor (oaY¢geY cdodefacrgIEbYy), 390
3qQgs e pasE3Yyp sYck dQIViE a-Frg. BoY daazlY ¢bEngdqbbojo naskEjqbgrEe ydayxs dogoy
Jaydadvaqacho sd¥pqd YdeoacroIEbYY nasEiqbarf 3 eF3qdadq edYdeodogYaqachojo cdYrbEek.
B9o deq3YEaY¥YdoIEbbgy JEQYFEDs edYdeodogYaqacbojo YdeoacraIEbYy abgseY3qdeojo
dE¥boogdFr Yy, ©292doq 3 eabqzbop d3qsq bq 3qdgs e yIoax¥3YY IY(QF, E bEsdosY3, ogqdesqsYIFqs
gjo dagyacbodac 3o 3dqoab¥, c0(oghbo 9003, efe coaYDIdaY¥D socaay3Yy cordoaygs Yo
adsoy3Y3o doedEbysedy 3 IEdeYda¥yay ddadq.

ndy3oqus Y ddajYq Jododg eod3gqbbojo eFdFeaqdF I coacra 29¢odE bE so3gagbbgy paskjqbar:
JorpoRbodsc o9godE o gFesqdYy bE co3gaqbYq s03bodsY dYbaqr OyO (Fijakowska et al., 1993)
YbaqdedgsYda¥s 3 coacra 99dasdadry Radsedy yIoax¥3YY bE s03badsc dasaveksyy OyO (Radman
et al., 2000); JERbodsc jgbgsYaqdeojo dErboogdErYy Qay IgRYIEDYY YbagdedgsYda¥s 3 coacFo
JorpoRbadsY 29¢godE bE co3gagqbbgy paskEjqbar (Radman, 1999). yo sFely YbsqdsdasEaYy
cdqqdsf3aygady Yray¥abagy. ©o3bodac dgsaYel3YY a ¢gfesqd Yy (odsfsozbo Igdoel Jay
adaoy3Y3o4o, baoedqdaagbbo Joajojo doedEbqabYy IY(AE, Y ¢oaqq IJgdoeky s03-bodac orbEzFEal ¢g
baocdZIqEbbgq ¥FadEsg ybqdiYY. £9o eEdEqady jgbqsYsqdeojo dE¥boogdEFYy cosaay3yy, 90 qjo
coaqgrbodsc qay Joajodqzbadsy FVQE JodsFso3bo agodboIEbE. ndydodbgq eosaay3yyY, QERq
#qdeoagq, dvacbo soa¥Ypoda-bg, bo bE(o coaFjFac, 390 eoaYDoda-Y¥D doaRYs yeoaofysqdeoy
caFdsYabodsY IY(E, qjo adsoy3VIodsY I ngbyx¥gaydy ddadqg. Beo bg pasE3Yobbgy jdor,

E ¢oj¥sadado jgboaobdE. YboRqdsdgbbgq FaaqaY aRq 090¢dEbg bE dodpnqdsYpodse, bE adaodbay
coaqrbadsG Y 9. 6.

E a«gbopnqgbq gYoaojvaqdeoy yIoa¥3YY edogsdy a-abJEpngbsZacboq QYFEaqesYs-qdeoq
cdosYIodqaYq, 03qFvdboq aRq 3 Ydeo(boy QFdIYboddeoy sdYEQq 6 bEdaqddsdqbbodsg,
Y¥ogbsaYJIodss, 09¢od. OrpngbaYIodsc sdqdeoakjfas badodgdagbbay bEdagddsdgbbodsc. Yoy
pgdac dodsoYs 3 90D, 392 3 £0(q yIoa¥w3YY Y(qs edgodoaqb¥q Y¥bFEzFacbojo badodqdaqbdadE
bEdaqddsdgbbodsY, 3 edqdqaq 6 abY39oRgbY(q Y¥pqb3YIodsY. yqogeo(QYpo, o(bFed, dEraYaFac
Y¥pqbaY3Iodsc effe osdERbYq adodby pnaskjgbark (bqYrgqRboq ¥ad) Y dErboogdErYq efe
#ojFadado jqboa-ob(dE IYQE, jqbgsYaqdeay FQEesYdagnodac (eFe deodoghodac e nYedoy3oa¥3yYy)
Y sdYdeodogagbbodsc (EQEssYdoIEbbodac) eFe dodqdagbdsdo $qboa-obdE, sodpo¥ylsga

by [,
] "
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JQEacbgyaay¥ yIoa¥3Yy (Leigh, 1973). YE ooy Irjayd, dErayaqb¥Yq ysYe cobysYy cor3oays
YrgqREsc aofY3qdeoy aaYéeY, bqdonbgbbo aqREJ gy 3 6dqdeoaoRgbYY o JornoRbodaY os9godFE
bE codgagbbay decodoghodsc e y3oa¥3YY. Bao pnoq 9s3qdRAqbYq bq o¥bE3Eqs, 390 3 €0(q
y3oa¥3YY ogdqesY3Ibo bg JordEdsFgs deodogbodac e y3oa¥3Yy. pdaoRby¥3FEydy gyoda-qdE

3 dYas Yoqbbo d3ogy daoRbodsY dsEbo3yady, d odboy dsodobg, 3dh goaqq ayrI¥ooy day
ybadoeYY, £ d Qdajoy dsodobg, dor(FEqgs 3dh a3qaYaYIE ¥ Jqqdy dErboogdE¥Yq yeoaojvaqdeYe
bY@, 390 qoaRbo JgqdsY e alqaYaqbYy JqdoysbodsY adeqabge socgooe JorbYebodgbYy Y
riFedqeaqb¥y bodge aodp. ¥o 3 €0(q yIoa¥3YY I $qoaojvaqdeYe nEdasEgFe IdqpabY
doedFbyx¥ady soaced sq 3r(dg, vo9adgq (odaFso3bo adeqabo edasYIodsoys dodss ybsdosYyY.
hZeddE QYZaqesYel yJoax¥3YY.

noaqrbgqg paskE3YY & 3dqdbg. eqbgsYeF cosaay3Yy Yrazkqs yIoaxayy EQEcoFE3Yy, 90§(F efe
doqqdREbYq yIoa¥3YY & sdosYIodsoybYq ybsdosYY. Oay sogqdg bEQ ybsdosYay baogeodYno
(eonYDO 3dgjo edo3qfo) adsoysc 6dasYd cdogakfrbE sdYdesodogaqbs-qdadfe, adsoyse sdasvd
qZ3agbYy ddqdg, bg dsFsc qq 29eq3-Foeon, odsfscdy dEnYp dogoy! hoaces Iqdbgq bEdagqda¥s
ragoa¥! Eqdbgq dEZpYp dggq.

1 nFdgdoedZacho, 399 Ypogbbo M. tE(QpEbs edYbEJaqRYs JqdapFy doac 3 99edgsYY sodadgeaYeksY3boy dasFdE3YY o ¢FesqdYy,
Qo3oQuyqy so3bodse dasaYefsyy 0Oy0 Qo 10710 saYgoe bE sfde baeaqost(od (Radman, Wagner, 1986). OojQF ggaY osedgsg
bgsozbgq OyO-eoaYpnqdErg, ob edYbya y9o Y¥3qdaYq d Jodsodjon Y defrFa, 390 pgzsfa o byYe 30 ags (Chicurell, 2001).

s jteh jizhisots

E dYbsgsYzqdeYe aqodYye yIoa¥3Yy 3 efsqdadq sEdEpqsdF, oedadaay¥3ajo bEsdEIagbyq
29¢odE, Ydeoacra¥s edYdsodogagbbodsc 8 29badYaqachay ya-eqesYIbodae dErpnboRgbYy odogqgy
3 eoc2ay3YY. tqfachoq (bq sE3soaojvaqdeaq) dodqdREDBYq cEdEpgsdE sdYdsodogaqbbodsY bq '\
co(QFqsdy oedqdaqagbyy. E ax¥gon dqfacbop ¢Yo9oeq, bEsdYpnqd 3 sdqdbo3odbon JoCdoqpgq, |
2@YoF¥9 dosb¥, £ 90 Y agdys¥ 3v(od odjEbY¥po3 0 ¢@FeaqdYY, $dY¢g, Jo(ododay, !
#qdeorIobhozbgq RY3Iosbgq, dgg¢g, ¥qpobadodbgq, e9Y3g. Edq obY edYdeodogagbg e QEbbopa

#Yo90ca. O qdaY Jdq ysY Fvdg sdoQoaRE¥s y3oax¥3YobYdodEse, 90 ogyqq bEsdEIaqbyq

y3oa¥3YY, 03:q3v(dbo, gadgs oedgdaayscdy dogdadqbboy YdsodYay IYQE, £ bq ddqdoy ogYaEbYy

(Brooks, Wiley, 1986). tEranqqgsdy, edY¥ yson Iv(s ed¥dgsady saFsYsc bqzso ¥ doedEbgbyYq
edYdsodogagbbodsY e ddgdq, sdYdeodEgayYIEacdy, bo so-dIogna. ndY sFeon cobYpEbYY

bEsdEIagbbodsY yIoa¥3YY noRbo Y dojafdYscdy do dsodobbYeEnY odsojgbarE. YoRgs aY

yJoax¥3yy dor(FI¥sc Idh 390 afo(bo, eFe y90 poaszFaYIo sdqdeoakiFqady dybagsYsqdeoy

5qodYqy yJoax¥3ayy?
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BT dLo it fiej>iH] ofies SO¢ OutOkds. (RLEBEOY jidj ) SsCETbed, dLHOGEE? 10sdSOEnSdd dkL jwdsd)

J#p OFJIYD Jeak(gifa 3 sobysYq sd¥dsodogaqbbodsY cdqddsEdagbYq o dodqdagbboy
eobdadae3YY. odoao o3a3Fqnoq YbsaYeY3Ibo, sobysYq dodqdaqbdadl adeoacrEqs 29
oedqdaagbyy. LeYdEbbgy ¥dqde Irjayd bE yIoa¥3¥y corIoayqgs, nbq eERqsdy, IbqdsyY
baeosoday ydbodsc 3 cdogaqoa dodqdagbdadl ¥ sdojdqddf 3 ¢YoaofYY ¥ dIyrFsc qq

d ogdoROFIc’YDdY 3gaq Ioedadon, 390 Rq 29¢YdFgs 09¢od. £9o dodgdaqbbqq 6 dqpaydsdo
daoRbo33gsbge, 29dy(d sqdgsobsEsoedgage YaY osdyd sdYpEso3? n3qaf Yay sqasdqe? Oay,
poRqs g9, 3YEbogFesqdYy, dos3ody¥ ¥y Id¥ odjEbYea Y¥ d3qol, 3odg Y nYbqdFacbge
doagy? OdY¥sqdYy ¢aY¥odsY e 3qaodqes bq Igjaydys adodagsdodysqacbgp, Jo Idyeop daas#q
efe qQybdadgbbgy. LdbYD Y¥ edYoqdYqd dodqdagbdsI noRqs €gsac (oajodqa-bodsc, docodoghbodac
e JgRYJIEDY¥ €qr YroqbgbYy. Bso bq E¢doawsboq dodqdagbdsdo, £ soaceo dodqdaqbdsdo

3 d3ogp dodqg, bo yso IERDbgy ¥ doqqdREsqacbgy edYaqdYy 60 deodogbodse sdosYIodaoysc
ybsdosYY.

90 eFdFqady edYdeodogagbbadsY, 90 bYeso bqg dEddbFEsdYIFaqs qq eFe deodogbodsc IgRYIEsc bq
ngbyyde. YEedosY3d, edYdsodogagbbodsc, 52 oedqdqaqbYy, eoddgaYdags do deadodacy
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yJoa¥aYY. Obsgqdqd sosaayaYobboy jobgsYeY doddadosozqb bE Y¥ogbabYys, Y¢o qq sdqdogs &
y3oax¥3Yy FQEesF3Yy. yo Y¥pgbgbYy dEpY co dogq qdac ybsdoeYy, ¥ gFEfop e dodqdagbdsds
yJaygady s0aced sfeoaq YrogbgbYq, vo92doq edgeysdsIaqs QFacbayaYp Y¥ogbgbYyp.
B3oa¥3Yobbiy YdsodYy ogbEdaRY3IEZqs dEQYqbs dadaesadboy daoRbadsY. nodeosaces daoRbodsc
dZpE 0 dggq orbE3Fqe goacaay deadoghodac e (adadae3Yy, ydoax¥3vobboq ¥bFE3qbYq Yoqqs
9oaGed odjEbYraIEbbEY daoRbodac. JsfgYacbodsc daoRboy dy¥daqog edYsaYaqdeY ¥EIVdYs o9
adsEbodagbYy deqaYaYaqdeYe, badaaszEybge d3yrqy pgRJs qq 3EdsypY (Saunders, Ho, 1976),
©090dgq 2¢€qdeq3YIE¥s qq a-ebesYobYdadEbYq. BoY d3yrY ydaywyady dgraacsFsop qdaqds3qbbojo
29¢godE Y bq pojos ggsc Igdqdabg Y¥ dIoydsd eopneobgbsod dYdsqog (Wicken, 1979). 6QYbY3qy
qdaqds3gbbojo osgodE qoaRbE ¢ggsc, daqdodFsqacho, odjEbY¥E3Yy efe 3qaoq. OFRAgY GHEj

3 bEedF3agbYY edYdcodogagbbodsY e adaodYyo ddqdg Y eFRAgy GFf e adqaYzqbyy
dadaesadboy daoRbodsY (oaRbg #gsc eopsqbdYdoIEbg o¢3 YD YrogbgbYan odjEbYFE3YY efe
dydsqog sdosYIodsoybyYy dodss ybadoeYY. yq egskyde ¥sc osdgdqagbyq E¢doa¥sbona
do3gdaqgbdada, poRbo sekrksc bEsdEIagqbYq, 3 ©o90dop (aydadaqs yIoa¥3Yy, cdadqas
dodgdaqbdsdie: JordEdsEbYq odiEbYroIEbboy daoRbodsY.

