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1. INTRODUCTION

)

Plant and animal breeders are often faced with the
problem of finding the\optimal values of intensit;es of
selection at various stages, the optimal values h
considered belng those which result in maximizing- the
genetic advance. With dailry cows under selection for
milk yield, for example, sach successive lactation
provides new data on the milk yielding capacity of
the animal. These lactatlon ylelds would form the
basis for the successive stages of selection -
selection at the rth stage being made on the evidence
of yield in the latest lactation, combined with the
available information on previous lactatlon ylelds.

A usual feature In selection problems 1s that we

cannot assess directly the genetic value of the
character which we wish to inprove. In the present
case selectlion 1is almed at seecuring cows with superior
genotyplc value for milk yleld but 1t has to be based
on the observed or phenotypic values in successlve
lactations. The problem of improving some character

¥y which 1s not directly measurable, by means of
indirect selection that is made from a group of tests
or measurements Xj, Xg ec.cceeoXy at successive stages
and of measuring the rate of improvement in terms of
the genetic galn for different intensitles of selection

at various stages is essentlially a statistical one.

contd..... page 2
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The object of the present dissertation is two
fold :

~——

—

(1) To deal wlth the extension of the selection
programme to 'r-stages utilizing information .

collected in the previous r - 1 stages.

(11) To highlight the difficulties which the
experimenter would encounter in its application

L ]

for higher r.

For overcoming these.two simpler approximations
which are much easier in their application have been

suggested.

Selection aspect of a breeding programme of
dairy cattle has been discussed at length to illustrate
the working of the above method.
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,2. REVIEW OF LITERATURE

Smith ,(1936) has discussed the genetic .gain -
for one stage selection assuming linear relationship
between the genotypic and phenotypic values. ‘
Another form of the same expression has been
presented by Hazel (1943) whlle Panse (1946)
has discussed 1ts‘application taking several
characters simultaneously with particular reference

to selection in poultry.

Sleben (1954) and Keuls and .Sieben (1255)
who have discussed a similar problem with reference
to plant selectlon follow a: different scheme of
selection. After arbitrarily partitioning the whole
population of varieties into a few 'good' ones
(high yielders), a few 'bad' ones (low ylelders)
and a large number of intermediate varleties whose
yields are such that it 1s immaterial whether they are
retained or rejected, the rule of selection is based
on the consideration which alms at minimising the
probability of fejection of good varieties and of

selection of bad ones.

A1l these guthors, .however, are concerned
primarily with one stage selection. Dickerson and
Hazel (1944) have gone one stage further. The

!
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application of the formula which they have glven

is however restricted in that, the‘;alues of
prOportiogs ietained after second culling among
those retained after first, must not be elther

much larger or smaller than 0.5. TFor these
restricted values, the' exact value of the selection
differentlal expected after second culling does not
differ appreclably from that expected from a normal
distribution.

Cochran (1951) has discussed the optimum rule
of selection which maximizes the gain in y. He
has also derived the general form for gaiﬁ in y
expected after two-stage selection for the case when
the varliates y, x; and X, follow a mul tivariate

normal d4distribution.

Finney (1957) has advanced a theory for two-
stage selection programme and discussed the implications
of 1ts extension to r stage. ‘This assumes that
selection at stage r wo&ld be based sg&g}y on the
evidence of ylelds in that stage. Consequently this
would mean sacrificing information on the previous
(r - 1) records which might have been usefully utilized
in accelerating the pace of genetic gain. Ngvertheless
the results are of interest in that they provide a
lower 1imit to the gains that may accrue from different

rules of selection. It may be mentioned that a3l though
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in theory the methods used‘for computing the
consequences of twoe-stage selectlon could be extended
to any number of stages, the complexity’ of. the
‘formulae and the 1limits of accuracy of 'various
mathematical tables that are employed make this

impracticable even for r = 3", ¢
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3. APPROACH TO THE PROBLEM -

The '111{9 of approach followed in the present work
is the same as suggested by Cochran (1951). which

may be ﬁsummari sed as follows :

Assume the variates y,X3, Xg ¢-c....Xp, to
follow a distribution whose frequency function is
known. If the regression M (x) of y on the x's
exlsts, Cochran has sown firstly that % (x) is
the best selection index 1l.e. the regressions
7, (x) of yon x5 7,(x) of .y on x1 and x, -ete. will
constitui':e the optimum selection iIndices at different
stages of selection. If the proportions selected

ALy, dy,---——dp at dilfferent stages have been decided
in advance, the units at the first stage will be
selected whenever ”L; 7 ¥ , where Xk is the .
truncation point corresponding to the frequency of
selection A, ; the units selected at the second stage
will be those for which ™M,>» k,, where, given ky,

kz 1s the truncation point corresponding to the
frequency of selection ;{2 . The same argument

will be true for further stages of selection. Secondly
the gain in y 1s a linear function of gains in M4,

In the light of the above two fundamental results,
the gain in y due to selection over r stages has

been worked out in the next section.



