
~ 

&IT1t0! "' .... JI)JIIALift 

-01 ~ 21 E&'EC'fiOB 

,,,, 



I; 

• a I I 0' W L Ill 0 • H· I I t. S 

-
J h8e ..... p~a,..la.e~aaat detp t/l:ue o~ ptittd.e 

-~ ~ . ,.. ~' - ..... ,. .. -·. - ....... .. - . 

to a.,. l.J-. la:l.-. .-.cd.. f.l'Ohlao~, !..tltut. et AarJ,elllttaral JG•at"Ch ,_ -- - -. ~ . . . . . - -· ·- .. •.. . .. . -·' - ~- . . 
~~·• ~~·'-~~:.) ~· .~ ~~ l~ pdaaell, llen·tnta~at azd 

.,rurt.ant ._.,...,.,_. t\U'Oapat the period ot 1_. at1pt4.oa ul ._.!21e 
- - "" ~ao _,_ .. • 

kelp in w:ritina-.P 'hl1 tbead: .. 

"Q."""' 
I • .tlw*fUl tG Jlr. a, Cbpalaa A • 'bllpM a:age attonl an! _ ... _ ... - ~-~-.. ·~·- -~· .... 

. ' 
erlttcl•• •1'8 l•t(L~ tlll'ou£bout the Q)'*- e~ l_.stdptio~ ~ .. ·--·~··· : 

-~ ~ 

st&tlatt.u:,, • pre'fUal •• •••SU7 teoil1t1ea fer thll!l -~· 

117 aeta:a..w.-.aw~.n •t .. ec~~PJa'• !ID1e•• x •*•• •• 
... wo .. ~ ... - t" -

'lr&U:&a CbucU ef llf"leal~- !te•~eh ~ -~in. the ~~&l &18t~o­
taneet lft the tom et tellaVIhiM· •~· tva .. Jir4(11111 h1 ( z...a..-. S. ) t 1flo -- . ··• -·· .. - . ... ... --. ~ '-' - . .. .... ... ....... _ . ~. 

t1J'IIG1 tld.a disl8rtatt.oa la U.. l.S:te ot _.,.1"81 pnbllla.,_ .. ---... 

M.· ~~A/1... &.. 
.... t 11.._ ten IA'11I .. > 



IJI!RODUCfiOlf_ 

RBVIIW OF LIIBRAWRB •' . . ~ 

. 
a.1. Lare'J P~;pulat1on.s 

~~· fJ .• l.l aenerb:l 4.1str!bution 
' ' ~ . 

&.1.2 Nomal. 41sfi:ibub1on 

a.a 8:D.all Populations .. . ~ ~ ~ . 

' ·. s. a.l Qeneral d1 st:ri but ion 

s. a. a Narma.:l, d1 stribu1fion 

a.a Classi.f"ication ot Population 

4 Ilfl!ENSln OF SBLJC:!I!IOli IN ·NOII.NOB.IU.L LARGE 
POP'Ul!AT.ION_S 

4.1 ~~~nt • ~y:pe I ( First ·Ma!n !l!ype ) ))1s1Jr1bubimt 

4.1 ~1 Bet a d1 strt but ion 

4.2 PGaraon• s ·!t!)rpe III ( !ransition !ype ) 
U1 stri but ion 

4. 2.1 Gamma 1Utl'11 but ion 

4.2.2 Chi-square dist~ibution 

4.S-i.ponent1a1 Dist~bQtio~ 

4•4 ·Log.nol.'fJlal D1ftr1but1o~ _ . 

Paae 

1· 7 

8·'•· 11 

12,• 23 

S IB!INSITY OF SliLBC!ION Ilf NOW.BO:RMAL SMALL 
POPUL,A'I!IONS 

40- 84 

·s.l Beta D1.n'l!'ibut1on 

s.2 Gamm.~ D;str1but1on 

6.3 Exponential llisbribution 

5.4 Log~no:cm.al Diatribub1on. 



liJ7ItJ! OF BO&JiQRMALifY ON R'ESPONSB !O 
SILli~IOlf Ilf L~G'I POFOLAflOQ 

8,1 fheo~et1ea1 PrDce~ 

6.2 »tec~pan.cy. in !dteponse to SlleaiJion . . ' 
6.a.1 NO:t'mal vs. htta <Ustl:ibu.tion 

.,.s, ~. 2--Hol:mal ~ 6aDU& 41at21'1 buliion . . . .. ". .. ·- . 
~,·a!3 -lin:aal v~~~neh'tial cl1s1nd.but1on ... 

·a.2 • .t Norm&L ~· l.o~no:rmal' 41s1iribu.tion 

7 VFECJl OF l{O&,IDmf.ALifi Oll RESPONSJt !I!O 
SELRC!riOlf IN ~L POPULA!J!IOI'S 

' . 

8 

7 .a ~sel1'9pa.ncy _it?- Response to Selection 

7.e.l !formal vs. beta d1stnn.buti1on .. . . . .. ~ .. .. 

, 7! 2! ~ lforaal va., ($aJUma diatJt.l bufJio n 

?\2\S liJO:rmal Vll• expanent1al 41at:tt1but1CJa 

Pace . 

85 .,. 60 

86-67 



CHAP'l"l11\ •l 

ftaiQ&al a•ettct.~ a.•• ~•••«~ wf.th m.•thcd• fd chaaJlal the 
..,, - . ,_ .. ~ 

-
1¥l&ll• :thJI caa be ac:hte-ve4 thi'•P. fonnWa.tlaa of .at.ctnt; 'D•••taa pzoo• 

~ . .. . 

pa~JU'l• • actea!'fl.c U.aea &act thet• bnplemea~tlaa. Aay Pli'OP~• ~ 
• ' ... .... -· ., .., .. • ' 'T" • ........... 

lt!'eedlas lavolve~ ; ( l )\ the cholc:e of. matlaa •r•tem wlth J>ef•••• to dte 
.. • • ,.,., • ...... • ~ • • ) f .. 

~...:.-. 

Jaltle Ular populatloa alif f tl ) th.e ••tecti.oa ef llldlvtd ua.la to be qed .. ae: .. 
~ -" ... . ,. ·~ . 

pal'eau.. ~· choice of "M.atbla ayatem depad• v.poa the ·•••ttc va•tatloa 
........ • ... . .. ... .. ....... 

,.••••t Ill tl\6 pepulatlo8 1h.&t 1t to~ lm'PJ'oved. If tht.. val'latl•l• moatly 
~ • • • .. • 1" • 

a4dltLve, aeleetloa of ·,al'ea~ c-.bUlecl wlth l'&adom. m.a.tla, lt to be l""efued 
~I ~ -~ .~ "" 0 o ...... I .._, •o o • """ 0 I •"" 

but ll the \'Aftatloa t.. meetly atd .....raltl••• aelectl• .ft'om amca1 two pop• 
. .... . . .. 

ulatl .. •• e&cb fol' eltho• aex cotnbbl,.S with tbeb' c•ot• Jwe.ataa would 

bo adapted. 

F.- a &W•a ayatem .t m•tltaa. the maJ.a toal tlut bzoeedtl' ba• la 

1dl cOilUel ~·lmnwlaa the P4ti'IQftl1aaee af ataclt Ia acUeotloa. BY' 1electlca 
•• • -l ' ~ 

la mea3d • caw.la& t¥t permttttua IG~~ne ltlaeil of Wlvl4•18 to ~01hace m_.• 
. . 

\iJ ;:. 

aclded t• (be •·eedtq pop1llatloa rattl_e' tlml tM alUnbe·• bol-a whtllh matte•• 
. . 

•lace th•• that ue bera 'but tltt not a.•• a chaace to l'eptoch•• caaaot affect 

the c ampe~Jl\t• of f-tue pepulatloa. The primur efter;J fl. ••lectto• la 
. ,. 

to ebaga the' Jeaeflrequacloa fac:reulq thereby the .f~eq\UD\Clea of pmetea 

~ar•rtas 4•f'tl.la a•• eenblaatloiU. Ia •th• wol'cl•~ a pJ>opo~ ••lectloa 



... 

m.eaa •1• of. a .,0pdatl• 'by lac~•••t.aa ttL• & ....... ,. e1. clealrabJe sea•• . . 

of"tll41..tnh _.!!' aeleetlea 'tty 68 P*'•Pct~atl• ol. •••s•utlc ccanhblatlea • 
.. ~. 4 ... 

The c~a• ']iieOiitiCM lay aelectllll thtlt cklefly latet-elt. a 1aJ'eedu 11 the 
• -. •••• • • "''<::..;.~ .. -· 

chaaJ• el. pe,.tloa meaa whlck I.e tQt-. •• ~··~· te etllec.tl• ... · 
. ~ - .. ... . "'' . ~· ~ . 

; .. s •••tie a•'- J)eJ'. a•eJ'atlea-. The geaetle pta A G., l8 the cllff...._• ci 
.. ,.,. . .. 

•••• valu hetwe•• the offanta.a of tile ••lth;tecl ;.s-eat~~ aM wh.ale .ef. tbe 
. ~ ... " .... . .... .,. -- -· . 

pareatal l••ntt.• Were ••lectloa. The Jmeuat ef ••lectlea ap~ c&Jt. 
... ..... - ~... ... .... . ~ ... . . . 

he •~W••••4. Ia tff:&'DUI .t aelectl• lat.tulty 91" tke pU'C8aae ff4. pepalad.ea 
.., . -

.,_.--ltte4 te nptollae lUelf. The mut uef\lla-.awe o( ·the t.tt~~as\ty ef 
,.. .. ... ... .'f'# 

aelectla Acstally Pl"&etl8ed t. the dlfloteace 1Jetweea tile avea1e f4 th011• 
... 

fe!ec~ t{f· ~ f&J'•ta t_ x 1 ) 8aJ1cl ta. awn" a• d. tile waale papal&~ :t i"'0 ) 

bt wldcda they ...... 'Del'JI. ftll .aQtt:&-lotltr ef aelecte4 pa.-.eatJ t. •· • f i", -x0 ) .. . . . 

la .ttea, IP\'Iba ~· p&eattyplc ••1ectla cUffdreatlA~ ( P.S.D. ) au tlle .. . .. ,, . .,_., 

- IAIIIIa.dlaed ••leetl• Allffenaulal, t x1 - x0 ) I ~- 1:t. c•ll•cl the 
. ~ ' 

lateulty 'el •lecttoa ~laecl 'by l "' tr11 hel!t1'tlle ltkeutyple ataarlud 

·~tl-. 

TU 1•ut1.c a4vaaee la eatbnatecl fr.a tlua P,.ea.otyplc ••leetl.a 
... .. ........... ~ . . .. 

( 1.1) 
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......... 
' 

"lectl• &m•J tke ,...._.1 pauatl•a hal aet•Uy hea.-e. -to 'M 

t1ut ~.•• '.. of the po,.latl$11 •••• awl tke pla.-.etypl.c .......... 

•nlaU., .-21 • el. tM eMl'ktu• The eaPt'•••l• t/1. t bl w-.. el. 

••• ,.. .... tua •ta: 'be alMa'-..S If tU. toms. fl. t1w f~y dlatrlntloa 

fl. tile c~e"t 11 b--.a. '1'Jle' thoaotypic "Yala.ee fl. ~etrt.c chuaete• 
•• - ., ~ .. .,.,. ,'<('". .. • 

,.,. .... _. \y late• a .. \ezo fJ. ra,tfift q;allfiCI P$1yjt~tu. ~ -•11· a.t .. 

c1dJiqlf.tl';e eu ..... , ••'Je~S.Jfdr*ed .,. thaD\· ......... If .-. .. hert.-1>1~ 
• ~ .. ,. """" • ~ .. • .. _, ... .. .. ... * .,., • ~ ... , .... ~ 

iact.ft~ · 'rc tll• 4lltl'l'lnltlM. fit• .U. .. lty of ••*tl•, I , ea• "• 

4 .......... .,. •• •••Jt• 
... ~-~ l 

(, I 

--~· p p .. ,. .... -- fl. Jte?·~- _.,..,. ~ ~ 4 u,~~~C\8 
~ ~· \ 

. . 
.,..op~. p. ~., ,~ .... -~ . .Mt.a l alief P ;lYttal.a,.f~•t\fla t 1. 4.1 . 