E sqdYo( edosY3odaoybyy jgbgsyeY ¥ qFdIYDYroE 3 bE3Faq ¢ 3qef Qay jqbgsYeod ¢gao
efdFesqdho edqqdsf3agqbYq o YJqEacbhoy odogY, dodgdagbbop sYeq, E YrogbsY3Iodsc
dZddoEsdYIZaY eFe daraacsfs oaY¢oe (DasE3Yy), d3yrEbbge d bgdodqdagbdsdon pngeEbY¥ood
bEdaqddsdgbbodsY 8 sYeoaojYaqdeoq ngaagbyq, 3qdayqq d3oq bEzFEao 295 naksobE. eqbgsyeY
aJaqeayYdc qdjgqbYeoy, bo bE3YobFacbFEy sdFjq(Yy eqdpEbYY, cocgsEIacqydy bE cdFesYeq
odagqdadyac odIogoR(gbYq 3qaadqa-qdadl 29 badodqdagbbge qjo 3aqbad, conojaf 293gbYac
(odaaYbdasdf cosaaysyobbojo ngaaqbyy. tEddposdgbbgg 3gaq edqYpayqdadf coaYpaoda-bge
cocaay3yy 3 ddZ3bgbYyY d 3YdagpoY avYbYyoY Y Yrdqdobgq bajfsv3Ibgq sodagqddadyy sdqdaodasoy
¥qagboy dqIoa¥3YY edv3qayY e cobYpEbYy, 390 dodqdaqbdado IYAE 3 qjo dErboogdEFYY,
#ofFadsdq gjo Fqboa-ob(E. Boo dErboogdFfYq IbodYs dojqdsdgbbgy Jeal(d 3 jonqodsEr IYQE,

3 gjo deodogbadac sdasYIodsoysc ybsdosYyY. | [

A jlsdy inSd? cLodz i jdzé Ldetsis

n,odsadogbYq pbojoraqso3bojo sqak noRbo dEddpEsdYIZsc eFe qquysqacbodsc ¥Y§0sg,

bEcdEIagbbay bE dor(¥bYq oeoYpFacbge adaadvy (ay doedEbgbYy ¥ dE¥pboRqbYy eagsoe

rEdodgaqdojo sa9Y. OadY3E 8 yso deodog, eosodgp yy3d sodoRAFEgs yy39o. ndY sFeon Jrjaydq
3dy yIoax¥3yvy d3oQyady e yIoa¥3YY ¥Edodgaqdofo casY, baedadgdboy rEdodgaqdoy cak¥pg,

co¢ga3bgn doraacslson vo9adoy oeFrgIEqady yIoax3sYy pbhojoeaqedszbge adjEbY¥nod, goaqq

JgdoeoodjZbYro3Ebbge DOqug, 3qp eageeY. LdiEbYrog dEraYzEx¥ady o adodby odjEDYFEIYY,
9040E eFe jqbqdEsY3bgq eagseY Jdge odiEbY¥pod ydayysdy ogdboeagsazbgny ¥ bg nojas €gse
sdqdds3agbg YqdEdeYaqdeY. 6dayY yso sfe, qda¥, bEsdYopqd, ¥Y§09F aqaodgel nEao 2sa¥3Eqady
29 ¥Y§0sg (oR(qdojo 3qddy, 90 eFe JorbYekqs eobgabFy dErbY3E nqRds 3qaodqeon Y 3qdIgqn?
B9o 3qQc (oaRbo ¢gsc edqdosdqdqagqbo 3 ¥YjosFe. edq YdaozbYe bodoy Yba-odpE3YY,
coydayx¥gaydy 3 obsojqbarg? £qQdaeaYobYdag deaobbg Qapkse, 390 3 0bsojqbgrg bYeFeoy bodoy
Yba-odpE3YY bg JorbYeFqgs, 390 Y(gs edodso (agaYdadEbYq Y sqdqe-odpaaYdoIZbYq
Yba-odpE3YY, do(adRELqydy 3 edonodonke ¥Y§osg. n,. a. YqQEIEd dedF3qdaydo
oedFesqdY¥o3fa sfeay 903ea ¥dqbYy eFe dEZpoq ¢qdeonojbhoqg osYdEDYq dErIVoYy.

L jdopEQboy dErbY3q 3 Yba-odpE3Yobbon dodqdREDYY nqR(s ¥Y§090y ¥ Irdodagp odjZbY¥non
do., bEedYpad, 3 dFgosq (Riedl, 1978).

Lbsojgbgr pbojoeaqsozbojo odjEbYFDFE noRqs ggoc sdqddsIagb eFe dFrIqsdayy g Fydy
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codaqdoJd¥sqacbhadac baogdEsYonge sdEbda-odpE3Yy, eERAgy ysFe va90doy doscdoIoR(Eqady
coydagbyqo boJoy YbaodpE3YY, bg doqqdREIcqydy 3 dadaesadie edqdaqdadax 3 ajo yskck

3 y3boo Ivqq Y bq 3gIoQYpoy Y¥ bYe o(borbEzbo 3 d0os3qadadYyY d eFeYp ¢g 90 bY ggao
FajodYopobn. yo3oq dodqadRYady 3 edqdaqdadarpan I efsqdadq JornoRbojo. Bas dedgsay
(co9gb3YEacbay) YbaodpE3Yy ¥Y{osg Y ogorbE3Ya ¥dqde sqdpnYbon ¢jgbgsyaqdeYy fEpgdqae.
yadoosdy bE edqE3YobYdadeoq ¥3a3EbYq, ob esdF3Yachbo 29dEREqs ogdqesyIboq dodqdREDYq
JEbboy Yba-odpE3Yobboy efsaqjodYY, bg Yoq¥ay EbEaojYyY 3 bgRYJ3Ige dydsqonke, bo Jqdcof
deo(boy d agn, 390 pg Ioo¢yq JeaF(qgIZqp 3 sobysYq crEpngdqaé. Boo bg calb, bg edoqes, bq
po(qac. B 99, 390 baR(Eqady 3 s3odz-qdesn 3ocaojgbyy.

egbqaYzqdeYp ¥EZogdaop ¥Yjosg qoR(Jqdojo 3qddy ydaygsdy qoRAqdoy zqddc, £ jqbgsYaqdeYo
rEogdaon ¥Y§osg qaodqel yJaygsedy 3qaadqe. JodqdREDBYq jqbgsYaqdeojo ¥Engdal
codaqQod¥sqacho, soyskEsbho d¥Er3qdsgdfqsdy 3 obsojabarqg. YEFaydbgag edY¥onqdg dqZaYrE3YY
jabgsYaqdeojo ¥Epngdal (F¥s sdo3qddg dEpodgodeY dageaqaazbge dadaesad. E eaqseq
dogqdsdaqs jdasck $gbod, eo(yda¥ e dYgodonbgq ¢qaeyY. nodaq sdEbdedYs3YY ysYe $qbo3 ¥
adEbday3YY oekrgIFqady, 390 aYbaybgq sodaqdadFaqacbadsY EnYboeYdaos (soaYeqssY(dg)
doQqdRFEs YhaodpEsYyx (ay d3qdsgdEbYy Ye 3 adgepqdbay gqoeodoy dadeesada. OFaqq
oefrgJdFqgady, 399 yaY adqepqdbgq noagqeaag ogaFdF¥s deqaYe-YaqdeYo ddoddsadon (daj e Qdaje
Y e poaqesalo dYgodonbge £y0. LbY osdqdaagbbgp ogdEron doqQYby¥sdy naqRds dogoy,
o¢dF¥¥ay dYgodona, noageaaydbay pEaYba, cdq(bErbE3zgbbay Jay dvbsgrf scoaYeqesY(od bE
pDFsdY3q Yba-odpE3Yobboy £y0. ndosqdd dgodeY dyYgodong YJgs dEposdoYrIoacho ¥
bgogdFsYno, d dorQEbYqo daoRbodsY, bEQqagbboy a-abeaYaqy (0djEDYFE3YY). JEnodgodel
sdY3qaF e soydagbYy¥ bodoy Yba-odpEsYY, bg doqqdREIGqydy bY 3 Oy0, bY 3 ¢qaeoldgse
poageaafe. ©ho3bho sfe Rq Ydqe dEpadgodel ddajYe daoRbge coaYe-qdongbsbge eopcaqedod
(noaqeaaydbge pEaYD), odagqdadayx¥ g Ye oq YaY Ybgqg poageaaydbo-gyoaofyaqdeyq edo3qddg.
Yg jodod¥o, 390 gqaeY ogaldE¥s deqaYaYaqdeYo ddoddsdon (daj e ddaje Y IrEYpodaydsdays
(daj d qdajoo Y d QdajYoY eopncobgbsEpY eagseY. Yg jododYp sFeRq, 392 gqaeY carbEvsé (doj
(daj#. Boo ¥bEbYq & dgraacsoFs yIoa¥3YY odjEbY¥DE eFfe 300240, Jea¥w3E¥ Jqy 29¢od bE
deodoghodac qbbge eda(aesod ogdFroIgIFac a-abesYobFacbgq daoRbgq dadaesadg. BoF
cdYibEbbodac, y9o ddoddsdo gqaeod ddat e ddaje bg dodadREsdy 3 ydbop Fvdq 3
codaqdodFaqachodaY baraqosY(od 3 jgbEe, eo(Yda¥wyYe yoY gqaeY. | dojqds3oIEDYY ysofo
ddoddsd¥ ng poRgp da(Ysc soaceo a posteriori.

YoRbo JordEfYac, 390 bg DoRD 62 sodaqdodfsqachadsY baeagosY(od 3 jqbq da(Ysc o
adqepqdboy dadaesadq ea(Ydaqpojo gqaek, E ¥Esqp Y o JorpoRbop ddoddsdq ngR(s gqaekoY.
LJbFeo e-ab(FpgbsFacbEy 902dYy, deodogbFy 6o cqddvsboy sodaqdoIfsqacbodsY FnYboeYdaos
3 soaYeqesYdq edaddefrgd¥ac sdaepqdbay dadaesads gqael, bgqlorpoRbE. bqodYY d3gdsgIEbyy
600YeqesY(dod yJaywady yperdYzqdeYonY. ngqdaeod Rqg osd¥(F e IrEYDO(qydadYy ¢qaeod gadqs
d3yrEb d q4.9 goacaqy bqoedgdqagbbodacy. Jaqda¥yyq daoY obsojqbark, Y(apYq qdar
JrEYpoQaydsdYq eaqeoe, fEdodgaqdge aYdseod, odjEbod, bEeo(usdy oRq sEe (Eaqed 29

Oy0 ¥Yjosg, 390 Ye sdaddefragoodsc 5o OyO bEeo(Yady ¥E dEpefnY bEazboy o-FbsEdsYeY.
bFeYp ogdE¥on, Yba-odpEaYy, osdqdaay¥ ¥y 3qaodsboq dF¥IYaYq, €09y ¥ dodQodRYady 3 ¥Y§09q,
doqqdRYady 3 bay efe e290b3Yy Y edqdIZdYsqacbona daqeo(YdaIEbyy bgJodsachF.

YEY#oaqq dYacbgy Edjopagbs cdosY3 d3oQYpodsY gYoaojYY e aY¥Yeo-eYDYY cdqddsEdayqs dEoE
sodaqQo3fsqacbodsc OYO, eosodfy bq boRags ggsc 3g3qabE Y o Y¥Yeo-sYDYY boeaqosY(oJ.
YEcdosYd, ysE bgdgdoQypodsc & baogeo(Ypoq adaadYq, sordoayxqq OyO doqqdREsc
{abgsyzqdeay Yba-odpE3Yy, dodJqdREsc ©o(. nodaqdod¥sqacbodsc 8 y90 rEa-YedYdoIEDDEY

by [,
] "
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2o9¢adon daazBybodsc. yqacry edqddelrEsc sqeds avaqdEsadbojo edoY¥IqdqbyYy co EaaFEIYsa.
YoR{s edoz¥n, bq dagdags fEgaaR(Fscdy 29bodYaqacho bEagy deodoghodsY 3 YoFsc
jabgsYzqdeyy o(. Yg y90 anqgo (QaFsc 90aeed £29009, 390 vo( oekrFady abyY3qddEacbgn. Yg
qjo e¥bFaY yosYdYaqdeY. J3yrFsc dadeesads ad¥sagsad OyO d osdqdqagbbgoY
EoYboeYdaosEpY, Ydeody Y¥ o Y¥Yeo-eYpYaqdeYe d3oydsd adYeagsdd Y EpnYboeYdaos,
bo3orpoRbo, YEo ysoy dIyrY bas. J3yrc ysE dyp3oayaqdely. Yg 3YsEqo jqbgsYaqdeYq sqedsg
500GED 629909, 390 Jdq odjEbY¥rpg dqpaY cjododysé bE o(bob yrgeq. 00§qF eaqsel dEpE 3YsEqs
jqbgsYaqdeYq sqedsg, sqdqdody Ye dbEsFaf 3 sqedsg £y0, F ¥Faqop Y 3 EnYboeYdaosbgq
codaqdod¥sqacbadsY, obFE Ydsoacrags EsckEdFag, odba3Ebbgq bE & Y¥Yed-eYDY3qdeYe
JrEYpo(aydadrye, bo doac Ye 9oaceo daaRggbFy. Edg do g bodsbgq edo3qddg €YoaofYY Yogxs
efdFesqd dYp3oaYs-bodsY. yY aY¥Yeo-eYDYy J0o¢g g q, bY ybadjgsYek 3 3EdsbodsY, bq
aedqdqay¥s RY3Ioq. Zosy RYIoq Io Idhp ysop baR(Eqsedy, oedqdaay¥ 3 YoY yJayxsdy
dogdaodgq dodsE3ay¥ Yq, bq aY¥Yeo-eYonYaqdely ed¥sYbbodsc, £ dogdaosdgq dY§bFag: ¢cEQdat
daEggp pEbYqo doeY bE daddeYe 3Ybaa ob soaeYe. O bYeFeojo ccausa equat effectume. LggFy
9qodYy €Yoa04YY QoaRbE ¢gsc dgpEbsYaqdeoy, £ bq o Y¥Yeo-eYpYaqdeoy. LAjEbY¥o JodE¥do
#aYR(Q e eoDEGYqds, 3D e £YDY3qdeopna a-qdngbsqds.

