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Oh A MEW _S1HEE INDEX FOR MILK FRODUCTION
(K. S. Krishnan, 1iCAR)

1. Introduction

In any scientific programme for improvement of
dairy cattle greatest attention should be paid to the selection
of breeding bulls in view of the large number of progenies that
can be raised by a bull in his life time as compared 0 a cow,
With the adoption of the artificial insemination technlque the
problem has recelved added importange as the number of progenies
that can be obtained from a bull by following this technique
is increased manifold,

Milk yield being a sex limited character the
phenotypic expression of which is confined to female sex only,
selection of bulls on itsg performance is ruled out. One
alternative possible is to take as the criterion for selection
a character which is highly correlated with mllk yield but not
sex limited. Available evidence seems to indicate little
possibility of such a character being found. Selection based
on body conformation 1s an attempt in this direction and this
has rarely resulted in bringing about the desired improvement.

An alternative and more promising method is to base
tte selection of bulls on the performance of his female relatives,
The performance of the daughters of a bull will be more useful
in judging its breeding worth than that of other female
relatives since the information provided by the latter are
limited (Lush 1949).

An estimate of the breeding worth of a sire is
termed sire index. Different sire indices have been proposed
in the past. In the course of extensive amalysis of breeding
data undertaken in the Council it has been observed that the
indices in common use are subject to certain limitations. In
the present thesis these limitations have been examined amd a

sire index relatively free from them has been proposed. The
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relative merits of the new index vis a vis the common ones
has been empirically demonstrated on the data pertaining to
hel; a dozen different herds.

2. Review of literature

Ways of estimating a sire's breeding worth from the
performance of his progeny have been studied ;xmensively for
dairy characters. Perhaps the earliest attempt to formulate
an index expressing the breeding value of a sire was perkeps
that of Hansson (1913). The 'Intermediate'! or 'Equal-Parent’
index wes suggested by Yapp (1925) which rests on the assump-
tion that the genetic value of the daughter is mid-way between
the average production of dam's and.sire's potential transmi-
tting ability. Wright (1931) suggested a modification dover
the intermediate index, combining information about a bull's
dam and (m-1) of his full sisters into a single index.

In order to compare the sires used in different herds
Von Patow (1930) and Krﬁlger (1938) have advocated the use of

expressed
SXpresoing reoords}'as deviations from the contemporary herd
average’in order to correct for general envirommental conditions
aprlying for some herds bBubl not to all, This in effect assumes
that all differences between herd averages are environmental.
This assumption is avoided in the 'Regression index' proposed
by Rice {1944} for the inter-herd comparisons. The Regression
index simply regresses the Intermediate index halfway back to
the breed average which is the simple average of all the cows
of the particular btreed urder consideration maintained in
different herds., Berge (1944) suggested a modified index on the
assumption that the regression coefficient of daughter on dam
is of the order of 3/8. A method of correcting the individual
lactation records for the inequality in lactation period was
suggested and the procedure for calculating the intermediate

index and its standard error from these records indicated by

Sukhatme (1944). /
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3. Indices in common use and their shortcomings.

. Nearly all the indlces proposed for sire evaluation
&;e ba sed on simple daughter average or daughter-dam differences
or a combination of the twe, The simple daughter average index
which lays the emphasis entirely on the former and the interme-
diate index which is simply the daughter averagéwplus the amount
by which the daughters exceed thelr dams are the two common i

indices widely in use for sire testing in breeding heréds.

The simple daughter average imdex D of a sire is

defined as

D = ¥ (1)
where y is the simple averagé of its daughters with records.

The intermediate index I of a sire is defined as

I - 2y - x ()
vhere y and X are respectively the average of all its
daughters with records and the average of the dams of these
daughters.

Any method of sire evaluation 1s likely to be affected
by the culling of female calves and heifers. No satisfactory
procedure is available for overcoming this defect in the estima-
tion of the sire index. Retention of all female progeny till
the completion of their first lactation, except for reasons
of disease or confirmed infertility, is therefore, essential
for sire evaluation.