.. ~- ~ -:/ 

' 
lloldl .Uktly ally t•• t.a• •&111-P-· •• -.~Jt. dt.e'.-\(\et$.c4.l' • bcr 

'ri(-~~~· tJae atl(l&a 4AY14ltl~.,. fb.fl 1d~tfA«l --~ b & ~,.1e.le .... C&JI . ~ 

'be 1•-' ,_._ 1alllaa ltil rlev.tatl_. ol ~e.t ... ._ .. .t ,fttbl' -' Ya••· f193&). 

J.•; the tww•t• ..... ,.. ••etle..-l.e~ aJWorlq tl24 *•• .fl. 

l'eap-.• t-. ••*tt• *~'• : e8o ·Jty ·lac.ua.t., 6.• ~cUilc:y. ., ••lec\lca 



au tile .tJLet !or ..... .::taa tlUI JWeP6ftU• aet.Ctod a.4 •••hy ~'tea•blf 
~ w ~ ~ 

tM t&t...lty·lll ... teetl-.. Sbace 't, d.ae Of ma•• GJo Wt..YWual•el.Ctloa . 

••lee tl• U the kel'lt&\Ultt 1.8 ld,.._ Ff# cllal'aetera wlfll l~erl~¥1ltr . ~ ~ ' 

tlw acc~y tl ••Jec:tlelt-eaa Jae .P•ac• lf la aelectltt~tJit a.liltlea to 
• ~ ... "'' • ~ ...... - ~ J .,..~---~,.-... : ... ,I,J. 

La4lvt.4al'•...., pel'fenuae.e &*.eJWlate a.ttea~oala pt.Ji. to die Jlta.qtype 
..- • '"- ...- '' .~ -~>• • I .,.. • ... , " ... ~· 

~ ltt .,.. ..... • Pf•I•Y • c:otl&tera1e. Stae~ ach.emea .C ••lectlu M.ve 
• , . . -- ·• ..,. • • I 

la•• c_.We•etf 'by -.ll .f· 1'47) .• Lene~ t 1'$0 ).· oa'b.,.e t 1957 a-. h) • 
.. , ... ...~ - .. . . -

.TaJ'ilt&• f l9H ), Le Jtey '( 1951 ). lkje&T.W aa4 'Ole~ ( 14J59 ). , 

Yeas'( i96t) u4 Jata·w Naraia ( 19?4 ) • 

• 
1\.ut&aa t1le P'..,elrtha& ••lec:t.li ••-• at tlt-•t a.l-.h.t t&'be auatpt 

- •• "'* - l. ••. • 

ferft.ft .m-. ·ef &a...-tq the naP .. •• 'h.a thue la a 1~ Umlt te t\le 
• .~ .. ,.... " • • "!, . 

~· fl. W\Y.W-.11 • 1M uefl kl ,._.... •. .,.., exaDl'P1e. •••••'•• aa~y 
,., . ,.,. - . . ... "" . ... •"" ... ~" 

cattle tf'h mlUc PI'GII aetloa tke ·•·~ftl• Ill femar.t• c:tatW la aar aeuntlea 
.. . .. .. . . . ~· 

eaeaet be mce.taaa ••~.6-Qd tiwbl• tfl the\1' al.- t&te la ••Pftllw:tla au 
- . 

ceu-.•a,tty la•atvblt a htpes- Hp!aeemeat .. a(e. 011. tlie et.bft hal\d ·th,a 
I ' '; ~ !, 

aelec:U. \a. JUt.a .caa lae .a4a-m.-. l'ltereu· •• v•tt few b1a1U azoe ...... 
.. .... .... 

•• dw aest•••tl• th&t&l'lse• 1• hQWlu the ohld'v.C: c 

l'ealt ... NP•••• ape• wJ6. t\Qae expect ... Aba•t aU the aet.ctlaa axpQrtm.e.nt-' 

e...aiiiCMct •peclfleally fGJ' the ~-· Jaaye •hOWJa tut tU gtaedc cua1• 



-6. 

lfhlaJa ,-.,w 'ba upec:iM bGI'Jil t1Ut ,olectl __ pft.ctiee s.~:actt-•MJ8 a-•B• .. 
' 

f Dicken•• 1951.,19$1 :. Palc•et• 19J3·-;. Cla-rt-. MGrt:rla _. llo'IMrte••·· 
• • ~ ,, • I 

1~57 ). T1aae dl1ezoe,aacy la -a-:ra.Uy attt'O.•t:M to_. fit ••• CJf tll• 

leU...,Jas ca..•• f Leneto. 1911 ; .Jabt aal Gopalaa , 19-lfV_: 

( l ) 

( ll )• 

( lll )' 

( lv )' 

('rill) 

Dlffnea~l vlablllty allll._lutlllty of panat• ~··~ltlq la --••1 

..... r fl pt•a•ay ,.. •tn &ail ••• t .. n, ; 
~ . ~ 

U•• fl. ••-r•lt•t ••tlmatee et i,eMtlc pan••*••• ; 
·~ • • ...... •. J 

~" ~ ,~Q ~t~~· bera1 1ba1l• ~palatl• tlaat va~ II ea..­
latea~ltle• of. ••lectlQil lj tM two aesea ue cllft••••t;. 

• ·~ 4 - .. ... " 

clll.fea-at ••••• la calt:ulattas the ppeeted c••fk pia :. 

Tile seaetlc mO!del ated l• the auly•l• may Ut N •»PI'•PI"late :, 
.. -

Dete7len.tle~ ol eavl~ea~ may oecnli• _elth.er Wepea.tleatly rA 
~ . . ~ - . . --

the eelectloa P&"&ctlled • b•••• el.lt ~ 

The •ec•••~t m~tatlea may act la. fie Glll'ectl• oppeelte to that 

el aelectloa ; 

( b:) Be4acfloa fill aefec:tlealateulty lleea•• el •lectleaf• maay 
~ 0 • -

Not aU the •l•to'Dlal faeten eaumeratecl a'beve •• JI'U&ha&lly 



-., . 

ef tlwae tactea-• ))l"echa:iaa a •ecJU.ee bl aelectloa reapaue eltker •tJ.eetly 

( ~""•tt.• Ill effective h.~rltabUlty / ace.Q&ey of aeteetlea ) ell' 'by lewel"lal 

aelestlGIIl latallty. All t!Aeae e•••• aee4 tllcnoap 'PJ,"Olala1 •• tl'aat the 

.femal& uae(( fet \R'e4ktl•c p.-tlc p~ t.a perfeetecl. It Ia 1he pvpoae 
~ . .. . \ ..,.. 

... 
ffl. thla tla.e.ela to laveatt.pte •• effect .,_ eu ttl tk• clletdlllnJ"'\_Uea oa 

"' . . . . .. 

r••,_.• te.ulec:tl•• aamely. the etlect ef aetmaUty uamnptlea WJaaala 
•• o •"' ,,_; w~ • .. 0... -·· ·~ o .... • • • ..... ..J: ... : ... ~~ .. :·.. • 

effect t\e cr\te~lea of aelectl•feUfiWS a ••·aonnaldl•~llN.tlea. . .. 

~ .. 

'RM aprual-.. l« la.tuli\y etf. aeleetl.a Jraaye hen •rk" wt 
..... ·~. ~ ..... ,_. ... _. ................ - . ~ .. ""' .... .,.. 

faa: a a..ru..~ tt ~~1 olt.trilllosl~ --. c-~rt4 wltll ~. c,rre•»o· fl , 
a4lal expruela f• aCitl"..l3.&1 dp~lll...U• I• beth lara• .... ,m&n peJ"').atlaa.a. 

\ 



' ' £HAPTJUt • n 

-
r.r •u.1tea ... ?~"eti.ctlaa cl. ·Ha.~eu• to.a•1ec.tf4a•lt:la 11a1•llr 

. ~ 

••·•ai.l:ltld tkt'tha -..u.lc ·chaaacter •· cllu&c.tera ..,..,.. ···~- ., . . ~ ~ ~ - _,. . -· 

·aOJ:m.al·&tll'tftf!Nttoa;,;. J 1:D1.,bi..Ca.l-atadte•• hbW«V•• ,_,., .,..._.,tetl&t tMi e.~ 
. .. -~ . . ... .. . . ... "'' .. .... -·.~--··: ......... ;: . . .. 

·tia.t'ft 'm:&y defUtl(~•·•• .a..m.att~ .. ICa»ecl.Uy .Ia the 1l•W t1. aalm.al 
.. .. ~ '""-· ., ... -- - . .. .. ""' .. ·-- . 

l\B&llaa4t"y e.a4 pCW&ltry• it •• beea 1m.owJ.t fat aem.etfm.e put that ~· va:.lou 
, ........ '" ... ,.., . ..... ... ~.. .. ... r,.·,,· ., r'' r ·(::..·. ~ . . . ~... (.. ~"f -; ..r J! ,, :", 

chaJOacten _.elatefl tom.Uk yleW u.4 •11 n~ucth•. dotlot !otl_. the ae1"m.al 
i • ,. 

\ - •• .1: .. l ,, f "' ~- • • " ' .A • 

law •. C_..flli.fttlY tH ft' .. letlea of Ha}>oaae to a•lectlat- tft4t &dllm.ptlea 
l'" l ~. .... ~-- "' ' ,· : • i ~' .• ... i j 

• ... - ..... ---~ ........ ,~ • J .... ~ - ... 

~reallaed p:utls: falJ\ ~la -e. ·vll tkat esPtetecl ,oa the U•1Ullptima of aoJ"mallty .. 
• • ........ • •• • 1: • ... ,II ~ •• 

•v• .emp\J.aai&e\1 tha •••• lc utaa the ••lectln. latel!lllty &J)pl'oF'-te to 
.. . ... - .,.. .... - ..... ... . .. .. . -.. ... 

ihe U.t:tU'a. J. t'- owulhl&ti.OJa ( l.u'h, 1948 ; Hea4eraoa, 1,63 ; Burowa. 
~.. • ..... • - - ... ~ ~)"" .. • ·- '\ >4 

197& ;, :ratc._.•~ 1975 ; Jabs. aa4 Qepalaa., 1976 ) hat ptaetlcally ao 
' ~ " ' . ... ~ .... . . 

att.-pt haa ._.,.,.....to fhrlve the 4'tpeaala of aelectt.oalateu.lty fer 
. . ' .. 

aay efllll~ flla~i'llnltl~ atla..- tP&a the aermal exceptU11 that by :Barrowe 
.. . 

(' 1971 ) -··~, .... appoxl:m.at1eatf61 UJ~Mt•• oe1eetlQJil alffeJ'eatl.ala for 
. ·~ ...,.. .. . . 

aal'm&~ty aa4 expeaeattally 4lsttlhu.te4 t.at acoJ'ea a• -.ppUCahle to am~ll 
~ . ' ~ 

pepula.tlOM. Seve•alatadiu. have, hcnrever. 'beea l!JUI.de te study the 
' _.., . ~· .. .. . . . 

4iatrlav.tleu of cbancteJ'a lathe ll.eld of &abnal k111l;la.M#y. The•• atwUea 

1hew ... t Peal'aaaiaa 1yatem fl. c\W'Ye• ( 1895 ) ptoYUle soed tlt for moat 



. ,_, ~ ; 

Q111atit.~aftv• crlauacten lUte alse of tJae·fanhed.a af cl'atta 
- "\ • • ' • ! ' 1: \' , • ;., -~ 

(· xaptey. • 19cSJ' ")' 'ud' a.tiat~ll. 'ta 1*..-t.( Q•••Bllw.,- • 'W1d~~~~ P,4 
' .. • ....... ' -t l \ ,..,t ~·~ i ··' ~ ; 

• ,' I ,t '• "' . 

DlcuJIW • 1''1' ) '11&~• lMea uefa11y ••'PI'efe&tM 'by lvpa:nn.at .• la .. U.at~ea. 
r' • 

' .. -..:-~ ..... .. "".. ... . 

, ,, , ···~ ~~~ ~·~~~'!" ll'~') Mr•.·~• ~·•t114Y.-' the YUf:8:tha ~ 
'•ilk yte~ aad ~t c . .,.~t .C ~yp~ ct..,.t•fttai;Jhe fee catcl• fl. Ayl-a~~· 

~ ~ (.• ,. • • J. 'f J "" ~ .I 

Cattle Wllk llee~a G~lttta•.f• tlut f8•n 1901 &1&4 lfat. '!lut tav•·•;' 
... ~-r • j l, 1 ••• .... • 

~aatlosa wall c..._~.~ t!a.-. .. tec..-ca ;lll:c.,.~1rhlcakail beta ·sa· we•"• 
o t ~) 1 1_. ' .\. '• I '! 

