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CHAPTER + ]
INTRGDUC TION

Staiistical gansticists are coicerned with methods for changlng the
gonetic specifications of plants snd animals to make thcm more useful te
man, This can be ughtwnd through iormulatieg ol efficlient breeding pro-
grammes oo sclentific lines and their plcmcntntloﬁ. Any programme of
breeding havolvu ¢ (1) the cholice of matiaz nyinm with reference to thc
putlcula! pcpuhtlun md @u )} the mlccﬁ.ea of lndivt.d mls to be n:ad ' u )
parents. The "h*"‘,' oi mating system dgmd--u_poa t!;a :goagﬁg ‘vgrhﬁm
Prosent la the populstien thu is to be ?mpgoveé!. If this variation is mostly
additive, aglocttm of pareats comblaed with random mating is to be prefered
but if the vasiation is mostly non -fadiﬁyo_ selection from among tWo pop-
ulatiens gne eich for either sex combined with thelr cross breeding would

bo adopted .

For a gtveu system d maghg ’ tha mtln tool the bo:eedor bas in

his coutro! o lmpravmg the pulomneu of stock is sélection. By selsction
is meant ' causing or permitting same kinds of individwals to produce more
offspring thin other kinds do ' ( Lush, 1948 ). It is the number raised and
@dod te the hveh@; population rathey than the numbsy horm which matters

. since these tt.ut a:ra horn but do not geta chagca to reproduce cannot affect
the compesition of future population. The primary effect of selection is

to change the gene frequencies increasing thereby the frequencies of gametes

carrying certain gens combinations. In other words, a proper selection
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Produces two phenotyplcally discernible effects, namvely {1 ) change in the
mean value of & Wﬁhﬂm by increasiag the frequensy of desizable genes
and hence genotypes and (11 ) shiftin th? c;w}gi?al rapge of cxpfenim
of tha_trait undgr sslection bv the mmmm of newr-genetic combiaation .
The cmga wdmad by ulocaen that chhﬂy lntereata  } hre?:u 1{ gbe
changg of pepulation mean which is knm as Teapanse to shhgﬁ: er
genetic galn_."éez ggaeraugn\ '_rhe genetie gain AG" . is the difference af
mean valug Wu the Joff:pﬂf‘ng’d’ the "f""?"ﬂ mum aad: }vhalg sa! the
perental gmcxtatlm before fche‘tqlo&{- ) 'rhc amount ei selection applied can
be expressed in terms e( :clgettm Lvmimity or the percentsga of pomaan
Pu;mlﬁed te np&oﬁi-m ugcuﬂ. The gnea}tk'un.f\n FReas ure of the hegnﬂtv of
geluetien actually practised iv the difference batween the average of those
gelected tobe parents { X, ) and the aversge o the whels pepulation { X, )
in which they were born. This supericrity of selected pazents l.e.,{ X,-X, )
is m;m:: as phenétypic sel«;ﬂ.w «qugenﬂa_l ( P.s.g. ) and the
standavdized selection differventlal, ( X, - X, ) / oy s called the
lnt@nl? d selection symbalised by 1 , ¢, being the phenstypic standard
deviation. | ‘

i

_ The zcncttc ;dvauce la eaﬂmamd frm the rhenotypic selection
dliurenthlby the Ianmvlng relation ( Falcomer, 1905 )

AG = B Ty - Ty ) (L1)
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selection ameng the paremtal g&m;}ti»a has actually beenmade. To be |
able to wﬂkt furﬂ;mg’ ahead ‘'we naed to know @c mmtt@a of 4, given '
the preporiion, Pp. of the population saved and the pheaotyplc standard |
deviation, wy , of the charicter. The expressienof 1 (In termn d ,
these parameters can be obtaimed {f the form of the frequency _éuutlsfuﬁon

of the chaxacter is known, The pheaétyp'ikz valaes of mehr!c character

are ugually uumd to’ be amny éhtrihmd. The ”!mpﬁm of pormale

'*'Q",.,_ e

ity seexs juﬂﬁad on the gxannd thnt the qmﬁpgi\y'a ehuacten sre
x«varx%ﬁlhy large number dﬁetm callsd polygénes, hiving mall and.
cumialative lfoct duk seperionyoted upes tiam tho eifects-of Aa-herisable
factors. ' Yor @ais dletribution, the latansity of solection, 1 , can be
determined by the rehg{an |

" ' -
i = “"5"’ . ‘*1;4 ?‘ |

-

_ whexe p is the propertion of pepulation beyend the pelatr of trumcatien
nné b is th- tmlaht ol the stmdaitd neemal ordinate carreapending to the
Broparties. P 'rhu relation hetween | n.ml P ginn s squatign {1 Q)
hnld: my wily tes Isrge sample, tmeng Which the seloction in to bq
radde . Whes solection is made out of & small awpher-of messured Indi~
vidualy, the mean deviatien of the selected group h & lttle leys and can
be found fyoen tables of deviations uf yasked dats of Fisher and Yames (1938).

89, the mvayl q;pca tar the bxeedor !c:r' brmpraving the tate of
Tesponse te seleciion Are ! ofie by increasing the accumicy of selection
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and the sthat by reluclag the projjeition selected and thereby tacresstiy
the litt:mtty*al nhctl.qm Since tn chse of mass ar tudividual {o!né&on
the accuracy of c‘axpct_i@' t‘.' the square -¥sot d‘ "tﬁdﬁhertﬁ.hmty f the )
charscter , thete is very llt;le éne cando tg li;crmc the accuracy d
seloction If the heritability is high. r@ ehu‘ro‘.c'tuf‘l wtﬂn{ls‘?"he:ltlb\mty
the agcmcyﬂat lc%.qﬂon?ﬂ be ealfmcod it Sn -fleeﬂo‘a‘fn}gﬂﬁeg to
idteidnl's own phr(ermance sppeereiate stmnton (s PAU o e phenceype
of l}: ancesters or progeny or caihi:ton:h: Sueh schemes of nelection 'h§ve
bc.e;nj:mﬁeud by !quh { 1947 ). » Wem ’(1%9 )» Osberze '(195? l‘,b;.
Jardine (1958 ), Le Boy {1958 ), Skjerveld and Qdegard (1959 ),
Young ( 1961 ) und Jaln'and Maraln (1974 ).

&bdm"h‘z the propertisu ulaciul seems at flyst :Ji‘ght tobe .ltutght
forward meaus of immlng the yespanse, but ﬁinota ’la oy lower Umit to the
wamber V& ut&u@g to be used Bs pArents. Feor example, breeding aah'l‘yq
catile for milk Production the ‘pﬁtaqum of females eul@é In any generation
cagnot be mefe. than emv.w dwlingy te thelr slow fate ln veproductien and
cwcqu{suﬂy invslving & higher replacement rate. Om the sther hmd‘ ‘the
ulocﬁen Snmalu can be made mare rigarm»lu veey few bulls are needed

foxr bresding purpeses.

Now the next question that arlses ls how far the ehnrvad: or
realised responses agree with thnse axpocted. Almast al) the selectiorn cxperiments

conducted specliically for the purpese have shown thas fhe genetic change
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which should be expected from the sélection practice s ot always rexlised

( Dickerson, 1951.1955\ M l_i‘llcmar. 1953 3. Clayton, Morris and Robcrug‘.‘,

1957). The discrepancy is gemerally lttﬂbuh;d to ane o move of the

following causes ( Lamr. 1958 ; Jaimand Gopalan , 9«1@)

(1) The crun'ien of sélection may not be Rormally dlntﬂbnhd

(4 mfferenthl vhbmty and tu:mity of pareats umlﬁng ln mqul
number of pr?gcny per sire ud dam _ftm{ly H

( {il ) Use of am-rebpt estimates J kmtlc prametexs ;

(iv) Use of ’q utlzm.ted from single populatien is nm'va%ﬁd i the
lntcnﬂlt'lu ..d. sslection 14 the two séxes are different ;

(v) Ne modification is lncerporated for the selection practised at
diffezent stages in calculating the expacud genetic gain 3 )

( v ) The geaaﬂc meodel used for the amlynu may uot be appropriate &

(vil ) Bltcrlmtlen of enyi&maat may oeeur elﬂmr ind ependently of
the sslection practised or because of it .

(vill)  The rec wryent mutatien may act in the direction oppesite to that
of aehcﬁon .

(ix) Reduction of uhctlea htcmity because of selection for many
traits at once is canmon ;

(x?} Antagonism between natural and ntiﬂelll selection ;

Not all the disturbing facters enumerated abave aye mutually
exclusive. In fact, they overlap each éther amd semetimes represent

different aspects of the same phenemenen. The intervention of ene or more
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of these factors produces a decresse in selection respense either directly

( reduction in effective heritability / sccutacy of selection ) ar by lewerlng
selection intensity. All these causes meed ficrough probing se that the
zm;gh used for predicting genstic gala s perfected. Itls mx purpose

of this thesis to lnytltinﬁe the effect of one of ft‘.ho d}ntutbhg-ggnpgs on
respense ta.yleg}lm. namely, tha ﬁfect of normality u:@gﬂg ﬁn in

effect the criterion of selection follows a non-normal dlstﬁ‘mﬂ@;.

— rm

The cxpwcuim iqx lateulty o!l ulocttm havc bun mrkod out
Ior a numbor ﬁ wonarml dhukbﬁm ud cempared with tht cerrespo- %2 )
(
nding expression for normal disteibutien for beth large and gmall populationa’



CHAPTER - II

me-w‘ OF MITERATURE

Foi smdtca ok wedlatim # u-pme ta. meam is. iz wswally
#.uumad tﬁat the mtxtc ‘character o2 chnwtox's uﬁﬂw amdmnaw *
mermal dlstriButions Emph'ical atwm. however, bave mm;g‘m ﬂm the
tniu may degut me &a namai‘lsrm Especiany in the fiald nd animul
hulhaad:y and poultry. it haa beea knm far aeuutlme pllt &nt ﬂxe vulcu

chancuu thtd tomilk yivk‘l am! egg prednctlm, donat follw thc aermal
-~ TS

hv. @auuqmtly &e predlem of n;mn to -electlm o thq assumption

ﬁ normality of thc cmracm may aat be jmtuled.

Altheugh quite a few reum!; workers, while dl{cual?z the
realised genstic gaig. vis -3 -vis that expected on the ummﬂptiouﬁd ncrmality,
hgve;-m@afueé thn g:qed .fo; mtqg the uleft}.en: lntemlty apprgpri&te to ‘
the mtarec! the diztribution (Lmh, 1948 ; Henderson, }9@3 : Burrows,
1972 ; Falcensr, .).975 s  Jain and Gopalan, 1976 ) but ptact;ctlly no
attempt l:ua been made to #erl.ve the expression oi selection tgpen,iw for
any continueus distribution .nthq than the nermal excepting that by Burrows
(1972 ) whoderived approximations for expacted pelection differentiala for
rormally ufd expenentially distributed tast sc ores as applicable to small
p?pukﬂm. chq?al st@tu. have, however, been made to study the
distributions of chfmwrs in the fleld of animal husbandry. These studies

show that Pearsenian system of curves ( 1895 ) provide good fit for most
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of the chazacters , whare the figymal isiribution fatls. A brief resume of ,

‘T\"““”M'

the same is tn mtjo;lqwt.