Apart from this common limitation, the simple daughter ave~
rage index does not take into account possible assorfive matings
resulting in unequal average production levels of the dams sired
by different bulls. One limitation of the Intermediate index Iis
that it overcorrects for the differential level of production
of dams mated to different sires; that 1s if the set of cows
mated to a sire is inferior to the average, the index over-estima-

tes the sire's breeding worth whereas 1f the dams are above

ot
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LR+ A+ °J:.§+ 0, (6)

Then ..
“aua 2L ‘-3

If the differences in the milk yleld of two daughters which
is attributable to non-heritable causes are purely of a random
nature, then eig and ei&" » the enviromment al deviations
in the yields of two daughters of the same bull, are uncorrelated
and the expected value of Qgé will be the same for the daughters
of every sire. e;; my be soflefined that this expectation
E( ei3) is zero.

With the set up so defined the expected values of the three

indices may next be examined.

g28. Simple daughter average index.

The simple daughter average index Di of a sire can easily

be seen to be

(7)

E(e;) = O but E(-g-i) +# O unless every cow has an equal
chance of being mated to any bull. If this conditiom is

deviatiagn -
.

satisfied , then the bies introduced by in Di"' as an

2
estimate of the breeding worth of the sire} is of the nature of
a sampling error similar to -e'i and only lowers the precision

of the estimate.

In practice these conditions may not be fulfilled on
account of (1) possible phenotypic assortive mating based on
milk yield or related characters and (ii) inbreeding which is
nothing but genotyplc assortive mating. Hence in the further
development of the theory E(g;) has not been assumed to be o

necessarily zero but to have a value £} which may or may not be

equal to zero.
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The daughter average index D is also correlated

i
with the averagg of their dams .ii as is shown below
- X
where X, pgO SR
Yl.
‘v
Then E(Di) : B (%) N
= A+ % ""‘-%_' °
E_ l.l “ “+ eb
/
- Ax %%J ~ X, ()
>

Cov(D;, %) Cov (F:, %0)
[fe-weal oo

Ky T a:. _; Py ’

1

e [{Be o ) Qa2 ]

te

'\i V(gc) + 3 C‘W(%—L:%E)

+ 3 Cov(9;,8,)+ 3 C°V(§a‘a-ge)

+ Cov(Q.,€.)+ Cov (§,,€) @
N

AR

CylBys

"~
where 6"’% is the genetic variance in dams., The term in

—

’
cov (9., 9,) 1s non-zero If there is assoclation between
LS
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the average genotype of the cows mated to a sire and the
genotype of the gire itself. This term will be positive
if there is inbrecding or mating of like to like and negative
if mating of unlike individuals is preferred. Under a system
of random mating or out-crossing the term will vanish.
Cov ( %i , 'S';‘) is the covariance between the genotypie
of a sire and the deviation in the average production of the dams

due to environment. When, however, no preferential environment

is given to the mates of any particular bull, this term will

vanish.

—

The term cov (?a;. ,8.) # 0 if (i) groups of cows of
different production ca\pa‘cities are assigned to different bulls
and (ii) these groups are given different treatments as regards
feeding and management., Similarly the term cov(%t,ai) will be
non-zero if (i) cows of different production capacities are
mated to different bulls and (ii) the daughters of the different
groups are reared differently. Both the above terms will

vanish under random allotment of cows to different bulls. Even
if this is not = the first will vanish if the conditions of
mana gement of the mates of different bulls is not related to theiri
production capacities and the second if all the daughters born |
are reared under uniform conditions.

The last term in {9), viz cov({ Z.-, ,E,-_,) is attributable
to environmental correlation between the daughters of a bull
and thetr dams and will not vanish if the daughters of better
mnaged cows are reared better.

Each one of the variance and the covariances in the right
hand side of equation (9) will contribute for the correlation
of Di and S"Ei. If inbreeding or phenotypic assortive mating is
not deliberately practised and envirommental deviations for

daughters and dams are uncorrelated, correlation between Di

and Ei can readily be seen to be
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where o and ¢r§hare the variances bestween the mates

of a bull and its daughters respectively-averaged over all

— > .
the bulls. Since T2 1s the heritability coefficient h?
oL -~ '
.

among the dams, correlation between D, and Ei may be

written as %hz ’51:,/6““ )
b

The daughter average index is thus seen to be positlvely
correlated with the average level of production of the cows
mated to the sire. Thls implies that the breeding worth of the
sire is over-~estimated 1f the cows allotted to a’sire happen
to be superior on the whole and is under-estimated if anie#
ef inferior(pews—aae given to the bull.