I ' • 

fl. c: 8WIJ t1. th• ••• •1• f.., -.eh .,. •• 'Ill ap fitted we~• fl. Pea&-a • 1'~ 
• ,.. I ..J ..-, ~ ..!·• IJ ! 

, ~ " .-~: 

I. D, Ul ... 'tv. H-malcm•• ...... ala&fow teaflt aem6, tha ·~- I 

\ ' 

•' ' I ·' . 
I 1 

' 
Gtnrea t 19~0 ) la a ~·~olt at.,~ t)l• ,,.~1~-·~·~ta • ..,.lyala ~ 

( l ,.. .. ~~ I 1 .... ,....\ .. , t I Jt - #o J .. ..,. .... ._.J#o * 

tM tee6ria of a JUaf lte1'd ••• a ••lMI~ ~ 1'•••. ~ P9dted ~ua-e&l&ll 
... • ~ • ' "'t I "" • •• . I ;. .. "' 

Types 1. 11. IU, IV ad V 1.- mllk ,.t.eM aad .Jia.•~~ .t. 
' • f ·j • 

... \ 1 .... •• ..... •· .. • ... \ 

TecJae~ (, ~' ~ ),-~1·· ~•.ilk ,, • ., •• ., I .,u Aynhhe e ..... 
MT~I CCII:t1J~te recor~a .a.-,.~x,,o,lllav-.-. .•• _.,•u·-Ltlbl 6(1 ·•ell J. 

1 

Ji ~ ... '" .. ~ • ..,. .. 

JII'OTl_, c~~ylJaa.. He i,~.,.t ... t\•••··--·OWif fell ... : ~-tali ,U.Ift"ttaa of 
'· r' • .~ I -

Type I. ,Ype IV waa, tl .. cl. t~ .. ,_U~ rtoW l.e1t aU ap•·· 1.'1df wa ~t ·~ 
\ ~ ./r ~ 

aeed ftt ...n.a te ~ he~•••lty, fl. ..-ta:rW with ··~• to a.,.. Pea"• ..taa 
I ' ' 

Type IV ft&-e 1•ed flta f.,~ mJ.l-". y.leW '- eacl\ ·.,...u ·•·•ae. 
I 

r 



om. Pfakhb·~ Ml.liiid {'If&~ J lui.• atU.letf bstq1itnmv 4iatit-

1Mt.tlea .fl. lactatU. yl~ii~. 1..ctatl$1. te•ath• ap at·flftt cal.t.s •• cal'tblf 
I 

l.atei'Yal f$# .d~l~••t _. • ..,. of laet.tlona la lou lea41ag Iadlf.D hei'Qa ... 
I f .... #I \ ; -!r "''• ,._}' •, 

1
,_, 

Rod S ... hl ... KU&Sfi.~Jn beida .of Het~al',. l!eal Sbalhl of Baap.,_• _a.S 
! t •. .' .. , I ._ ~. ~ • 

Tba,Pilf~ Jlud .el ~taa.. A.JncraJ the· as ••ttt 4 ctata etl.tllled,., ta wel'e 
.r• ,~1 ~ ] ~ I '! ~ ~ ,I f'~ .... -,-,, .• '"' ~~ .. 

1.-~ te-'be _l?e&J~G~o_..,_. Type 1. tw.ca to~ 1•aha'P8'1 ( ezp-.oatlal ·), 

.15 t~ )Ia TYPe 'tv.; tbr'ee te;: be Type 'VI • Otl.,fi each of Type v ... vn. I 

-
I ! 

M~lh.otra ( 19,'74 )\ t\11111ed the •lt.aU'llnttl.s ef aebtea ~ 1587 
.. t ,.;., ~.--- \"'"i: • .., ! 

' \ 

bb'cls f.## ••te el ~y. Th• data ca~ «rem .U ·JCealoaal P~ultty f•l'lll~. 
.. ,,. .. 

l 

~oJl'll,.ft# ._ lay•• P,al'~Gda t1. 1911 aad ~97!. Seleedoa IICt'#ta weJ'e . .. . ~ ... ,.. ,... ';, 

1Jf.01tktt4 ol,llt f07 ee.c;h ~ltd -~~ tiu'ee dlflet'Ut meth.ad14 td a.elettl'oli. v._. • 
,u • • '"'! 

(a.) ••le-c-ijou. oa the.baeta Qf aa ·wu'91t)). 'O'PtQnt~p~ welp• attach.C a 
' . 

the tMWitl-.lla pel'1el'mJ!ua.:e &d ltt tw.t•aib f~lly avelagea. ( b ') .. leett• 
.~ .... 'J ' •\ • 

~ .-% ·~· . \ j 

oa ihe bu&a efq. kulu Yl~ eptbnum, ,.{ptl attah.e<l l.1 tbJt twlt-ri4ual'• 
" ,.. ·'> 

petiOJ"ma.ace a.acll*' half_.lhfam.Uy avel'apa ._. ( c: ) ••lectloli ell the 
• • I,... ~ • 

Mala tl q Wu wlth eptlmtun wo'ahta &t~hefl t,e,_'ladl"ftd~l·• -p:e.-rerina~t~Ce, 
. . 

fqll-llb famUy • .,. ... _.. -... half -.tb'f8.Jt~Ul"'1\\tlel'a·,...... Peurtoa TvP4t 1 
\ 

.:wa•· fou.d to. be tb.tJ •)pa'~late 4liJtJlb¥tlcll1'9heb the se_.• YOJ'e bued 0111. 

th• ruthob ( • l ..... t ,b )' • .fthenu £.-the' •e••• buetl ·oathfJ methtd. ~' c: ) • 

aonnaldwttll.Ju.tl.ca·._,. app.ran(atf, He load that tb.•~• Is a tedeacy ba 

the 4fJJ~ ~ ••t.<:doa aeo•e• t6 te:it41 to'n~Uty 'Whea lafQI'ln.atrcida • 



-·11 • 

... 
11\G.fe ... or• ....... "' ctJiflllfaild. 

The ._tWf.Ata cq>J'lri oat at tlle lllll_tltute. ffl A1l'lc wtval JltaaeanJa 
.. , 'f' 

l•tlatlu , -.the data l.d tlt.e yeu• 1911·'76 pel'tlb.taa ~ .~e1laaal 
'l .... 

! 

))eul~y F&Jn,. .Bkcap&l ah.owe4 that aelectloa leona fJI.ltlria If{' tate ·ef 
! - '· ~ ......... ··--. • : .• 

lay fell.,... Peat-aea Tne t cUitJ'llna.tlO'Ji. Pe&I'IOI\l Type tV 4\a·tftntl• 

J'l"f!IID, tke·lanaalq atvltltel- •• .Ut•• of 1&-efiUMy 4l'atrih.M\oa. 
•• ~" "' •• ~ 4 ... ,.. - •• 

v4 aelectlea crit81"f.&. '* u •••& tbt hN'••Ialaa ,TYPI• 1 aal Ill Jl*otJAied 
... ""1: ... .. • ·~ .. ' ., ... 

•••~•" PP,HaeatatlM tct••llY typets af elate. la aaim.alaukaclry ••1'ealtry. 
-. • - f"' .· ' 

Pti&J'IGR Typea UalV q4_ V Jaave alaofl.tted .. u Ia atme of the c••••· 1'M 

~·••1-. ~ aelectlell lateRitty have heea 4el'ln• 10'1' P•n• 'tYPI' I 
J. • ' ' •, 

41al'lved 4fAtrllnLtlou aamaly pmma, ehl·equaJ'e aa4 upaaeatlal aatl ter 
"~ I n .. "+ ·~ • • -. 

' 
loaae:rmal 4uulktloa u appUcalJI• ttl \etll Jaqe &ail email pepalatl.,a. 

~ . 

I 



CHAPTltl\:.. m 

'The U'pta•lilia i• ••lcectt. •••tty-a• applleabliit e. b6tll ta•a• 
I, .t • .,... .. • • 

U\4 •malf~tt~wJ.~ the cba.tactu u••~ atlidy'u dt.ut'bat• ~ally' 
.. •. . '" .~. vr ~ 

3.1 ,La~p ~tl~ 
' 

.... ~ ... 

la ~ue4. :r~·*~ let·~ be t1ie :QleaA u'tt!l• '.Atbo populf.tla t#. x .:ad ·;;. 
'"" ~ ... • .. ~ .. • ~ ... .. .. ,1 ... 

~ ••qa•• al, the !·~~~ .lilcli~~la. ~·. t ~~ • x;, } "- de.ftl.e4 te be 
' 

the ·• lfi~·.,oteettaa •1life-..ttat • ('P.t.n. ) • 'teach '• '!he ~~··j 
.. .. - '" } • .... ..._ • • •· •., r • ,. .. ~ 

J*_uetyplc: eeltciEto" .nlfe.,eattal ~ a.eh~.l ~ap: ' tiac:ated aeleC:tlOIL • l.' 
.. I .- • '"" . 

all yalae1 of X c· •· t. iJve• )'~t. f4· utoe&\llt'iJt. &ft c:h.-eiL iJt \'hla c'AJt'e we 
~... """' ~· ... .. . .. . .. 

c..aict apsak ·ctr ••l~~~ a fl'&ctlo'B ' p ·~· ..rib the hlsheat'Y~ttl.e tJt x. (: 6H'•• . "" ... ~ . . ,.. . .... ·- . _ .. 

?cadlq t\1 t p f t'Jl-.'N ll & polat I C: I ~IUS:&a 'i's "'Wkt"h Ca:il b6 ca'JCuJ.atei 
1,,. -· -.~ _. l' ... 

ll. t1ut '"oba'blllty tba t the -pheaotype cl. a nat em bdl ... - ""',._. .. ..... ... 

vtealllu wlthln ~ n.a1• x. x + d • thea. e. the pobtt Gf tnacatloa ta 

4eflucl tct he th• •olv.tloa of the equatlea 

... ... = ( 3.1.1. 2.) 

~ fheactyplc 1eleca. •ilfle~:at$al ~llle the &Yfll'&l• aaJPe•· 

laity of the 1electllel L•llybhala OYeZ' tho J'QeM ol. the papalatlea 1.1 ot.t;alae4 1.1l . 
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()() 

1 j' ' :P.S.D. :1 - . {X • S 8 } f (X} d X 
'P c 

(3.1.1.3) 

-
&~Me .. i.e. di.UerldtchaMC.tU•wt~4lffertq dllt»ln.tlea• •• ~.' 

' • I I 

p DU.y ~'••* b. tJl!tueat'..-o•u at P.ti.'n~ it~ uc .. aa:ry to •taiiMia:rttl.ae 

P.I.D. tay·citvhll~l•r · : ... s. t1u1 aca.adaJ"d •·.Y~da of x. T~ ~'la.l~flt.aed 

t ( 3.1.1. 4 ) 

.· 
wh.ewe ( i"8 • i"0 )' la 1lvea by ( 3.1 .. 1. 3 J . . ' 

3.1. 2 ,Hff.mlllJI~•"lbJUl!J'· tti J::he caaa tl.. &01'•1 \ii.Jt:tt.bv.tloa tM 

&•!~.-cr llllaCtiftJl l8 alvea by 

1 

'l1la pro~tt... ) • cd' '(JldtvW. 1.&1a soetalaed c crl"••~l•a ·W tk• 
~· . -

(3.I.a.t·J. 



p 

Xo c Xs 

Fig,1 The mdtvtduals tn the shaded area to the right of c,the 
potnt of truncRtton are retatnQd for further breedtngj 

t h e on e s t o the I e f t a rQ c u II e d. 
~ )I 

j' 
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In order to evaluate ( 3.1. a .. l) • we make 1be followf.Ds uansfonnatlon 

(.X .. ~ )) ( c .. .xo )' dx then = y • = d ' -= dy. 
<rx tl'x CTx 

ttx 
_r» a 

P.S.D. J y e -y /7. dy = 
p _r;:; ·c 

crx -d2/1 
= e . 

p_j-z;; 

<rx 
= z 

p 

whel'e z ls the ardlnate at the cut-off pob1t conespondl.ng to the pro• 

POI'tlon p wb.lch can be read dbectly IJ'am Table II of Part n of Ka:rl 

Pearson's ( 1931 ) tables. 