Qmaﬁaﬂve characters like sise of the: fmheads oz crabs
( Xapteyn , 1963 ) and aﬂatexht in pum( Qutunhury . thﬂth nd

& *3 B
Dickesy , 1976 ) have been ulc!nny z-w»e:md by lugnmi distrihution.

. szg and, Miso L1519 ) haye mpde o st o the vastitien ia

'muk y{'.u and fat contant of Ayyshize cows fresi the fecatds of Ayrihire's
Catﬂo Milk Rnuﬂn C oomittse fox the years 1908 azd 1909. The taves
tigatlon was ceafingd to those fecards of cows. which had beea 32 we oks

of mote bs milk. The frequency dlatributions uf milk yleld and fat content

of cows of the same age for each year of age fitted wore of 99!',‘"“ Type

L O, O and IV . Neymalcurves were aho'loun; fafi} soné of the dis- ,

tributiénn.

ot
LA T

Gewen ( 1920 ) ia s memcu' glvlng tho nmlq mm- im!ysh of
thn teeerdo ofa any herd ovarh mmbqr et yuu m xopartod Pearsounlan

Types I, If, III, IV and v fa mllk yle!d and huttqt fat.

| Techer (1928) mﬂw milk yleld dats of 4912 Ayrshire cews
having eemphte yoc m'é- aad algo havhgn secqnd calf withls 60 “wheks of |
pevl.o? eqlxing‘., H’ found thatage of cow fellowed: Ponryseniaa distiihution of
Type l‘t. Type v was fitted tw,,gzuk yleld for all ages. This was ndt &
good fit wvlnx te the hetexogenaity of material with yespect to age. Pesrsenian
Type iv were good flts for milk yleld for sach yesr of nge. '
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Om Prakash-sud Malisjan (1§59 ) have stufled frsquency distri-
butien of Tactatien yleld , Tactation length, age at first calving and calving
interval for different exder \qf lactaﬁujm in four i:saétpg Indisn herds ~
Red Sindhi and szﬁﬁm heh‘(ﬂ of Haa nr, Red $iXﬂhi of Bangémc _agd;
Tharpaxkay hexﬂ of Pastma. Amamg the 38 sets of data nhﬁl?d*:‘:“!fz were
fowd tobe Pearsenian Type I, twa to be Jeshaped ( exponontlal \)..

18 ta be Type IV, three tobs Type VI, tad esch of Type V and VIL
The remaining four m; found to be navmuily disteibuted.

i

Malhotra (1974 ) ouﬁigd the ét‘:wtbuﬁu: of scores of 1587
birds for rate of lay. The‘dl.ta c’kmf it@ the Reglonal P@’ult‘.fiv Farm,,
Bhe;pul‘far the laying ppriodf ‘d 1971 gad 1972. Seiectiun scores were
worked out for ezch bisd ualn;g ?ixrae different n}ethads of selection vis :.

{a.) selection on the.basis of an index with eptimum weights atiached to

the tnd&ﬁdaalﬁ perfarmance and its full-sib family avegages » (1) selection
on the hhuh ai an index w{thamimum *w;clgh’tn attached §s iy individual's
petfarmnw;s aa;s its half-sib family averages and ((: ) selection on the
basis of ax (ndex with eptimum weights atwched to (ndividual's performance,
full -gib family averages suid muwibiﬁiﬂhwﬁﬂidgés‘, Pedrdon Type I

‘was. found to.be the spprépriste distsibutlot'when the scures were based an
the methods (& )and (b ), whepeas for the sceres based on the methed (¢ ),
normal distpibution wan apprapriats, He found fiat there Is a tendency in

the distxibutlon of selaction scoves t5 tead tonormality when information en
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more than two scures are cdanbined.

The -tudtn clrrlcd ou? at the qututs of Agricultural Rauareh
smmm on the data ier the yesxs 1913-76 partalning tmw Reglonal
Poultry Fam, Bhopal nhemd that ulectlen scores of bh'ds, f@r nm a!

lay followed Pearsen 'I'YPG I distribution. Pearsom Type xv dlttﬂbutten

fitted well for the chtmmr ogg welght.

-

Frm the tmge&ng ﬁmdl&t en the nature of frequency distyibution
of selaction erttaru l,t lc seen that Paaneuhn Types I and III ptoﬂded
sdequats yepresentation te many types of dnta in animal husbandry and poultry.
Pﬁ:tm 'rypu IO, IV aud V have also fitted well {n some of thc euﬁu. The
expreulm of uhction lntonltty have been derived for Pearson Type I

imludlng its derlvatlvc namely beta dbt:lbnﬁan. Type HI aletig with its
d,ztvoél dutribnﬂm asmely gamma, chi-qurc and expenential and for
log normal distribution as applicable to both large and small papuhttm.



CHAPTER ~ IOI

INTENSITY OF SELECTION IN NORMAL POPULATYIONS

The expresslins for selectleon intesdsity-ds applicabla to bethk large
aid simall populaticas 'when the character under study ts distributed normally
aré given im this ¢hapter.

3.1.large m&tﬁm

5.1.1 Genersl distribution, 1et x dexsste the character ui which selectio

is based. Ffuﬂhet{ lot X5 be this mead n!tho enflye populitien of x and X,
the average of }h. selecied indlvidumls. mm( ity - i‘; Y is defined to be

the * ‘phmatypic’ "l,e'llucjﬁan‘ dlifevential ¢ (P.8.D. ) er ' gench’, The Wkges:
pheattyplc selecitoh dlffopential (¥ achleved thrdugh * thuncated selectlon ' L.
allvalues of x ¢, a ‘iv;n' peint of u‘vmizaiﬂé‘fﬁ; ave chesen. ix this case we
could speak of selacting & fri;tloh fpt vtfh the highestvalué of x, cmc"s
pandlng to 'p? thﬁu u a polnt 'c! ;nd’an s “évh}ch can be cu'c”‘uuu(

if the distelbution uf the pmotyplc values tn thc popalation is known. ‘If, for
tastance, £ (x)dx 1s the probability that the _phcnntyp;e o a rand om tadi-
vidum) lies within the range x, ;: +d x then, c, the polnt of truncation is

defined to he the solutiom of the equation

‘ P d}l{x)dx ( 3.1.1.1)
c w
and X, is obiained as ; & o
T, = -—o-jx!(x)dx (3.1.1.2)
P ¢

The phenotypic sslection dilferential which is the average super-
lority of the selected individuals over the meaa of the populatien is obtalned as|
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P
P.8.D. = %f(x-i‘;)‘f(x)ldx {3.LL3)
Slace, fo differest characters %ig;dmérhg distributions same
P may regult i.n.'qlifluoihi"uhﬁlomtl of P.8.D. it is necessary to lando:rd‘lu
P.8.D. by dividing by - Wy o the standard deviation of x. Thds:ﬁ-lwuxdbed

P.8.D. is taken as the measure of the intensity of selection, -1, 1.e.,

(x,-x,)
“ = P.ls‘D. L “"'-!"‘“"""'-u’ ( 3.1.‘1.4 )
Wx "x

where (X, - x ) s givenby (3.LL3)

3.1.2 Normaldistributien. {i the case of normal distribution the
frequency function is given by

£(x) = _.......L........:. ex p L—-
ﬂ'x y AR 2@

where ;o is the population mean apd vﬁ is the phenotyplc variance.

The propertion, P, of idividuwils retalned correspanding t¢ the
trudcalon palnt, ¢ ( Flgwie I ) is glvenby
7.2

[ — R
- (x-x_]
P aj-—-——}-—--cxp L - zo de
2 L /2 % er

Usiag '(3.1.1.3 ), the P.S5.D. can be written as |

1~ 1 = ("';o)z ~
P.8.D. = -5- L ‘ (x PXQ,OXP(- "y )‘dx_/
'x /zw c ZV* .

(3.L2.1)
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4

XO C XS

Fig.1 The individuals in the shaded area to the right of c,the

point of truncation are retained for furither breeding;
the ones to the left are culied. ; p
' ki
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In order to evaluate (3,1.2.1), we make the following transformation

(x-x,) (c -%,)
2V . =4, -éf—a dy , then
Oy Ox ’x
[« -]
o : -
P.8.D. = X jye v/ dy
2
[v4 4
- X 4/
P/ 2r
= X g
P

where 3 ls the ordinate at the cut-off polnt correaponding to the pro-
portion p which can be read directly from Table Il of Part II of Karl

Pearson's { 1931) tables.

>
The selection intensity, 1, is then given by ‘
P‘ .D. e .
‘ = S = i ( 30 10 z. 2 ) ’
Ty P

This s a well-known expression used for obtalning the intensity of
selection cogresponding tu a fyactlon, p, saved ( Kempthorna , 1957 3

Lerner, 1958 : Crow and Kimura , 1970, and Falcomer, 1975 ).

3.2 $Small Populatigns

3.2.1 QGeneral distributien, For small populations, the lntensity of sele-
ction obtained by ' truncation selection ! discussed earlier will be an gver-
estimate because of the discontinuity of the frequency distributien. The scheme

of selection in small populations consists essentially in ranking all the n
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individuals of the pepulation ln arder of thelr :Enagnitwe- and selecting the
desired simber of v individualiwith the highest scores. "fhe intensity of
selectlen ty /. corréspending to the selection of ¥ te@g;ragk"ing {ndi -
vidmls cat of n, la thus defined as tho"an‘:agu of the exmtd values d
the fixst » standardised largest deviates { (a phmt;;oltandard devi-
atloa walts ) . Symbolically,

' ‘I.ai"z *oo,o. ”‘r'n
ty/n = "" ‘ (3.2.1.1)

wheve -
(tp,n = o)

L o . »=1,2,3,... 0 (3.21.2)

Kem = E ( Zy,n ). tha expacted valuo of the ¥-th xargeat oxder statistic
in sample of size n, ;0 is the meay of the populatien and o, is the

standard deviation of x=.

In cage of ties , L.o., whesn twe rdividuals are adjuiged to be
equal, the average of the cn'plfcted values of these ghservaticna is taken =s
the expected vales for fkaaa chservaticas ( Fisher and Yates , 1938) .
Thus, ia small papulatians the problem reduces in effect of obtaining thc
expected values of “r:n" (= I.Z.A.,... ) lse., the expected valyss
of the largqsut , second largest, third largest etc., down to the x<h laxgest
order statistic ina sample of elze n. These can be calculated {f the
distribution f ( x ) of the phenotyplc values In the population is known .