4, SELECTION IN r STAGES

For convenience without loss of generality we may

take deviations of all varlates v, W1s ')&2 ......‘¥;r
from their respective means and effect a scaling
transformation so that in the population all the
variates have zero means and unit variances.

Beirg Yinmax Rmekispz o xks wEIX AXx B8 EExmadXX
AR midpi. Let the parameters f,; fr.------f,
denote the simple correlations between y and 7,,

y and %, and so on. For fixed &, dy,-----—-dn the
points of truncatlon ki, Ky .ec.....kp will be
given by the followlng xr equations :

o

| ~ N/ ‘
aZ: = ﬁf jk, e oM
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where A, 1s the determinant of the variance-covariance

-—

matrix of order r

~
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I f);z, sz - Pm

l.e. fr | ﬂzs S Y% o

A/L = laijl =
v MF“ % V- s B
?le Bu ﬁz's . <
iy = Cotacher o) Qij m 2|, = Bl ey
N B
arld o([ ,( ollo(vb),.ooooo and (°LIOLL“""""(/L) aI‘e the

proportions retained at "first, second ...... and rth
stage of selection respectively from the unselected

units.

If §(¥y X315 X5 eeenns xr) is the joint frequency
function of the variates vy, x;, X seececs Xy *he
gain in y due to selection over r stages will be

N LI T ver—

~° Mk ek, a7 Ra
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where ‘F (y, Xiy Xg .....xr) is the conditional

frequency function of y, given the x's and
£(xq, Xg eeesse X3) 1s the joint freq ency
function of the x's.

“Q’A being linear functions of x's, the gain
in y due to selection on v, , followed by
selection on v, and so on, will be a linear function

of the galns in M, 7, ¢veeeev.s andm .

If § =R +Bu+P3 4 fieeiiees v +2
where (B + P17 + P3% + civuvue +/274) 1is the
multiple Eregressic;n of y on the W’ in the unselected
population, then the expected value of y, the
expectation being taken over the selected part of the
wmiverse, will be the gain in y since the variates
are measured from thelr respective means and can

be written as

Glyy = 1 OEU) T P GO T RGO e e GO )

We, therefore, need only find G (7)) » G(72),
G (MY, e amd G ()
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the above integral reduces to

A
A da e s G Y'ZI: Bz’hni] -

l/z, & ey

%
fowjd,u_z-. ----- j 24}"{#32’ BzauzU;—y-A/L !L]
@E> P 2 Dy v olwas
?v .
A =
U; U
:_?.,__, A/?/ a{»{,{ d’ul .. - 2A/L ?} 22-[ 823 3 J
m’ " e
D) o
(=12 - A
where DZ: = /ﬁz — O A )ﬁ@ k oo C'l ’/2' )

At this stage we define a new variance~covarlance
matrix Aﬁ;ﬂ of order r - 1 formed by all the possible
combinations of the first order partlal correlation
coefficients of variates ranging from1l tor - 1,

keéping rth variate constang,

v | ﬁz.u ﬁs.h - - Fllk-i-);

. / /- Ren | Pas Baren
Vg 4-,—) = }C{,Z‘glh—] = x

F&l' h Fﬁa' h l - - f&; Al A

- -—

P/z—/,l-h, ﬁ.—u{» ﬁ—:,a-/z oo L

/ /. - / A<'
and Bia' = cofactor of aij IDLz;]]/H = A/,_, te

Now effec%ing the transformation

e 1,2, e e A7
\/1—* 61 £y Chl )
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*

and noting
/

1)y~ Dy = jf(pp&)
z=] .