JEpodgodel ¥ dEZpoodiEbY¥E3Yy yJayxady sqo nqekbY¥pon, vosodgy dqiay¥aqs,
pFsqdYEaYrags, 3Josao P Fqs jqbasyaqdeYy ¥rEongdga. Aqdoqbsg, dajYq pFedopoageaag
FedYodbo ¥bE¥s ddat o ddajq Y gaFjodFdy ysopna deodogbg e odiEbYFE3YY 3 a-abesYobFacbgq
dadaesadg. Jo3qdaqbda3oIfbyYq deodoghadsY e dEnoodjEbYFE3YY Y qdac aE3boq doQqdREDLYq
#Yoa03Y3-qdeoy yIoa¥3syYY. E jgbqeYs-qdeon ¥rEpngdaq eo9qb3YFacbo doqqdRYady bg soaced
¥bEDbY(q 3Edaqy odjEbY¥pE (Qdat o ddajq, bo Y ¥bEbYq o Ibgabagy ddqdq. Edq odjEbY¥pg apq¥s
dFEdcorbEI¥sc 3 oedaRE¥aqp pYdq baRbgqg Yo vopecobgbag, sFe Rq efe Y eoncobgbsg 3dqdbgq
YaY ockdbgq. Agqdpgbsg ¥bE¥s d3oY dogdadFag Y apq¥s d bYpY ogdFE g Facdy, RY3Iosbgq
dEdeorbE¥s 3 oedaRE¥ Jay ddadq sYge Y IdEjod. Oay 3dgjo ysojo 3 OYO ¥Yjosg bg dodqdRYady :
sdypge YbdadeesYy. LbY dor(E¥ady 3 £o(q obsojqbark. aqdsoagrbo Ydekss 3 OyO ¥Yjosg | [
¥Feo(qYdo3Ebbgq YbdsYbesg YaY porgelacbgy sEakbs 8 obY JorbYeE¥s bE codaqdbYe ysEcke |
dEZpodgodeY odjEbY¥pk. OobaqeaYy jgbasYaqdeojo rEpgdaf sordoayqs sobysc, eFeYp ogdEron
3 €0(q YbQYJIVv(Qokaecbojo dErIYaYy Y(qs bEJERYIEDYq daoRbodsY Y odjEbY¥oIEbDodsY

3 efRoa3 qpdy edos¥3IodgaYY do Jsodgp ¥Feabop sqdpo(YbEnYeY. bgodyYY sqdpodYbEnYeY
dErdEgFagIZaY Qay eEdFesqdYdaYeY co3qdobYy Faonad, 90 qdac nobE(d, avYagbbge dFEropE Y —
¥BEDYY. ndY ysoo s03qdgbYq nobE( osdadqayasedy sdEIYaEnY sqodYY 3qdoysbodsY. 0ojQF Rq bg -
cqdaeoadYp e e23qdabYy gYoaojvaqdeYe pnobFE(d (JgboJd, ¢qaeod, vaqseoe, odjEbY¥D23 ¥ 5. (.), bg

bq Yoqgp edF3Z YibodYdod¥sc bEaY3Yq o bYe deodoghodaY e 3qagbFEcdFIagbbona c03qQobYy.

nobysYy¥ 3qagbEsdFIagbbadsY y edY(F¥ ¥qaqde (odsFsoazbo aYdoeYy dogda, bq ogurFaqacbhoa

Jea¥3f¥ Yy odorbEbDboq €03qdgbYq, £ 90aced ¢23qdabYq, 3qdayqq e oedqdqagbbona,

fFEQEbbona daraacskss. YEcdYpnqd, 503qdabYq dYgodonbge gqaeod Y dYgodobbge £y0 sFeado,

390 0bo JdgjdE edYIo(Ys e ogdE¥aIEDY¥ dYEodopng (3 EQaedEsboy ddada).

ndo3qdd dZ¥3qdsgIZbYy fgbgsYaqdeajo ¥Epgdaf 6 s3odzqdeYy edo3qdd, codeoaces JeawzEqs
3 dqgy ogF baogeo(Ypge vopnsobgbsE 3dyeojo s3odzqdsdf: daaszFybgy eqdagod IEJYEDs03 ¥
29¢od sdF3Ivacbhojo IEJYEDoE. no d3ogos dodqdREDY¥ jgbasYaqdeYy ¥Fogdqa bqg YdqbsYsqgb
30bbodsY Yba-odpE3YY. £qbbodac Yba-odpE3YY cdq(deoalffqs JorpoRbodsc qq odborbE3bajo
qaqeodYdodEbYy ¥bE¥ 3 YD sdYgobYeon, EbFEaojY3bo sqdqdods sqedsE bE ddagoy yrge. ndY ysoo
bo3¢y Yba-odp¥aYy bqg dorQ¥gsdy. E obsojqbarqg Rq Ydqs dosdodqbY¥q, Jocaoyqbyq 3 dqfachodsc
90§92, 392 dogqds3o3Fao aYae efe JorpoRboq. 6Engdga 8 yso sdgsYy, 3qdbaq sqd3gy,
eoneobqbs 3dyeojo sdodzqdsdE. GFngdaa bq dEdaYe-dodgIFqgsdy, bq dqeodydaqgsdy,
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¥ ypeYdyaqdeY (ngsoCop edog ¥ oaY¢or) Jocao g Fqsdy.

0o§QF soydrayde QEbbgq 6o sodaqdodfsqachadsY baeaqosY(od 3 OyO sqaodqel Y ddejYe
odjEbY¥no3, bg ¢ggayY a(Y3agbg, eFe nFad 3qaddqe 29aY3Fgady bg 909aced 299 GYnskbrq, bo Y 29
pacY Y QFRq 29 3qddy, qda¥ da(¥sc o Oy0. yo rEngdqa bq d3yrEb bEecdypnay bY d ogdqpon
jabgsYzqdeYe sqedsad, bY d eoaYsqdsdon jakd Y cEdEjdEeod 3 ysYe sqedsie. OQqy
bgdg3oQyYpodsY Igdagjo adadby odiEbYFE3YY Y¥ cdqdaqdsIaw pqjo adodby goaqq bYreojo
dEDbFE bq boJE. YEedYnqd, 6. e. Yqddad (Merser, 1981) 953qdRJFqgs, 392 (oydsIa¥yYq
edYb3Yeg odjEbY¥E3YY goaqq Igdoeojo dEbIF bq ogyrZsqacbo ydaywsdy edoyrIodbgoy
d3oyds3 eoneobgbsod, ©o90dgq obY eobsdoaYda¥s, YaY Ye 3basdabbYe qydasdax¥gYe
edYbaYeod. AQEcsfE3Yobbgq pasEbYrog Y odjEbYrE3Yobbgq ojdEbYaqbYy RY3Ige odjEbYFDO3,
JorbYeFy daasFybo, bq nojos ggoc 3gIqdabg Y¥ eFeojo-aYgo og 3 qjo edYb3Yek YaY ¥FeobE Y
nojo9 ¢goc sobysg 90a6eo 3 eobsqedsq Ye YdoodYY. Jeo(bgq JorrdgbYy o bad3o(¥YpodsY
jdEbY3bge adaodvy g¥oaojyaqdeYe d¥dsqo e aY¥Yeq Y eYOYY Jgdefrgdfa Y. noakby

(Polanyi, 1968). L3q3Y(ba, 390 Oy0 bq y3ayqgsedy FajodYspnon odjEbY¥DE, qjo dREsoy a-odnaaoy.
LdjEbY¥o qdac odjEbY¥E3YY, qFo Yba-odpE3Yy ogakqFqse, daqdod¥sqacho, d3oyds3on
badRYDEgoodsY (Denbigh, 1975).

E ¢YoaojYaqdeoy yIoax3YyY ocdqdaay¥ Yoy dosEbodysdy YrogbgbYy jobgsYaqdeojo ¥Epngdal
¥Yjo9g. BIoa¥3Yy rEdodgaqdoy cak¥pg qdac yIoa¥ayYy jdEbYsbge adaod Yy obsojqbgrF.
edEbYabgq adaodvy 8 ys0 90Rq ¥Feobg, bo bq a-eb(EpgbskEacbgq rFeobg aY¥YeY, E ffeobg
(sdE3Yak), bEaoRgbbgq y3oa¥3Yqy, 090dgq #0a638q 62edRY bE rFeobg ¥vdyY(JY3qdeYq, 3qo bE
rfeobg aY¥YeY. O6daY ¥Feobg a-Y¥YeY noRDO d3Vofsc 3DasdgbbYnY d3oydsIZpY 3qpqdsdi ¥
ybadjYY, 90 jdEbYabgq adaodyy 6 yso Ibqabyq ¥Feobg. E nEaYbEe Y odjEbYroFe Jqgpqdado Y |
ybadjivy, edodoaREy 003 Ybyscdy ¥FeobEp aY¥YeY, oekrgIéysady sfeRq 3 003 YbabYY 3bqabYp

rZeobFpn. EbgabYq fFeobg (aydsda¥s Y 3 bgodaagdagbbop nYdq: dgek sg3-gs, €003 Ybyyde

IbgaebYo ojdEbY3qbYyp dadak, bo soaced bEGYhg Y odjEbYrog Yoqy¥s cdEronbgqée jdEbYabgq ‘ R
adaoJdYy, edY(E¥ P Yq eobdsdae3YY 3qaqdoogdErbodsc. BIoa¥3Yy odiEbY¥pod Y(ags 3-qdar 09¢od

jdEbYabge adaodvy bE yaa-qesYdbodac YdeoacroIEbYy ybadiyYY ¥ 3gua.qdadZ ay do¥Y(EDYyY.

bFefy bFEedFIaqbbodac y3oa¥w3YY EIsonksvaqdeY doRAEqady Y¥ 9040 a-Fesk, 390 IgRYIFqs

900G 99, 390 IgRYJIEQs. ndoY¥oaao ¥qoagedydgbYq, ¥ doedEbYaYdc soaceo sq ¥(EbYY,

©090dgq adsoya¥. Bao, vobqabo, s¥IsoaofYy, bo 9oaeced (o sqe e2d, eoel ng bq Ybsgdgdagqondy e
Joedodon, so3qpa 20bY ¥QEbYy dErdaaYaYdes, E (dajYq adsoyaY. YqeEbYrog RY¥badeodogbodsY

pojas ¢gsc dEngnY dErbgpY. LdiEbYrpg dErpboRE¥sdy, Y a(¥3bgq eobdsdae3yy

Jodedov¥rIoqusdy.

OFeobg, acdFday¥yYq obsojabaron, yso bq aYrYeo-eYDYaqdeYq rEedqsg, E dqpEbsYaqdeYq
cdFIVaF. tqfaYraywady yoY edFIYaF aY¥Yeo-e¥YDY3qdeYnY IrEYpo(doydsdvyoY, 3qdalYoY e
dEZpadgodeq. YF eFROoD ysFeq dEpnodgodeY JorbYeF¥s bodgq eobaYodE3YY, ogqdeqsYIF¥ 3 Yq
JorpoRbodse bodge IrEYpoQaydsdyy. Lbsojgbar noRbo ddE3bYsc d nbojonqdboy Jqadeoy
§0003000pe0Y, 3 vo9odoy eEFR(AQY Yoke dgodeY cdYIo(Ys e dor(EbY¥ bodge eobaY{adE3Yy,
oadasdade¥ g Ye ddaqy sqdIobEzFacbge dqskaqy. do qdac jgbgsYaqdeYy ¥Epngdga & ys0
d3qdbasiy Yba-odpE3Yy o nhojonqdboy odiEbY¥E3YY, $qq doac Y¥oqdabYy YidFE¥s ado3by
odFEDYFE3YY: jgbgoY3qdeYy, g¢YoeYpY3qdeYy, noda-0aofvaqdeYy, o Y¥YoaofYaqdeYy, bqddbo-
edyeYaqdeYy, YbaqaaqessFacbgy, so3qdgbaqdeYy, Joco3bgy.

ndadoaRFy dsEdyYbbgy deod o edga-odpY¥nq Y yeYiqbarq, y §o3ody¥ 3 soacra ysYiqbarf: 3 €0qq




(0000000700000000ICII00000000000000000000

obsojgbqrf Yba-odpE3Yy s3odyady ¥Ebo3o, yeYigbqeYaqdeY. yo bE nqdso RY¥bgbboy dyag y
ds3a¥ pqbgq sEYbdadqbboq edqddsF3aqbyq 2 $gbqsY3-qdeon ¥rEpngdaq. Ecdazqp, qdayY ajodbho,
yos9 ddqdbasay YbaodpE3Yy¥ noRDO sdfesdad¥sc efe Yba-odpEaYobbgy yedv3IZagbs jonabeaaxdf
sdga-odpnYdsad.

Lboojabar qdac ypneYdYaqdeoq JocaoyqbYq jabqsYaqdeojo rEngdaF o odiEbY¥nq. BeYaqs
cypeYdyzqdeoqe edYrIEDb co(zqdebase sdYb3YeYEacbay bgsdqddelraqnodsc eER(2§0 yoEck
2b90jqbqrE PE odboIEHYY dIoydsd eopeobqbsod sdqdgdasajo yokcE. BsE basdgddelraqpodsc
badqgs 3 dqgq ¢goacaay bYdodorrdgbaqdeay bEjdarea. Or baq dagdaqs abYeFacbodsc ¥
baeadeodypodac eER(o40 YHQYIY(aenk Y eodnYaqdely ¥bE3Ypodac eFROoy RY¥DY.

AYaojqbar nhojoeaqeo3bojo IYQE a-odpFacho coedR bE obsojabar YBAYIVYQE. Lb 99Rq
edqqdsf3ayqgs dogoy sodagq(od¥sqachbay dpgba ysEeod 09 o(dboeaqseoazbodsy (o doddangbboy
JgdoeoodjEbYro3Ebboy aodpg. yEdeoaceo dogbodsbE ysE EbFaojYy? YoRbo aY jododysc o
aYaojqbgsYaqdeop ¥Epngdaq? noaoRYsqacbgy 2993gs bE ys05 Joedod adqa ¢g bEd ¥E edgqdqag
qdsqdsdgbbobiazboy cEdEQYing. Yg 2§dEDY3Yndy aYaodoadeoy eobdsEsEaYay, 390
do3ddapqbboq dodaoybyq Edqagbboy bEaY3-qda3oIfao 3 boJodoR(qbboy Edqagbboy 3 e3qdadq
JorpoRbojo. Obsgdadbo, 399 dEpo daodo cydoa¥sYye, sd¥JopEbboq XEdaqp aobbg, orbEsFqgs
dFEr3qdagdEbyYq (e-volvo 8 dFEr3qdagd¥sc). aobbq edodso eqdabad sdqddsEIagbyq o¢g
yogdYojqbarq bE aYaojqbar. Exjayd bE oYd efe bE §Y§EbadeYy odjEbYrn, bEJQqagbbgy
Yogoaacdon e sdojdqddYIbone dEFIYsYy, IJgdeFrgIFaY Y naksob, Y AdjadsYh, Y OFbs, Y ehsq.
ndyb3YsYFacboq dErayYsYqg nqRJs aYaojgbgron Y 0bsojqbaron dodsoYs, o(bFeo, 3 500, 392
aYaojqbagr odagqdadaygedy Ieqddgq, 9030F efe dErIYoYq Yb(QYIVJokacbge odjEbY¥n23 & Y90
JEJYEDag JodedoYrdqQabYy YdoodYY IYQE, sdqdosdqdqaqbbgq jabqgsYaqdeYo fEngdaon. |
Oqydadvaqacbo bodoq JorbYekqs 3 a-Yaojqbarg. Lbo JorbYekqs eFe YroqbgbYq 3 rEdodgaqdoy

cakf¥pq. ndadaodesky EbsYbonYy cuyy3o YaY eadYsE?e 8 bqQodErapngbYq. Oobqgaho, yy3o. day

Y¥opqbgbYq 3 rEogdaq oelrFaodc a(¥3-bgp, 90 qdse ggao dEZbesvobYdadEbo qdsqdadgbbgp ‘ R
25¢odon, obo abEdaqQagsdy 3 3v(dq Y¥pgbgbbojo jqbgsYaqdeojo ¥Engdal. dFeoad nqekEbY¥D

#YojqbqeYaqdeojo FEeobE 6 obsojgbgr co3sodyqs a-Yaojqbqr.

LédFrbo §o3ody, FqbgsyaqdeYy rEngdga sdqddsIayqs dogoy eo(ogYq 9930 dedazqbboy
cdaRYbg, vosodFy d¥ErIgqdagIZagsdy 3 £0qq obsojqbarE. Bao dFrIqdagIFEbyYq, yoo bEJF I YIEDY(q T
od§EbY¥2IEDDbOY daoRbodsY cdoYrIo(Ys IcqzEaaqbYq 3o(E.