The aelectlon intensity, l , la then glvezt by 

l = P.s.n. z 
=-

0" ll p 
( 3.1. z. 2 ) • 

Thls Ls a well•known expresslon used to:r obtalQ.ltlg the lntenslty of 

selection c:a.3f'espomUng to a fft.ctlon, p • saved ( Kempthorne 1 1957 J 

Lemer, 1958 ; Craw and Kimura .. 1970 ; and Falccnert 1975 ) • 

3. 1. §mall Pcmula tlgD!, 

3.1.1 genel'al dlstt.tbutloq. For small populatlans, the lntenslty of sele-

ctlon obtab:a.ed by ' truncatlon selectlon 1 dls~sed earlier will be an over· 
' 

II 
estlmat9 because rl the dlacotttlnuity of the lzoequ.ency dlst~ibutlcn• The scheme 

of selection iJ1 small populatlons consists essentially ln ranking all the n 
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' 
la4lvWaabs .t the· Jtepula.tlan ta arieat bf"thelzmaaaltw!e• ~ aei,.c:~ the 

~ ... ., 

4e,b"e4 •JDbel' of u• la4\Ytdvalswltit the klsJut•t ac-Ol'8•· The tateulty fill 
• 

••leetlea t.1;.. c.-1'elpadtq to the aebac~ea fl ·.- t~~"'~~.at.li.- . 

vhl•la f>8t fl. a, la ,,._ 4eftaclci as the ·ayei'&JW fl. the expect.& valua 81 
' --. •... . ... ~ 

the fait ., _.._.are..._. lu&eat c:Jevlate• t ta ~8.1\atyplo atamfa:r4 dni-

lt, a ,.. lz,a + • •·• • + 'a-,a 

• ( :s. z.1.1 ) 

J.Al'Ul. = E ( x•·~ '. tha ,upected valU. fJf tM 1'-th largest oa-cler atatlat!c 

t. 1&1\l\ple of •Us• a, i'8 b the :meae fJf .the popu.Jatlea aad a-x ll the 

ltaM&l'c! clevl.atl• ef x. 

tJt ea1e of tt• .. l. o., •h~.ll. twe fJutlvlrl-.la 11." a4Jllliled te be 

eq.-1, the aver&l• t4 the ea)aaeted vab•• ff4 a.ae •••zvatl_. la takn. aa 

t!ae expectod ..,.bs.e fol' th.eae ohaerRtlou ( Flahe., u4 Yatas , 1938 ) • 

'!'llaa, Ia amall pepulatl-.. the paoeblem l'oicea l.a eftect ef ebtt.hlia• tM­

expeeted val••• e/. . .-... •• •• ( 11 • 1,1,_ •.••• o) ~··, the expecte• nbaa• 

til tM la•atat. aec..S la.qeat. thiN tucau ••· • 4fiWJI to the _.4 taqe1t 

orcle~ atatbtle la a a.ample of alae Jt., 'the•• caa 'be caletllated ll ._ 

•lt..ati'Unttl.OIIl f ( x) d. dl• ~eaetyplc val11.e1 In the·pepu.latl.oal• kao.ra. 
' • 

Followf.J3a the •P~•ch gtven by Da.vW ( 1970 ) , the 11 ollee:r-

' vatleu x1 , Xa, .... X. whea uranaed la cleaceadlai ozJ.iu af maplt.ae 



.. J6 -

are 4eaate• -~· X' , .. X( Z} ~ • • • • X(ll) • _ Let f_ ( x) ~ )- ( • ~ duote 

tile prollablUty deaa~lf. fa.ctlcm aJ!l4 Clilmulatlve 4lltr.l~~tla fldetloa ol the . . - .. . 

cJaar"tu .xJ ,-.tMr, let F • ( x ) (I' = 1, z, .. •. ._ ) cleaote the c1m1-.br.tl..,. 
{ .. .. . .,.. . ~.. . 

dl•ttlbtdloJt fuctloa f4 the 1'-th tarce•t o~e.- euutatlc, ~~ the.c~ula.tlve . ~~ . . .. . . . 
I 

dlltl'lblltl"oa fu.ctloa fl. the lal'l••t •tatlatlc la clyea by ' --. •... 

- -· = l?J- ( aU Xl ~ s ·) • /.. Jr ( x ) _/ f 3. Z.l. 3 ) 

The C:lUJl~tmt dlaalbatls l\UI.Ctloa of the •mallett etatlatlc l1 
'· 

:r. (X ) :: ~ (~(~}~.X ) = 1- ~ ( X{•} >X 1 
. - .-a = t·P• ( -.n x,>•) = t- L t·:r ( •) t;..; 

( '· z.t. • ) 
The•• a.re lmportaat IJ!eclat cues ol. the 1eael'a1 ree111t fo:r Fr ( x ) 

r., ( .. ) • Pat ( x(t) ~ x ) 

..., 
' 

= PI' Cat leut (··a·l'tl) Gf tlw Xt'• are 

t.•• thaa or equl to .a J 
a . a~ 

• I: ( : ) F1( X ) L l•F ( x ) J 
t •a-.+1 · 

( 3. z. L I ) 

1l1!1Ce the tel'm lathe •.ammaad le the btaomtaltJ~~ ... bllf.ty that exactly 

l of X1 , Xz , ••••• X. are leaa tha.a &I' eqal to x. b(lm. the weU•blowa 
- J, • .... •• 

l'elatlOil 'betweea ltlaomlalaum.e aad bteomplete beta !actloa. ( 3. 2.1.5 ) caa 

wrlttea aa 

( 3. z.t. 6 ) / 



•11 .,. 
.f{.x} 

J a•l b·l 
l~(x) ( ••h) == 

0 
t. (1-t), d~/1! {-,b} 

.: J' I 

Let It ( .x_) d~li~e, t1.ur prol)ab1Uty. de.aalty fuactlon of X(~) , thOD we 

have 1ftll'A ( t. !.1. S :)'' J(K) · 

f"(.x) :; 
1 ~ s •'4: (l•t) .... 

1 
dt 

B(Jl•J'+~ r ~ . 9- ~ .. . 

· 1' ,. D-1' -1'•1 

= ·a(n1tt,r) 11 (xt£.~~F~x)-' . ~~(x) 
·t , • l. 1. 'l ) 

1tatl.atlc ~ pven by the equtlen 

.;_ a" . "!; .. r:[ F ( Z) .J~-~ [i•J' ( 2 ·) .,7"~1 ftx) 4x 
' (a·•> 1 '(•·1) & )

00 
. · •. • . 

- I' . 
1 

, I, ~ s.,z~ 1. ~.) 

~!er. ··~~~•.(·3~1.1.8 }.~~ flt.o;•_ the ,xpt:et~~ v~lufk of t~~-th 
• .... ' I 

lal'geet «1~te l.D atanct•r4 d~'\'il.tf.~ Wlltf. '• •· .. ,'- ,l~' .4 glven by (' ~.l.•l• 2 ) 
• -i:t • '*' ~ - .. ... ~ .f<l -,$ _, ;.,.; .-1. -""' ~ •• .. ... • ~· • ~,. • "' • 

l1 obtatnel. The.l:ateulty ~ ae~ctlotl,.~~Ofl.'e~poQd~g to tlle.lllel~c~.tm.of I" 
• -. • • • ' • • "' • +"- • ~· "· • ~ I )., .~ , '•' ' ~ ' 

t9p~:r~~ ~~l~ld~lf la then obtained by if·ubatltutlll& the valtau of l.-,. la 

equation ( 3. 3.1.1 )~. 

3.1. a titmn•l dlatz:lbgttoa. wltbout loss t4 ,ae,.d&Uty,. let us c'Oilalder 
~ . . ..... .. . . ,.... ' 

functlOll I·{ a ) Jlvea by 

' 

the e.xpectecl v:alue of the •-t~L lu;eat obaena.ttca lll a sample of 

1tze a f~Gttl* atauctud aOJ:~l P•Pu.bltlon will then be given by eq-.tf.Ol\ 

(, 3. a.1. e ) l • .e. , 
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oo· 

a! S • C F ( X ) .J r&•r /..-1-F ( z l J'" ..J. l(x) 4x tl>ao,a = ------
(a1' )'.1 ( r· 1) t -oo 

( 3. z. J.l) 

wlt.e:re 

I 

Slace la_ tb:• ~taad&~d ~~al ~h~lbat.lo~ caae-.tr~·a = "'t•a; the 

lat•ulty of Mlectloa lt,;a Jl~a ~Y' ( J ~ !.1 ... 1 t wlll. be c om.p_. •• 
' I 

"'1,1\ t P.a,.a + • • • • + "'~"•• 
lt/a =. (3.Z.I.Z) 

. ( 
' 

to obtab\. ,A IUDilber af attem1b'l•ve heu.made t•c-aD.lP&te the val-.u ef "~"•u'• . .. . .. . 

fQ 4Ulea-ont ••18• of • ..,.. a by ll~r\calltiteczoatlQQ. A 'bflet *••mn• J. 

the wuk Of •orne &11tllot• (a ella¢••-' b. whatf·tW._.a. 

J'l8he~ aad Y•t.e• ( 1938, Table XX t P11btUbed a two-decimal-place 
A 

' 

••• cGJ'1'-=t except fo-.. fed el'a-Ol'a Gt • malt la the laat p~e. d• to l'oada.g. 
•, 

Haat:llll•• .WoatelleJ'. TUkey aat Wluer ( 1947 ) compatad the ?Altaea 

t4. l'r.,a'• ~o llve-dec:lmal-pla~e.a f~ aamplea of •lz• a .. Z ( 1 ) 10. Theb 

'f'&lue• &J'e cone,.t except whea .d •10. where there aa"e el':rOJ"a of 1 to 

7 a.lf:l la 'the laat place. 

aCMlwta ( 1949 )\ o'btaLlaed m~ accct.te valuu f:l. tl"•·•'• fol' 

u.mplea of at.e a = 2. t 1 ) J.o. He ta'balatetl tha val_. upta ••"f'•-4eclm.al-

placea. 
. 

lB.S. Pe&l'8on ami H&l'tley ( 1954 •· Ta),le !8 ) Pllbll•hod a *'ble t4 

I'J..a'• to thzu -4eclma1-place•fct~ a • Z ( 1) !0 u4 to t.wowdeclmal- place• 



fer a ell ( 1) 16 ( l )' :SO : valua fer a·· I ·t l·) to. wefe. ;om;l'\llt~ fre1 

Godwlll•• •ble. thu.e f~ l' a = U ( 1) !.0 we~el.t••h.ly cpm,p_., wh'le 
• -- .. 1.,. 

tad• I~ ll"> ~o wen taaea·fwCirn dle tat;le t4. Flah.•r u4 Y•t.e•· Th••• 
~· ~· 

'91.1•• aH c:ontect escept fo't' thlte• •••• -of .a. 111$lt lathe lut pla<:e. d~ 
~~-

. . 
~ ., ' I , s l •' 

:r-..•nl' ( 1951 .J ~- a IHJm.awhat tUfereat app.cti·lh&-..·.414 .'m01t 
• • .. ""' ... 1 • • ,.. ,... • .. 

)"' tile af""-"'~tl~ ••!<tllP•, .d.o 4 ~..! 'la .. atY ,;. ._.ricallatapatloe 

f-. ~' cJe.te,trnlrit.tlbll tJI tahala~ val••, r.~·~·· u.a•• Tf,ppett.._ ('i92J ) 
. ... .... :).. .l . , \ • .... ,. . ~4 ... .. •• 

tJ~t. et· ~pec;tfd .,_t•• of. the .._ • .te d•tl:Y~ ibe a~ct.d va~• •Of ·\he 
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fifth lugeet o.oftll;-ldevlate fo:r n. = 'f1 ( 1) IQg. J3.ecauae !!4.1.-~ of "c:QI'&cy 
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CHA.l?TEl\ ... IV 

INTlPISlTY OF SlCLEC TION IN NON • N'OKMAL 
LARQJI POPU LA 'l'IOWJ 

wt dy,lve eKP"eaalona for intouby of aelectloD. t.- wheo the q~tlt!Ltlve 

'f~~~~~~· ~- ~e~ .~~~~ tC:U~wa,& coadauousaoa•nOl'm&l d~atJlbutlon. 
• ·"="" • .... ~ -- .~ .... • - • • • ·-

The dlffetellt 4llulbutlona c onsldested, ue the Peutca'a Type I., ~~ 
- ..,.., • • • - "' • ~ • .-+ .... .. 