Following the appreach glven by David (1970 J, the m obser-

\
vatiens X), X3, .... X, when arranged {n descending order of magnitue
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are denmd:u Xy o Xezy o oo x(n) . Let f_(x:) and ¥ (x) denote
the prebability dena}ity fwaction and cnmul‘tti:re_ dl?tr,ib}qﬁan function of the
character x.{ Further, lot F, (x) (7 =12,... n)dencte the cumulative
dluu'l'button. fanctioa o the t-th lugeu; ol;de? statistic, 'm)% the cumulative
distribution fuﬁctioa of the largest statistic is giveaby _; :
Fif{x) = Pn(K(l) cx )
= Pp{all x‘ <x) = [ F(x) __/ (3. 2.13)
The cumulative distribution .t'umtlon of the smallest statistic is
F,(x) = Pt(x(qlsx ) = 1~Pr(x(n)>x }
= 1-Pr{all X;=x)=l-/ 1-F(x)§_ 7"
| (3.2.1.4)
These are important special cases of the general resultfor F, (x)
F (x) = Pr(x(t)g_x)
= Pr/ atleast{a-ril) of the Xy's are
" less than or equal to x _7
) l%no:ﬂl (v ) Fiix) L1rtx) _?-n'i
(3.2.L5)
since the term in the summand is the binomial prebability that exactly
{ of xl v Xy 0e .x‘ are less than or equal to x. Froam the well+kmown
relation between binomial sums and incomplete beta fumction, (3.2,1,5 )can
written as
F(x) = Ip(x) (n-rtl,r) ¢3.2.1.6) v
where the function |
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.F(X)
tpg (20 = [ 7007 0t/ mgany
Lot £y (x) dericte, the m‘obabﬁ{ty dannity functlan of X(z) » then we
have from (3.2.1.5) Fx) -

d r-l
§ - ’ ——— lbt dt
‘tr(x) B(ﬂ“r*lor dx b( ( )

") L 1FR ,/ dr(x)
{3.2.L.7)

‘B(n-rtl,r)

/ Hence the mean or the expected value of the r-th largest srder

statistic la given by the equation ,
.o @ v 4 K
- nl — —r =}
By, p 3 = m——m— f*.{. F(*) .J [_1'?(2;)_,,/ flx)dx
(n-2) t {r-1) ¢
. EERENRNY

l

| Afte:r colving (° 3 2.1.8 Hoi‘ p,ﬁ . tha equcte&i value of tha\r*th
largest ﬁevlhte In !ﬂfiﬂax‘d deviation units 4. 9.4 *ﬁ Y gl.veu by (3.2 1.2 )
o chatned. Tha intonsty o selecton cortespading ta the seleotion.of +
top-ranking Indlviduals is then obisined by substituting tho values of 1, in
equation ( . 2 1. 2)\ )

3.2.2 }agmzldntﬂbgglog Without loss of generality, let us conslder
the. -pnﬁa‘rd normal populaﬁon ( mean zero and unit variance ) with frequency
function £-( x ) given by . '

\ e'xz/ 2
£(2) & weee
A | -/ 2w '
The expected value of the »«th largest observatien in a sample of
size n from s standard normal population will then be given by equation

( 3. zo L e ) ‘uﬂo ’
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oo

by m (ar e 7% 1 (2§ 7w e
(re)! (x-1)t
‘3'2-251)

where 2 ‘
-00 ) Co.

Aw

Since ln tho aumrd normal dintrlbuﬁon cué""‘t;;ﬁ = s the

*Hren
L
intensity of selection l,/,, given by ( 3,2.1.1} will be computed as

i plo‘ " p.a.n + esess + ur‘n
l’/l = i £

(3222)

/r An exact laluﬂon of the expresalon ( 3.2.2. 1) l- rather difficult | -
to cbtain. A number of attempts have beas made tocompuate the values of u, .'s
for different valuss of » apnd 21 by mumerlcal integration. A bylef resume of

the work of scme suthors (g discussed in what féllows.

Fisher and Yates ( 1938, Table XX ) published a two-decimal-place
table of the valuss of i, ,'s for samples of site n =2 (1) 50. Thelr values

ave corract except for four errars of & unis in the Iast place, due to roundlag.

Hastings, Mosteller, Tukey and Winser { 1947 ) computed the values
of py, n's upto five-decimal-plages for samples of size n =2 (1) 10. Their
values aye corrert except when n =10, where there aye errors of 1 to

7 wits {n the last place.

Godwin (1949 ) obteined move sccurste values of p, .'s for
samples of sirte 1 =2 (1) 10. He talmlated the values upto seven-decimal-
places.

- E.S. Pearson and Hartley (.1954 » Table 28 ) published a mble of

itg,n's to thres -decimal-places for m»2 (1) 20 and to two-decimal - places
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forum z31(1) 26 ( z.')’ Bﬂ t valusa for a=2311) o wn:e‘gm@i‘_h‘d fram
Godwin's table, those fof ~n =11 (1) 20 were fxeshly compntsd, while
those for 2> 20_ were taken from the table '.al,, F?h:e? and Yates. ?hofa
values aze correct except for thyee errors of a unit in the last place, due

S,

to zounding, , ‘ .

?Qq?nr ( 195!‘ Jused a am{;what @if{;renf aﬁprqéa‘ﬁ')&n’:élié .‘z‘nm‘t
of the n!orementlon;d ln(hoti ’ u;ho dapandcé,h:;uafy an mamcﬂcal integration
for the dmmlaaam oi tabalu val'uet, quorn used 'rlppatt"s (1925 )
able of expected nlu. of the tanga m datlvo thc expected valus o! ﬁm ‘
hrgut deviate which is oaeahlll of fho tlugc ln thc cage of ne@mﬂl distributien.
'rho expected vatnu of thc sac.d, ﬂxlxé, !puﬂh md fif¢h hrs'cu,dovute were
cemplmé uﬁha’ uc urll.a tdrmnllo whlch ro”hté towey devistes with the next
hlgher devhm- d different. namm slses. Bhn w§ Wil Bo making uge of

s tycunlat formula for ehhlntu! the qhnndardgtwcé"&evl‘uul‘ ly,n for
differeant a&-notmn‘dbulbuﬂm' ix a laterchaptar, "' the seg-up of the
same I terme of Py,n's h glven below & \

The expected vlhn.e of the Iadgest deviate fyom a sample of sise n

/(fran (3.2.1.8) 1a, -
| bip= B fx [rixy 7% (x)dx
which can be written as

b= | L) T sy ax-n (2 Sr (x) T 1w A0
' dx

n I ¢
TRT Mhed” Oy M

Therefore, the expected value of the second Iaygest member from a
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sample of alge a msy be obtained fremn the largest mambers of samples n
and (n-1), Le., -
e LY |
The :ecarngpn_(nrmh {or abfaining the M{m# largust deviates
can be found by the same device to be a

5
-
LRt PR .

%
po——

b= 5 L apgaac(ndleg, 7

l’*‘.‘ 8.3—- L ‘“Son"l‘(~a.3)"3oﬂ J

R AL TR Tt s PO

® 6 ¢ 5 6 68 6 4 8 ¢ ¢ F e ¥EY o s e 0o o 80 e
u!asmt

H n 8;""‘ L Fpal B} "u"*l ) l‘r-l n J (3.2, 3;.3 )

Itcan easlly be seen that the rocuraien fomdmh (3.2.2.3) hobls l J
n torms of -nﬁar&uod deviatss as well apd as.alsefor any genaral dis-.

......

&lbwm'. iu d “»

Po.u- %o
Sonpmasasaatu

"oﬁ =

Tx
. .

« 1o [an .. (n-r*!)v- - @) x 7 (w
ar(rel) r-l,n-l 2 -~1,n (3.2.2.8} )

LS aliy 1,81 fv’-’. o) BT (kya,m - %) i

W o

(!-l) x Tx
1 -~ -
R et L n lx “l. a*l {&‘r"l, ‘,“l A _/ ( 3.2.2. 4 »

(=-1)
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Federer comgu&tad thzoe-dé;iimu-puco values of tha three laxgest
pormal deviates for Uism]pwaf sice n = 41 (“l ) 200 and twosdecimal-place
values of the fourth largest normal deviste for n = 41 (1) 2002nd of e .
fifth largest ncz'_nga,ludavht? forn =41 (T) lqo Becauae of lose of accyrscy
with npeaud applteatien of the #ecutnncq };srmuh. soms of tb.o Eedergr.‘a
valuu are ln errqr by from 1to 3 wnlta in tho last pfa.ca«&‘;ha Tecurrence

formnh in the Ierm

b r
a——

l"t—l.n-l o q L (21 by, o + (2ot bets 7
(3.2.2.5)

aaﬁgeuted in tha paper u! Haxtey { 1961 ) 1: suppﬂw to the an¢ und bry
Federer in tba senge that Ms gives no eer&om accumulaﬁan of romﬂlng err.ots

PRrRs

Harter { 196) ) computed the valmn of By, ,,'a fm nmpiu of size
n=2(1) lcg {237} 250 {50 ) 400 using the expression(3.2.2.1)in s
slightly differvent way

@

NS B js‘ A.5'(x 771 T r () 7" Tegx) dx
o Riremvemerl el R A (x).7" " 4t=)

where
¥ {x) ==j£(x)\dx
The vafues h“buhted by Hayter axs eccurate to within a unit im
fifth - decimal - place.

Thus ftam the foregolng, itls scen that for gre;ste! accuracy and
for samples upts 40Q Irom normal distributions, the values tabulated by
Harxter { 1961 ) can be used In cemputing the selection intepaity ‘r/a e
correspunding to the selection of ¥ Individuals with the highest scores

out of n.
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y
2

A pemqen‘t“q:uut&m ﬂm a:mu la ulectlm swle- s that fgv what
value o na mn mwhtiaa chn b« ¢midnc& as laz'gel Aimcaﬁ.md
carler the selecthn tatenaly tn scall pepellans dbiatned by trvacetion
selscttn La-, by wslng t rolaclonaiip | =3/p w4l be an everartione,
the e vmim .Xaf tyggi}ng th- mmm Lod cam&ng izam » la:rgn pamhgim
would m{mly ckmmi uiaen tlwmtsnltwle d Mre;maﬁm thilt can ’be

telerated. Fav thls purpese, it seems yessonable ff Assume an overesti-
mﬁ&l d’ nhm 2 petctnt or Ius as negnslhlm W‘Ith this yudlttck. it
can be seen i;m Fable 1 w@tgh_gtm &u lng,&myﬂ aela:t;m zeg ssmples
o derens sses $a4 o sample of 100 o2 mote merured walt ca rested
as large. Evenfst s sampls  size 5Q, the ugcgagﬁ:gnatlm doas net excaed
-2 pfrce”ﬁt excopt {a ;xtramu!y hefw_y and }ztteg(nbly gght cullings L.e., for
valses p < 0.2 andfor- p > 0.8. Thus'When n Is abdve 50, the
ummpﬂw mz fe powlatlm is lﬁ{nm in oizé i aceurate far most purpotes
in eampuﬂag the 1ateutty d uhedm except in cases of extremely hewyv or
extramoly llgM culling.