When it is desired to compare two sires 11 and 12

in respect of their transmitting abilities,and if the simple

daughter average index is used for this purpose,then

D,-D, = "3‘_:51

! ! — - —
%__l ____32- -+ %f - ga. + E. "Q-:, (“)
R 2.

( e, "Ea. ) 1is the difference attributable to envirommental

causes, This difference will be in the nature of an error
if the deviations ascribable to non-heritable causes are of a

random nature but a source of bias otherwlse. Similarly if

Sire |
the chance of mating a cow to & _is the same as that of

——

Sire L —
mating the same cow to f;, then ( § - "'3,_ ) will be of the
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nature of an error and hence ( D, ~D, ) can be taken
! /
as a valid estimate of ( 9, =~ 9. ) which is half the diffe-
-
rence between the genotypic values of the two bulis. When

—

o) —
phenotypic ass’rtive mating or inbreeding is practised ( 31 - 3.‘_ ;

may not vanish and hence { D, =P, ) is a biassed estimate of

9/-9.

-

53 . Intermediate index

i
The intermediate index I, for the sire/is ‘i
: Ii = 2§; - Xy )
' ——

~
s _Qig+ ﬁﬁﬂgt;“éd_{aﬁ-%&q-?é}

'

. - —
. = AY R v - 8, - Q2)
: E(Bi) = 0 but ECS Jmay not vanish unless the conditions
of feeding and management under which the records of dams are

made can be taken to be randomly distributed in so far as the

different groups of cows are concerned
[] — - -
C@V(Ii"xi): Cov i(ﬁ*‘ %;' + 2¢; - 8;.), (3., ’ %C)}

- V() * Cov(3L9)) + Cov(3!,3))
~Cov(§;, 80+ 2 Cov(§, BN ~2Cov (§,2,) O®

o

The implications of the different covariance terms in (13)

are the same as in-29f discussed in the previous section.

Even 1f the assumptions needed for these covariances to vanish
hold  the term—V(Egé)'will remain and I, and E& willl
therefore be correlated.

The intermediate index is therefore negatively correlated
with the average level of production of the cows mated to the
sire with the consequence thal the breeéing worth of the sire
is overestimated if the cows allotted to a sire are high yielédQrs

and 1s under-estimated if poor ylelders are mated to the bull.
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When the breeding values of two siresa.ve and are

compared by using the intermediate index, then

I¢"Iz -_-,(F\-i-%,,-i-z €,+—g,)—(.ﬂ+%i+1é-z"sz>

=(9,-%,)+2 (&,-8,) ~(5,-8§,)
(TS)

w——

The expectation of the term ( é-_‘ - €, ) will vanish
and the term will consribute to error if the envirommental
conditions under which the records of daughters are made can he
taken to be random. If however preferential treatment is given to
the daughters of one bull as against those of the other, the
term will introduce blas in the comparison of the two bulls.
The situation with regard to the term ( g‘ -35;_), which

refers to the environment of the dams, is precisely similar

to that of ( € -2, ).

448, Corrected index
The corrected index §8; for the sire i is given

-y S.= %, - &cx, -n) Cts)

where b 1s the intrasire regression of daughter's yileld

on that of 1ts dams.

The corrected index §, makes an allowance for the
bias present in the daughter average index due to the differen-
tial level oi?‘production of the dams mated to differgnt sires.
The appropriateness of the adjustment can be seen from the

following argument,

It can easily be shown that the linear regression
coefficient of genotypic value on the phenotypée value is
equal to the heritability coefficilent, h°. Hence

%i. z "\:L(.ic, "'R)'

= k(% ~R)
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As shown in (m}, E(Dy) contai?s the term %
and its effect will be in the nature of a bilas unless
every cow has an equal chance of being mated to a bull. Where
this condition is not satisfied, the addition of the term
~ 4 R(X;-A)made to D, i.esteyi adjusts for the effect
of the deviation due to Ii."‘ and renders the resulting estimate
unbiassed. It is known that twice the ilntrasire regression
of daughter on dam 1s the most efficient estimate of her}ta-
bility (hg). Hence Si will be an estimate of 4 + %y. free
from the bias due to unequal production levels of dams.