•.1 Peag oft• a Type I ( rtz-st Maln TY;et ) Pllalbut\e 

When the chuacteJ' tm.de.l' COJ'llldel'&timl hu ·the followlDB ~obablUty 

denalty functlOJl 

thea it b aa.l.d to fellow Peal'aoa's Type I dlata-lbutloa. 

• 

The meaa aJ1d va~rta=o of the dltttlbutloa .aJ'e gl.ven by f Eldel'tOD at.l'Sd 

J'olmaOJ:l, 1969 ) 

polnt c ls 



at-a1 cta1 
where z • and d :; 
. ~·~ ~·~ 

I. ll il 

= J " J.c 1-'1') a ,!z 

tL B(ll1+1e~.na+t) 

- d lntf ~- "· )~z d" 

" L 1" J B ( n1 t 1, nz t1 ) J 
0 ~ 

= 1 .. ld ( ~;+ 1. na + l ) 

I~ 

whel'e Is ( l'•q ) = B.. f p.,q ) I B ( p,q) and B.x ( p,q ) ls the lDc9U,:!plete 
"· . .. .. ~· ~-

beta functlon 4efhle4 as ' •• . X , 

S p•l Q•l 
Ba(p,q)= a '{1-x) dx 

0· . .. 
The fu1lc.tle2l 'IX f·p.q , has bed. tabulated by Kaw-1 Pe&.I.'Scm·( 1934) 

. . . ~ . ~-- - ~ . ... ~ 

tar dlffe"ntvalu.ee of· x =·(·.oo('.ol) 1 )• p =f'o.s (;0.5) u.o (·1) ,&ot. 
... .. .. .. .. 

and q = ( o. !S ( o. s ) n. o € 1 ) eo ) ~tb. p ~ q. 

' 



-•:· ~ ~l· "·t + ~. 
by tt.klas • = ! ''·+ ' 