Seloction intensities for differont values of p in samples
of different size for nermal distribution

“Proportion - Y -
solected, siu of sample o
P 5o lo0 L 2oe 25¢ 300 350 4oa )

— p— E . o o e Kt . ot — s o . e . o~ o oo et vt Wy, snnte oot it s phore
o.1 '1. 785 1. 730 1. 738 1.742 1.745 1. 746 1, 748 1. 749 1.755
0.2 1,372 1,38  L39% L3933 1394 1395 L396 L3I9%6 1399
0.3 1,139 L1499~  LiIs2 1154 1.155 1.156 1,156 1,156 1,159
o 4 €951  0.958  e.981  2.962 0.963  ©.963  o0.96¢ .94  e.966

“ 0.5 0786  0.7IZ  6.794 o795 &¥95 e.796 0.796 £.796 ©.798
006 0.634 a.539 n.bde a.641 ‘0. 642 ab42 o642 e.643 0. 644
0.7 0.488  @.49Z2  ©.494  ©0.495 495 - 5495  G.495 0,496 | -0.457
0.8 %343  0.346 w348 o. 348 . 349 2349 “a.349 - o0.349  o.349
0.9 189  c.l32 °.193 e. 194 v, 194 o. 194 a. 194 0. 194 2. 195




CHAPTER ~1V

INTENSITY OF SELECTION IN NON - NORMAL
LARGE PQPULATIONS

In this chapter following the approach 88 outlined in section 3.1.1,
v fl"g@:‘lve‘ gxpriautom_ f_gr i.ngcmlgy of lel‘.ec‘tion, i,~ when the qmtitattve
R:harggtei 'y m,‘d“ nelecﬁ;)n follows & continuous non-normal distribution,
The diffexent distributions considered ave the Peargon's Type I, beta,,

Pearson's Type 114 gamma. chi-rsquua exponential and lognozmax,

4,1 Pearson's I!R L { Eirst Main ng ) glgtrlbugg ’
When tha character undey consideration has the toncmtng probablltty

density function

. e m . M mmy e E =By . .
Mxfsy L1101 L1 g T8 (411)
' ‘ n n
. . 1 2
m+l ~nptl - 8 %2
where ~al<x<az. “1 E 4 ry and Yo T er— " . e
(agtap) * 2 Blay+lnytl)

then it is said to follow Pearson's Type 1 distribution.
The mean and variance of the distribution are given by ( Elderton and
J Ohn. on, 1969 )

mt (3,425)% (3y#1) (ng41)

(nytn,+2 )z (nytn,+3°)

The proportion of selected parents, p, corresponding to the truncation
point ¢ 1s a, |
- s X L X B2
p-—jvol.“al S L5 T ax

G
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- ngn, +1 1
y_ (a ta,) n
- o b2 jan" (1-8 ) 24z,
L ES7 WIS
sia.l . crax

and d
ayta, ® 2y tay

where 2 =
. n . n
5 1(1-2) 2d=

=

- g 2™l 1-5.) 2 dx -
- = L l-f - " J A}

B( nxi‘lg nz ”1)

v
s 1-1, (ntlo 1) ' €4-ké)

<

where lx( P ) By (p,q )/ B {r.q ) and B, ( p.q )ls the tncgmplete

beta function deﬂned as N
By (Peq ) = f:pl(l-x) ldx o
'rhe fuﬁc(:!oh g &8 cp@q )haa heen tabulated by Kapl Pearaon(1934)
for diffevent valués of x ='( -00(.01)1)s p=0.5¢0.5 yl.o (1) 509,
and q =(o.5¢o.5)n.o (1)50) with P2a.

The mean value of the grvoup selected i

a
-‘i,-jx[_‘lt‘;i‘_j [_l--a-z_/ 2 dx
C
aL. 1 nx nz a-'L
7 (xta;) *(a,~x) ay( altx) (a -x)
=-.-§j(x+a1)‘ — dxa% = 2 dx
C al‘ azz c "\
1. 8 ’z
By tn, ¢2 ta,tl 1
Y, (8y+83) 172 n #1 a yo(alf-az) =102 a
= 1 1 2 qét
anl anz 2 ( QB) d$ - 1 z . pl -3 1(1&5)
P 8 & a P &t 8y 4
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a8 =
- byttktngxs """"F"“ d d '1"&
Cogvo3) (2 #1) | “1“0. o3 i
- 2
P(mytmgt2 ) B(n t2,my+1) 1 %
("1“3)“1”‘) _ : e

Pw*azm £l Tglagrdemityee

3 R A

Kcnceo uﬂnx relation (3.1, 1.4 ) the sglection intensity is

' 1

J(nxﬂ)h,*nzﬂo)

L (1-p)- y(my t2.mytl) J (4.13)

?-J ( ' 14 " )
_ Usiag relatipn (4.1.3) the utedtlbn (ntdnslttaa far d!ﬂennt valuu
o P, weze worked out for diffeyent sets of po:umetau covering their entire

range & low values of both the parameters

& ahvalos of swe sad Low
value of the other and high vhlugs of bat} ﬁw paumtmc m additien fho
ulection tammlﬁnl mte alsd waﬂgad out for the wo sets of parameters -which
are close to those ehmnd by Malhom (‘ 1974 ) fax ra.te ei lay in poultry vis.,
lo? By =3, 8; =L5§ ; By = c4.5. Y =1.5 and are altso. given Table 2. The
shape of the vcnm‘; cmnpondl_ng to the sets of parameters cmugrcd in
Table 2 are s shewn in Fig 2. The curve ls symmetrical, a;gaﬁvcxy
skew 2 op p«lﬁwh} .lkewed accerding as n) =nmy , ul> B, or nl< By .

The excess of kurtosis of the pezkedness incresses with the Increase in the
value of sither éns or hoth the pavameteys. Feor the carves with long tall
towards low-merit, nlc&lon intensity is more for higher valuesof p { mild
selection ) than if the distribution weze truly normal. For the curves with

long Wil towards high-merit reverse is the cage,
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Sélactiqh lmsu&ths fiy t different values of 'p CeozRespd
Type 1 distribution

Supe s w0 @O s Ui it wuaip

Proportion .

ading to
different sots of values of the parameters g, and ny; of Pearson's

-«

it

% /

I

nel.;:tdmisl.:zal 6y =20y =1 -"1"{-“2‘2 li;z@;&.nzzl m=l,n,=48 n1=48.aza=48 :,z_ :: :, :;-:; : ’
o ol L6627  15%7 L8235  LiSe 2. ravg 1.7434 - 1.5524 L 4814
. e lLisSe 1 3214 L4815 Le393  L5TT9 L3956 1328 1.273)
"e3  Ligée 11429 12281  Te.94T5 L7187 .  L)s558 L1872 1. 1045
o.4  Lelos @982 . LelS7T ] -aB433 w9656  o.964Z  0.9376 9534
05 08385  8.8274 . o874 wTel oMoz T8  6.8205  o.8l03
.6 0.6737 a. 6771 N 0. 5541 - e. 6437 5 5623 o. 6428 a. 6719 o 6:!01
27 w5126 w5263 04898 . e.5223  cidobe  ed954 | w8238 ' a%ilb
.8 43512 n. 3703 o.33e3 o, 39’315 9.2598 @ 3489 ' ¢. 3703 0, 3784
©9  6I3T o202  olfel  ©.2387 e137 1937  a2ofs  o.2136

-

T
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L ——————————"—Ta
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(i) ng =2, ny=1

150

100 f
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50
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Value of x

Fig.2. Pearson’s type | distribution for
different parametric values
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(iii) ny=1, np=2

> 0
v 0O
c
o
b |
o
o
N ' =48, ny =1
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50F
ebr
O -+ 1 £ o 1 A 1
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Value of x
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x*‘l

. W B rem— -
4,1.1 Ifwe let = ‘1*‘2'”‘ m, and
By = mz- 1 in ( 4.1 l) tba dan-lty tnnctien of Pearson's Type I du-
tridatlon , it redmu te bems dlstyibution witn dmlty { Mood, ¢ Graybill

’ 51 l( 13 ’mz

,B(ml.‘mzj)-

N F(w)= . O<E<l [4&LL1)
'x‘he cxp:ualoa for lnmuy of ulectlon accardingly was obulnad
m-.euy fratn u. 1.3 )n O

-%'L*Gl’ll)-l;}‘(mil-l,‘mz)"_;/-‘
_ ‘ _ ¢ 4.L12)
_whard I, {pufl) = B, (Peg )/ B(Peq ) and B; (7,q)1s the incomplete
befa function defined, as
B, cp.q)= j 1y ax

and c le the -point of truncation rehted to P by the reht{on

-1
P oy 2 C o

pag - d x

B(mx‘mzy f

c

m,-1

= 1"' !c (~Zm1.,mz, ()401.103,
The selection intensities for different valuss of p for this

digtributlen corresponding to a glven set of valusg of the two parameters

m, aad m, can be gbtained from thatfex Pearson's Typs 1 distribution
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with parameters n; = m{- 1 and n, =m,~1 { Table 2 )

4.2
If the character x has the following density function
- {ntly,
£Qx7=k0(1+-§4— 2 e a (4.2.1}
Nl
where k, D+l and -~ag x <00

e_)\*l N+

then x ig #aid to follow Pearson's 'rype III dlst:lbution.

f
1 .'” ‘ !

The mean and varlance of the dlstribnﬂon are glven by

' P

0. .,,-.—o,d’

x
o2 a
!

The propartion {of selected individuals, p, corresponding

to the truncation peint, ¢ ,~ i3 connected by the relation

\

© (nt1)
p:kojflf-g-)ne. g~ Fax
C

iy

n+1 % ,
k e n +1
] - 2
n t )
8 ““atcy ¢

where (xta)=2,dx=da

+
a.ken 1‘”

) n_~y
= . y e dy .
+
1y° 1g

(n*l)la +tc)

on substituting (n +1)2 =ay, b =
5 JC

. 1 yye;.ydy

[ r‘cnn»

a

—mE



by’n‘,y
= I-S“.—-———.‘——— 4 -
J R*—;fl)
T 3 1le1lfusn) . ,4}4.3.2)\

h }
uJ’ﬁT.x

b e =
where ¥ 3 ———— and I(u,p )= J’ - dx L.
el - o [twn)

whleh la: hooa exumlvely tmbahm hy Poar-eu (1946 )tac dtifareat
values of w ag latazvals n( o.xmi pa-l{o.os )a(e. l)sqo.z) 50,
The mean of the selected hudividuals {s

-y

w . - -
k |
5, oe S (e 2 oty a/a g,
P ¢
K '
. .&f(zn)(u-—) e ntl) x/8y
P o ©
X 8 . ,
c2 fpe B/ g,
. P
2 n+l e o .
x, & : a
s . ;*le(nivlgn/aa‘ - a
P (@rc)

T wo- where (Rta)/azs, dx = adx

. myﬂ‘l'l oY _ 5
R - - dy -3

P ml-Z)

Y (ntl)(ate)

) on putting (R +1)8% =ay , -~ a‘ =b and
(rtl)
. dz = dy
=L -1 —2—  at1)ep 7
*../n*z

Hence, uslig velation ¢ 3.1.1.4 ) the selection intensity is
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‘ LS ' -
{ = Ltl-p)-w—w-'-’-—-.nn)\_/
— P ‘--/n"'x

( 4.'7..3 3
The lauumu a{ aclection were tabuht«l ( Table 3} for
dw.rmmm of pand n=4(1)5(8]) 20. Ixsdditlen, lntensitles
“wire dl5b worked onf fur i = 48, the value of the pasameter ok, fils
dtta-m\uﬁm whieh vu nbhxhna by Pcul and )nut ¢1919.) w“hna utdytng
/ the variatioa o lactatios yleid and faz contents of Asplize cows. rhe
nature of he cupves fof thres pezametric values i.e., n =5,15,48 is
.%wn{ m rig 3. B!.g«;e uu‘q;g curvas sre po_fmnfl’y gkewed {.e.,
long gn o tho-'curvl is tmrd high -merit, selection intensity is Qnan
for heavy culling and less for miMd evlling.