/ B;s

(11) BRii = i -

- P
< F?"") :3’,)21 /;'I
/ Hugy | 27d
(111) Bif = Bij

Bi: 533

(1v) D (1— fir) G=ts2 A

v zi;, Bii

Integral (8) reduces to

Ly ofy- a&[zau& o ay

i=| .
—/zfe -5 22 Ay tit,
-) 0“' d.‘t ----- Z ie) o=
__A é’) 4/\ f J 2 j 5 olt,,

‘D/v/

w hewe \D/ _ 4(31' —- Qs %}L 5 oo (2'5,/9”“””/?_')
;P E ——_—

Z&m -
ol G‘[Z Bz’l’?] = A/l Z(—)%A) J_;g.....- A

where Z denotes the ordinate of the univariate normal

curve and I the incomplete volume of the r « 1 variate

normal surfaee respectively.
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similarly

B S P U e T TS

Solving these eqations for & (7)), G(7) ete.,

we get

-

r CTC171> ] (Z(ﬁ,) Igg....-/,,) ]
1 G (72) [Otz‘g_] (Zike> Lrg.. o n)
] = ‘/z ' .

"

WC" (7a) |

L (Z(knlia----.-/s«l)J

Substituting the values of G(”'])’A in (4) we

have
dydy ooy G(Y) = ()3, + Py Pa+ fy Psee
+(ﬂ, B+ P2t fa Ppae ot Boa s} Zpty Lise-ot

<t fu B2 ) Ry Lasn

o= - = = = = - - -

r (B Pt foa Parfes frro pr) Ziagy Li.oo »o
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But by definition

B = Cow [97) - Cor [ (B BT e T AT
B+ fafar ot b
Similarly .
fo = PBI/‘)’/*/}Z'*""""’&/;FA
- o L ﬁ_* -
P = Per P1 fas P27 ' ‘F
Therefore
G_("\J) ﬁ Z‘/) :/:23—-~~4 * /?3 Z(£'3I’3 ..... A T T ﬁzzﬁ’a)lu.....;,‘-,

’(I p[,z ....... 0(/2 (G)

] \
4f y does not have unit standard deviation the
only change needed 1s to miltiply the right
hand side of (6) by genetlc standard deviation Sy .
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5. SELECTION IN THREE STAGES

—

It 1s not possible to utillise the general
formula derived in the last section for the case of
more than three stages of selection since the tables
of multi-varlate normal integrals is limited to -
trivariates only. We may consider the case of three
variables in more specific detail. This case 1s
of particular importance with dairy cows under
selection for improvement in theilr level of milk

production for the reasons detailed in section 7.

In this case the general formula reduces to

f Ziy Las + Ra Lhey Lig T fs Z iy Loz
Ardads

Gr C4) (7)

where kq, k, and k5 will be found from the normal
tables satisfying the following three equat;ons :

o0 2
—_ 7Z .
oé( = —'—l""‘ -e ’/‘L OL’)?' P

A

u
1Y
x{
~—~
]
wo,
2
65
L
-3
*
A

i

’ R, ?= =
Lidady < Y% A d?zf oo o{"']g .
&
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where ° — P

A

2 %
A, = _q_—«-—-t_.fm ,  ARea > 1zl fi ) A ”

11 7 T A A

~f = ﬂ:z, Pla— fas
e Pshs=fa g, = firfia=lin | Az = JafR7 2

A ’ A

2 : 2
and A = = fie— fis= o 2 fly fi3 fas

Z(x1), Z(kz) and Z(ks) are the ordinates of

the univarlate normal curve corresponding to k“_l.’ L

and kS; and T4 the incomplete volumes of the bivariate

normal surface, y

where

ky— 43 fia bo— F3 hs .
T, = 1 (\//—P,f 2 Mmg ¥ ﬁ:z-z)

Ton - ke = BT - i fy
o= ( I- fr ey /33")

3— @/D Ay — R P .
T, . T [hofbbs, k- kfz g,
B \/1__ @:ﬂi /= %2 >

kl will be obtained from the univariate normal

and

tables (Pearson, 193l) corresponding to the frequency
of selection o .

The wvalue of k2 can be got from the bivariate
normal tables given by Pearson (1931) . But the
use of these tables involves considerable amount of

interpolation work, Tables computed by Owen (1956)



overcome this difficulty to some extent. However,
the method of S.C. Das (1956) which consists -
in reciucing bivariate integral to a single

integral which is then to be evaluated numerically
seems more suitable for fixing the truncation point
k_. This method can be summarized briefly as

2.
follows :

Evaluating
: = % [t [ 9 -2 0t )
L= I~ p* {[ € o, 44
% ke

is equivalent to evaluating numerically J defined

as

o fFL - b5 epCtR) Panh - b)Plranhba)

mn=—c

The plus sign being taken when [ is positive and
the minus sign when f 1s negative.