1 

~~- • ~~~ -·----

- •1 •a •t .. •a 

f .. , + ~a > .E ~~ .~· .~ ., J. J. ,•t + 1 < t ~ ..,., )~z ... . 
~~~~ i o ' I ..... ·~ 

p ( a1 + 'a1 + a )' a. B ( ~ + z , ·~ + t ) 

f~ ~ •a .) f •1. •· t ) ~ -.J .... 

= -,-t ..... •_t_+._aa_+_...,l_)·-· .c l•Id.(~··~•"a tl} • ·p J 
.. ' • 

,_ f 1' 

. . 
r l 1· t ~· 1' :~ ·~ ·~ 

.J( a1 ·tl) f pt + llJ. • 3.·). _ 
' :; . . 1- < 1 .. p ,. - x4 c •1 + z. • az ... 1 > .J c •· 1. , > 

PJ C •a • .1)- ~ ·· · .. · 

Ualaa &-elatt.• f ·'· ~ I ) the aeledtl• taie~ltt•• i.t. tltftereat yal•• 
• ~ ~ - .. • .............. .... .-1 __ .. ... ... ~ • •• • . 

. . ... -
n.aa•: low·Yalua of ~the puarnctua :; hlah ~1-~ tal .•• au l:P. 

.,.z • • ·- ~ • • •t .. • .. t 

yal• of. the ethel'. a~ ldsh ,y•l•• of beth tbl Mnm•tu*. lJI a4dltlea the 
•,4 • •• .. ..I> ""' ... ~ l .. !.. t*. • .. '1 

aolectf.d latelllltlaa wete ala• w~lpDd oat fv tke two ••'- cl p&~atet• ·trhlc:k 
- .~ ,... A ,..... .. ~ 0 ~ • ' .. ..... 0 

&l'e cl•o to tb.ue ehtalae4 'by Malhotra ( 1,?~) f4tt ~ate of lay la po.ttl'y 'Yls. ~ 
,.. .. -. \ • ..,.. 4- ;.• ... ,....: .. ,l .. ~...... .. • • • .. 

f~ ~~ = 3, •z = 1. 5 ;, • 1. ~ 4. ~~- •a _.1. 5 ~ .~z:e ala o.Jl•a Tab~ ~. Tlae 

.UP•" el the caneJ coneapoadlq ta the aet. cl. pal'&mete•• cauWend la 

T&"hlo Z u• aa abwa la I'll 3. The cwve la 1y.uunet»lcal, upt:lvely 

ak•• ~~ _. ,_ltl.vely ~k•_:we• accefdlq a• • 1 =·-a • •t > •2 of ~< •a · 
'J.1t.e· exce• tl k•t&Wla ot tke peak.daeaa lacl'eaae• 'lf\th the bu:na••la the 

Y&l• ~ tlt!lu tu • ._.the. pq.Nn•tt••· I'M the c u.!r'f'e• Wbb J.aaa tall' 
-

toWf.l'~• le~--••lt., aeleetloa lateulty la m•• fel' klJkeJr Y&l.lwsef p ( mlld 

selectl• ) thaa lf the 41.f~lhlltl6a. wen thly aOI'mal. Fflt tbtt c\ll'Vea wlth 

loaa tall towa..a, hlp .,.,e:rlt 1-eYe~•• l• ·the eaae. 
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.&'11.1 Bft& illtrl'h!tlPJS ~ U w let a = . • 21t.. • m...- 1 aad •1 t •a ~-:_, -~ 

•z = m1·• 1 ta ( 4.1.1) • the deulty lactlea of Peal'•ea'• Type I 4la • 
. ' ' ' ~ \., .: I • ~< \ 

ta-ll•a. , lt •e4ac .. te be• '4latrlbatiGII Wlta. •.-ltt ( Jleocl, g GJ'aybtn 

uttl Boe• , 1974 ) 

II ,0<. < 1' t •• 1.1.1) 

~ , . - ~ . . ~~ 

~e •nualea ~- lateulty d. •electloa e.ccdt!lagly ~ .... olJtalaed. 

' •tMetly ,... f ... 1. ~ ) •.• - ,_..,;, _______ .. : 

~~ _J*~·t·~~ ......... rr· , .... . . · · _ 
t ::: •! · - , · p l.. f 1 • P ~ - 10 ( ~~ + 1 .- mz )' _ -!. 

t 4.Ll.J-) 

.;.,A6:r.e I~ c· J'al ) , = Be t Pe-9 ) / B ( p.q )· aad Be ( p, q ) l• the lac ompleto 
.1. .,. ~ • - ;,. 

be6l fiii\Ctl• daflaedl ••· 
. ' ; ·. c p-1 . ,q,.l . 

Be ~ p.q.) = Sa • .C I·• ) • . .1C 

aa4 c la ~·P~t of *'~atlaa l'ela~ ,t., .P.• )y tlle. '~~tl,~ 

m -~ In ·1 c' x· 1' .. ( t.:.x )' a ' ) 
p = J tlx 

c B ( ml" dlz ) 

(,4.l.L3J 

',fhe ••Iectloa lateaaltlef f• dUferaat val•• of p for tbu 

41l•ts-lbu.tl• c•~"••JoatlblJ to a JWel\ aet fl. values of th.e twtt puametera .. 
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wlth pal'ameteJ>s n1 = m 1- 1 an~ n2 :: m 1 - 1 ~ Table z ). 

4. Z pjtazgnn1g Type jil ( TrilABltlOJ) :typa) Dlstzlbution 

U 'the charac tel' x has the fell owing density lane tloa 

J x _ fn+l} 3 
f ( x } = k ( 1 + - )11 e a ( 4. z. 1 ) M,o a 

where k- = C D ~ll~t M , 5 and· - a~ x <·m 
W' a.. e: I 11.+-f. -

then x ls alald to follow Pears on's ~pe lli dis trlbutlon. 
~: ; ,• )~~ 1 4 ,. • P 'v I ' 

l, 

-the ~ean and vart.a.nce of the dlsti-lbutloll are glven by 
,. l 

i"::d., 
' ,0, ·- ~ . a 
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'• 

s. 2 gamma Dlgt!tpu~. 

~J'(IIe 'We ha~ Q bldepencleat ·nudan obsenatlQJill ~·&• •.. •n 

eaeh dlcl~buted accor~ln- to tle ~mma 'PI'bbablllt; denelty lunc:t;f.qn. 

,, 0< X< tD 

. .. ,, . " ... ~. I I 



Tahl.e 6 ( a ) 

- Expected value of the r-th largest -standardized deviate ~ 
for beta distribution with parametric values m. • 2 a~ ·~ 
· ·· m2 • 2 upto sa~es o~ size n llli"'lO . 

---~--------~~------------~-~------~------~---------1" f D 2 3 4 5 6 T 8 9 10 

-~L~--~---~•~~~~~---~~~~~~--~---~~--~-~----~~-----~• 
1 : .. · o.575 · .-;. ~.862 1.041. 1.166 1.259 1.33~ 1.391 1.440 1.481 

2 • .. o.575 c,ooo o.s~ o.543 o.-; • • ro1 

3 • 

4 

5 

6 

7 

8 

' " 1 • 
' ' ' 't 
• • • 
' ' 

9 ' 1 

10 ' t .,. 

-o·.B62 .. o.326 o.ooo 0.227 

•1.041 -o.~ -<T.227 

.-1.166 -0.701 

•l'.ZCJ 

0.822 

0.391 

a.ooo 
·O";Y:J7 

0.822 

•l:e332 

0".53.1. 

-0-.174 

.. 0.174 

-0.531.. 

.0.919 

•1.391 

0.640 

<T,31.3 

o-.ooo 
-0~31.3 

-0.640 

•0 .• 999 

•1.440 

0.730 

o.•:r:s 
0.14 

-o.l41 

...0.428 

..a;730 

-1~'066 

.. 1~481 

---------~~--~-~-~--~~~--~~-~~-~--~~-~----~-~~-~~~--'\ ~ '\ ,. . ' ) 



Tabl& 6 ( b ) I I 

ExPected val~ of the r-tb largest standardized d,eviate ~ .n 
for beta distribution with parametric !alues '\ • 3 ani ~= 2._ 

upto samples of size n • 10 

\ 

-----------------------~----------------------------.. • n 2 3 4& 5 6 ? '8 9 10. 
e -.. ,.. ----- ~ ........ -- .... - ---------- .. ----------------- ........ _- -~ ---- ...... --- ~­. 

1 • 0.571 <r.S3J l.ool lwlll 1.192 1.255 1.306 1.348 1.383 
' . 

2 t i -0.~71 ~0.036 0.355 • 0.559 o-.704 o.al4 Ot90l. 0.972 1.031 

s ' ·0·875 -o.2S3 a.o48 0.269 0,430 ().!)54 o.654 0.736 
. t .. 

~ ; 

~ ' 
4 •1.073 •0.503 -0.173 o.054 0'.223 0,355 o.462 

' - - . 
5 1 • ~· 

-1.-21~ -.0.669 -0.343 •_O-al5 o.05a 0.194 
.t ' ~ 

,. 
'· .. .. ' . 

6 ' .. 
~ -1.324 -o.m .. or;480 •0.253 .. o.o79 ,_ . .. t . ~ 

1 
, 

• .. • .. -1.412 .o.905 -0.593 -o.,"37o 
' 

. 
" 

8 • . . - •1.484 -b.994 -·o.6es ,-, . 
"' 

.. • ~ 

9 • ,. - "' -1.545 -1.071 • < " .t . . .. 
io ' 

. 
-1.59.8 . . 

;, ~ 

t 
t 

..... ~ .. - - ... ----- .. ~- ..... -- .......... --- ... .- ...... -- .... - ... --- ....... -........... ----- ..... -.. -----
l . i r· if 

. 
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Table 6 ·( c: ) 

Expect~ value of the r•th s largest standardized 

deviate ~ ,n fo:r beta d1str11Dutton with par!lmetric 
values '\ • 2 aDd ~ • 3 upto saupling of size ll4.() 

I 

I ( 

I \ 

------------- --·--------------------------------------
' • $. Z' • 
t 2 3 4 s ' 8 9 10 ' --~ ... -·- ... _._..,. ____ --------------- ... -- ---~--- ----------- --·--

1 I 

• 
2 • • 
3 t .. 
4 ' .. 
'5 ' • • ' 

, ' 
7 • , 
• ·' ·, 
9 • • 
10 f 

f 

• 

0.571 

•CI.571 

··, 

tr.m 
o.o3\ 

...0.839 

!";\. 

1.CT3 

0.283 

-~~ 
-1-.0QI. 

1..215 

0.503 

-0.048 

. -0.559 

--1•111 

.... 324 1...412 lft484 1.5.4.') 1:;598 

0.669 o,.m 
' 

o;905 0,995 1 .• 011 

0~.173 0 .. 343 o:-•. Q) cr.-593 -o. •. 689 
' 

.. o;269 ~o .• ~ ~U5 o_.~3 0.-36$ .. 
•0.704 ..-o,430 -0:;223 . .,.o.,m7 o .• 079 

·1.192 -o;814 -e•554 .... 0,,355 .-0.~194 . 

-1.255 -o:.90l . ,o;,6~3 -0.-463 

•1.306 ! -0.972 ,.c. 735 

·1·348 ..-1.031 
"' ~ ... .,;; -1.383 

----------~---------------------~-----·~---------~--[- Jf 
. 
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' ' 
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kA~ol l 

•' .J. <\1 """ ··"'·• .• )"·,t·Jlq. ;r. 1·• ~ .......,_,_;.;;:;;:;.o.· 

hi• li 

Ft'-·JFe!atio•( ~~ 2.1.8 ) the .expectecl val• ef the r-th 
; ' 

( . 
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ro 
-----,___ al 

"' - ... . S 
a·l' 11-1 -,.."' k·l .z · 
':!: •·•a (...J..)P L- %" ~ £·E, • ~\J t•l 

.. 

'"-- ' <•:~) ! (1'.•1} l, . P• o P hi t ( l• o l '!' 
0 . 

,. 
I 

• ""' k • ~. dx 
It'.> 

~. 

·k·l « l ·-~ k-1 -s~:t. flt-ce Ci:. -~ e ~ JD.•'I • E ll•l' c · (•lf C ll . e 'a ~··p . 
l;=o l ~ 'P=* P lae l t 

00 

II AS ~- a•:t • I!' , I; ... , I 'P ' .. . k•l (~~)I fll:..ll,, Tik) • I "· • c. (-1) • -t. p> X ,J- 1n I ·' ..~- 1'+-f-1 t.. ' I"' X P•• , . ,.... "" - " ·-i'. >J.I• JJ~ ' i / •'· t .l' ' ~. ~ . . ·oo. i •• tl ao '•' 

• al · (- ' 
' ~ .... )! .t-·1) I ftk' •·' ~ :,.··~.,. t> t-t)P.'• •(•tP),. £~~C.., ... l) 

I I } I ,, 1, .tiD!-,• 

fl.m ·~.'S'tp<tl) JID J ,.k dx 
• t"-

., 
' - . r 1 , 

·~ 

w)lel'e •m C k.•tp•l) t. the c~Ae.,.afat P lathe.,,. .. ,. 
' . •( ' ' . ' \ 

- lt.i..t · 'Ml ·' -w+s>-1 
of 1.. .·;s• ~ .../ • - ... ,... b:..-- 0 t•·fk•l) '{l'+p·l) 

I =• l. • ' ' I : f \ tt 1 ( ~ 1 I J t 

al . . 1[1'7~ ... ._.. . . . .. I f-il) {~tp~l· •:, "-+k+l) , · 
.~,_,.,,)•vgr- 1 ,··4 i·.'·ii"•"~ f -ll_1...' • '•i):Jl· %: · \ ....... • G_ (\ I'+P-1) 

,, i· ,. · • • • c; " m ·· • <••> t (.r•l)! (k) pao ' P , , rn•q ptp) mtk+i· 
I ' 

~ t· , I ;I 
'I < .' 

'· 1 I,, 

( 1. J.4) 
.. ' 

· suatt••• t1u1 .... t•• of i'~ •• ; aad ~~. • ~ t ~~a. 1. 1 ) th• . ' 
~ u l ~ l J.• { ' .) 1 "" \ 

apieaatdfU ~ ... la 

1 r. ~ . ...... •. ~ ) -~· ' . ·•;• ....... f.· .,, ;(k•l)( .. +p•l) ' (:m+ktl) 
-J k - -· fa.-.) 1 t; -l} t ' ((ij IJ c , -1 r· .. 

# P=• mae (•+t) JJt.+kH. 

I ~' ' '()r.,.,t+J·l) ']... .!:;;. .: J 
m • - • \ 

' 

(a. a. a > 
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-., ___ ~·~ted· value~ c« tbe •~.luge~t sta,JiUiarctl.sed ctevla~ -'•.n 
....,. -~ ~· ....... ,..~... ~ ~ 

~· c·-.Put-s ( p})le T ) CGIII'eepaadlnl to the valu df k = 6 ubaa the 
.. .. • • .. ..... t . ~ • • • -.~-- ~ 

ta.ble ol. ezPeC~tt',;alwta tl. the 1'-th ucle••• ltattatlc COD;lp\lect by GaPta ~ 
... .. 

( 1960 ) upte aamplee of alae • = 10. I -....... -. 

U a. ebata~\IOJUI' a.· chaJ'actetr • f-ttow •Jl expQC-.tf.al dlmlbutloa. 

thea the ~obablllty ta.ctta·ta 

t(•) = ~. • ~~ • e > o .. a: ~ o 

The~ ~W n.ilaace· Qf ttl• pol}d.JatlO. a•• 

.Xo ~ l/e 

'!he ~£!malatlve cllatl'l'bt~.tlQJlluaqtlOA J: t·•.) (I glvea by . • 
?l 

5 e e-ex dll 
0 

1 , -ez • e 

eu 

( 5. 3.1 ) 

~ "L-t·e •ex ..i"-r·f·e -ex >'*"1 c e • -e• ) c1x 