LEFjEQef 8 3 sdoYdeoRAqbYY jabgsYaqdeojo ¥Engdal. OFaqes bg eFRQoq dassfyboq Y¥pgbabYq
3 jqbosYeq sqdqdFqsdy cosopelp, E soaced sFeaq, ©o90doq dqFaYragady 3 RY¥rbgdeodogbgy
odjEbY¥n. o, 390 ng IYQYD I oedaRE¥ P qy PED RYIoy ed¥dodq, 0 Y92 bY390RbEY Iggodel
a(¥sbge IEJYED923 Y DY]YE(Q (dajYe, nqbqq aqEzbgs. 6F bEd, bgbq RYJoyYe, rEcafsgbo
23gbc odojo. Yg 8 dadeRy dasspybodse, ¥Ea-YedYdoIEDDEY 25¢odon. bhFeay 0s¢ad, 29¢ad
dqQeYe odjEbY¥E3Yy do dIoydsdon IgRYIEDYY & odjEDYFE3YY, cdosYIodaoyy e ybadoeYY, qdsc
Oqoob YFed3dqaalf YaY aoj OFdITHE. eaoglacho, d a3qoop Jday YdsodYY gYodaqdg, 390doy
rifeob bq bEdaagb, bo aoselacho Y(gs dosdodgbYq pEaodqdoysbojo nYdE.

OFe ogdsoYs qqao d ybsdosYay yogdYojabarE? BogdYojabar 8 bqogdEsYogy sdosqdd, F
baogdEsYnodac edqdeoakifqs dods yhbadosYY. adaed ¥ EYaY (Brooks, Wiley, 1986) d3YoF¥9
yogdYojqbar sFeYp Rq ybadosYybgp sdo3qddon, efe Y aYaojqbar. E dFpon Jqaq, dadsesadbiy
ybadoeYy Irdodaojo odjEbY¥pF, dodaoyyajo Y¥ dosgb pYaaYEd(dod vagsoe, bEpnbojo goacaq
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dsadeesadboy ybadosYY ¥Yjosg. Oay ogdydbabYy 2303Y(dbojo JordEdsEbYy Yha-odpnE3YY

3 obsojqbagrq obY sdYdagef¥s Yqqyx OyIYQE OyyrqdF, 390 YdsozbYeon bodoy YbaodpEIYY
yJaygsdy dods dE¥bodsY pqRJa pnFedYpFacbo JorpoRboy ybadosYay Y daydsdvaqachoy
ybadoeYay 2djEbY¥oE, vo90dFy dEdsgs d ngbeagy deadodascy (Layzer, 1975, 1977). Boa dE¥bodac
poRbI 230bhYac, ddFIbYI daydsdvaqachay ybadoeYy gaqdeodydos-bojo bFEjdonoR(gqbYy dosgb
pYaaYEd(Jo3 eagsoe d Qoydsdvaqacboy ybadoeYay RYIojo odjEbY¥DE. £ods ybadosYY o
bgogeo(Ypoq adaodyq Idyeojo IvYRqabYy, odbFeo bq dods ybadoecYY, E jgbqsYaqdeYy ¥Epngdqa
eForFacbo oesdgdqaygs bEecdEIagbYq ypgdyojabarE. 64qde YdsodYsqdeYq 2jdEbYaqbYy
3gdFERqbg 3 Jod¥ErQo goacaqy daqeqb¥, 3qp 3 aYaojgbarq. Bogdyojgbar Qo3oacho Radseo
dasqdpYbYdodEb 3 sdqdqake bodog dqFe3YY jqbosYcE.

oday bEgaxy(Q¥sc ¥E dsdoYsqacdadon ¥(QEbYy do dsodobg Y bYaqjo edY yson bq ¥bEsc bY

o¢ EdeYaqesodq, bY o cdodFgEe, bY o eEpqby Yeke, 90 sodadoyel ¥(QEbYY soeRgsdy edo3qddon
do3gdagbbo bgdqdoysbgp. yo eo0oapkd, ng noRqp (ojEdF¥scdy ¥ o ¥Epgdaq EdeYsqesodE, ¥

0 pEdaqddsdq dEgo3Ye, ¥ o Ye dorodo(qYsqaye, E noRgs €gsc, Y 0 dodqdaqbbo adogoy
baogdFaYnadaY 8 bgogdFaYpodasY acdFIaygnge sdo3qddod.

2 yq bEydy so(eoquyajo doddaoabbojo daddeajo daodf, y 993FRYIE¥de YdeoacroIFac y929 aqdnYh Oqy@bY3E 3 eEsqdadq
abYJ3qddFacbojo bErIEDYY Qay YbAYIY(akaYrYdoIEbbge yaqogbsod ¥ dydago dF¥bojo ado3by odjEbYFEIYY.
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YqekbY¥o bqogbdqaqddeoy s090b3YFacbho aqsFacbgq so3daRdabYy Oy0, Q3abYaqldgq dErdgdg (Paques, Haber, 1999).
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yogqagddeRy edapYy s bYeso bq doobgdfady 3 IgdefrEbboy EqydpEbop ngdaY, 390 eoaa3oq dE¥rnboRgbYq, dor(QE3IFyY
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dZ¥boogdErboy yIoaw3YY, ydaygsdy soaoRYsqacbgp edY¥bFeon, coqdqdRYIZqogn

qdsqdadqbbgp 29¢odon, £ asdFsF yIoa¥3vobbojo co9gb3YRaF 3dqi¥sE 3goYdEbYqn. Bok

eob3qe3Yy bEeo(Yady 3 03-q3vdbob dosvIodgsYY d dEddposdqbbgnyY dEbqq adYaYynyY yJoa¥3Yy
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yJoa¥3Yobbgy cosgb3YFa bgaery 2osbgdsY e jopgodsfsYaqdeona paekEbYrna IYQE.
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29¢oda, 3 efeon ¢g bEsdEIagbYY ob bY aqa, qdsc 390 09¢YdFac. naqddysbgn YdaozbYeon
dZ¥boogdEr Yy ydayyady nask3YY. norIoayYsqacho a¥ (ankse, 390 29¢ad bE yIoa¥3Yobbgy
c290b3YEa Ioqdaq d sqo qdsc Y 29¢od goaqq dodgqdagbbge (ggdadge?) pngeEbY¥no3 nasEjqbarE?
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cdoeesg). Eo 390dop ¥bEgbYY 9qdoYb ¢cpngekbYroe Ydeoacragady 3 sgebYeq ¥ 3 poaqeaaydboy
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B3oa¥3Yy dor(FaF 3gdoeododqdagbbgq Y ybadiqsYaqdeY odojyYq dvdagpng edEbqgbyy Y
eosYdoIEbYy FgbasYaqdeoy Yba-odpE3YY, YropYaqachgq poageaaydbgq nEaYbg,
o¢qdeq3 YIE¥ 3 Yq edgdaacho bYreYq deododsY paskEiqbarf. Lsgod bE 3gdoeay deododac
paskjqbark edgddsfIayqedy baaqeadacy aRq €29y ¢g 609009, 390 (ay ys2§o bYaqjo bq
sdqgagady. YaskEjobqr gqr 3dyeYe acYdobYy Y d ¢oacaoy yeobooYqy ybadiYY noj ¢g
(odaYibasc a¥wgojo 3gdoeajo adadby. yqs bYeFeoy baR(g dor(QFIFsc odoggq pqekbYrog (Qay
a3qayzqbYy oaY¢goe. Yaskjqbar, gadasY ybsdosYybgn sdoaqddon, qdse dgraacafs
bqdodqdaqbdsdE dydagp dagsaYeF3YY, dqsFdE3YY, dgeongYbE3YY. BJoa¥3Yy 3 3qaon, ¢adasY
agedgagn edoa3qddon, dErqaaygs d nasEjqbaron d3oydado baedg(dbEpnqdabbadsY, daoefdsYabodsY
Y bqg Yoqqs dor(Ebbojo 3 €0(q YIoa¥3YY ngeEbY¥pE 3o I90don ¥bE3qbYY Y900 dasIE.

04 q dF¥ €039 9903bYs6 0¥ pgdac. BIoa¥3aYy, dErapqqsedy, Y¥dqs, ¥ ng nbojo ¥bEgp Yay
cdadeoafj#qo 2 900, efe obE Y(qs, eFeadg sosY ogdEroIEDbYY bodge 3Y(o3. yo pg noRqp
$03od¥ac 0 paekbY¥roFe yIoa¥3YY av¥ae 3 900 Rq dogdaq, 3 eFeon pg $230dYp 2 bgekbY¥pEe
paskjqbarE. Yg bg QoaRbg edadsoakjfse deqaYEacbge pnqsEbY¥nod adeodqbYy y3oa¥aYy,
dor(QEbbge 3 €0(q yIoa¥3YY. Boo €gayY ¢g dEpnosgvydsdqbbgq nqekbYrog. EY(J d adeodqbboy
y3oax¥aYqy dogqdsdodfa ¢g ozgbc bqdoajo. Edq odjEbYrong, bEdgay¥ g ¥q 6goay dgjodby,
cdYbEJagREs e 3Y(¥n, (odsfs03bo adsoy3zYIgp e QEachayagy y3oa¥3YY. BIoa¥w3Yy bgyrgqRbE
3 dYae 9249, 390 dor(QEIFqongq I €0(q yIoa¥3YY dYdsgog ¥EJYsg 05 yIoa¥3YY, FJv(Qodoy
jonqgodsk¥, bgdodgdagbbg Y 3 eob3q eob3a3 edqodoaqdi¥ady QEIagbYqo ybadosYY.

04.q o0bo 2923bgb¥Yq. Edg I¥(Qg desodogbg e yIoa¥3YY sdodso 3 dYas 90§90, 390 dEDY oY
edoYroacayY 29 yIoay3avobyYdodEIayYe cdqdeod Y abEdagdodFaY yso Ye bgdodqdaqbdsdo, Ye
ceqdIododbgy jdqgee. JYaoy, soaeFx¥yay Ivqd e YrogbgbYy, e yIoa¥3sYy, ydaygsdy ybsdosYy.
B3oa¥3YY sda(bo YrgqRFEsc. E yso0 cdfIosf adaedE ¥ EYaY (Brooks, Wiley, 1986).

LErapqgady, FaecsqdbEsYIE yIoawsvobyYdod¥se YaY Igoqgdase, 3 ogoYe daszfye JqQaFy e
Yd3-grbo3qbyy IVQE, bq ¢ardfraYzbE Qay ¢yode-qdg. LefERYde cqdIfy RYIEY eaqoek E¢doax¥sbo
dodqdagbboy, deodagboy e éqdeabgaboy RY¥bY, dodqdaqbbo bg pgbyyde, ng ¢g bY3qjo bq
YoqaY, edopqg ysoy eagseY. o ys0 Jeoabq 293-q3v(boq doogdERgbYq bYeoYp ogdEron bq
QoekrgJdEqs Y bq o¥bE3xEQqs, 390 yIoa¥3Yy poRqs dor(FEIEZsc deq3YEacbgg pgekEbY¥ng,
adeody¥Yq yJoa¥3Yy, €09y bg 3IgrgIfqs donbgbYy, 390 codgagbbgy y3oax¥avobbgy
c090bh3YEZa poRgs da-odopYdod¥scdy efe cogozbgy cdo(aes dErI oYy (dajYe dYdago Y
DOeEbY¥0o3. EordEdsE¥y g Fy 3 €0(q yIoa¥3YY daoRbodsc ¢Yoaojyaqdeye dydsqo, vobqabo Rq,
dZdaYdyags edaj JornoRbge yJoax¥3vobbge boJoogdEroIEbYy ¥ ¥Eadadbyqs dor(EbYq
do3gdaqbbojo 3v(Qo3oj§0 jonqodskrE. yo obE Rq dEdaYduygs JorpoRbodsY dor(QEbYyY ¢goaqq
do3gdaqbboy odiEbYFfE3YY, deodogboy cdasYIodaoyse so3gagbbgn ybsadaoeYybgn 3g¥oIfp.
bFeddF QYFaqesYel y3oax3yYY. ndy ogdoR(qbYY QYeaoY(YY ng Fv(dqaY, 390 $qbgsYaqdeYy
620YDodaY¥D 623gaFqs nadea-ofgbqsYaqdeYy jopqodalr IY(QFE. eqbgsYaqdeoq dE¥rboogdErYq
6062ay3YY poRqs ggsc 3qbbgn d¥no ¢o dagq, bEedYnad ogqdeqsYIZy yeoaojysqdeay
caldayabodsc Y ya-a-qesv3bodsc IbasdYIv(odge IrEYpodqydadyy; obo poRqs Y§dFac
edYsoYzqdeay doac 3 ogqdeqaqbYY adsoyaYIoy QYbEDYeY cocaay3yy cdY IZdecYdayw Ye
adaodvye oedaRE¥ay ddgdg (Haldane, Jayakar, 1963; 3Jgq3qd3o3, 1990; Robson et al., 1999).
AQaedEsboq o¢dydbgbYq dogdal coaa3ojo dErpboRagbYy daqdsqs, BE poy Jrjayd, Ydeksc

3 eobsqedsq ¥FJYag 09 yIoa¥3Yy.

E eodaqdb¥q 30 aqs edagagnf y3oa¥w3sYY coa030§0 dE¥rpboRgbYy sdYogdgal adogax
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FesaFacbhodac. E nbhojoszYdagbbge dEgosFe, 6o sdq¥pagqdads aqodgaysqdeYe, JgdefrgIEy¥s
dE¥boogdFErbgq $Ye290rg 2 ngefEbhY¥oke cdoYdeoR(qbYy ¥ s0(qqdREDYY eoa03030 dErpbhoRgbYy
Y jqbqsYaqdeoy dgeongYbEaYY (Felsenstein, 1974; Williams, 1975; YEybEd(J joYs, 1981;
Kondrashov, 1988, 1993; Hamilton et al., 1990; Hurst, Peck, 1996; Crow 1997; Barton,
Charlesworth, 1998; Robson et al., 1999; B¢ rger, 1999; JqdF3yb, ea(eoad, 1999; nockdeYDh,
2003), o0bY Y¥ eo90dge dojakdax¥ady d sqp, 390 s2a2930q dF¥pboRgbYq yJaygsdy ddgdds3on
adeadqbYy EQEsaY3Iboy yIoa¥3YY, ddajYq Iguydayys qjo eobdqdIZsYIboay, doEgyYayrydo¥v oy
doac.