4.2.1 w.mm “Since this at-mhuuoa is a specialcase of
Purleu'n Typc 447 ﬂlltribuzlmwhara 3—’-‘—;’7‘-} = ¥ (nt+l)e= k. The
echnlu m nlecﬂm mmtty, i, wvhen tho character under consideration
follows 3 gamma dispritmilen will thevefore be

Y e

vy e
i = ---l. {r-p) -1 ¢
_/kn

Seale '
where ) is thc/\punmcur of tho distribution and p , the prepartion of

\

. k) 7/ 'u.z.x.x)

(ndividuals saved s related to the cut«off polnt, c , by
[ 2]
L K Ay k-l
p = f l‘vq Ky‘y
(k)

© o Bgkel

ds, where Ay = =
kk'r f

H

dy



Table 3

Intensities ignon&g»uﬁ&gﬁw’a of p and n for Pearson's .vaa I

distribution
Proportien - w—— T
il st n=8 T a=20 u= 48
o o i e o g o s i i G Sl St g, S S o e . . e . e e e g e
el , R.o54 2,829 = 1,96¢ L 932 1.92¢ L8566
o2 1542 1.529 L.Sed 1. 4% 1. 481 L 454
e.3) 1. 216 1215 1. 263 1. T8 1194 1185
9u A\ 978 e 978 0. 977 0. 977 .976 0. 976
Q. 5 \ . .m.; 0. 779 o, 187 0. 791 . Y92 0. 795
ob | 6ol o bo? 619 . o.624 0. 627 0. 633
okl \ o= 445 o. 451 ,am&m o. 471 o. 474 0. 483
.8 . 298 o. 303 . 3 0323 326 e. 336
o9 , a. 155 . 158 e.168 o.174 e.176 ¢. 184
- - —— - i y
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Fig.3. Pearson®s type MI distribution for different
parametric values
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. 1,m¢_2./..‘_~.44%-1) ¢ ¢.2.2.3)
- J (@/2)

and the ﬁmctiep I tu.p) is aa defined earlier,

The values of selection intensity for dlﬂermt propartions of
ué:vtmu retaised far thia dhtribution whlch ls & pirticulas case of
Pcaum’i Type M digextbiatlon tan be bbHiNUE frony Table 3 By aktng
m a8 (’x!M-l) .o * ‘

>~

N If the dculty iunctlm of chuacw: x has the fallawlag lem

[ ™ A

!(x)*“= - ) o Ox e X0 and ©>0
. Q.gtrhmlso : ’(4'31)
the character ll ulé te ioliav an vrpmnﬁn! diltﬂhuaﬁ with parameter ©.
The mean snd vartance of this distribution axe ( Mood o Graybill
snd Boes, 197¢)
£ - ife

O’i = l/ez

‘m We#aama the group chesen, P , carresponding to the
&mtﬁﬁ P&i c iﬂ ! ‘
f 9 e x dx

e ,,ac

Thus c = '« tll/’e)los,p 14.3.2%

The mean of the selectad tndividuals 1s
[s¢] .
- ex

15‘
. ¥ ) ®e
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The difference between the mean of the selected parents and

“the population average is

. 00 [Le]
poSuDQF;..;es ‘%‘L- §8 C-exxd!-»je ex dx __7
Coo - C
= Ly f.-exge.-..x) = _/
P c
. c 6"

U'in‘ “hﬂm /q 40 303 "‘&‘ we h‘“

) .g.-i' 3-01/6),@IQP
'rlun. the intensity d selection i3
b = - /[ (1/e) loggr / /(1/ 8}
z » leg P ¢4.3.3)
!t is a romarhblc fact that the intensity of seloctlon for the

umnthl éutrnmaon ts mdepmdont of theo parameter &

wr

m lntcnllty af ulectim can be obtllned altemtlvely from
&o cme-pmdlag axpunion for the Puum'l Type RI distribution noting
thatwhen m= O and {1/ a2 ) = ©  Pearson's Type I distribution

reduces to expenential distributien.

The uloettw intensities wers ccmpnmd for different vnlm
of p = o.ooxeo.oo'y wo.owo.m ) 0«10 ¢ 0,05 ) 0.93 ( Table 4 §o
' The curve is as shown i Fig. 4. The selsction intensity is more for
intense selection and less for higher values of p than if the digtribution

were $ruly nermal,
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Wb,cn th' loﬂrhhm: of ubarvusiom u‘e dlmﬂmud nozmnuy
tht chlracw x is uid to icllw a iegneﬂmi duuibuﬂnn. The denalty

fmetlon when leg x te norm‘ny diitributed with mean sero sad upit variance

e M
s glven by~ . ., Lo . : ) -
f(x) = A exp f-d f1ogaf 7. Ocxvo (4bl)
7 21 x ’ ' o
The mean d &i- alauﬂmﬁm‘ & o 12
% R R ? BT "
Xy 4 jx L — exp [ - 3 L {1052)? Fax
o J z' x» oy P ) -~
! s ﬁ‘n\‘gwnw ng ,!‘ﬁcgi:* P Y !&6
v nv‘“z bt ‘;;. e Vitge o0t -
o | e exp [ - -i- vol)i,,/dw )
|0 3 . ' v 1 Yy ;
! 3 ) 3 ‘;‘/a

The vifthmes of this ‘distiibulion, o2 o uiiT¥1y, can be' shown as
\‘_2- U ae‘t f') f

x
The bw o ton'of Mfﬂdmh dnd. P, lo 2elhted fo the
trunctﬁm poht. I by ‘

£ L o

: 4 §-mr esp/.m-x@lux) A &=
. a /2w x

® On taking log x 2 W

O

The average of the selected parents is
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X, = “EF exp/ - -L{flogxi _/dx

. » -éf «0'(x" "'5,' ) dw, en substituting logx = w
“11/2 ' S e
- - f -—% pwed): Taw
: Pl 3' O R P
Coe f\[/lq".(‘ - | -,':“”w‘ Ly oty
T .- f : SHRP '("r‘“"’é‘ '*z?dhbrhﬂng fwel)at
R T ’pbja:‘_'fr“ 2
foge-? .
S 7. R 2 _
= —!"" L. | h—;L. “p (' 1 % ,dt J
) 4 C g _/"2"“ K3
772 SN
T !;{' £ ““ﬁlﬂeie -17 -/
2 P
whete ¢ (x) = fF e =/ dx u thocmnuﬁve uormnl duummm

fanction Wbulated by Sheppard (1503 ) and vhleﬂh‘ttrp roproduced in Fisheyr

4
-t

and Yshl (1938& .

2t hagow

The tnmultyml uwdm » Lo is therefore

l«--s’-‘-!.:-.—m—l-ﬁ-—[,-!--p (loge =3) 7 $4idi3)
,’ SIS A (loga 1)/

L [

rabh 5 ghw selactita Tatensities for thlount vnluu a(
p= Q.01( Q.04 )o.os eo,os ) 0.95 while the mtnrt d m curve is
depicted ln Fig. S Slace thecurvo ls positively ikwed. fie selection J
sy, ¥

inteneity’ ln more fer lowor values of p and vice -nru ﬁun lf the distrihs
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CHAPTER - V

e _ INTENSITY OF SELECTION IN NON - NORMAL
S SMALL POPULATIONS

-nau chtpte: daai; with the dariv;aea of emespmdin? &p‘zuum
for nlac‘ﬁm intenllty., QS lei' different nm-nomal cﬁtlnnw duttjbuﬂem
as tgpnuble to sman popul‘tim T‘ho method ology adopted for thelr dertvation
{s as outlined earlioy {n sectien 3.2.1.

The gmcml-luqmy th d‘Pgane:ix ‘i"“yps "l 'md wpe 811
sre rathey dfficult to handle m as auch &eir aortv&dvn namely beta and

5.)3,w

gamml dlstwlbuﬂ.m tumuvcly were cansidered. =
.1 ja__Distribut

Suppose that we have & observations each d{stributed according to
the bef probabllity density functipn
. -1
= 1( 1- x) T2

1(x) = O<x<l, myy O ¢ 5411
_ chi.mz) »” < my s M3y e‘ )

- " The meas and variance ﬁ thg vopuhtlgn are

(mif my)

P

- = ‘ I’mi mz

. €{5.1.2)
(my+mp) (mytmy+l}

#

» - i

‘The cumulative diltrib.uttm function of & beta distributed random
variable Is
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X mz-l

xml‘l(lﬂ-x)\ -
— ) F(x)= dx

~ ° B(m,,mp)

~ ~

On repeated integration by parts, F {x ) can be exp‘refu,d_ as

mz-l m,tm, ~1-1{ {
F(xy= Z¢(m+m,-1 =1} 3 €1 ).
l=0 I !

The expected value of the r-th laggest statistic usiag relatlon (3.2.1,8) is

[

e g

e

n! j“ - m3~l miwmz-l-f
By % e |\ 1/ 2Y mytmyel, x .
R omoer)t -1t A t=2o “!I
{ Sa-r ,~ my -1 m +m,~1
(1-x) 7%7 14 58 mtmele
. i=0
: ml-l my -1
m; +m,~1-1 —x-1 * (1-x) dx
xl mz Ql-x)‘ J’ i
'Be'npmz)
, 1
= n! ) § x 1 (1--41:)m"‘”1
(n-r)t%(r—l)'ln(ml.mz}
""'ma‘l + ‘1“1 -~ - P
- L = mytm, -1 w17 ™2 (I.-xt')‘_/a ¥
i=zo i
~ 2"l my- 1 + m,-1-1
Lz T le (1P ¢z ™itm-le 1702
p=o » i=o0 t
i
(1ex) P 7 '
!
a!l m -1
= , - S‘ x ! (I'X)ma
(n-z)yt{z-1)! B(m,m;) b



P

.

e g =} 1, : -l
= L z ¥ ( l)’ Vi 2’: mytmy -1
ya o =g ) |
i
= (L-x) (} d=
7 -

Now wsiag meltincmis) expansien _(Mod. Graybill and Boss , 1974 .. 531 )
the expresstien (n the paventhesis can be written as

- Mgl my dmz «1 -1 'R X
L 2 my g ol lt (1-=) 7 °
ine {
m [ | . m"ml“.‘
; ~~ - (S S
a{nns#p?.uz;‘ oo Ln"mz lﬁ‘ (l"J

IER ap ptyp
i=o

w(nextp)!