6 

la~··~q by puts, 

a! '(eX )'(1-e -e·,··· (e -ex} I' -., D t e I/10 (e~·). 
" ~-I') I (.-•1) (, - ( • 81') 1 t (11.~) !(~·1) I 

0 
( ~) 



Table 7 

J:xpec:ted values of the :r-t.h largest standardized deviate ir b for standard 
gaDIDa distribution \:lth parameter k = 5 upto sample of size n= 10 

I 

-,~~~~~~~-~~~~~~~--~~~~~---~~~~-~-~--~~~---~~~~~~~~~ 

r • n · 2 3 4 5 6 7 B 9 1 10 
' 
• ·~ • !' 

-~-~-~~-~~-~--~-~----~~~~-~--~---~-~~----~~-~-~~~~-~ t 
I 

Oit866 ~.086 1.2>4 ,1.390 1.583 1.'600 . 1.685 1~760 1 ' . 0.550 4 " .. 
2 t · -cr.550= .. -0.089 . JJ.~ • .0".414 IJ.576 .. _o .. ?r» <r.622 0.'919 1.004 .. 

. 3 • . .. o.?ss q -o.369' . •0.105 ~ . .0.090 w0.244 .. 0.*372 0.481 0~~16 
• 

' 4 • . . . ~-0.924 . -o.-544 . -0.292 -0,116 o.oa1 . ,0.154 0.2,60 
• 

. t; • . ~ . •1.019 ~ ·0.666 .. .-0 .. 437 .. 0.2.63 ... 0.123 •0"t005 
t 

6 t •1.089 -.0.158 
' 

"!0.541 .0.376 •0.241 
7 f •l'a44 .o· .. a3l .0.624 .o.466 

' j 

8 t -1.189 ·-<>.89'0 -o.692 • 
9 ' -1.2'ZI •0.940 • 
lO' - -1.258 t 

' 
.. ---- _._ .. --- .. - .... -..... --........ --- ... - -·- .. - ..... - .... --- ---- ...... ,... ----- .. - ....... - .. -.. 
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(a-l')'l ~ I 

(X) .. ~ ....... 

• -~ + a. t . ..!1. s~ (o .-e. }*ti ( ~-- e ~es ) ... ,~1-·. u 
• e c.~~ -i> t • ' -o 

I 

~~·.s.,_, Ia thll m•-.•• we e~ 
I~ •• ·~ ~ ,. 

_j_ + • 1 t 1 ~ t • ~ n. • ,• • '• • • .0 • t ..!.... 
en• e (~t+l' )' e (a-+z) e a 

• .L -~ ..!.. 
e l=l' l 

( 5. 3. s ) 

l • 

~~wtltlltlaa the valae• of "•·•. i'0 ~ad •x lll nlattoa ( 3.a.l.Z ) 

we obtala 

- . 1 '•·• .. /... -0 

• 1· • 'E -
l:tl' l 

• ... 
J_ 'E 

'=r '· 
1, 

... 
' 

-

.. 

..!.. -o-' I<· 1/ ~-> 

~ 5. 3 •• ) 

'The tr..et la~tl••t 4evia~ la et&Jil&J"d tlevt..tloa ad t. b thlut W•P8*1•t ' ~ 

fl the ~·te• Q. .._~ 

'!'he val•• fiJf lJ, • 'f• sample• of •l•• upto a •10 wen work .. oat 
" . 

( 'l'&ble 8. ) •taa tM fablee Gf Gupta ( 1960 ) oa ori.es-ed 1tatbtle• fd 

pmma 4bttrlbutlea "WJ,th puamoteao lc = 1. 

I ..... ~ 



TaW.e 8 . 
/ 

Expected valu. of the ~th largest standardbed deviate ':r.n fcc 
e~nentlal dlstr!Dutan upto S&Jiples of size . n •10 

~----------------------~----------------------------• 
.. • • 2 3 4 . ~ 6 ' 8 9 10 ' . 
--~--~----------~---------------~-----~----~--------1 ~ ·r 0~ • 
2 ' .o.t>OO 

• 
3 •• 

• 
4 ' " 
' .. 

• 
' 

i 
... 

T • 
t 

8 ' t 
9 • •• 
1o ' • 

Q;833 

-cr.l66 
-o~-
·~ 

le083 
. 0.083 

~, •0'.426 

-o·.750 

• 

1*213· 1.450 

o•~3 p.eo. 

..o.a• ·•D.o50 

•0..550 ·•t).383 

-o~ --.a.t33 
-0.833 

J-~2 1'""718 ~.829 1.929 -. ' 

p.f$2 91.118 9·829 0.929 

- tl•092 ~.218 p.329 0.429 . 
... .,o • .240 .aO.U5 .. ' .. ~~004 .0.096 

. •.0..490 •o•365 ~ 11!".0.~ '·9.154 
·~ •,0,690 ~0'.565 -~~eA. .. -0.354 

' 

.. o.eli, -.-<r.732 •P.62i ~-.r,2l 

.o';S'ft; ~ -o.-n.4 -a-.6&4 

-o•889 .. o.188 . 
-0.900 

t , 

---- .... - .... ---- .......... - .. -- ..... - ......... .., .... - .... --- ._ .. -- ................. ~~·-fl- .. -- ... ._--- ... 
! 1f 



' The c!efl.tlty'fwa.ett• .. the obao~tl- ft~ top.O,Dl&\ ~~tl&n 
. - . . . '~~. 

!' 

W~ ltl& • la llOI'm&lly· df.lutbatod wlth StattO mUll Au wdt "'al'laace la 

1 
iC•> = --­

../ ·z, 
e:r:p L- - 1 11cg n )z :i 

X 

.i" i = • 1/ '$.·· 

,.z = • ( •• 1) 
X . . 

F ( ll' ) ls 

_ (log X )J ,_ 

L· a JP. 

f 5. 4. 1 ) 

c s. 4. a ) 

Aa exact aoltd\oa ol'thls lJ1teg:ra1 doee aet exla~ Y!ilk .• <iJle.-J;ef"Or.e~has 

to be llDl'IlOrically 1ate&soate4• Aac~lDJlt~ a comp"lte#' PJ'osramme waa ••a-.rn 
. . 

up aa4 I'UD oa the eamp\lter. H~vu, bee••• tl. the tnmcatl., $1 Upeuht!al • 

lepntlunlc aeriee. the ,aluea fbbt&b:ted we:re lasett..ue el'l"o=t. Hence~ the 
'· 



CHAPTI:.R "' 'l I 

-u.:ncT 0.1' biOI'( ··NOilMA.l.t'fY .Q.N ABSPoNSJ: TO 

U:~TION .IN LAl\GE POPULATIONS 
' " 

,. 

Jftil a al:vea baale. tlfJI aelectlca 11
., ad- pl'&potttlOil p, ill. the ,pep.u.latlOA 

.. - ... ~ .,. . . . 

......... we d•bte .th..e p~~dle~.t J'etaPG.l!W .. by 40 waea the J:Ja•la t:4 eeieetloa l• 
. ' _,' . . <- ....... . """ ... . . .,.. ~""~· .\ ~ 

• •••UIIlecl to .feU-.. l)o~a14S..~tbutlcm au by ..6.a whea lt follewa the ke.tual ... 

dta U'lhutloa. Sym'bottcall y • 

AG'' • l !tat •o 
* • 80 ' $I 

1 Itax "'a 

'( 6.1.1) 
• t 6.1. z ) 

* . . 
~~-· l aad I d•••• .. eapectlvely tbe lllteulty ef aeleotha cawoap..a~a 

to thta ~op~tlea p aayefl t-,mn a a~mal po~tlea and that f•.-n the actual 
~._. ... ' • l 

poP,I~ tlcm. 

' ... 

Tk• p&"eJtOrtleaate db<:zrepaac:y. D lathe pzoedlcted J'eap.oa~e to eelectlOD 

ea the aaaumptlo.a of.Jlcmi\allty tJelatlve to that 'b&1ed Cll act•l dlatl'lbatlea wt.U 

ti.fnf~· be slvoa by 

D II 

lia• 

7 -~ • ulag ( 6 •. 1.1 } a!¥f ( 6 •. 1 •. 2 ) 

a ( • , ... 1 ~ ••v ·( 6.1. s ) 

Whea R (·•··J>·l,. the pop~•• '-. o•tr,eatlmated : ifhealt la 1••• 
thaa '1', the pr.;pc1'8 la -Ue1tbnaf'Aad a .. , ,_,1\eJl • ( tlr ) • 1, "the PI'OJI'ell 

J>emalM uaaftecte<i. 

FOJ' af.mpllclty a.t alfOI'mlty 1!1 dl.acn.,,t.._ ol. ~••alta fo,. lal"J• aad 

•mall petpalatloaa. laltead of aeaeral Type ' ... Type m c!t..t.rlbutlou dleb 
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4Q!vatlvea m .• befit. ga~, ex~eatl&l .• aDd lcgu~l·we" c:du~~en4. 
. '~---- .. . ~ ... -

'thla weuh\not affect the genetal c<)ncluslous 4••· 
' I 

6. 2 DlaCJ!'Ji!Hl9V tg B!,BR~·~ to §electlea 
.... ~ .. ··-·-·.. . ·~ 

"­
Table 9 stv~'el·tbe'PB•cemage duql'e~y ltl Jresponoe ~ets~leC~ 

nlatlve todllfel'e!lt llOQ-DCl'm.&l d\a.Ulbutlo.U·. ,_e ~n.meult.: \!&lues e~A .. 
. . ... .,, . . 

dolled fftl> beta-aJ341aTrtJnE·dlaUlbutt.CUJ' co$~ eJitbe' nnge of va~hea lbc • 
~ ' . 

j ~ 

by twG ~am.eters ~.. sn1 &D.d :ma , the aa•tu:te tl. the c~ depend a OJt the 
. . . .. ~ .. ~ ...... : ... -.. . . ~ . '' 

. ~pittde aDA :relatlcmahlp 'be tweeD the two pa,..meto.•· 'the curvo t. •ymmetrlcal, 

neaatl-,ely ekewed. ,-, ~ltlY.~l¥ sluttwell accord~& aa ( l) mt = ma (~) m1 "/ ma . . . . .. ..~ 

' W1-th the ~aoe&Go ID the va11Je of the elthel' tao o» both the pa.J'ametel'•· 'thus,· 
~ 

we eonaldeJ' the -.;; behavloUJ' .of response to eelectlODl• th~ tlu'6e altuatlou 

aetaloately, 

~ qase C l) 
I 

'fhe J'Npoue to aelectl.t.al l& ovuee~ted. t0 the same eXtent fol' 

ellb'emely heavy am e.z~ely low cnlllDS". 70'1 vait1ea r4 p RDglag I~Olb 

o. 2 to. o.s, the P.os~en ·t• ubddeetbated to~ loWvaal.u.es fl the panmetu~ 

aD4 bVel'e&tbnatecS f.s)' hlgb ·val&es~ P'Q low~-~~ ~ bo1h. zn~ a21d ··~ th~ 

uadeiestlmat'ton teachea lte ma•lmnm fl· of 5 pe•ceat at p a 0• 5 and deca-eases 
j f' .! ~. I• 1 "- ,: l : 

a, lb.e .valae of ·p cievt·ate•·lJ.am o. 5 011 elthe• sl4e. .QD the ~er hand ,. t.-
. .. • t

1 1 



Table 9 
P ~rcentage di.scr~ancy in response to selection relative tO different 

mn-rornallarge pOpulations 

---------------~-- ------ -·-- ------------------------ _,_- ----- ::__ Prop- · - - ----------~-- ---------p-eYo-e:nta:"ge discrepancy relative to · 
1 

. 

ort- " , · · --·r 
ion Beta I Gamna '\' .. \ f II 

sale- . . ' G 1 t Exp.O.nential 1 Ilognorr.al 
cted, ml=2, tn.J..=48 tn.I.=3 ~=2 IDJ.=2 IllJ.=5• 5 t k=5 l --:;_ ;· k=l6 1A9 t ' p ~==2 ~=48 m2=a =3 m2~9 ~=2.5 t 1 

2 _______ \.. ____ .,.. ___ I I -- -.-------- ... .,_. ....... - --- .... -- ... - .. -- -- ...... -- .... -- ... -- ... ,_,-- ... -- ..... - ..... . 
o.1 5.55 o.66 ,14.20 -3.76 -18.29 l8.47 ...:&:t.&W, -e.l8. ..BR9G -e5.80 -20.59 

0.2 -o.r!l 0.50 ~ 5.95 34.£E -5.5~ -11.29 9.95 ...ai.ca ~~05 "-5aV6 -13.00 9.56 

.... o.B 9-5.10 o.Zl 1.40 22.51 -6.65 -4.90 4.95 - 4.71 -5.28 -2.16 - 5.74 19.48. 

o.4· -4.43 0.16 -1.56 14.52 I -4..92 o.o5 l.5l -1. 29 ..J..l7 -1.00 5.~~ 56.04 

o.s -4.85 - 0.25 -5.57 7.79 -3.57 7.71 -1.55 2.88 0.93 0.40 15.15 55.45 
... 

·0.6 -4.45 o.16 -4.92 o.o5 -1.56 14. 52 -5.91 6.96 5.19 1.'14 26.01 69.45 

0.7 -o.lo 0.27 -5.65 -4.90 1.40 22. 51 -5.86 ll.65 5.55 2.84 59.13 
I 

91.65 

o.a -o.rfl o.oo -5.52 -ll.29 5.93 54.68 -7.52 17.65 8.59 4.17 5'6.92 118.72 

0.9 5.55 o.oo -5.76 -l8.29 14.20 48.09 -6.71 25.95 12.18 5.&1 85.71 145.74 

-----------------------------------------------~---~------------
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hl&h -.atua 'd. b.a~ -~ .,ta,4J;.Detel"a. tb$ OV4Ute•tlmatlon bao•o••e• •• the vah4B 
•• • \.. , t • ' . ' 

W-Jl_ ~~l&teJ ~o.a:t A-.~ ~ ~lthc• sldl!f.. Fu.Wthq_. the-:CWe•e•~tt'a ._aev:e' 
~~ .. - •. .. .. t• 1< ~~ ' • ~ 

excee~• ~percent. bnply{t).g 1!leweby tNa.t.f~ hlg~ aad equal ~1.•• fl. th~ 
\ J ,... Jl Jl '• t rt 'i I • • • • .,. .. 

pPtJXlete;-e the ao~ma1 dlat»lblltlon la qtd.ts wobUit• Howevel'. 101 low ~uee 
.. t. n .... . .. .. . . . " 

' . 
,of tile pa:n.metel'•. the aOI'zn.al appt ~tl<sa 'to the beta dlstJ'l'bu.tlQP ·hold• 

-,-""~ "' ,... .. '" 

-l~~rf.a:~~l'atelyheavycW.llag ( p Q·o.a) uf~modezato1y·l• 
.. ""' .-... ~ 

c,aso ,( tL ). 
I Yr: '""', 

The &-e•~e la ov'~~tstb:nated fcio tat•••• eelectla~t -.ad tuMte!to~tlma~d 
- "''' ~ .... ~J • 

~ ) I • 

fol' mUd aelectlba. 1h• oveateat\m,atl:aJa !u ·lo" v•.'-• of p b ~oPGttlo.,ately 
.... • .. - ... - - ··' ..... .. .. - .,.r, .. •• ..: ' 

~· thaa utldepatbne.ttt. fo• hlsi vatue,. ·'<71 .p. ~·~· f;h~ dtJ~ca-epaacy ln 
•1 ~ ·"' ... •• -. ,_,: ... ·~ • ~ .. • •!" 1. t -

I I 

n•poa,e to aet.ctloa i.C•ea•e• '*"th 1he tnc~:-. Ja the tJe&fcedaea·a • J'a the 
• i' .... !.. • 1 .. i 

hl.hly ~&ked cqnea l. e.. whelt. rn1 = .49: ~ i tnl = a. the P,..••• ls 
'•' ... I ~ 

&Wetettfplated by u much a:l 50 perceJltfu-.ha.,v·c~~s and ~e:reetlmated 
., ..... , ~ \.... "' l "•l ~ 