Here, M denotes the number of segments into which the
range has been divided, 7 is the width of the inteswal

P = 77 [ ep(-gt)

and a, bl, b2 are determined from the relations

Q.% & l}q\/é‘ k - M_’_
Ifl = g+a” 7 T Jera® R Jz4e®

The value of k3 can be fixed with the help

of T-function tabulated by Owen (1956) and
S~-function tabulated by Steck (1958) coupled with
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univariate normal tables. However, these tables
which are better sulted for evaluating the volume of
the “¥rivariate distribution giventhe range of
1ntegrat56n~;}e not very helpful for the reverse

procedure of reading ks.

Another general aﬁproach to the problem
is by means of the tetrachoric series which has
been generalised by M.G. Kendall (1941). From
a theoretical point of view this solves the problem;
but In practice, since the tetrachoric series
converges very slowly for large ﬁa it is of little

usSee.

Method of Plackett (1954) which expresses the
trivariate integral as a sum of lower dimensional
normal integrals and an integral which is to be
evaluated by numerical integration, too, 1s not suited

to our problem.

g

The procedure given by S.C, Das (1956) which
consists in reducing the trivarlate normal integral
to a single integral which is then to be evaluated
numerically meets this situation. But this method
is also limited in its scope since for it implies that
the correlations fj, , f and [, are such that their
joint product is positive and each oné& 1s numerically
greater than the product of the other two. For problems

of selection in dalry cattle breeding f; is always equal



to the product of the other two as has been shown

im=a-later section. The method is thus ryiadeéut.”

—~—
~

Y

Peter (1959) has discussed a numerical solution
of multivariate normal .integrals, This is also
restricted to cases where covariance matrix is em al
to the sum of a diagonal matrix, say D, and the product

of a raw vector with its transpose.

In the wdbrds of Peter Thm (1959), who was
concerned with the evaluation of multivariate normal
integral, "the most satisfylng general method seems
to be the Monte Carlo method by use of an electronic

computor".

In special cases where the units under selection
are all retained at one of the stages, the problem is
much simplifiled. It reduces to two stage selection
scheme. A problem of this nature ?as been examplified

in section 7,
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6. REDUCTION" TO LOWER STAGES

e In the formula for three stage selection if —

R —

wgé omit tngsuffii‘z wherever 1t is occuring and replace
3 by 2 we get the corresponding form of (6) for two
stage selaction given by Cochran,

A Zoy L2 + fo Zowo It
N Ay F2 Tl A L

6(Y) -
I

where

T, -1 (k- fle

=B
I (ﬁ:,-ﬁ/fz
J—8

Thg same rule can be applied for stepping one

l =

stage down say from rth to (r - 1)th stage by omitting
the suffix r - 1 wherever 1t occurs and replacing

rbyr -1,
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7. AN APPLICATION OF THE METHOD

. The application of the foregoing method may

bad iiiustratéd wlith reference to a plan for evolving
a new breed of dairy cattle by crossing an Indian
breed with a suitable foreign breed and inter-
breeding and selecting among the Fg and subsequent
generations. A breeding programme of this nature is
necessarily of a long duration and very expensive.

It is therefore of paramo&nt importance that such a
programme is drawn up with great care taking into
consideration both the resources avallable and
relative efficlencies In terms of the rate of genetic
gain achieved through alternative programmes. Of
thé different facets of the programme, the discussion
has been confined to the selection of breeding cows
only.‘

Once the - choice among breeds, both exotic and
indigenous to be used for cross-breeding, is declded,
the breeding plan will consist of inter-breeding
the cross-bred progeny coupled with intensive selection
among the Fy and subsequent generations, the selection

being made among the breeding cows on the consideration

of thelr own lactation performance.

To permit sufficlent scope for intensive selection
among the females, 1t is necessary to raise a reasonable

number of adult females 1n each generation. Thi s number
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should be maintained at a constant level so that
the herd strength fluctuates only between narrow
%Iiﬁi¥§ from- yegar to year. Any steady increase
in the number from generation to generation would
be a straln on the resources. Any ‘steady decrease
would ultimately leave only a very small herd of
the new breed evolved under the programme. After
spedificatiqn/of the number of Fy females and
envisaging the stable condltion of raising the same
number of females for breeding In each generation,
the pattern of selection after the first and successive

lactations among Fz's and later generations has to

be considered.