:ﬁ‘. ' s ¢

leo

where the summation extends over all pessible cambinations of non-negative

mm‘ -ﬂ‘ .‘. ﬂa' saseansse .ﬂz‘l auch that .3"‘""""m3-1'

DY etp, Pe.n. can be written a9

-1

" o — sl N j'ml‘l",ml
TR (mex)t(wel)t B (my,my)

mael

z + -1
Tl g (=3P (n-rt )sz"ww'" Lmemptle,

z e - B~y tp

°9

14 “3el
.ml 2 (g..)‘]‘l]dx
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ey i) /(mytm,t) /~ . m el >
Mt e [ z e 1
- fmym, (n-2)! (r-1)!Bfmj,m;) p=o ‘h:\
(n-r+p) § = ["‘"l*mz'lc oj B0 rienns [ Pty c’n;""'l‘]“mzol
Zni"‘-'. n"’:‘}"? v \ v . . . t a
- mpel. mg-l . my
N izo iz . ’ i::o , ‘my
a mg-t. T T
Trng t
i=zo ( ( 5.1: 4 )

a8 [
¥ v

'rhe axpected value'of the »-th-standardized laxgeat daviate from
a gample of size n l.e*.«. S has baen ubulatea fox ﬂzwee sets of parametzlc
values which are lkely to be encountered in practical altuatiana vis, o my o 2,

. Iag 32; my = 3e ﬂl} ‘13‘; . lszn m353‘rab1° 6‘5) (b)tf'-’) )‘

® L
Yy

5.2 Gamma D!g gibuggp. _
Suppoae we have n indepandent nadan observations XieXas.. Xy
each dtatxibuted aceoz,dlng to the gamma probability density functian

E Ve -3 k"l .
flx) 8 ————m ,  O<x<® {5 ,2:1)
. [tx) -
Fouava , A } {
The mean and variance of the distribution ave
':‘E'é =k
0'2 a k

=

The cumnlativg distzibution function F(x) is:



‘ Table 6 { a )
- Expected value of the reth largest standardized deviate i:'?

for beta distribution with parametric values 5_:- 2 and
' m, = 2 upto samples of size n =10

r ¢, 2 3 4 5 6 7 8 9 10
T T T o Sowa | 1ed | L | Lome | L.am | Lewt | teaa0 | Leda
2 ! =0¢575 0,000 0.326 0.543 0+701 0.822 , 04919 0.999 %4067
3 «0e862  =0.326 0,000 0.227 06397 0.531 04640 0.730
4 «1.,04 =0s543  =0,227 0,000 0.174 0,413 04428
5 ! «1.66  -0,701 «0%397 «0174 0,000 o.l14
6 1 «1e259 0.822 «0,53  «0,313 «0.lal
7 3 «1.332 «03919  =0,640 «0.428
s . «1e391  =0,999  «03730
9 4 ©led440  «15066
10 s w1481

{
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Table 6 { b ) y i
Expected valus Of the I=th largest standardized deviate & . \
for beta distribution with parametric walues m=3 and By 2

upto samples of size n =10 ‘ /

nun—-n—-.—ﬁﬂ——ﬂ—“-““h---—- AR Saue W Gn MG U MEe DER el W BEG WD G SN ARNS W R Wt GeS Gk S s s Sk

* fn 2 3 4 5 6 7 8 9 10.

---f-----’--—-.--u------------------—-—----——---»----—-——--—-—-—-—-—
1 0.571 0.839 1,001 14111 1.192 10255 1.306 1,348  1.383
2 ! ' =057 -0.036 04355 0.550 02704 04814 0901 0.972 1,03
s ! ) ~0.875  =0.283 04048 04269 0,430 0u554 04654  0.736
4 ) _ ) «1 4073 0,503 =0e173 0,054 0,223 0,355 0,462
5 ! . “1,215  «0.669  =04343 «0,115 0,058 20;194
6 ! » . “1.324  =0.799 «03480  «0,253 0,079
7 ! - .o «1.,412 «0,905  =0,593 «04370
8 . .o "o *1e484 w994 <0.688
9 | - T ~1.545 1,071
io ! o -1.598

?

‘_‘--—ﬁ-‘-*-‘u——-h--"-—--——-.‘—h--.ﬁ*nﬁ-—hu“--‘o_-———-ﬂnu-—--



Table 6 { ¢ ) / \

Expected value of the r=-th s largest standardized
deviate ir.a for beta distribution with parametric
values m = 2 and B, = 3 upto sampling of size nsdlO

et . o W IS e o TP Bad Wk O W DG GE M W) TR ED Wep SIS TS SR SR B VS PN Wt IRG DRP NN WP PR S S0 WS it uee PP TUR B WES v B U e JNN WS A Wi W WE W

wle306 . =0,972 #0,735
=1.348 »1.031
ol »1,383

™)
o

T 1B, 3 4 5 6 7 8 9 10
--rsﬂp;n,‘—'ﬂ.ﬁ$-~’.-”n‘hnh—-—u-vﬁ’ﬁﬁ&n -nmi:*—-.-n—---.n—-a-——l-——
1 : - 0.571 0.875 1,073 1.25 1.324 10412 'v484 1,545 1598
2 ! =057 0.0% 0,283 0.503 0.669 04799 03905 0,995 1,071
3 ; «0.839 _#0e3RS =0,048 0el73 04343 0479 . 0,593 0689
4 ! “1e00 - =0.559 = =0:269  ~0.054 03115 0,253 0,368
5 ! ~1olll “0,704 = =0,430 02223 0,057 0,079
6 : . "1 0192 . -0;814 ‘0;554 90,%5 90_g194~
T =l ,255 0901 K #0,653 «0,463
a 4

L
9 *
4
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§‘ Q-x‘ k-l
¥ {f! ) 2 —p—— dﬂ -
- o Im
- ‘To'evaluate ¥ {x )5 consider Taylor's formula ﬁftﬁ;ﬁ;ﬁznl
reminder;,, .
a)f o)t ut’ (o)t 2o £ ()bnnny b B ¥ ot f{“‘(ix ) ax
()£ £(e) 49) Tl Cé).... W () ---— ) <)

Gn putting £ (=) sc ..wegat
k'tl )
e¥a ¥ --—-" ffk(”)f’-‘*)

I-—-g
. b
Rl -k k , - ‘
] 2 g Sl B f "uﬁr;ﬂ‘-t)kl .
lae it (n-1) ¢

¢

0
b , Z

- &-l e.‘ t ‘k gﬁ.x k;x
0

i

Bla

de, em mbsdmﬁng s(l-t)= x

© ¥ -
isa ‘ “ (k"l)" 'E .
lk’i &’., ! \
J 2.._&...." Elaxe 1. (‘z —--—-:g st $5:.2.3)
‘ L3

Thus, hn‘%%pﬁ%e gammia funétién can be expressed as a /
FESHAY Jur of "W‘obablllt#’o_s {in Pols on distribution « X
Using relation (5.2.3 ), F (k) canbe writtén as

k“’l sy !

Fox)ele ¥ 2%
, ‘to i {

FProm relatten ( 3. 2,1.8 ) the expected valus of the r-th
largest statistic is, ‘

o . , .
n! Y *'g x/[i- k};l,-x ¥l -/--n,er[v ; 1 g ’:jr-l &= k-1
(m-z) t {x-1)¢ - l=o 1 L=

Pg,n*
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~ . (h*-r)!(r.-l)l\ 5 p=0 P L lﬂﬂ 1t
- ! o ) -
& x ax
)
l;a- ‘ pa‘a ise g
3 * k-1
= -~ S z %%, () elEtP) =" p X sl
(=) ¢ (¥-1):4 I(T) . pm P A B0
[ AN 1 .
0o .
(o — (k1) (xp=
= n! g z BFe (- I)Pe'(”p)‘[_ (Ez)(r P-l)
(@vr)t (x-1) ¢t [(k) 2 pee , P .m3e

B (k',*p"?l) == __/x dx

where o, (k, ﬂp*l )h the eMﬁc},em n! o2 tu the expansion

o "'
ol [ k o ? - __/ 75" l. m varylag fram Q‘te-@k-l) (ri:p—l)

1=w,,‘ L
. B e o (D) (iRl Yy
o R B e )
(a-r)! (r.l): (k) p=o w‘ ., mad (r+p) mtk+]
- ST ' I T j ¥ - ’
\ v (5.2.4)

¥

PO Y

sub.umang the values of X, a* and I (2.2.02) the
exweutwier l,. o s ‘

§ L

L nr o (ee(ere)
w L r—rrmrr‘ﬁﬁi e gt U p i)
p=e 4 mee (@ +5) mék#l

) ‘\' . -1 é‘,nk . ‘ ooy
o et is T (5.2.5)

»
14
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T —~— The expected values of the »-th largest standagdized deviate fg.n
wes computed ( Table 7 ) carresponding to the valus of k = 8 using the
table of exi:ecmd'v’alnss of the p-th orderdd statistic compiled by Gupta e

( 1960 ) upte samples of size n = lO.

$

i

If the sbservations én character x follow an exponential distribution,
then the prababllity function ia

fx) = e, 0> 0, x> 0 (5.3.1)
The menn ahd variance of the population are

®, s I/e
? s el $5.3.2)

The iodmulative distribution fusction F (x }is given by

A

' Fz) = | ©07% ax
(9]
’ 0= 1< e-ex'

_ From relation ( 3.2.1.8) the expected value of the z-th largest
stadstlc is Y]

Heoa ,;'1;, 1 | 21002 7T g0 " 0 0%
wP) -1) ¢ s
Integrating by parts,
n! '(;61‘!)*(1-0.9‘8)&‘: (e-ex)r -70: n!® Jfo (0388):’

(ny-'a)! (r-l)?“,‘ R e'r) /o (n.-'.\") ! ('r-l)t A

-]

(ra)

£ 610" ) T ¢ xpmer ) (10O T 00070 Jax



Table 7

Expected values of the reth largest standardized deviate 1 far standard

gamma distribution wih perameter k = 5 upto sample 3f° size n= 10
{

O ® 9 U S W ™

*

r:n—-’.-; T 3 4 | ; 6 7 ’-”-‘8—--”9 ~—-11;

| .;......:....................-......::...;....._..“..1..............-........................................................

' - 0.550 0:866 - 14086 . 1,254 . 14390 1.583 1,600 - 14685 1760

' © w04B550= - «0.089 - 0,207 . 0,414 0576 . 04709 0.822 0,919 1.004

‘ ~0e785 - =0,369 . =0105 . 0,090 . 0,244 . 0s372 0,481 0,576

E w04924 - w0,544 . «0,202  =D,116 0.031 - .0.154 0.260

' - #le0l9 . w0.666 . «D,437 0,263 - «0,123  =0,005

: wl o089 «D,758 w0541  w0,376 w0424

' w1144 0831 <0624  =0.466

' *1,189  ~0,800 04692

: =l ,227 =0.940

10 - »1,258
4



= -~ 52 «

- @D - a9
N - - . - , nl (ﬂ"l‘) +1
- st j ’(e'e")'_(lvo:‘.?")‘ T - 5@0'0‘)“
x)tet - ’ ‘ , - (rez) tet ]
x(1-6"9% 77 gy | s
On substituting ¢™© * = @ (wthe first term
. P t o - T * o Loh. SO N
! “".‘(1’“)&‘: ‘ n-rl’
ML 5 RSN TR .. 5.5 S‘(e"")'“(i-.‘e") x dx
mem)irt e zi(m-p-i)l / !
oo YA e
i : -]
e 1+ 29 f’(g’“ﬁ*)r”" (1-e'0% )2 %y 4y
?rmodlgg in this mamey we obisin
'Lru: l ‘:_",lm," 1: v *.._.\."l...d. + .1"-
T er efrtl) e(r+2) en
n : -
a o oy L (5.3.3)
o i=2¢ i
‘Substituting the valuos of 1, ., ¥, and ¢ lnrvelatten (3.2.1.2)
we obtaln )
BT i U SN W ,
T D - / 1/e
‘t.n L 9 ‘ar “ g '—/ ( / !.’
B 1 ’ '
= B ‘!i' -1 $5.3.4)

¥

o

'R
1;:)\

M

‘The v-th largest deviate ln standard deviation wits is thus independent )M_

of the parameter Q.