noa23oq dE¥rnboRgbYq & y92 bEdsoaced no g hoq edYogdasgbYq y3oax¥3YyY & (odsFsozbo
deFr#oc, 390 ¥(qde sdFesYaqdeY cdoYdeo(Ys dogbE qQYbY3g o9¢odE ¥ soydagqby¥q YbQYIvqE
#oaqq Jgdoeojo adodby (Gould, Lloyd, 1999; Michod, 1999), 8 392 q}o ya-a-qesag Y sodaqddadyy
Dojas ¢gsc ogbEdaRgbg edY EbFEaYrq dEnge dErbge Fdeqesad RY¥DY. E pbojozYdagbbge
gqodgsYaqdeYe dEgosFe Y nFaqpEsYsqdeYe no(dqaye ogbEdaRgbg eFe dqage3ayobbgq
cdqY¥poaqdsdf, ske Y bgJodsEseY 2023030 dE¥pboRgbYy 3 ddE3bqbYY d ¢gdeoagp. tqraacslsg
baopbojYe yedeqdYogbsFacbge dFgos bgao(borbEsbg: ¢goaqq ggdadiy FQEssE3Yy o (doroeYag

e 00b (King, Somme, 1958) Y s eYaqzboy cFaoseY e saodEpaqbYeoas (Cavalli, Maccacaro,
1952) 3 o9dasdsd¥q dgeongYbE3YY; goaqq ¢gdadfy yIoa¥3Yy adsoyaYIodsY e cdoa-afIYba
606aay3YY ¢fesqdYoaEjE b4 d 3gdoeYp ado3bgp dqeopngYbE3YY, 3qp socaay3yYY d cobYRgbboy
daeopgYbE3Yqy (Malmberg, 1977); ¥Foqdagb¥Yq dgFe3YY bE Ydeadds3dqbbgy os¢od 3 socaaysyye
qdo¥oaYag edY co(FIagbYY dqeongYbE3YY (McPhee, Robertson, 1970). E osgsofe bE JdoRREe
(Zeyl, Bell, 1997) ogbFEdaRgbo, 390 e0a230q dE¥rnboRgbYq adqayaYIFtqs ddadb¥¥
edYdsodogagbbadsc 3 ddqdq, e ©292doy s2eaay3YY oRq EJQEssYdodEbg, bo bq 3 ddqdq, e eosadoy
049 Yqos EQEesE3Yy (Qodo(q 3 eoacra IFRDIAY EpaYoYedYdE Qay aqFagbYy 3dqdbge pnasE3Yy).
YoRbo oRY(FscG, 390 DE sasys Jqd¥a-YeE3YY nodqaqy, o2¢dudby¥_ye, eFeYo ogdEron
sdq¥pnayqdadf coaa3ojo dErpboRgbYy sdqodoagqdf¥s qjo bqdodskseY, yedsqdYongbsFaodod RJas ;
ofdopbgq sda(dbodsY. E dqZacbop odjEbY¥pq ngefEbY¥ng 0003030 dE¥pboRgbYy, 3 3-Fdsbodsy [
FabgsYaqdely dgeopngYbE3Yy, YbaqjdydodEbg d ddajYonY ¢€YoaojyaqdeYnY Y noageaaydbgoy |
DOeFPY¥DEDY. £0doaYD edYpnqdop ytayqsdy gFesqdYoaFi b4, a8 ©290do40 dqeongYbE3Yy Y
dasaYekayy Oy0 sdaddsEIayxs dogoy qQYbgy sdosqdd (Mosig, 1998), sFe 390 dbYREY
DasE3Yobbo deododsc daeongYbE3YY, 3g aRq Ypqqseq dqao d doddgo (dejYo odjEbY¥ooD, ¥
YrogbgbYy qjo dgFes3YY bE o9god bq so(dE¥ady o(borbF3boy YbagdedgsE3YY.

by [,
] "

N\ bEpgdgb e2qdqdRFEsG 98 993a ¥dqbYy, 390 co02930q dE¥pboRgbYq ¥ dqeopngYbE3Yy IJgeoabyys
eobdqdJ3d¥sYiIbay, EboYydoax¥3vobbay aabesYy (Bell, 1988; Eshel, 1991), ¥ 392 Ynqgbbo 3 yson
JaE3boq yIoa¥3svobbog edqYpaggdado I3¥(o3, dErpboREY¥ JYedy s0a23gn s99qD.

A dEddoFadYIE¥ soa03oq dErpboRqbYq efe oQYb Y¥ ngeEbYrno3 jJonqodskrE IYQE. O qqao bq

3 90D, 392 podqa¥, dqpobdsdYda¥Yq Igdoeay jqbqsYaqdeay EQ¥ssYdaqoodsc soasdge
606aay3Yy, 08Y¢o3bg, ¥ 3 900 og 3 qp Irjaydo bE EQEeoYdaqpnadac ¥ Y¥pgb3YIodsc eFe DE
yJaqgbyy, bq oedadqay¥Yq dogbodsc yIoa¥3syy. LbY osbodysdy e ddgddsIZo yIoa¥3YY, sof(F
efe obsoaojyaqdeYo doqQodREDbYqp y3oax¥3YY ydaygsdy dor(EbYq a-odp, adaoy3Yidge e
QFacbayaqy yIoa¥aYyY. 0ojdF 3 cosaayayvobbge podgaye YaY 3 osgske 6o bEsqpEsYaqdeons
poqqaYdo3EbYy 030qbY3IE¥s cdvdcodogaqbbadsyY ¥ 3dqoy IgRYIEDYY cocaay3Yy, 50 J3oddq bq
Ybaqgdada¥ady, 3 efeoy nqdq IgRYIGEY socaay3yy doedEbYal dEZpoYdgbsaYabodac Y bq dsZal
Rqds3oy eoba-odpY¥pf. YE(QD coakjfsc, 390 9q YrogbgbYy 3 cosoefe $gbo3 29 coeoagbyy

e soeoaqbYy, ©090dgq Yrazkqs cocaay3YobbEy jgbgsYek (9YekF edgdaodasoy doqbg gqage Y
3qdbge eydqab¥3 ¢qdarodge I fEIYdYpodsY 29 90§40, soedgsag aY ds3oag dqdgdcad dERqy YaY bq
soedgsg), osbadysdy e a¢dEsYpgp, barEIvYdYongo 29 3dqogbY sdo3qddEp. O soel yso ske, ¥
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3 90y pqdq, 3 eFeoy yo9o ske, yIoa¥3YY bqa, Y¢o QaydsdveqacbFy yIoax¥3syYy, bEga¥y(FqpEy 3
JoaojYaqdeYe pEdasEgRe 3dqonabY, & ys0 3qs6 bgogdEsYopge Y¥ngbgbYy. Ongbbo coysona bg
Yoqqo cdf3o deFrFsc, 390 y3oa¥3Yy 0 ybsdocYybgy sdo3qdd (Brooks, Wiley, 1986), Y Yoqbbo
©60Y92Da ocaay3Yobbgq jgbgsYeY bq Ybaqdqdawady sqdpo(YbEnYaqdeYoY EdcqesEnY
y3oa¥3YY. eak3boq, 390 ed¥V3IbodYs d dogoy eo003oq dE¥rpboRgbYq, y9o ogdFaYpodss, 390
yedvY3IZaqgbsbo odsEbodeq yIoa¥3YY.

YoRqgs aY 3 sFeon doazfq so023oq dErpboRgbYq codgaksc EqQEesYdaqnodsc sosaayayy?
YboRqdsdo dEgos 0s53q3#gs coaoRYsqacho bE y599 Josdod. OopgYbEsYIbEY Y¥pgb3aYIodss
coD2{F0s soeaay3Yyo gakjosoaazbo edoysY 3qdar areYq JdEsE osgodE, doedEbYd d3oy
dZpoY(qgbsYabodsc. ZodoaYp sdYnqdon sFeajo dod¥ ydayqsdy edg¥pnayqdsdo eoaoadge
606aay3Yy 3 6dosYIodooybYyY cEdErYoFn (Hamilton et al., 1990). yo deodogbodac e dor(EbY¥
pbojoogdEr Yy ddqddsd ¥ Yog, sdosYIodsoy Yy EbsYiqbboy Y¥oqbsYIodsY cFEdE¥YoE, qdsc
3qds¥, YooFEbgbsbFy QFbbona 3v(a, EbFaojY3bEy a-qbosYeY3qdeoy cafdsYs-bodaY, dqZaYragnoy,
o(bFeo, bE adodbq Oy0. LbE bq sdaddsEIayqs dogoy qaydsdYsqacboy y3oa¥sYY, co(ogbo 5009,
efe 2¢dFEroIEbYq boJojo vakddE EbsYaqa 3 daraacskaq YonabY¥E3YY bq cdqddsFEdayqs dogoy
bEdaqQdadgbbojo Y¥oqbgbyy YbQYIYQE. nd¥ogdg $qbosYeYaqdeoy cafdaYz-bodaY odjEbY¥pod
pbojosYdagbbg (Zqdyb, 1985): sdEbdeorobg ¢FeaqdYy, badsFgYacbgq aoeadg Y so(3vRbgq
yaqoqbsg 3 gqbonq §d¥¢od, eobsdoa¥Yday¥ g Yq yaqoqbsg dEdaqbYy, nogYacbgq
QvdeqdjYdo3dgbbgq jgbg (do¥oaYag, EnsaYaYeE3Yy Y bEjbYe-YeEsYy jqbod dYgodonboy £y0 Y
§Ydaobod ¥ Qd. LegdoR(Eqongy 3 (Ebboy doFacq sdY3qacbgy pnaskEjqbar sFeRq 29bodYady e ysona
odogopa daazf¥ FgbosYeYaqdeoy caFdaYabodaY. £osy eobedgsbgq 28be3YY ¥ gYoaojvaqdeYy
dogda badsEgYaecbodsY jqbonE 3o pnbojon bqudbg, 99badYae Id¥ ysa a-qbongboadjyy e
pgeEbY¥oED bEDqdqbbojo adeadgbYy y3oa¥3YY bqs odbo3EZbYy. Jeodaq bEogodos, Yo §Yéeodse
Y cafdsavabodac corIoaygs I3Y(e aeaob¥acdy 299 bqogdEsYpge fgbgsYaqdeYe cEfod.

stejLgw | I

nadaead e soaa3ona dErpboRabYy¥ & ys2 bq sdodso dogbF deodogf dFrpboRgbYy. £tE¥pboRgbYq l
c0003gp casqp & Y90 deFzoe e boJopa efzqdsds, ogorbEzFqonona dao3op geojarYye (09

EbjaYydeojo cohesion 8 d3gsagb¥q, doqdybgbYq). noaodgq cosaay3yYyY & eojqdgbsbgq

dydsqog. 0ojqrYy & o3qbe daoRbgy aqbobgb Y 3ERboq sobysYq, dogda e090dojo noRbO

aydbYec edY ddEIbgbYY coa03ofo Y gqdsoaojo dErnboRgbYy. U

ndY ¢qdeoaop dFrpboRabYY (3qjqoFaY3boq, sEdaqbojqbar) do(dYsqac 3qaYeon sqdgqdFgs d3oY
jabg so90peED. nosonoe, daqdodksqacho, jgbgsYaqdeY Y(JqbsYaqb d3ogps dodYsqay. Ldogy
a(dboy eoeoay3YY jobEDY bq 2¢pqbY3IZ¥ady, dasdodaesy3bo Y¥oaYdodEbg. Edq eo9opneY o(boy
odo@Y ogdF¥raxs evaob jabgsYaqdeY Y(qbsYabge odogqy. £o(odaodbEy vaobE sdqddsEIaygs dogoy
ddqgdo d o0bYp doQobFsFaecbYeon; do(odao3bFy eERJoy odogY sdqddsfIaygs dogoy o(bopqdbay
aybyy edqdeod. 6da¥Y o odogY JorbYeFqs DasE3Yy, obE sqdqdFgsdy 3dgp qgq sosopekn, bo bq
poRags #g9oc eqdqd¥bE 3 ddajYq eaobg, 90 qdac sqdadFzF FqbgsY3qdeojo pEsqdYFaF soaced
JqdsYeFacbFy. 6daY cocaayayy dodso¥s Yr dEraYsEx JYedy vaoboad, obE jgbgsYsqoeY
JqsqdojabbE. OobeadgbaYy pgRde odogynY cdodsE Y o(borbEsbE: obE d3o(Ysdy e eobeadgbaYyY
pqR{s eaobEpY. Oaobg d dgaqesY3dbgpY cdqYpeyqdsdZnY Igsqdbyxs odsEacbge. hFesIf

3 o¢ 3 Ye 3qdske eFdoYDE 3 socaay3YyY jfcaoY(bge odjEbY¥no23.

E daaszk#q QYeaovdbodsY (dgfacbFy Qay 3gdaYe odiEbY¥nod dYV9aF3Yy) qdac JERbgy pnongbhs
2¢dEFOIEDYY F09qdo¥Y§os I daraacsfaq nasE3YY I3 o0bon Y¥ bEgadod jgbod. nodeoaces
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co(F3ay¥pqq #oacaYbdsdo nasEaYy 3dqdbg, F bodgq naskE3YY 3¥3q Idgjo dgaqddyibg,
(Q¥eaoY(dbodasc dgreo dbYREQs adodgbe yedsdaddyYdaqoge (FesaFacbge) naskE3Yy, codeoacea
#oa6aYbdsdo $0sqdo¥Y§o9s aqbosYeY3qdeY pFao osa¥3FExady 29 Ydeodbge (QYeofo sYck)
§opo¥Y§o9. Boos ¢cEbaYpaskjqbbgye ya-a-qes (YcaoyY(bodsY noRqs ¢gsc ofdopnbgn. ddaY sd¥bysc
3Fdo09a DaskE3Yy bE oQYb jqb bE coeoagb¥q ¥F 1075, 99 3gqdoysbodsc 90§90, 390 o Y¥eaoY(JE ga(as
codERgbg 2¢F jonoaojvabge J0bE, dodsEdys oeoao 10710, noq rE Yooy jqbod QYeojo oYK 09
soeoaqbyYy e soeoagb¥y galos bFeFsaYIFscdy bq sdoyday¥yyady a-qbosYeYaqdeY
(dg3qddy3bgq) pasEaYyY, dor(EIFY jgbosYeYaqdeay j0sqdajqbbodac cocaay3yYyY, vosodEy noRQqs
3 efeYe-90 adaodyYye oekrFocdy darqddop yIoay3yy. Adbo, o(bEeo, 390 eqdIvabEy ¥
jaf3baycky a-ebesYy Q¥caoY(bodsY vobdqdIZsYIDEY: dDYRbYq FessFacboy 3Eds0sg DasE3Yy .
nodaqda¥ Yy 0s9¢od bE dodpqdsYoodse Faaqagy noRqs orvobaEsqacho ogqr3dqdYsc nosibsbgy
Faaqae.

LtFddposdYp aqeqdc eosaay3Yy d coaadgn dErnboRgbYgn. Zosy ogpagb jgbgsYaqdeYn
DFaqdYFaoD Y dgeongYbE3YY Yoqy¥s nqdso ¥ o jEcaoY(bge odjEbY¥pno3, Jea¥3Fy gFesqdYy Y
ddejYe sdoekdyos, bEdsoypgq soao3oq dE¥rpboRgbYq qdsc 90a6ed o yaekdYos Y doscdaIoR(Egsdy
dogboy QYeaoY(boy Y jFcaoY(boy a-Fr RYrbgbbojo 3Yeal. E bEY@oaqq ¥Feob3qbboy a-odpnq 2bo
dogqdsdaqs @ sorIobozbge RYJIosbge. eFcaoY(bEy a-FfE o bYe cdgqddsZIaqbf soaces coaodgny
eagseloY 8 yyaqeaqeefnY Y doqdoFsoroY(EnY. OYrbe odogY bEsYbEqady do daYybYy peRdeoy Y
Rqbdeoy eoaodge (§Ecao¥(bge) eaqaoe Y ogdF¥oIEDYY ¥Y§09g, 3 ©o90doy, daqdoIsqacho,
o¢daqqybqabg QIE bE£odF abod dE¥bojo sdovdeoR(qbYy 6 29323deYq Y pFaqdYbdeYq. E pgyorq
2932J3deYq Y pFaqdybdeYq edonodong dEdeoquady o J3ap evagsekn daazBybgp ogdEron, Y,
edonq 92492, 3 €2qq payoFE 2bY o¢pabY3IE¥ady dIogy YbaodpEsYqay s0Rq daazybgn ogdFEron.