Let N be the number of F2 females completing

thelr first lactation. Out of these N cows, a fraction
¢f, having the highest ylelds is selected, the rest
beilng discarded. From among those LN cows which
complete the second lactation, a fraction‘LQ having the
highest ylelds 1s selected, the remainder being

culled. A fraction L, is selected fromdjdoN ows

on the basis of thelr first three lactation records

and the remainder is discarded and simllarly selection
being made for further stages of selectiqn. The

above process is repeated for the successive generations
of cows till we are left Qith improved quality stock of
a new breed.

It is not advlisable to retain even the better
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animals excepting the few outstanding ones,if any, for

-

g

more than four lactations for the case when the herd
strength from generation to generation 1s envisaged

to be more or less constant. This is so because
“;HEQEﬁlling of all the cows after only one or two
lactations would .mean a continuous reduction in the
herd strength, and on the other hand retaining
selected cows for a larger number of lactations would
mean an increase in the generation interval and a
corresponding decrease in the rate of genetic improve-

™

ment per year.

The problem, in .case of one stage selection
programme while envisaging a constant female strength
from generation to .generation, amounts to one of consider-
ing the optimal value of Intensity of selection given
by equétion

[t}

bN + PLN

N
or &y =1-F (8a)

where for every N cows bred, PN i's the number of their

daughters expected to completé their first lactation.
This equation admits solution of ‘1’1 for P ¥ 0.8
But in dairy cows such.a. high rate of reproduction is
not possible. It has been shown at a later stage
that the value of P would be in the neighbourhood of

0.4 in most cases. For this value of P, equation (8a)
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gives an impossible value eof 1.5 for Ll. \‘This mean S
that a permissible value of l; cannot be determined
unless restriction of raising the same number of
females in each generation is waived. In that case
there will be a continuous decrease in the herd
“Strength from generation to gemeration of the order

of 1/5 to 3/5 times the previous generation number.

For two stage seélection, equation corresponding
to (8a) takes the form
1-P
P
Although this equation 1s solvable for 4, and ;‘2’

0':1 + «1'13-2 (8b)

the contribution to the expected percentage genetic
advance will be qulte low as compared to that under
three stage selection. This can be seen from Table

I vide sets 2, 3 and 7.

Keeping the above considerations in view the
problem then reduces to one of considering the
optimal values of intensities Aof selection at three
different stages subject to the restriction that the
same number of females are railsed in each generation

loee Ay +dgby +dodls - 3_5__’1_ (80)

One approach to the solution of the problem would

-

be to consider a range of set-of values for &y, Ly and

4.3 satisfylng equation (8c) and examlining the values
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7

which maximize the average pexgertage genetic advance which

—
is given by :

-ﬂfﬂ'&k@e Gonehc advance ,
/ ’
Ny G (9) + Nelidy Ga (9) + Nolidads s ()

= (9)
N+ Ny + Nojda + Noljolsds

il h

—~— /. / /
where > (1 (y), Go(y) and G,(y) are the amounts of

average genetic advance expected after first, second ahd

third selection respegtively. These are given by

/ 7 -
T CC
/
d ) f Ziy T2 + f ey L1
o'V Ay oly *x
G,B( y) = ﬁ Z(AI) I23 -+ f‘.?z Z()Qa) I/3 -+ Fg Z(ﬂ,) I}z "@'( )
Lidy ds Rl
and
. ,
6.y) is the variance of y im the unselected
population
2‘ »
6(y) is the variasce of y among the units refained
after first selection
2
S(y) is the variasce of y among the umits redained

after second selection

Nl

-

. Pl
" . . - L ey -
- fo. e s b

Before we can proceed to find the average mpEREartiZE

H

genetlc advance given by formula (9) for different sets
Of. values of “l‘l’ &2 and (1:3, we need the estimates of
different parameter s appearing therein.

Let y denote the genotypic value of lactation
yleld of a cow and xl,.xz and Xq the phenotyplc values



for the first, second and third lactation ylelds

respectively, These may be expressed as

y + ep+e,,

M
1]

X, = y+ °p + &

Nxg o= oy v 4P o+ %

e

where ¢p is the environmental error considered constant
over different lactations and €% are the errdps
due .to environmental factors varying from lactation

\
to lactation.

The varilates y, ¢p and 24 are assumed to be

normglly and independently distributed with zero means.