The valuss of _l‘,"‘ for samples of size upto n =10 were worked ant
{ Table 8 ) using the tables of Gupts (1960 J on oxdered statistics fox
gamma distribution with parameter k = L



" _ Takle 8

Expected values of the reth largest standardized deviate i S I
exponent 1al distribution upto samples of size n =10

s e W G P Wb W NFS JW D THS W Y thes Ar S Win SRD YES AR SRR e Wes Beih MR GND SO VER IO NN LD GED R AR WS gub WEP SMB IN GG TR DU TR Wb WE AR W QYd Sen Gue ARE  SES

r ; a 5 3 4 5 6 v 8 9 10
....,_.-..—.’L.—---—.---u--—h————n--— -y e Ge g e e e Ge) G W G s P few' G GER G Gne BN Sm e WM M W TP T W
1 7 - 04300 o833 1.083 1.283. 1.450 14592 17728 1.8 1929
2 1 «0.,500  wOEl66 . 0.083 04283 D+450 0.592 08 0.8  0.9%
3 : w666 - «0,42 06216 ..D050 . 0,092 0.218 0.329 0,429
4 =0,750  =0e550  «0s383 . w0.240 %015 0,004  0.096
5 v =0.800 =033 . w0490 202365 . w0,254 . =0.154
6 ! . ~0:833 - »0s690 ~0e565  «Di484 . «0,354
7 ! ) “0,856°  _=0,732 =0,621  «0.52)
8 ! wOBTD _ =03764  =0.664
v ! ' -03889  -0.788
1o | ' «0.900
L J



A

- The denslty fusciion for the obasrvations from Tognérmal population
ey

when: lag x s normally distributed with sere mean and unit variance is

3

.
.

f(n) = — exp [ - -—-ungn Y2 ] (5.4.1)
o 2% =
The méan angd viriance o the dbtﬂ.mm are
e
;& = ]
el 2 & {eal) (5.4.2)

x

L2 .

The cumulative distribution funetdos ¥ (x ) lo

. ' . * ' t ) — (103 x )a ooy
o /2=
ubsﬂmﬁng logx = ¢ . LS
gx ,
o _f Z'u

f’rha upectad valae of the »-th h\xgest smiwc ls,
.3, : fx(r(xg) (1-7 (x)) Te(x) ax

P‘y'n (n,-:) ! (r -%) !

An exuct solution of this integral does nét exist. THis, ‘thexefore has
to be numerically integrated. Acc urdingly,_ a computer pyogramme was drawn
up and run on the camputer. Hewaver, because of the truncatler of exponential -
logarithmic series, tha vElues ehtained were in serlous error. Hence, the
values of l,;n heve not een fabulated.



CHAPTER -~ VI

EFFECT OF NON -NORMALITY QN RESPONSE TO
SELEGTION IN LARGE POPULATIONS

1]

6.1 e cﬂ: edure . .
For a glven Basls. of selectlon I', and & propordaon P, of the pepulation

saved, we dmm‘.ﬂx‘e" prqﬁfcgd 're:?omgwby AG when the ,_hu{- d seie’ctlan {o

assumed to fellow normal dlatribution and by AG®* whes it follows the actual

distribution. Symbolically,

-~

AG" & L Rgr % {6.1.1)
,(6.1.2)

. a 5l =4 Ry g
wheze 1 apd I° demnte respectively the intensity of selection corraspending
to ﬂac;l proportien p saved {rem a normal population and that frem the actul
population. |

The pa:egortignate dkcrepla_cy. D vm the predicted response to selection
u\‘ﬂu;s aasmpﬁm of mormality relative tg that based es actual distributiod wil)

tierefors be given by

D AG. ?AG
Aa
® +- 1, using (6.1.1)and (6.1.2)
v . :
= R(*)-1l, say €6.1.3)

When R (“;""‘F?-l. the progress is overestimated 5 When l‘t is less
than 1. the progress is underestimated and whes R (* ) =1, the progress
remains unaffected. )

For simplleity and wniformity of discussien of results for large and

small populations, instead of general Type I and Type II distributions their
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derivatives viz., beta, gamma, expoizeaaal_. and lognérmel were considered.

This wauld not lsfééz the genetal conclusians drawn.

6.2 Dlncmmz g ggsgcmse ;o §elect!on
'rable 9 glvg‘a ‘the' percentage dhcremy ln vesponse {o selection

relative ta different non-narmal dtatributions. ‘he paramétric values conpfe
dcreé fer betaand nam;nsdfauibw.m c&vmr” the enitire ¥ange of vaﬁ;ea the -
luding thase obtalued by renemh workers in the cturse of thelr studfies

v ré‘«if"‘tﬁ,c\/ el

( Mathotra, 1974} Poarland Minor; 1919 ) I
6.2.1 Normal distribu n, Shu;e beta dlsg:ibuﬁan ls cha:acteshsed

by two parameters vln.. 10y and m, , the natute of the curve depend. nn ‘the
magnltnde and relutlon:h!p between the two pnnmesen. The curve lu symmetrical .
mgnﬁvely skewed, op posttively skewed a&emdlng sa(l) mpo ma (ti) my - my
and ( m‘) myimz . The excess of kurtesls or the peakedness increases
with the increass In the vai\;lefof the eithey tne or bath the parameters. Thus,’
we conaldo? the ;» behaviour of response to selection fox the three situations
separately. “

@ Qase (1)

The response to selection is uvana‘ﬁ,matad to the same extent fo¥

extremely heavy and extremely low cullings. For values of p ranging tram
0.2 t0 0.8, the progress is undevesiimated for low velues of the Parametexa
and dverestimbted foz high values, Fox low vamaa of both my atd ma ﬁa
undesestimatiots Feaches Its masimum f'ef 5 percentat p u0:5 and decreases
as the value of p deviat:aa from 0.5 on olther side. On the dther hand , 1or .

1



Table ¢

P ercentage discrepancy in response to selection relative to different

non-norml large populations

—-——-—--—--—————-—————-——-

Pmp'_ T EE S :j:f P T T §e“di‘s'é'ré},;n€y"r21;‘€v§ o -7 ""‘ e
ort- \N 8 " e
ion : Beta 1 Gama, vy £ 1

sele - - ' s .

Exponential! Liognormal

cted BITR, WM m=p m1—49 m =2 m =2 N m=5,51 k=5 1-1. kel6 k=49 1 B, OB

P mo=2 m2=48 m2=8 2% no=49 m5=2,5 t 1 '
_______ TS A ! { !
0.1 5.55 0,66 14,20 576 -18.20 18,47 w145 038 5,08 23480 ~20,59
0.2 -0057 0.50 . 5.95 54. (5:] "5. 58‘ —ll.w 9.95 _Q%’m "76005 ;_5‘10 _la.m 9,36
0.5 9"5.10 0.27 1040 22051 —5065 b 4.90 4.95 - 4.71 "5.% ""2.16 (i 5.74 19048
Ded’ 4443 0,18  -L.56 14,52 ' 4,92 0.03 1,31 -1, 29 -1.17 -1,00 5.82 36404
0.5  =4e85 = 0.825 ~3,57 7479 =3 457 7.78 -1.53 2,88 0493 0.40 15.1% 53,43
V.6 4,43 0,16 4,92 003 -1 456 14, 52 ~3.91 6,96 3419 1.74 26,01 69,45
07 B0 0eZl  =5.63  —4,90 1,40 22, 5L =5.86 11,63 5,55 2.84 59,15 | 01,63
0.8  ~0457 0,30 552  -11,29 5,93 34, 68 .52 17.63 8.59 4,17 56,92 118.72
0.9 5455 0.68 =3.76 =18,29 14,20 48,09 8,71  25.93 12,18 581 85,71 143,74
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high values of bath the parameters, the mteuhnation tncreases as the value
of—p. deviates from half gn eithor slder. Fu:the:. the Gvegestimatian never
exceeds une pexcent. tmply{ug (hereby t.’aa.t!a high and equal valml of the

mrameters the umnl dlaurtbuc(on {s qnm zobust. However, fox low Qlue-
ittt

of the paramob". thq normal appy oxlmatlcn eo the beta distribution hols

althet fox mﬁdetahly hctvy culllng ( p a'0.2 ) or a2 modezatoly low

cﬂln“ﬂ(Pﬂoﬁ'a)'
Case (i )

The rospanpe h cvgrqstimated !ei- lntenn selection and undeteqﬁmatgd

! !er rolld selecdmﬂs.~ ?he overeatlmatinx icx lowvulnas uf pis mepoxﬁwzely
mozre than undeteattmatton for hlgh valués ‘of P Fugther, the dbcrepamy in

_ nsme to aehcdon lncreasa- with the increase in the penkednéss. For the
h}ghly peaked curves {.e., wher my = 49 % my =2, the qustféf is
w&nt&xmted by as much ag 50 percent fer heayy ~cu_utn§ and \mderenimated
byu mich ag 20 pe:eent for low-culling. .However, for sltuations which are
more likely to be eacomtered In practlce ( fe0. 4 low values of both the para-
me?rl ) the disererancy I.s‘ndinlng narmal digtridution instedd of 2ctual distribution

‘ts nogligible far tatswmediate values of P

casn L) | .

Since the mly éilteunce in this situation Lnd ﬂ:v.q ptmlnm me is in
zespact of dgxecuan of -km«l which s o the #ight lnstead of bebig to tho
. left, t.’aa temltc with rumct to overeatimation and nndareatluﬂaph of progress

!

~are exactly the revo'ne as incase ( ). ,

LN

L
L™
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82,2 Wexmal va, gamma dlatyibution,

Gamma distribution ls pesitively

-kaw\ett t.e., long tall tawaxds high mexrlt, and the degree of skewness and

kurtesis decwease Wwith the incgeass in the value of the pavameter, k ¢{.Juble 10 }.

'rable 10

ceemcleus tf skewness and knrtcuiq

{6y gamma distribution for dlﬂerent

values of k

k o Y_x ) ¥2.
1 2, oo 6. 200
8 = 894 1,200
& . 816. 1. oo
1 0. 60% 6. 548
16 O Sa0 O 37‘
21 0. 435 O 386
49 o. 122

o, 286

The pezeentage dlscrepincy, will thexefare decyease with the lsorease

{n the valuo of k asg ca.n be gseen imm Pable 9. The gespmse ls uniarestimated

for heavy culllng and ave.resdmated fsy mild culling. The underestimation does

not exceed 24 percent even for extrems culling sud for extreme depaxtures

from symmetxy and flatness (1.0., p = G.1and k =1 ), On the other hand,,

the overestimation of progress in sach & slfuation wrder mild culling (L. e. ,.

p=0.98nd k =]l )canbe as muchas 86 pewcent of the expected under normal

foym. Faor the form of divtrtbutian which was obtalned by Peasl and Miney

(1919 }i.e., Wwhen &k =49 , the maximum underestimiation under intense

selection s of the ovder of 6 percent whereas the oaveresttmation dees not

excoed 6 percent even under vory milk selection. Thus, for large values of k,
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and mdemmte ailling (0,2 < p < 0,8 ), A sppToxination of te gums

ta the momed dletritution dn the cstimilon of response to salecthon s
quite satisfactory, |
6,2, Norral s Siponsatial digtnilutbl, In thls cage the progress is
underestimated by about 25 percent, for intgnse seloction ( p ®0,1 ) end

ov eres tinated by as much ag 66 percent for mild salection (p 20,9 ).