by aa m*b ae aa p~eatfel' loW'·culUq:. ... H-()we~••.• IOJ" -'•tl~ which aJ'o 
., .. 

m-.e!Qtely .~be ._OJate*e4 ·~.a pra~tf.Ce (·t ••• • lQlfva~• t4 b'~ the PUa ... 
• • • " 1 ' , 

metea-a) the dlKHpllncy l• uelag nQftnal dktrlbutt.n laate&d of ac:taa.ld.lab'lblltlon 
,, 

t L 

la aoaUgtblo fe h\tetrJ:n .. tate val\lea oi p. 

I J I ., 

Sbu:e the ealy tllfieJ'eace la thlt altuathe J..-1 ~ ~.,.l,Q,.. ae La la 
' ~ ~;~ • t I I 

l" : 

HSpQct of dVectloa of ak..,..eaa which l1' a the·•laht lns~~ of 'bet;aa to tho 
• /1 

··' , ·i ~.. r -· 

, ~t., f:b:e ·~·~ttJ wlth J'eapect to O'f'ea'eat(lnatlOil cu:v:J 11,12d~tl,t,.tl~it~ 41 progte•• 
t I ~ 

, "" .-ctly the l'ev•••• •• la ca1e ( ll )• 
I' 



• 59"!' 

·--._.l._-i. J- ~at JB. gaptma.dlatrlbutl.m\, Q·~-ci\strlbU.\f,&ll.a .P~,~~ly 
1--- • .. .. • • ... '· 

"'-. 
•k.ewe4' l-.e., leo& .U to~a hlgh me:rlt. alld the 4eg•ee <4. eke~•• qd 

klQtesls dec»ease With the laei$1SQ lD the value tJf the pawametu. k ~ble lo J. 

Table to . 
.. 

C 6ESU!ule~ta bS ·ake'wlieJ'S aad k\\l'tOJist 
to• aamm-. dl.t~-tbutlea.IGZ 4\ffuetlt 

values of k ·· 

k 11. la .. 

1 a.aoo 6~aob 
! a.-894 l~.j·~. 
6• ~et6. t.o60 
u o~6o3· ••s•e 
16 o.Sbo o;37l 
21 o.436 o.M6 
49 0. 386 o.l.U 

~ peteellta;e d'tcl'tlpi.J:u::y,. 1fU1 thea-dote dee.eaae with the idcrea.se 
- . 

""" fa heavy cWllns and avvestlrnated f,_ mUd c~s- 'the U11clu61tlmatlon c!oee 

~om sy!nmetry and lla~ •• ( 1. e. , p • e.la.t It = l ). Ozt. the of;Jle~ haDtl~~ 
,... ,, 

the ov-eetlmatla:l d. P7ap'ee•ln each a •ltaad$1 Uilde~ mU4 culUq ~I.e. •· 

p = o .. 9 ab(l k = 1 ) can be aa much as 86 pe•cent ef the expected tmde• DOJ'mAl 

IQm.. 7Qf the IGftD. af dlft:tlbudcm \trhlch •• ob•lu.ed 'by 9..,1 and Mbaett 

( 1919 } l.e., •hen k ;: 49 • the maxltntlm u:adenetl.matl·on uadel' bateue 

aelectloll Le 01 the cmiel' ""Of 6 pucect 'flhel'e&l ll>.e <WOI'estlmatle 4ee• Dot j 
exceecl 6 p(SS'Ceat evqUJidel' veay ntUA eelectlcm. 'lhltiii, ff#lpae valuei Of k-



-
~_lllJclel'ate Cl~Slf~U ( o,a < p <'o,~e t. ~~ts.on ot tl:¥t ~ 

' . ' 

w the m~ diatl"lbut.f.o.u iD tlltl eu'CJatton o£ "'"'ouse to ee.t.eot~q · · . 
-, 

6.2,.5 \{OpWr J'a~ ~--- In th.iB caae tbs pl'Ofll'eSS U 
I ",,, • "' 

Wldaroo~te4 t:v a.bou._t 2J'p~ tor)ntfnae.ael.Qot.i.on ( p •o.l) and 
i f> If ' 

overestl!:nated 1:u a.e muoh a.til alJ.percent tol.' tdl.4 ~mlectf.on ( p c o.e ). 
Excf!> t vllen p u £n the neigllbour.tood of 0 .o and 0.4, 1 t !B ZJOt a.dv:i.ssble 

,, t-, 

tD u:;~ a the mrmal spp:ro.x.Ua tJ.on ali) the disa:re:pa:aqy to-r other -value of p 

1a too sez:t.ous to Sgoa~o. 

6.2.4 !9!Wi llh AA~.~ta~Dt 'be J:eeponse to tuaeotton m 
,, ~ ' . .. ........ . .- ~ ' .. "" . .., 

' 
using mnxal ~1z\.latt.on wllen ~~ lt Aa lopn~. !a alwat• ov~tilrated 

!, 

to:r: all v~cs ot p :>- o.a andt~ -~tiJattoa 1zUI~es ~th tna ·aec~e 
t ~~ ' • ....... ~ 

f.n the r.l.goul' oS ~~~~ For Ver'J m:U4 oeJ.egbiQn l*"j wtum P' ~J!J .& th'&-
. I 

overeatima~n 1.8 aa biSh aa JM per~t f)f tbaf. t~ log...t:D~ H~1 ~ f ... .. 

use of mZ'illll. app~tl.on.in. the c:aae o.f log-D;JrmJ, clt.etr1bl\1.,on.1a mt 

~nted fbr eJW ValUe at· P., 
\ 



CHAPl'SR - vtt 

-
""' lJJ'FECT OF NOH • NOl\~UTY ON U:SPOMSE TO 

SEJ.,J(; TION Dl SWALJ.; ·pQPV!w\TIONS 

I' 

~ 

Deaotbls the Pl'•dlc~~~ *'~•P~~· br .Da. 4csrri•~J-.a te the 
I ,, • • . • • • •• • f • 

aeleetl• of 1- ntata.acSt.g la4lvl.c;hall fr.n a ••pl• Of •lz• a. whe• the 

A a = '•Ia ~at "a ~ f 7.·1.1 J 1 {' 

A 

' 

~-a· •• (7.1.2) = 1 r/a a at fiG 

whea ~1.&. ..,:1 l ~/il , ~·~~ ~~·~ct\U'ly the ~- l_ty fl. aelectt• ~zoea~btg 
to aonna~ alld actta1 dbt:rlbll.tl_.. 1,1\e1e a:re to be eva.l,.ted aa \ 

,. 

"' 
'-.ta = fh,a + lz •. n + 'J.a + ·• • • • •· + l••• ). I~ 

' 1 

* whe~41J· ·~,a aad & ~~· dtJu;ttt·'l''elpectlvely.the .-1b l.e.~geat atandal'dlaed 

devt.te ~~ .fhe 'ltM'Jit&l aad actisal d~ttlbutloal. 

•' . 
'the ~·J'8l-tl•ate d~J"epaJ.tc.y• I.. bl the Pl'edlcted r•• poue to 

aetectt-. -en the aaavmt>tta or. nbl'iliahtr· :teJattve te tJJ.at baaed. GO acma.t 

dl.ltl'lb\t.tloa ~ thut:fo:re be g1ve:o by 

L = { .to - tJ.a• ) / lla* 
'• I 
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= .. 1 , -
t 7.1. 3 ) 

~~ 

~ whe~ ail~ ('• ) >· 1, the ~o1l"e1a la ove•eetlmatect : whea lt · 

' 
ll 1 .. 1 thao 1., the ~ope••: la PDcf ueetlmated aad w~n R.'#/D ·( * ,) =,. ...... ·.tlul· 

Fo1:reaa a'emam. unaffected. 

'rho dUfetoeat.•.U•:tJ"l.l:J,Itftoa• cepldve4. a" beta:, garmaa aad eapODentlal. 
. . 

'J.'he lop~l dbtzol1:utlou. could ~qt be b:x:lu4ed I• thla ltudy for the l'e&loxl 
. . 

meatloaed In 1ectlon 5. 4. 

• . ' 
Table ft alvea tl».e percentaae dl.acre~~&acy la l'elpOUe to aelectlon 

' 

relatlw ta twct'110D•D01'Dia1 ama.U populatlou of two •laea vl~ •• a = s. to. lD . . 
.. 

addltloa. .. the perceataae dlacMpancy c-nt.poadlna to Ja•ge popuJatt• else 
.. on...,. I 

fa= <XJ) l1 a.t.o Ia ihe tabl8,fe!lee whether a •ample t:4 1tse' a = ··10 eoulcl 

- be treated a• lai'JO· 'the pan.metl'te value• c.aa•ldel'~ £~ be~ dl•ta'lbu"on 
' . 

are thGife which cort'elpoad to the lt:#ml4 mOI'e ~ly t6 be eDCouatered In 

PJ"&ctlc:e. r 1J'he ,.:ornpal"t.. o.a >of pl'J'2D'la dlab'lbutlOD ..l.th npmal form baa beea 

made ftW -.ly oae valUe dt v•lue k ( • 5 ) •• the evalaatlCPS at f. lo'l .-.a:a 
hlpel' value• of k lnvolvea VGI'f heavy aJid au¢bersomecalcnil.atl01lf. 

7. 2.1 8,.1 '-'• )f4fl 4l•tZIJ&tf.DQ.. 'lt.e behaVlou of ••apcue to ••lectlon 

toao bets. dlatzotbu:ttctala ·tb,., thfte .::aaea l.e •• when \1· L) m1 = m 2,. f u > n; :> mz 

aad ( lll ) ml < m2 la cUJc ••eel 11olow. 
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Signature of the Chainnan of the 
Advisory Committee of .the student 
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I 

The ~ol.~"••• l1 Ulle:t'eatlm.ated fo:r aU val\tea el 'P ••d the 

~~ducl'~,..c;y; ~r·~~~ , •. the eample alJtf f,racnuee. 'the perceatace ' 
I ' • 

.... ~~ . 

fol" popnl&d..oss..oi ,..., i =·'t. 4 pe~tult whea a; c '10•1\d l~•s .tha~ 

6 ," ... ceat wh• ~ pepl,l&tl~ b latp. ,._, •' a~JftQ&ltlb ~allall, ~o ·t ) 
v14ea a s•tlaf~\cW &'Pp~bftat\ea f.u- ·eym~tato•l-'beta 4la~'butl0Jl· 

caae (,ll) 

• 

Sbace ~ •'-~· 

laa~ad of bebiJ ~a the 1~ 
' 1 ' 

culling L.e •• whoa a 

•e!acte4.- thct· peuea-&e l#daatlmatloa 
• ! • 1 

' 
a Uw::reuea. :&'or mllk to modente-

/ 
/ 

.,. -
t'ICJtA the earlt~t' aae o:aly \a tba.t the. loaa-tauJ 

" t-.fdtike rlaht. the •••mta ...... l'eS)ect to 

dlacrepaacy Ue exactly the l"8Y81'18 &4 lzl ca8e ( \l )• 

7.1. 2 Nom!) t•• aam~t;ta ·ct't!t!l){jttop... ·'!fte dl1capa~.y '~.Juea.a'' wlth 

.the lncl'eaae 1ft the •..mple al*e aad. ae··als(J.tth ·tt. tnc•ea.te ·"- tho devlatloa 

Gf p ff'cnt" o. & aa eldle•·•f4e. Tho ,_u-••• la un.de~testbnated fo'l' low 

valtwl of p &ud Oftl'aatlmated fo• b.lp valau ot p. Fu:l'thu. a earn]farllou 



---
aampl• o( •I*• JO c&ll be b'eated •• ha•l ceme flfotn a luge popalatloa 

"j t'-

P. ~a,•••labb_lt6.,. tlf .':':~ to o.4. ~· ~:oc~1Ja• -.,Au,.tlmatl.,.f~~ 
l~ ,...1•• fl. p· aa4 ·cwe'ieatbnattu fe~ hi;~ v•~•• of .. ,P .. ·~ •• •m~ 

• ~ • .,t i ~~. r ~ "' 

to lc•••· !'uthe~. the atactepaacy bu:~•P«t• •• •• ••mPl& ...... laC~••· 
. ' . . 

' \ ' 

H~y~nr, a •ample' of •t.• a= 10 <:aa be u-ea•d u ~~· fe7'tAe ~P••• .. . .. ... .. . .... 
t.l., comp~tt.na th• lltteallty oltelectf.oa. 

/ 

I 



CHAPTER. .. Vlll 

SUJO&ARY 

... 
Ve:ry :rarely, &-~allsed selection ~:espon~s a~-. w~th those 

expeci;«<. one of: the cilu~a eoulcS IJo t~ ase~~ity_,o~ 
crite~1on of selection whert in· effect· it follcritt a nob-norinal .dist:JJ., 

I ; 
~ ~ .. 

butiol'l: That quite a few quant1tat1w ua1ts nray depart fJ:om the . 
; t ,J . 

nor!Dal f~.m has ))Epen bo2:ne oUt by·. emplr:lpal studies made by ~rious 
~ . 

1nvest1gatozs·• l't is the purpose of this thesis to investigate the 
; 

effect of non.normali.ty on response t"o select1on w~n the criterion 

of selection ls assumed ·to ·be norlbally. dlst:rl~ed; pO:s: ftxed values 
I 

of ace.ur.aey of ael,ectiori ani genetic (stai:ldCU:d deviation this ~moblem, . . 
ho.vewr. amounts t·o at~ying the. s-elatlve magnitUde of intensity of 

selection, eorresPordlng tQ a .9i~n p;roportion of tnr:U.v.t.duals saved, 

on the- asstlmpt1on pf normality· vi~a-.vis actual disb:'1but1on. 

fS'om tile empb:~al studies, lt 1a seen t~t 'Pearson~n 
" Types 1 and HI provided ~d~quate nptesen\at !on to many types 

of data 1n the fie~d of aJlitoal husba~y and poultry. 1ll a few 

cases eXPOI1enttal ~.nd lognormal dist~1but1oJ\s also fitted well~ 

Accordingly. the· e$es$1o~ o.t selection intensity have been de~ived 

for Pea:r:son• s. Type J·diot~U>ution including its derivative 

namely beta dis'J;.:rlbution. Type UI along with its derived distl'J,.. 
I 

but ions. lUlmaly gamma, ch.i-square and exponential an:l for logn~mal 

distribution as appl!cabl, to b9th ,large and small populations• 

Using these express~ons the values of intensities of selection for l 
!j 

different proportions of pOpulation J:"etaihed were tabulated fo~ 1 

different sample sues'e 
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tor: ~l!leV~c ~-- cha:ractuWnti c._.,n aituatlans caa ,_ 
appJ:Odma\ed to naJIBl. dl.Ulbutlon f9J: lDQ4uably· ••vr ani lw 

~~ 
ot41lftgs w1tbout any 88Z'1ot.ta er~:a. ,.,.,.,the tt• ol ~ 

appl!cucitlat~D ,_ .,.,.aer»tld and la.-.1 dlablbut.s.int lt IM,· ....... 

WIJ'¥aoted •• tbe cllatftpalley tb .-..aponae ~ tol.K'lon f~ ~ 

all 'faluet of p • tbllt ~Son o.f iiiUV!.cl-.1• •*• is too 
a•loua t.o Ignore. 
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