% : 2
We may also assume G = Jg = O
o 2 2 &

In that caSse Ox = Oxa = Oz, = Op ( say)

By the theory of least squares, 7 ,,7.o~d M3 can .

then be shown to be equal to

2

My o= by x
2
h

Ny =+ (x. + x.)
1+R. 1 2

Ma = n¥ + X, + XxX,)

S (x T X T X

1+2R

where I°, the coefficient of heritability and R, the

coefficlent of repeatability are defined respectively
3

2 2
as S and %4t %
oF

(5~ ek
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Illustratanfor 7, :

Let y = axy + bx2

as Me is the regression of y on x; and

™ . Normgl equations corresponding to a and br are

=

‘ 9 _
ale + be1x2 = £ ¥xy
2 -
a inx2+b2x2 -’Zyxz
£ 2 B R)KJ
or a OF + bR Op = 0y = mOp
2 R 2 P
aRop + b Gp = %% = hop

Soving for a and b we get

a = b = 1 /(1+R)
v 2 = o T S —r x <+ X
1+R L 2 )

Fl’ fo and P3 -~ the simple correlations between y and
"Zl ; ¥ and My and y and M3 respectively can be shown
easily to be equal to

f = h’,___
2
fo = h'\/'/TR

B
e = k'~]7¥€&
the correlation between ; *d "2

- Cov tha)
\/VM Ny Var Mg

-~

Then o)
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Likewise fi; and [;3 can be shown to be
_ [lx2R
o - e

TN Ry = \/%ﬁgjiyﬁl

2 (1+R)
(It can be seen that fls = fz3 flo, ).

To solve equation (89 for &, axd J»z and,;L3 we
need to know p . For that it is essential to assume
vdl ues for vital statistics such as mortality rate,
infertility rate, etec. for the cross-bred animals.
The available literature could not provide much informa-
tion on the subject excepting in papers by Kartha (1934),
Littlewood (1933), Macguckin (1937) and Stonaken and
others (1953). fThe figures reported in these papers
are surprisingly high as compared to those for indigenous
breeds at Government Livestock Farms, the breeding data
of which have been examined at the I.A.R.S. Xxi Kartha
studied the figures from data 1912 to 1230 at a number
of military dairy farms. He gives figures for half-
breds of 21 per cent for infertility and 14 per cent for
abortions and still births. XE¥Xx¥ Macgukin studied
the!ﬁortality of cattle in the military dairy farms in
ths Northern circle from 1935-37. He reports 46 deaths
out of an average daily number of 479 adults during the
period. The corresponding figure for calves is 28 out
of 283. He also reports culling of 18 animals for
sterility out of 479. LittFwod indicates the death

of 13 calves and adults among the half-breds and gives
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a figurs -of 27 calves born. He mentioms that during
the period a total of 106 died out of which 66 were
calves.  Littlewood ascribed the high rate of
%»nqggality among calves due to their improper feeding
and the fi;dings of Stonaker and others are based on

statistically insufficient data.

In the absence of consistent values, following
figures were assumed for different vital characteristics

for 1llustration :

1. Sex ratio 50 ¢ 80
2 Infertility rate 5 per cent

3. Abortions & still
births 2 per cent

4, Mortality upto
one year 6 per cent

5. Mortality one

year to completion

of Ist lactation 3 per cent
6. Adult mortality 2 per cent

7 Age at first
calving 3 years.

-

In assuming the figures given above, the concept
of infertility has been used in a special sense, A
female not concelving within about ten months after
calving (in case of heifers after maturi ty i.e. 2%

Years) has been considered as Infertile.

Under these assumptions, for every 100 cows bred

40 daughters would be expected to complete their first
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lactation. For this value of p 1i.e. 0.4, equation

(89 reduces to
(Ll + ;41;42 + &1(142;-'3 = 155 (10)4“"*1

For computation we may further assume thé values
he cvelfiuot o) Vakakon

of hZ, R and Cjas 0.3, 0.7 and {4é respectively.

These are close to the values obtained in the coyrse

3

-

“of extensive studies on breeding data of herds of
Indian cattle at livestock farms.

N

. %
.x.- 3 3 -
The genetie variance Gly) decreases with suceessive stages of

selection, the magnitude of which depends upon the inteasity of selection

. " b4
However for computational cormenience, Sly) has been assumed to remsin

unaltered under various stages of selection,

i

o e o

maximum 1limiting value viz. unity. This fixes the
corresponding point of truncation as-— 00, After
fixing'one of the k's in the manner described the other
two points could easily be found by following S.C, Das's
method for two variates referred earlier. The other
sets containing odd values of 4., J.g and &5 have been
omitted as in those cases the fixation of k3 would

have involved unmanageabl¥ heavy computation (vide

- section €. -

Further computations are self explanatory and canbe
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Table I; Expected average percentage genetic advance (contd.).