E daraacsaFaq eFRAFY e2003FY vagsel coaazkgs abYeFacbgy eopsaqes $qbgsyaqdedy
YbaodpE3YY, bEcoao3Ybs 09303denjo, E bEcoao3Ybs nEsqdYbdeojo sdoYdeoR(gbYy. OFRAgy
doQ¥asqac eqdgdFgs eo900ea 9206RD 62023Yha d3oqy jgbgsYaqdeoy YbaodpkE3YY, JggdEbbay .
daazFybgp ogdEron. £00odao3bFy odogy sdqddsEIayqs dogoy QY¥eoasopnYsqdeY Jgsdygqady R
qdgdo, aeoqulaqq 3 edocaoq. £o(adaosdbgqg dErbge odogqy 3 eosaay3YY sqdgsagsgbg |
3 pbojopqgdbe¥ dgse. Jor(Eqgsdy o¢ g Yy jqboa-ob( soseaysYyY. ObQyYIvJoFachbfy odoge bg poRqs
JodedoYrIqdaY d3ox jqboeaecYy. EorbYelqs bEQgbQY3IvJakacboq qdyYbhdado 0 ¢€YoaojYaqdeYy
Fvq. O 9oa6ed 3 ysoo daszkFq eFsqjodYy FYAE Yoqas odoggy €YoaojYaqdeYy dsksad, E bq ¢oaqq
Ya¥ ngbgq edavrIoacbhoq dogdEbYq node-0004Y3qdeY, aY¥YoaofYaqdeY Y 9. c. deoRYe - ol
YbQYIYqod. OobeadgbaYy baRJs odogynY odbojo FYQE sdYogdaskqs dodqdaabbo Yhoy sEdFesqd
Y¥-¥F 90§0, 390 60900RY eobeadbsod oekrgIf¥ady I vobaq eob3od og g YoY. OobeadgbaYy

odogagy d3oQyady e eobeadgb3YY jqbbge Faaqaqy, ¥ eoydayqsedy YbQyIvJakacbodss goaqq

Jgdoeojo dEbjE 6 IYQ; edYdeodogagbbodac a2djEbY¥DFE 3 90y YaY Yboy daqegbY Rqadsdaqady

dEQY sdydcodogagbbodsY 3Y(¢ (Michod, 1999).

90 orbE3Fqs ys0 qay yIoax¥3yyY? 6da¥Y eaobg ¢qdeoaoy cocaay3yy nojas yIoax¥3vobyYdodEsc
Jeoabq barEIvdyYpo Qdaj 09 Qdaik, 90 £0003Fy cosaay3Yy QoaRbE y3oax¥3YobYdod#sc efe
3qaoq. OFe defrgJdfasdy eojarYy bE deododsY y3oaxaYY? Légay 50odYY, 3 dEpeks eosodoy
poRbO ¢gao gg 2930sYac bE y909 Josdod, bq daggdadags. aqdeoagq soeaay3yYyY 3 eobeadgbh3yyY d
£2003gpY Yoqy¥s (3aedFsboq edqY¥paqdsdo 3 dYas 9030, 390 dE¥pnboREY¥sdy I3dg odogY, ¥ duq
(Jdaj¥e 23-q3v(bge edqyYpayqdad. E dEgosFe, Igsoabgbbge ¥¥ codaqdbyYq 30 aqe, sdqddsE3agbg
pbo}o3Ydagbbgq sgadqsYaqdeYq naodqaY, soekrgIF¥ 3 Yq, 390 oa293oq dErpboRgbYq noRqs
ogalQ¥sc sdqYpayqdadlnY, edqIgaFE¥JYDY cdqYpayqdadf gqdeoage socaay3Yy, sFe 390
co¢qQF 0023030 dErpboRgbYy 3 yIoa¥3YY aRq bg 3gjayqys ¥FjEqo3-boy, o(bFeo eFeYq Ypgbbo
odogqbbodsY coaadojo dErpboRabYy ydayysdy dqaE¥ 1 YDY 3 qjo JorbYebodgbYyY Y
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c0(JqdREPYY, odafqgady sdgdpnqsop J¥deaddYY. aosaqq ggdsdFy y3oa¥3sYy, s03bqgq, g¢oaqq
ggdadFy EQEssE3Yy? EorpoRbo. O 3 osdqdqagbbon daRYnq 29¢odE ys0 sdodqoobdsdYdodgbo
(Barton, Charlesworth, 1998; B¢ rger, 1999). yo y aRq 3gdelrgJd€a doobqgb¥q 3 900, 390 ¢gdadiy
yJoa¥aYy Yoqgs oajoddaongbbgq y3oa¥3aYobbgq sdqYpayqdsdg. O YhsaYsY3Ibo cobysba, 390
yJoa¥3Yy soeaay3yyY YaY IY(E eFe 3qaojo bg noRgs ggsc ¢gdsdoy. YoJona Faaqay, QERq Y
gajosdyyshona 3 oedqdqagbbge adao3vye, sdaqRdq 3-qp dsFac yIoaw3vobbo bgogdEsYogn
doggsYqp, baogea(QYpo rEedqeYacdy, 90 qdac oeFrscdy o 100% odogqy socaay3YY. nodeoaces
DasE3YY 0 Joogyq dadeoq doggsaYq, £ ¢aFjoedYysbgq 0 sgpo ¢oaqq, ogaEd¥sqac dqdeo3o
boJdojo Faaqay deFdYady d araqbbgn qjo sEdsbqdon, skfe 390 @ 69900e03 y909 coaqrbgy Faaqac
oefRagady 3 §gsqdo¥Y§osbop dodsoybyy, 90 qdse deadqq Idgjo bq edoydyady a-gbosyYeYaqdeY.

E adaodYye 0003030 dE¥pboRgbYy deododsc dErpboRabYy §qbosYeod ydaygady eIZqdFoYahoy
a-abe3Yqy cao9bodsY Ye 3 coeaay3YY, sFe 390 dqdeYq s¥eg bg pojos dErpboRYacdy ERq sdY
Jgdoeoy Ye cdYdeodogagbbodsY 6 3qbE dgdeodsY (Michod, 1999).

YE poy Irjayd, bgdqdbo Ivdgsc co¥YaY3Ibay doodobs jabgsYaqdeojo dErboogdErYy IYJAE 3 90D,
392 0b2 daaR¥s dargdIon yIoaw3ayYy. Lbo noRqs dasRYsc yaYo dargdIon, bo JorbYeFqs efe
deodog dosdosYIaqbyy y3oa¥3YY (Jgdqdaod, 1990). Ybq edqddsE3ay¥sdy IERbgnY
doogdEZRagbYy, 3JgdefrEbbgq togdobon d doE3dsodEpnY (Robson et al., 1999) o dErayYzqbYY
cdodoeachoy bgocdqdaaqbbaodaye (eof(F adsqe Y bgadeqe dE¥pboRqbYy 3 eFRCJoD coedaghYY
dZ3bo ¥EadF§YIE¥s Idge 3aqbo3 coeaay3YY) ¥ ¢Y(YodybedErYsqdeojo dydefe (eojdF YbQy3vrdg
barE3IvdyYpg 3 ysopo 09b02a@0bYY). Eo 390don daszkqg paby¥Yqdy adaodvy RY¥bY
gaFosdyYysdsIa¥s 90 agn, 90 (daj¥p YbQYIV(AED, F eongYbEoYIbEy Y¥pqb3Y3Iodac eERAgyY dE¥
deodogdaaqs JoddsEbodagbyYy sdgRbajo dE¥boogdErYy socaay3yYy. ndyY ysoop 3vqd 3o 3dho qjo
dE¥DoogdEFYY odafqady adsoyavYdgn Jo Idaogb¥. 6qqde osysc ed¥dodE sgsFgsdy doedEbYacdy
3 ogeo( I90dojo ¥FeabE sqdpo(YbEnYeY, 3 ogeo( ybadosYY: 3v( doedEbygady bgyYroqbbgn edY
Y¥pqb3YIodsY dodsEIay¥ P ¥e qjo YbQYIv(od. nodaqddsdyy dodsE ybadosYY eFfe ¢g
deédFdg3fxady bE goaqq bYreYy adodgbe odjEbYFE3YY. A Japky, 390 s00230q dErpboRqgbYq
c2¢q(Yao 609003, 390 62093g(Q s262ay3YY ¢oaqq adooy3Yig e yJoax3YY, 3qpo ¢qdeoagq,

90 gdac goaqq deodoghg doedEbysc d3o¥ a-abesvYobFacbay 3qaadsbodsc Y
eobeadgbaodeodoghodac, badoosdy bE dEdsagax Y¥oqbzYIodse.

040 o0bYp EbsYydoa¥sYobbgo sdoydagbyap eojar¥YyY ydaygsdy 99, 392 jgbosYeg
¢c3gQEv¥ g Yedye odogay, d co3gaqbboy eobeadgbsboy deodogbodacy, bg doedFEby¥ady

3 dagQa¥ 3 go soeoagbyy, £ dEddgsF¥ady ¥ eqdgsFdodgIF¥ady 3 bodgq eoo¢YbE3YY§.
LqeongYbE3Yy dErdacFas g¢akjoecdYysbgq jabbgq eongYbE3YY ¢goaqq 3Fdso, 3qo dor(Eqs Ye
(Eshel, 1991).

B3oax¥3YobYdsg, 3edozqp, €0doao dorbEx¥sa, 390 d3ogodbo dedgy YIE¥JYqdy cosaay3yy

d goacaoy 3'vdaqbbodacy yIoa¥3Yobbo Ybgdsbg. €29y, efe odoggq doaszEY, dEddpFadYIZ¥ady
dFraysbgq deodogg dYpekadY3qdeoajo IY(oogdEroIEbYy (bEsdYpqd, soaYsaoY(YrE3Yy,
pgRIY(Q23EY FYEdYAYFE3YY), JaEIDbgy sase JorbYebodqbYy bodojo IY(E sdqgaqs
sdqdIEdYsqachboy dasdodoesYIboy Y¥oayasYY bagoacaoy jdessg aodogay (YEyd, 1974;
6qJdobsyYb, 1978; edibs, 1991; Ridlay, 1996). tFeYp o¢dEron, soaodoq dErpboRgbYq ¥ vojgrYy
Jor3Iodus day s2e20y3YY po g bgy EbaYyIoax3vobbgy ¢Fdead. EYJ oeFrgIFgsdy 3
c090qbh3YEacbhoy ynq, qay edgodoaqb¥y eo9oday sdagagady odogaq daga-qbYq ogdaoysqacdsd.
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‘Z’Lg‘ Y900 23qbe doRFaq¥s daodobbYeY qdfgbYeY Y vaobYdodZbYy sqaodqek, bo gadqqo bEQqusedy, 390 3¥(Q Homo sapiens oefRqs
Yo Eqqed#sboq dosdosvIaqbyq ¥ dod >qaddqzqdeYy bq e2§YEbas, sdqddfeyIayde 3 Superhomo asexualis.

it JAuneow e SsdBdEoyd™

EFRDboqg ¥bE3-qbYq Qay so0qdqdREDYY RY¥bgdeodogbodsY IY(QF Yoqgs do 3 qdaIoIEbYq jEcaoY(boy
a#rg 3 RY¥bqbbop 3Yeaq. o 3gdayYe RY3osbge yoF a-FrF 2§dEDY3qbFE $EDOsEDY. E JEcaoY(boy
doEQYY bodgq eopgYDbE3YY §0bo3 co(Iqdif¥ady sdodqdeq bE RY¥bqdeodoghbodac, 6o edFybay
nqdg 3 09boabYY gE¥odge raqeo3bge a-abe3Yy, vo9adgq dIyrEbg d aogqdeqaqbYqn
RY¥bqgdqusqacbodsY dEpYe jEpqs. YE o0boy Y¥ doE(QYy pqyorE sEdg jopoaojyabge €donodon
doqQYbyx¥sdy ddej d Qdajop. E y59 3dgoy baRde 29323deoy Y bEaqdYbdeoy poagesafoY OyO
cdoYdeo(Ys YbagbdyY3bgy ogpgb Yba-odpE3Yqy. Yadeoaceo ofdagayy dqéachay dYsaf3Yy,
poRbo deFrEsc, 390 sodagqdodEsqachodsY baraqosY(od 3 Iae jopoaojYabge poaqesake OyO
2¢pgbY3IE¥ady pgR(s dogoy daazFybgn ogdEron, ¥ 3 dgraacsksq ogdErax¥ady J3q

poageaag OyO0, dodsoyy Yq eERQEY BE 50% Y codaqdodfsqachodsqy ogoYe dodYsqaay,
dogby¥y Ye (daj (dajf daoasFybgp ogdFrop. E QoydadvaqacbodsY ogpngbg nojas ¢gsc
dFdedadqagbg so edopadopq badF3Ibonqdbo (FodusYq 903eY dgedngYbE3YY) Y bg doddgp
daazFybo (Ybsaqdaqdgb3Yy Y osdY3Esqacbiy Ybsqdaqdgb3Yy o¢gngbod, ds¥paaysyy
daeopgYbE3YY 3 nqdsie, $4q fonoaofYabgq edonadong bq YdqbsYsbg).