Except vhenp 48 in the nelghbourlood of 0.8 a:?dO.:ﬁ, it 45 not advigable
to use the rormal gpprocimtion ap the dscrepangy £for other value of p

is 1too gerious to ignare, N

Be2e4 Nom 8L e AE00 $ glotl b k, iy Tho response to selection In
using rormd @.a;aﬁ.mﬁon when gcﬁzavy 1% 4s Jogmomal 1s alvays ov erestimted
for all values of p>> Qw2 andtle Wereotimtion imxaasea #ith the decrease
in the rigour of ;selecﬁon. For very mild selachion ieiié vhon p RQ,.9 the’
overcotination 4s as high as 144 peroent of that for logemormls Hence, o
use of norml, appmﬁon,in the case of logenprmad datribution is mot
wartanted for wgvalue of" p«



CHAPTER - VII
S i ,
.. BFFECT OF NON - NORMALITY ON RESPONSE 7O

SELECTION IN SMALL POPULATIONS

¢

b M
7.1 Thecretical Precedure

-

Denoﬁng the predlcbd« yesponge by AG. cm’téspendtm te the
ulactlut d z ouuundlng lndlvlduah t’rm a nmplq of llze n. when the
basis of ae!ectien. I.is assumed to follow nermal dhttlbnttm and by ,AG

when it folléws the actual dis tﬂﬁhﬁm. we have

AG = Y/n R : ( .11}

AG = l’/

n Ry %G t7.1.2)

when ‘Mﬁ and t’: ) ldehn.uto iqamctiwly the lan,u ity of selectian correspending

to rermal and actuzi distributions. These are to bs evaluated ag .

be/n @ (Nt qtlg qteeeeee Mo a)/®

/ “1!1*‘3& !S.n"cvwaoq"‘ n)/”

L

wherq Y. and "t n denots ‘respec Hvely. the t—th largest atandardized

ﬁ

deviate from the mormal and actual diytibutions.

The pr;opcrﬁaa‘u discrepancy, L {a the predicted yesponse to
selection en the assumptien of naﬁaia'.iity’ relative to that based en actual
distribution will therefore be given by |

L. = (Xxe-A6%)/ Ac*

I
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. e/n !“
S - = T—— - b s -
\\ -~ ' r/-n' r
Rr/n(")"" say .' {7.1.3)

P
Thus, when Rr/ (*)> 1, the progress i§ overcstimated i when ft-

is less than 1, the progress- is wnderegtimated and wban Re/n (%) =15 the

progreas remains unaffected.

e

The different distrilutiona considered ape betz, gamma and exponential.,
The lognormal distribution could not be locluded for this study for the reason |

mentioned in sectlon 5.4.

Discrepancy ii Response ta Selec '

Table 1 gives the percentage diacrepancy ia response to selection
relative ta two non-normial small populations of two sizes vis., n =5, 10. In
addluon;\ .ﬂfe percgntage discrepancy correspanding to large population sise
(n= o) is also in the table. to a;a whether & sample d'nfza" n =10 could

- be treated as large. The psrametric values cansidered for beta distribution
are thase which correspond to the forms ziaore Hkely to be encountered in
practice. ' The comperison of gamma distribution with normsl form has been
made fu¥ only one value of value k ( = 5 ) as the evaluation of ‘*r.n for

higher values of k Involves very heavy and cumbersomecalcylations.

7.2.1 Normalve, bete distFibution, The behaviour of respense to selection

for beta distributign in the three cases 1.e., when 1) my=my,(it) m, > my

and (Ul) m; < m,; Is discussed below,



PCST GRADUATE SCHOCL
‘_ INDIAN AGRICULTURAL~RESEARCH INSTITUTE
, NEW DEIHI-110012,

APPLICATI(N FORM FOR THE GRANT F RAILIJAY CONCESSION TO
IHE STUDENTS DURING NOUIFIED VACATIONS ONLy., |

NCE : L. To reach P.G.School (ffice four days in advance of the
ditg on ‘which the concession fomms are required by the
student. '

2. To be collected within ten days from P,G.School. (ffice
from the day of submission,

1. Nasme of the student: ‘ Sex
-2, . Rall Nbgqﬁ 3. Division

4« Whether belongs to Special Cammunity or not

5., Particulars of Fellowship held at present if any.

6. Date .of Birth Age.

o e

7. Home Town e as shown in
the admission application fomm ). '

8. Railway Station nearest to home town
(A% shown*in the admission application fomn),

9. Period of wvacation from . . _ . to

10. Purpose of journey s e

11. Details of journey progosed .

12.a)Citward journey frem Rly Stn. I to

b JReturn journey from Rly Stn, to

13. Date on which railway concession lest availed of

14'. Nomber of railway, concession availed of duping the Academic
year so for (given: dates )

15. Certified here I am not proceeding on study tour during the
period of vacation/leave.

16. Certified that I am not seeking relief from PGS during the
period of vacation/leave.

17. Leave Address: .

18. Certified that the particulans given above are corred-

Signature of the student

Recommendetions of the Chaimman of Advisory Committee of the student
Conid...2/~¢o



_— D -

Forwardeéd and recommehded/not récommended., The information fur-
nisheéd by the student in -his application have been vérified and
found correct.,

Signature of the Chaimman of the
Advisory Committee of »the student
with name and Designation

Recommendation of the Professor

Certified that $h./$mt./Kumari
Roll No. M.Sc./Ph.D. student in the Division of

_has been pemitted to proceed to him/her home
town during vacation as réquested in his/her above application,
Also certified tHat~he/she is not proceeding on study tour during
thé period of vacation and is also not being relieved from'P.G.
School during the wvacation period.

-

Signature of the Professqr
~ Division

4

FOR USE & THE P.G%j%gfl{;l 100L _CFF ICE

v e .o :“J; s e B N D~ e R T R SER S N -
1. Date of receipt with Dy No, Date
2,  Particulars' checked and Railway concession fom No. .
prepared jon checked -and found
correct. . ! ' .
¢ SUPZRINTENDENT ,,
Signature PCST GRADUATE SCHOCL,IARI

Dealing Asstt.
.3. Concession for both/outward/inward journey approved and signed.

a

Signature of Asstt.Admn, Officer
© Post Graduate’ School, IARI:

4. Goncession voucher handed over to the student on__/

-

;

"5, Received the concession vouchers, No,

g

LT

Signdture of the student



, Table 1L

o ercentoge dlscropangy 1 n response to selection relative to different
nop-moymal small'populations of size & and 10,

o s T -

"-‘-—’T""*“-"-""‘-‘"”P‘"‘ﬂ“““—’-——-—ﬁ—— A g U S - e g b]

Proportions %:@m% =5 . Sample glze, n = 10 . Samplesise;nsoo
QSelec;ed ,: N : ~ ——— w: g
: . Bata | o Gamm. zx'-l:q)o- ' Betg Gamra m / ' Beta . Ganra ?& 1
) ‘ ;?52 %ﬁ zlafm =R v | : 11?2':22v ’%ﬁg 212:8 k= & | ;i%:_g 3123 glf_‘“) k=§ |
0.1 | B89  1le2T  ~5.69  -1R56 2042 565 14,20 576 <58 25,0
02 0.2 448  ~AZ 7428  -0u85 0,50 5,25  ~48l 811  AALIS <057 5,95  -5.52 .28 =300
0.3 L 250 1% AJ9  ABA =280 =500 140 5,65 ATl -5.74
Did | wReOT! w075 BAD 0,60  BeBd 5,62 ~la® - A4 ~0.78 5,59 4,435 A.56 4,02  ~L.20 5.82
006 , : _ ~3,96 =280 =200 277 1448 4,85 357 5.5 @ 2.88 15,18
e.é 2,97 5,49  ~0.73 Bodd 22,89 De6R 4.4 =L.02 6,45 24,19 443 4,92  ~l,56 s.és 26,01
0.7 n ’ . ) m2B0 472 138 10,78 55,89 8.0 5,68 140 1L.&  59.18
a;a 0026 AZ  4e63 AT 45,50 w0eB0 w461 5,25 15,85 50,58 0,57 5,62  5.95 17,68 56,92
08 B89  Be® Mo 25.02  TLOD 555 <876 14,20 25,95  85.71

-

- W - -

r T, the mmber of top~ranking individuels selected s obtained by the relation r= p'n



~€ase, (L) -

The progress {s underzestimated for nli values of p and the
rdiscrepancy, Lagro;:ugnﬂ g-\'the sample site {ncreases. The éel'ccntage .,
underestimation of progress for all value:s of p lslegs than 3 pezcent
for popnhtionhi alte B =5, 4 percentwhen n = 10 and less than T
A p'crcmt when ths population s Iarge. Thus, sormal distribution pro- ; /

vides s satlsfaciohy apprésimatian for s ymmeteical bota distribution.

~overestimated foy hehvy culling i.e., whena
salected, the percentage overestimation

‘ n tncArenea. For il to md’iente

timated snd ‘the maztmurti nder -

of p=0.6 tdp =0,8 never

excech ‘ . '
. 7
Gese .} : i
? I'd e .
Since this s\ - from the earliey ame only in that the long -huj

laatgéd of baiag on the 1o. . towazds the r’lgiat, the résults with respect to

discrepancy aras exactly the reverse as In case (il ).

7.2.2 gimma d n. The discrepancy increases with

the {ncrease in the sample site and as 18 o with the tncrease in the deviation
of p frony 0.5 oneither side. The progress ls mderestimated for low
valuss of p 8nd overestimated for high values of p. Further a damparisen

o twosets of umiu-corrnpendixsg fo n'= 10and n = of shows that @



—

sample of sise 10 can be treated as having come fram a large population

without any serious errer.

Excaptfer all valnm of

p in the 3eighbﬁurhod d o.a to O.4, the percentage mdergtﬁmntlm foz
low values of p and snn-tlmatian for high vah;ea of .p. are tvo sexkeus
to ignore. Further, ﬂu dhetemcy lpcrcuu;a as aze sample sise lnc\%en
Howeyez, 3 nmgh d,‘,(“ n = 10 canbe treamd as lazge for the Ryrposes

of computing the intensity of selection.



CHAPTER « VIXI

SUMMMARY

Very rarely, zgalised selection réspon;es agrn with those
expected, Ohe of the causss ¢ould bo the assumption of normality oi
criterion of selection when in effect it follmmistxb
butfiony That quite a few quantit)ativa t:aits may depart from the
normal form fxas béen borns out by’» empirical studles made by various
investigatorsy It is the purpose of this thesig to investigate the
effect of nonenpormality on response to selection when the criterion
of selection is agsumed to be normally distributeds For fixed values
of accuracy of selection and genetic ‘standard deviation this problem,
however, amounts to studying the‘ relativé négnitude of intengity of
selection, corresronding to a given propoxtion of individuals saved,
on the agsumption of normality visewaevis actual distribution.

From the empirical studlies, it 1s seen that ‘Pearsonian
Types I and JIX pmvided adequate representation to many types
of data in the fleld of animal husbandry and poultry. In a few
cases exporential and lognormal distxibutions also fitted wellfy
Accordingly, the expressions of selection intengity have been derived
for Pearson's Type X -digtribution including its derivative
namely beta distripution, Type III along with its derived distri-
butions namely gamma, chiemsquare and expongntial and for legnormal
digtribution as applicable to both large and small populationsy
Using these expressions the values of intensities of selection for
different proportions of population retained were tabulated fox
different sample sizesSh |

o e R
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It has besn observed that bets and gammm distyibutiona
km: psrametric valuds characterizing common gétuationg can be
spproximyted to normal distribution for moderately heavy and low
cullings without any carieus ercox. Howawr, the uge :f‘ hormal
approximgt ion for exponential snd lognvrma} dlstributions is oot
warranted as the dlscrepancy &n response tp selection for | slowst
ell wslues 6f p , the proportion of individusis saved, is tag
gexious to Lgnoxe.
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