”

emmn e et L B ki-%3 P ka~Hhs R § @_&L ML&L g i’-‘—;ﬁf Ri- ks fla, ' 'I‘Ii’z I, Ls
L YT =Kaey =Ky (b g < Ksomy  ay s | = Kg Gayy =¥ seup | = LG s frs)
13 14 15 16 17 18 19 20 %’" 21 22 23
1 0 o0 | oo _ oo P~0C L 00 % 0 0 1
1 0 T - - - C- - - - -
0 1 - - - - - - - - -
0 00 0O~ 00 - 00 - 00 . O co o) ! Q
1 0 — 00 - 3.222500 (%) 0o 3.411300 S o2a) 1 ) 0
0 1 -1.251200 - 00 - 00 1,298000 o co 0.894569 0.,097145 0
D.888178 0.174818 - - - - - - - - -
D.917796 0.089105 oo 00 1.346300 =~ oo - 00 -1.390469 0 0.089105 0.917807
fis= -394k 27 fs® £-97D/4% Pag= 056 fag? 0845 5 fu . =06



Table I: Expected average percentage genetic advance (contd.)

I ‘ { { Percentage Genetic b
' Ty (14 5Tz 55, To) i ’3%_( t+ Tz + Ty Viedr oy B Advance 1
% 40 By (Ly+ Tis) -g e, % g
. thidass &7
ﬁZ[ﬁg(J,’- +.Is) i 4}0'5 Zihyy Lo, I ] 29 x ho /L/ ¥ Rank
s Z@’a;ﬂ:,g, | R JE— : i i | -
§ .68 - @5 + 26D 3 ¥ - §
24 .‘ 55 26 o7 o8 59 0
0 0, 377574 0 0. 377574 2. 5000 3.31 4
o 0, 237007 - 0. 237007 2, 5000 2.08 8
0. 348106 o - .0: 348106 ¢ 2.5000 3.08 19
0. 655530 -0 0 0,655530 ¢ 2. 5000 5734 2
o | 0.222259 1 0.122499 | 0. 344768 "+ 2.4896 3.03 7
0, 449003 0 0, 201741 ) ‘ 0,650744 'y 2.4964 8.1 3
0.168847 % | 0,187443 . 0.356290 ' 2,4924 3.3 5
0,239030 | 0,429083 0 0.668113 | 2, 4960 1

i

- B4

5.87




Table I : Expected average percentage genetic advance (contd.)

Percentage Genetic Advance % § Percentage Genetic Advance g %
by ] | by | I
Method A % Rani % Mgthod B % Rank %
| e
— 31 52 33 34
3.39 4 3. 3% 6
2.8 8 2.08 8
3.18 / & 3,05 7
6.4{3 / 1 5.74 3
3.0 7 3.39 4
5.88 ‘3 6,07 ’ 2
3.1% ¢ | 3.2 &
6,93 ) 6.61 1
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followed easily step by step. Finally the expected

average percentage genetic gain in y has been calculated

from the formula (9) which after simplification reduces

to ] '

h 2y (14~ Iy + Tes) + RZay (* T+, L)+ }%%{&;}Im
I+ &) + A1y + L Aadg

Xhit

From Table 1, columm 29, it is seen that the
scheme number 8 1.e. i = 0:65 = do, omd . oLg = |
is the best set to adopt for selectlon programme as
this results in maximum averiige percentage genetic
advance out of all the eight different sets con sidered

here.



Be SIMPLER APPROXIMATIONS

It will be observed that the use of the foregoing
formula even for three stage selection programme involves
very cumber some integrals which are not easy to
evaluate. Beyond stage three, we require multi=-
variate normal tables for fixing the values of trunca-
tion points. These are not available at present.
Bven 1f we resort to geduction method glven by
Plackett (1954) and other authors, the numerical
Integration becomes too complex to make it useful for
higher dlmensions. To overcome these difficulties,
two empirical approximations were tried. They are

detalled below.