OFRq edY dodqdagbbo dassByboo dEdedqdaagbYY ogpgbod so edonodong doeongYbEsYy noRgs
sdy3oQysc e Ybagdgdbgp Y JqdebF JERDgD dofsYdavaqdeyYop sodag(dadyyn. 6day ogq
$op2004Y3bgq €donadopng Ypq¥s 2 2(0boy boJoy DasE3YY, vo90dgq, eobgaho, oeRasdy
dZ¥rbgp¥, 90 3 daraacskaq dga3Yedoebojo edoddybioIqdF JorbYebas (o3qdbYq edonodong, o0bFE
Y¥ vos0dge bqdgs d3q bo3dgq pasE3YY, E ddajfy bg bqadgs bY o(boy pnaskE3YY. Epnqdso (Jae
edopaodop d o(boy oaYéeoy eER(AFEY ng co0a3Fgp o0bsa bgsaddaRdgqbbay (bqYfngbgbbax)
edopodopa ¥ o(ba €donadopna d QFapy daa-qesEpY. Bso 3qdbho Y 3 o¢ g qo daszkq, cdfesyaqdeY
day ax¥gojo 3YdaE bodge ¥ dEbgq ¢gI3aYe pnasEaYy. Os dqeopngYbEsYy sdY3IodYs e 50D9, 399
Joqdso safddoba3¥ dEdedqdaqaqbYy paskE3Yy co edopodopkp ng soaazFEqp dEédsdqdqaqbyq,

3 v290dop 3gaq Jqdoysbodac efe baagqdojo vakdd¥, bq doQqdREJq3o bY o(boy nasE3YY, osFe Y
ealddE d 3'Y¥doon pasEaYy goacaq ddqdbgjo. YobJdqagddeFy doeongYbEsYy (sqdosEdoel
jopoaojvabge €donodon) 3qdas e aqp Rq sodagqddsdYyo bE adodbq qbook 3 3qaon. Edh yso
edoYdeo(qYs eqdg( o¢dF¥o3EbYgp EsaoY(bge jEpqo, $4q 0asE3YY bq fE3 Y3 qbg bodpZacbgoY
FaaqaynY. eEngsg d nboRqdsdqbbgoY (Qoa-qesEnY Y ogdEroIEZbbgq YoY ¥Yjosg deodqq Jdgjo
oeFRasdy pFaoRY¥bgdeodogbgpY ¥ cojYgbas, sdybadabbgq 3 Radsde doedEbqbYy
coabo3qbboy, baYroqbgbboy ¥Y§o9g. naqdgd bEnY a-qbopngb eodpYzqdeojo bEdasEEE: daszkyboq
doggaYq (daeopgyYbEaYy) aaFqs bqdaszEybgpY daraacsEag (dajojo daazkBybojo cdo3qddF o
dEdedadaqagbyYy pask3Yy o £qopnadopkp. £90 y90 bEcODYDEQs? nocoRq bE dbod caoeoy eEdsg
sodaq JrysYy edYeack. OaY bE qoqoobE YFed3dqaal, dErdoay¥agjo joduaYqg Y eoaodbgq
poaqesag jE¥E bE Q3q 3EdsY, dor(QEIRZyY, sEeYo ogdEron, Jqzbgy 4IViFsqac Isodojo dodE

3 o¢eo( Isodojo ¥EeobE sqdpoQYbEnYeY. hoaces ob dqakgs yso dodqdagbbo Idaqsay, so(ogbho
qqooba acaGc3pkbE. L ggsbo Feaqbs QqaFqsdy bE son, 399 eoaodoq dErpnboRgbYq (Fqs
Jo¥rpoRbodac socaay3yYy odIogoR(Fscdy 295 Idgdbge paskE3Yy (Kimura, Maruyama, 1966;
Kondrashov, 1984; 1988), bo Jay bEd ¥Jqdc goaqq de_gqdsadgqbbF 3sodFy dsodobE nqdEay &
Jo¥poRbadss JoddsEbodagbYy Ydeoadbojo jqbgsYaqdeojo sqedsk.

YEdeoaces ya-o-qesYIDE fqbgsYaqdefy dqeongyYbE3Yy 3 odagqda3agbyYyY ysoy a-obe3YY (qonobE
YReddqaak? o dErbge Iv(od adodgbe dqeongYbE3YY dErbgy. yo 309 390 Ybaqdqdbo: adqacbEy




(0000000700000000ICII00000000000000000000

deoadodsc dgeongYbE3YY (3EdoosE daqeongYbE3YY bE qQYbY3s o Y¥Yaqdeojo dEddsoybyy) sqo
Jgaq, 3qp eodazq dEddsoybyq ngqRds dEysEDY Y 3qp €oacaq Yoqasdy dErayYs Yy nqRJs
daeongyYbYda¥ 3 YnY £€donodopEpY (doYpaay3Yy dgeongYbE3YY azFEdselpnY baedFdvachojo
deEdY3EbYy). BoE osFe bErgIfqoky Igdoely 29dY3FsqacbFy Ybaqdeqdgb3Yy (Chase, Doermann,
1958; Pritchard, 1955; Shcherbakov et al., 1995) 6 dYacboq edqigaqbyq 3Edsosg
pboRqgdsdqbbge o¢pgbod 3 ddE3bgbYY d oRY(Eqpoy Jay barE3vdYoge o(QyYbozbge ogngbhod &
ed¥y3o(QYs e 90039, 392 Jqdoyshodac FoddsFEboJagqbYy Faaqay QYeojo oYsF odsFgady Igdoeoy QERq
cdY nboRgdadqbbge dEraY3Yye pqR(s dgeongYbYda¥ JYDY £dopnodonEDY.

LitBEOsddshst 1ott=ydd. msOfsadS =t jts0

egb dodaoYs Y¥ agdys YaY JZRq pYaa¥Yobod cFd
baeaqosY(od. YE dadsesadbon adodbq ax¥goq Y¥ogbqbYq
codaqdodFaqacbodaY baraqosY(od: ¥EpgbE o0boy cFdg
baeaqosY(od bE (dsjoy, JdsEIef YaY (QoqaqsYy odboy Yay
#oaqq baragosYdbge ckd, Yb3qddyYY 8 edqddsZIayxs
dogoy edypgq pDaskE3YY QEbbojo jqbF. YF
a-abeaYobFacbon adodbq bq 3dq dadsesadbgq nasE3YY
3qQdes e Y¥ogbqbYy¥ a-abeaYobEacboy FesvV3bodsY jqbE ¥
doo93qadadqbbo e Y¥rogbgbYy a-gbosYcF, bo
¥bE3Yaqacbly 3Edac sEeYe dadaesadbge Y¥pgbgbYy 3qdqs
e Y¥rogbgbYy (3F3q 3dgjo e aad¥sq) a-obe3YY jqbE. YE
dadaesadbon adadbq DasE3YY ogdEsYng: qdaY pg,

e edYpqda, Ynqgp 3 eFeon-90 diyaq ¥Epngba cEdg AT bE
cfda GC, ng 3edf3Iq oRY(Fsa, 390 yoF cFEdFE GC noRQs
#0956 ¥EpqbgbE bE cFEda Ab, Jqdbad jgb 3 Ydeo(dboq
dodsoybyq. o9y deadodsc sdypofo ¥ ogdFabojo
DasYda3EbYy, 3oog q $o3ody, dErayaFagady

3 FEIYdYDOdsY 29 oYk DasE3YY Y qg soaoRgbYy

(oedeRgbYy), noRbo sd¥byse, 392 3 ddqdbgp sdyongq ¥ ! " et

ogd¥sbgq Y¥ogbabYy Y(as d oQYbFesdoy 3Fds090y, YDERQ  cCasestdy 1askeqsoe. tohzest t0Lo0k o ujfis! sqsWALdO :

§03ody, bE dadaesadbop adodbq edo3qdd pasYdoIEZbYy ngsjmomglsmidm C(fS‘ZYLP‘g;ﬂ (:f %CZBMG’;LOi‘Sd‘ " 3
-0t jiClzes jtecd® Gsotsets BJ L L] iz s

ydayqgedy ogdEsYogp pYedosdosqddon. msqu\&";cs ﬁ]Btsti‘q’. (St rlsco meomso winw.donnabelas.

com)

YE a-abeaYobFacbon adodbq, o(bFeo, qao 3gjaydys

do3gqdaqbbo YbE3q. Loogg JoddsEbodYac Ydeo(bay a-obe3Yy pnasEbsbojo jqbE qoaRbo
cdoYroysY doggsYq, 3 503bodsY cdosvIocoaoRboq QEbboy cdypoy DasE3YY, 90§(F eFe nbojYq
edyngq pasE3YY JF¥s o(YbFeodgq YaY dea(bgq Y¥oqbgbYy bE a-abe3YobFachon adaldbq. dFe,
day §gb¥ 3 1000 cFd baeaqosvdod qayboy edypngq DasE3YY sYckE ¥FEpngbg odbo3EbYy nojas
edoYdeoQYsc 3 a¥gon Y¥ 1000 dEyso3 sdqoy deodoglEnY (bEsdYoad, sEdE Ab noRqs #gse
rEpqbobE bE sfdg ®A, GC YaY CG), bo, 390¢g Jqdbase jqb 3 Ydeo(boq dodsoybYq, bgogeo(Yno,
390¢g 3 o(bop eobedgshon dEysq edoY¥oacal ¥EngbE, agdEsbEy 90y, 390 edYIqaF e edypoy
DasE3YY. hEely ¥EogbE, daqdo3¥sqachbo, 3 bgdeoaceo sgdys dEr pngbqq 3qdoysbE, 3qo sdynoq
025Ydo3EbYq. YoRDbo ed¥3qdsY ¥ doFacbgy sdYpad ddE3bqbYy 3Edsosg edypge Y ogdEsbge
DasE3Yy. E jqbFe rll gfesqdyYoa-F§F ©4 edypgq a-abe3YobFacbgq pnaskE3YY, edYIoqupYq e
o(bona Y 9008 Rq a-qbosYea, JorbYeE¥s d aFds090y oeoao 1073, 90§(F eFe ogd¥sbgq
a-abe3YobEacbgq DasE3YY Yoq¥s deododsc 1076711078, F 92 ¥ ngbeaq, 3 FEIYAYDIdSY 29 oYGE ¥

OuoIomo 000000000000 00000nOono0I0OI0000/mam0a
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c000RbYy edypnoy DasE3YY. Boo orbE3Fqs, 390 bE a-abesYobFacbon adodbqg paskEjqbar
sdFesYaqdeY baogdEsYn. OER(gy peskbsbgy jab Yoqqs bE badeoaceo sodydeod 3qa¥sYbg
goacaay Jqdoyshodsc sdYogdadsY qg.q odbs sdynay¥ pasEaYy, aqo daqdsYdodEsc. Ongbbo bE
a-abe3YobFacbon adodbqg paskjgbar sdqddsfIaygs dogoy ybadosYybgy nFedosdo3qdd d sFeYp
Rq a-odpFacbgp 2eYdEbYgp, eFe noaqeaaydbfy QYe-a-ofYy.

90 orbE3Fqs bgogdFsYoodse paskiqbarf Qay y3oa¥3yy? LbE orbE3Fqs 3 eob3q eob323 90 Rq
dZpog & bgogdEsYpodac. nodeoacea goacaYbhdado naskEsYy Idqdbg, eodaqddadyy ysoy
baogdFsYpodsY qoaRbg ¢€gsc aFsFacbgnY. noaoRqbYq defdEgs o3qbe 3gdoely 503badsc
JodedovrIgqdabYy $0bo3, sFe 390 DaskE3YY & ydaqbyq dqdeoaq. dgo bg pgbqq 20bER(g
pasYdoIEIaYy §qb aY¢o ¢gadae yaYoYbYdodEb, qdaY oeZRgsdy day¥aeon 3dqdbgp Yay
aqsacbgp, aYgo ¢gadas abEdaqdodEb, bo bYeoaj(dE bq dooRqgs Jgdbascdy 3 Ydeo(boq dodsoybyq.
e ogdsoYs qaao 3 gqdeoaoy socaay3yY. Boos bg(odsEsoe gqdeoaojo dErnboRgbYy gga
Jeqd3gq odorbED €. Y¥aaqdon Y 3 oeobsEsqachoy aodong da-odoaaYdodEb 3 1964 j. efe
cedFeodoy paekbyroe (Muller, 1964): ¢qdeoaly eosaay3yYy Jeax3kqgs dod edEsa3ojo
DOeEbY¥DE, sfe 390 obE bYeoj(F bY 3 odboy Y¥ d3oYe aYbYy bq pnoRqs edYysY e jdara DasE3Yy,
ngbcaqpa, 3qp 9239, ©232dgy aRq dojqdsadaqs 3 bEYpDqbgg 29yjopgbbge ayYbyYyes. 6day 4
3 daraacsFaq jqbgsYsqdeojo ddaye-F eakdd bEYongbqq 2syjoqbbge DasE3YynY odogqy ‘ i
aadFaYady, ed¥eodve ddqakags o(Yb Jqazoe. ZdEsodve bYeojdE bq IdEFqady 3 ogdFabay
dsodoba. EbYDEDBY( e ysona 29edgsYy Yy¥aaqdE ¢gai 3codagqddsdYyY sdYIagsqbo

OR. Aqadgbdsqybop (Felsenstein, 1974), eo9odgy bE pEsqpEsYaqdeYe nodogaye so(ds3qddya
dqfacbodac edFs03030 DAEEDY¥DFE.

oqgjeo dggq sdqddsdvac, efe gqdeoaklZy sosaay3yy, sodefgpkiy ybsdosYay (naskjgbgron) ¥ |
Jaqeopky baRAEDY FQFEesE3YY, QIVYRaady qdar aFgYdybs ¢aCdayqjo ¥ 3 eob3q eob3od

oefrgJdFgady 3 9acYeq gar JorpnoRbodsY Jqdbascdy bErE(, €09y €9 e edqdgdagay dFrdYaeq.

BJ3oa¥3Yy gqdeoaoy socaay3Yy efe ¢g eERAgy dEr dRY}Eqo ¥E dogoy pnodag, obE ! R
2660093bYdsY3-bE Y gayrodork.

noas3oq dE¥roboRgbYq bg dsoac 26doanse3Y3o. nodeosaces nasE3YY QERq 3 o0bop Y s0p Rq jqbq,
#o(a3Y a-obeaYobFacho deoRYDY, oggabo aoekaYroadEbg bg 3 odbop Y 500 Rq dysq,
cdFesyaqdeY 3dgjdE dogqdsdaqs JorpoRbadac JoddsEbodaqbyYy Ydeo(bojo $qbosYeE d conojG6y¥ -
daeongYbE3YY. aakjodEdy daqeongYbE3YY yIoaxaYy 3 edqdaafe IYQE dsEbodvady so9qbh3YEacho
ogdEsYDoy. noao3gq sosaay3YY ogafqE¥s efe ¢g bYscy AdYEQbg, Y sacYeY bq ydayxsdy day
bYe aFsFacbgpY. 6Fng3Fsqaebgp nadqacbgn edYngdon sFesjo doydsdYy dqeongYbE3YY
yJayqsedy a-qbongb pbhoRqdsdgbboy dqFesYIE3YY, eoj(F RY¥bgdecodoghbgq 3EdsY3g
gfesqdyYoa-EjE ogdEro¥ady sodaq ¥EJERQbYY gFesqdYEacboy vagseY (Japy YayY ¢oaqq
3FZdaY3EDY, eFRQFY Y¥ vo90dge badgs nhoRqds3gbbgq agsFacbgqg e23dqRAgbYy, bFsdYpqd

3 dgroacaFsaq ogaa3zqbYy aacadEa-Yoaqson (Luria, 1947). Jo¥(E3 ofdonbgy o€dqdybgbbgy
jgboaob(, eo023gq 3vdg yIoax¥3YobYdaws o3qbc nqdagbbo, Y sFeYp ogdFEron, Yoqy¥s Idqoy Y
jabqsYaqdeYq JorpoRbodsY day a3qaY3qbYy edYdeodogagbbodsY ¢gqr cosqdY dIoqy
YQqbsYsbodsY. OF3agbYq ybsdosYY 3 eobaq vob3od coggqRAEgs, Y dqsdo(eesYdbo
Y¥oaYdoIEbbEy bagoacaly jdasck odogqy (YaY Jdgjo o(bE cEdF) bE3YbEqs Yhoj(F bodoq ¥
barE3Ivdypoq ITYRqbYq 0 afgvdyboss ¢a(ayqjo. EdqaqbbFy JqaFaqs giq oQYb baogdFsYogy cFi
3 bEcdF3agbYY a3qayYaqbYy dE¥boogdErYy.