Method A: According to this approximation method
the genetic advance expected under different successive

stages of selection can be taken to be equal to

7 /
G =h 2 oy

o)
Ve , ’Z/
G, ( = he 2 67
2 v) hz P &)
, /
Go(y) = he 22 gycy)

Adidads

/
G.(y) =h, _2& _ o)
Ly da-oeeed

where

/
Z; 1s the normal ordinate corresponding to A
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/
Zy, 1s the normal ordinate corresponding to /s

/
%3 1's the normal ordinate corresponding to #idads

— em e e e ke e e e = —_— — _ = e e —

/
Z1s. the normal ordinate corresponding to £ida---ds

2 ) as o afachecl S bp-
hiy by etc. and C are as a¥raudy defined inlsasttion &

ﬁ12 = the coefficieat of heritability based on first
lactation records,

h22 = the coefficient of heritability ba—sgd on
first two lactation records = 2574+R.

h32 = the coefficient of heritability based on

’ first three lactation recoxrds = %Ay 4R

etc,

c = coefficient of variatiom of the lactation yield

R =  the coefficient of repeatability

strictly holds when §election 1s practised on the basis
of first 22 records and a proportion o Lz - ----- Ax

of the best cows from the original population is retained
while affecting selection at the rth stage. But in
practice the selection will be based on a more limited
information.in as much as the earlier cullings would
have been made on the basis of fewef lactation records
and as such the advance is likely to be smaller.

Ho&e@er the approximation is of interest as it prod des

an upper limit to the gain that may accrue from selection

on the comp#laetion ofsuccessive lactations.

Method B: Another approximate method which was tried for
evaluating the average genetic advance can be put in the

following form :

e el



g

Average genetic advance
Noy ADp + Ny, (ADj+ AD2) + Nolidaodg(AD + ADatADg) 4 ---vooven

N+ Noi + Nojdg+ Noljodgolgt «vvoee-e-n-

>

LN

in which /
AD = C;((tg) = hf% STy

= average genetic superlority of units retained:
in the first selection.

Vi

LDy = ha j?""é‘m additional genetic super ority of units
dbtained from the second culling of units
retained in the first selectionec”

y a

= hs Tsae
ADs = 3;%"‘3‘1}: additional .genetic superiority of units
obtained from the third culling of
ele. units retained in the second selection. -

where

4

Z) 1s the normal ordinate .corresponding to «
Vi

X1+ 1s the normal ordinate corresponding to #i
"

Zs 15 the normal ordinate corresponding to %3

etc. -
Other quantities are as already defined.
The average percentage genetic advance for three

. Stage selection In this case becomaes :

Av. percentage genetlc advance
_ ki Z, (/+o(;,+,(z.(s)+hzzi(v(1"toflo(s)—(- Az Zx 142, Xl
|+ L + Ay da + L La L3
The expression for additional genetic superiority

ADy will be realised when a proportion A4 1s retained
from the original population. This, too, in practice
is not feasible.
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The expected contribution to the average percentage
genetic advance by these two approximations have been
worked out in Table 1, colum 31 and 33 for the same
sets of values of £, daand L3 as considered earlier.
It1s seen that the values obtained by method A"
are closer to those obtalned by the more cumbersome
approach than thg values given by methodsﬁi As such
methodAS 1s to be preferred.

It may be recalled that while discussing the
appiication of the formula in section €, the sets
with 0dd values of 4, da and oz were omitted as they
involve heavy calculations. The approximate methods
are not only easily applicable for all possible values
of Intensities of selection at various stages but also

can be extended to any stage.

It isbeen from Table 1 that of all the schemes
of selection, scheme number 8 if we follow the rigorous
or the approximate approach B and scheme number 4 if
we follow method A, gives the optimum values of oy daod Ly
These schemes, however, are limited in their application
as they do not allow scope for selection at all the three
stages. Keeping this in view, other values of xié,
which at the same time give fairly high value of genetic
advance were examined by using methods A and B. With
this cirterion, the near-optimum values of 44 were found

to be o) = 0.6, olz =0.8 and Az=0,875. with the

corrasponding average percentage genetic advance of 6.03



and 8.81 for method A and method B respectively. Thus
améng the selection programmes spread over three stages
the one which envisages selection of 60 per cent at

the first stage, 80 per cent of the selected lot at

the second stage and finally 87.5 per cent of selecting
the units retained upto the second stage, may be
considered the best from both the operational aspect

as well as from the point of view of genetic improvement.
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9. SUMMARY

-

~-An expression for the gain in genetic advance
for multivariate normal populations under successive
stages of selectlon has been derived. The problem
of three stdge selection has been dealt with in
detail witH particular reference to animal breeding
and an example has been furnished to illustrate

the working procedure. The difficulties in the

wake of its application have been brought out.

Two simpler practical approximations for

estimating genetic advance have also been discussed.
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