B9os gF§ dJqaFb cobF3Fas effe doggsYq daazkyboq, bEedYpqd 3 darsacskaq $qojdEa-Y3-qdeoy
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Y¥oay3YY cfdg dFrbocoage odoggy. nosoneY ysoy cEdg ¢gadas 3gbaR(gbg dedoy Y 3Zscdy
pgRds dogay, 390 6d¥3qdas e dYachoy FODIFYHO9YFE3YY cocaay3YY. eono¥Y§osbgq odogy
2¢g3bo ggIf¥s d cobYRgbboy RYrbgbbodacy Idaqddadvq asdFsg §q9qdo¥Y§osbodsY efe sEeodoy
(edg¥payqdadf $0sqdo¥Y§o9) Y ogbFRabYy da3qddy3bge (3dadbge) Faaqagy. Bao (bEduds d qa.q
pFaoy 3 Ydagbbodscy ¥EdoRAE¥ Jgjody IYQE ¥ deqaYa-Yeoy yeoaojvaqdeoy bYaY, 3 vosoday
cocFaY Yroaysg) dsF3Ys gocoay3dyy I edysvaqdeay dY9sE3Yy. J o(boy dsodobg, Y(qs §Y€qac
odogqy d caoeYp ¥(ododeap Y baFdaedfsbgp ¢o03qdabYqp, d Qdajoy doodobg, Y(dqs ¢gdadoq
bFeocaqbYq pnaskE3Yy, eobsqbdYdayYe oa-qesbodsc opo¥Y§09. Ladar eFeoq-9o YdsodyaqdeY
eodoseoq Idqpy Y¥oaYdodEbbEy cocaay3yy (qdaY bg 3gndags, 392 bEYEoaqq Jqdoysho) oeRqsdy
3 90% YaY Yboy pqdg bg soeoRqy bE 37v(, e eosodopna cdYbFEQaqREaE dodobE3FacbFy cFdF.

E y909 bE3Facbgy eqdYo( ggdadoy yIoa¥3YY bodgq gafjosdYysbgg naskE3YY ggdado
riFedgeayysady. Yo 60 pnqdg dodsE 3YdagbbodsY Y dodqdaqbds3o3dEbyYy jqboa-obdE 3qdoysbodac
adeqabojo ¥Fedgeaqbyy bodaqdsd dsEbodyady 3dh pgbeagy 0 deadodsc y3oa¥3YY dasdqoysady

e baay.

E ¢Yodaqdg bg I3vqQ¥p Q3q edosvIocoaoRbgq sqbdobayyY. YeskEjgbar ¥ badsodogbodac
od§EbY¥n23 Y 3Y(od e bE(qqRbona dEnadodedovrIqdabyYy 8 yoo bYeoj(E bq edaqedFyF¥xyYqdy
coegoeY I9odRabYy efodf 3 asodydozqbbgq Y odjEbYro3Ebbgq dadaesadg Y eda3qddg RY¥bY.
bqdpoQyYbEpY3-qdefy dodgaf Idgogb¥. yo cFEdFdoedZacbgp agdErop Y(dgs baedadgdboq
do3gqdaqbds3odZbyq dydagp dosdosYIagbYy efoda. Lgq ysY aqbdqb3YY bEJEdsE¥s 3o Idqogby.
pdaoRby¥ 3 Fydy ¢yoda-qdE 3 3qaon Y soyJagby¥q Idh goaqq daoRbge ¥ 3gdoeoodifEbYroIEbbge
odjEDY¥D23 ¥ dYdaqp c03gaE¥s Ye 303daFvaqacbhadac e ybsdosYY, Ye aqdpo(YbEnY3qdeay
bEecduyRabbodac. yo sEdFaaqacbo dor(F¥ady I3dh ¢goaqq daoRbgq ¥ dErboogdFErbgq, 3dh goaqq
dodgqdaqbbgq ngekbY¥og fEJYog 29 efodE bE dErbge adodbye 8 29 poagqeaaydbojo Jo
(ee23bojo, 3dh QFacaq 83oqQy edYdods 29 aqdpodYbEnYaqdeojo dE3bodqdyYy. 6FEE3Ibo, 390
JabqdFsY3IbEy dsodobE ¢yoaojysqdeoy yIoaw3Yy (bayYrgqRbgg adsaceY efoda) oggaho ;
Joded¥YbYpEqsdy efe jaE3boq (¥ so¥YoY3Iboq) doQqdREDY(q yIoa¥3YY, £ adsqeY yIoa¥3YyY bE | [
cosye godegg d ybadosYay csFdFesqdyraws efe doFrYd, ¥Edooy, yIoax3vobbgy sacYe. |

tdtesHEzSSdot0w dLsdwvydw

Jaqda¥ 3 Yy edyoYaqdeYy day ¥EdoRAE¥ g gjody IYQF popgbs bEdsacYs 90§0F, eofdF 0 agp Yay

Ybgp ed¥aYbED JoddsEbodyady eobsfes YroaysE d nEsqdyYbdeyYp 3vJon. 6da¥ rE 3dqoy Yroaysyy U
#oa(ae dor(Eb ¢Fdeqd Jay dedgy YIEbYy d do(YsqacdeYn Fv(on, edoY¥oy(das ¥Eedqsagbyq bodojo

JYQFE, qdaY dgedo(aesYdbgy ¢Fdeaqd bg ¢aQas do¥r(F¥b, bodgy I3v( bq dodsoYady, dEds3odyYIayde

3 p#sqd¥bdeon, a3qa¥zY3 badeoaceo gjo daoRbadse ¥ cafdsYabodse Y sqp dEpngp a3qaysyd,

#g96 poRqe, qjo Joajodqzbodac. Yo ed¥dodE sosqdyqs 3 dErboogdErYY ¥ daoRbodaY.

tgedoQaesY3IbEy Y¥oaysyy 8 IJERbgy fopgodsEsYaqdeYy ngefbYro IYQE, s0900a 390 vdopnq
ockdbodaqy 3gpngdasc YaY y3oax¥3YobYdod¥ac dogqdadoIZbyYy IYQE afdoRFEqs EddYpYay3yy
QdejYp I¥qon, eobgabo gavreododdsadqbbgp Y 3 odoggbbodsY 8 pEsqdYbdeYn. OroaYdax¥ jye
DoekbY¥po3 Y¥rIqdobo 03qbc pbhojo: jgojdFe-Yaqdeky, yeoaojYaqdeky, ysoaofyaqdeFy Y¥oaysyy,
FbEoopYaqdeYq edgeysdadyy e deFdYIEDYY, ¢qdeao(yq YaY baRYrbgdsodogbodac $Y¢dy(od,
bgdornoRbadsc 2ca2(os3odabYy. eqojdEaYaqdely Y yeoaojvaqdelfy Y¥oay3yYyY Yoqys 3Ydad
Jbagaeb¥¥ sdYdods (odogY dErbge Iv(o3 edodaso bq IdadazE¥ady ddat d Qdajon). EERbayacYD
pgekbYroop Jay gavYreodo(ddadgbbge d¥pskadYaqdeYe (do3oqdsbo ogYoF¥ 3 Ye) Iv(od yIaygsady
y92003§Y3qdeYy (s03qdab3qdeYy YaY cdYeoaojvaqdeYy). @ RYIosbge IdqidE Yogasdy Jo3oacho
daoRbEy dYdagpF 2co¥bEIZDYY odogqy dIoqjo IVYQE (deodogg aeFRYIEDYY, IY(odsqaYe-YaqdeYq
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dyjbEag Y 9. c.). YEjaydbgon sdY¥pnqdop sFeoy sdYeoaojyaqdeoy bgdodoqdsyYpodsY 3v(od
yJayx¥sdy Joae Y dogFel. as(a3Y aY¥YoaofYaqdeY Jeoabq dodnqdsYpgpY & §Y¢dydg
RY¥bqdcodogbg Y cao(odvag, obY bgbEIYqus ddat Qdaik, ¥ yoF bgbEJ3Ydsc copofFgs YD
doedEbYacdy efe o0s(qqacbgp IY(ED (edoa@s sdoqbYy £ EbsdocsonodaYro). 640 gaYreYy DED
sd¥pqd. ¢l deoac deoRE d 3qaadqean £3qde jbadbgy ogarcybElé 8 JodeaYeboa OFda 6Ybbay.
n,o3-qoa yso Jay bEd sFe baedEdYIE ogqrcybE? 6oacEde Y aqd 8 edEdvdg, E 3os o@qrcybE &
garogdErbE. 0o§qF-92, 3 sqdYo( dsEbodagbyYy IYJQE Homo sapiens, y52 293dEg.qbYq e d3oqpas
edodesa deFdao bFEd 29 dEds3odabyYy 3 bho ¥ ogqdeqsYao bEGs barEIvdypay yIoax¥3yy.

OroaYda¥ Yq bqsEbYrog bodys EbsYybsdosYyba¥ bEcdEIagbbodsc. LbY goaqq Jdajo
bEcoDYbE¥s cdosYIo(aydadyq (YeaarYY. OFeoy FEDQ3Eaqachbgy sdYonqd sFeojo
EbaYybadoeYybojo c03qdabYy sdqddsfIayys dogoy qddqyY! dgdyzqaqsYynyY Ry3y ddady axqoy
(JdajYe bE3YobFEacbodaqy, obY dpooja¥ doedEbYac bq soaced d3oy eaacsada Y dqayiyy, bo ¥

3 ¥bE3Yaqacboy pqdq d3o¥ ¢Yoaojyy, d3oy jgboaob(. E 90y YaY Yboy pqdg yso eFdEqgsdy 3dqe
bEdoQod. yq qaydsday ysY Y¥oaYdo¥w Yq pqekEbYrong, 3qaodqaqdsdo qE3bo edqddFsyaode ¢g 3
jonojgbbay dogds. Oobgabo, jaojdEa-Yy Y jodadEddsdqbbgq jdEbY3g 90Rq 5oDIFE¥S Y¥oayayy,
bo JaZ3bgoY paeEbY¥pEpY I3dh Rg ydayy¥sdy edveoaofyzqdeyq Y eaacsadbgq. £9o ¢g s¥p bY
900aed3FayY o gakjodsY qQybgbYy bEdodod, jopnojqbbog, abYeY3vYdodEbboq 3qaodqzqdsdo dvacbho
#g o¢qdbqao d a¥goy 903eY ¥dgbYy, 3 90p 3Ydaq Y sqdpoo(YbEpY3-qdeoy.

BooaojYaqdeYq nqekbYrog dgedodoesYIboy Y¥oaysYy odogqbbo Ybsaqdadbg Qay dqoobdsdE3yyY
90}9, efe EbsYybsdoecYyboq c03q(abYq JorpnoRbo 3 09dasdsdyq deqa3YFacbge ybqadjqsyaqdeyYe
¥FadEs. YEIgqdboq, daqdaqs edY¥bEsc, 390 ¥ bgbgabgq apqbYq odogY cdEIvYacbo IggdFsac
#dF3-bojo cFdabqdF rFcaF3qbF Qodsfsaz-bEy 30bE: §Ygqac Jdae edqdeod, bq ogaF(EIacYe yaYD |
efzqds3op, bo qdaY EbEaY¥YdoIZac doggaYy soaced dajodbyabagjo by, ng JoaRbg, so-

JYQ¥pona, eobdsksYdod¥ac bEaYaYq bajybsdosYybojo s03qdabYy. A bg dojadgb d JaZ3bgp :
aq¥Ydon, 29dsEYIZqogn I ¥Epnq3¥sqacboy nobojdEaYY adsaedE Y EYaY (Brooks, Wiley, 1986), 390 ‘ R
dods ybsdoeYY d¥p o dqgq Y qdsc ydoax¥3Yy. £ods ybsdosYY qdac adaodvq Idyeojo IYRgbYy, ¥ l
poRbho def¥Hkac, 390 ybadoeYy 0 (IvRajgFy dYaF yIoax3yYy, bo yIoax¥3Yy Edqagbboy

oda g qdadaygady eFe daraacsFs doedasYIagqbYy ysoy dYaq, dodss ybadosYY. no-3v(Qy¥pona,

dagdeqs sdY¥bEsc Jqdboy Ydqx¥ OyIYQE dyyrqdE, 390 YdsozbYeon bodoy YhaodpE3YY

3o Edgagbboy y3aygsdy dods dErbodsY pgqRJs pFedYpEacho JorpnoRboy ybadocYay, ©o90dFEy ol
dEdaqs Y¥-¥E dEdaYdgbYy Edgagbboy, Y dqydadvaqachoy ybadoeYay Edqagbboy, vosodFEy dEdsqs '

d ngbcaqy deadodsecy Jdaqddsdvq Ibasdabbajo dosdosYIagqbyYy (Layzer, 1975, 1977). adsed Y

EYaY osdqdoay¥s yso dosdosvIaqbyq efe YdsodysqdeYq ofdEbY3qbYy, oedadaay¥pYq

codaqQdadyy dodsk ybadoeYY, €29y 3 3qaoD Fesgbs dogygb 3 dsodobs ybadoeYY, o 3hp §030dYs

Y bEr3IEDY(q ebY}Y cEvolution as Entropye.

bFeYo o¢dFron, daqdaqs dEraYsaFoc Q3q doEQYY F YdoodYY IY(E: dsEbo3aqbYq Y dsFgYavYrE3Yy.
Jeodoghodac e yI3oa¥3YY JERDE (ay dsEbodaqbyy Fv(JE. Bso sqdYo( ya-qoqdbojo Y
JgdoeodyYdeodEbbojo qjo dogqdsIoIEbyy, bg odsEIay¥gajo daqdod 3 yIoa¥3vobboy agqeocYdy.
B99o 9q dZpgq 3qdgaeY, 2 eosadge jo3odya bay#d q A Eddaqb (1987), ogdydbyy osdasdsIvq
cdongRaso3bge aodp ddqQyY RY3Ioyg Ye Iv(Qod ¥ dErdgdg 3 cFaqobsoaofYs-qdeoy agqsosYdy.

A dosdEbyx¥ady sq, 390 QodaY§aY osdqdqagbbojo adodby dodgdagbdsd, eFeadgo Y y3daygsdy
deodoghodac 3IgRYae, bq ngbyyde. no dagqgdada, Yogbbo ysY 3q dsEQYY yIoa¥3YY Yoq¥s 3 3vde
3 eob3qe3YY cdqdgdvdsojo dEIbo3qdyy (Gould, Eldredge, 1977). Ebq ¥E3YdYDOd9Y 09 9050,
bEdeoaceo IERDbg e20030q dErpboRabYq Y dqeopngYbE3Yy Qay dor(EbYy y3oa¥3Yobbojo
c090b3YEZaE IYQE Y gjo sodagdaypay ¢gdadoy yIoax3YY (3dh yso sFe YaY YbEsq JorpoRbO Y
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Jay gadeoage odjEbY¥p03), dEpoy IERDIY, RY¥bbbo IJERDOY Ye a-obeaYay ydayaqady edYJEDbYq
Fvr(Ja Qoajodqabodsa¥, cdYJEDYq qpoa deodogbodsY docdosYIagbyy QEacboyaqy y3oa¥3YY. ObEsxq
j03ody, eo0o3oq dE¥pboRgbYq o9bodYady e jongodsEsYaqdeYn pqeEbY¥pEn FYJE.
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