Unlike Dio~d I, the index S; is not correlated

with the dams’ average. This can be seen as follows:

CW(S.*E;,): C.ovlig,; - ‘Q'("’—‘a“‘ﬁ)}. "?c‘.]

. Cov ( '3;, r¥ .;) - Cov(lfﬁic‘-':ié)* CW(M"E':) (e

From €quation (9)

Cov (3, E)= e o5+ 3 Cov(3,,%7)
+ 4 Gv(3,6,)+ 3 Cov(3,,T))
 Cov (9.,B) + Cov (5., E))
Cov(d,2). E (&%) - E (L%).E (%
E (&) ECRS)- B {8 RO}
EC&) .V ()

fr

i

< _b_. ___Z,u
P "y,

I EEeS

Y q:%c

since O is orthogonal te X, and 2EM) =W = _.3!
&+
%
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cov(bi, X )= A cov( b, zc)‘= QO since b 1s orthogonal to ij_‘

Substituting these values in (16)
Cov(s:%:) = 5 Cov (3, %0)+ & Cov (9, 8,)
+ 3 Cov(gwsa)-ﬁ Cov(9,.€)+ Cov(8, 'ED Gn

It may be noted from (17) that cov( S ,"J_Eg) & does
not contain a term involving o‘%z'a.s is the case with cov(:D;_,"i.;);
neither 1s there a term involving o',‘;'as is in cov (1L, , ‘3?,;).,
The correlation of S; with x; will therefdre be expected

to be appreciably lower than-the correlation of either Dy

or Iy with X, . If the conditions necessary for the covarianceg
in (17) to vanish are satisfied S; will not be correlated

with Sii . These conditions have already been discussed in
Saction @.2, From these it emerges that random allotment of

cows to different elres and similgr conditions of feeding

and management for all the daughters born are two essential
prerequisites of a sound progeny testing programme.

§.5. It will be seen from the foregoing sections that the
corrected index S as also the simple daughter average index ¥
for a sire, 1s an estimate of A + 3_’ as against the inter-
mediate imex I which attempts to esltimate A +9'. But

this need cause no concern as %_’_ which is a constant

2
meltiple of the genotypic deviation is as £ good a measure

f
as g, g The former 1s in fact the direct measure of the
o

sire's influence on that of his daughter while the latter

is a measure of the postulated genotyplc value of the sire.

It follows that the difference between the indices of two
sires as measured by the simple daughter average index or

the corrected imlex estimates #( %l'ﬂ- %;) as against the
difference Dbetween their intermediate indices which attempt-s

,
to measure ( %‘I - %2_ ). One consequence of this diffe-

rence 1s that the intermediate index of a bull having

superior genes is likely to show a greater deviation from the
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herd average than that of its simple dai ghter average
or the corrected index. Similar wil#be the case for a bull
having inferior transmitting ability. Hence the difference
between the best and the worst bull used on a herd is likely
to be larger when measured by intermediate index than by the
other two indices. This advantage of the former is, however,
offset by the likelihood of the larger bias belng present.
It will also be shown in the nexi section that the variance
of the intermediate index is substantiglly higher than
that of the other twos

Another term which occurs in the expected values of
all the three indices is the herd average A. UFor all intra-
hard compariégns this will wvanish and hence no-comment is
required im such cases. When, however, two bulls used on
two différent herds are compared,the herd constants Al and Ag
may differ partly due to differences in management and other
non-her itable causes and partly to differences in the overall
genic composition of the two herds. The differences attri-
butable to non-heritable causes should be correctsd for but
no allowance need be made for the differences attributable fo
genetic empositions, if the correction index is used and it
is assumed that there is no interaction between heridity
and enviromment. Evidence in other countries seems to
indicate that the d;fferences in herd averages for the samel
breed is attributable largely to management and other ent -
rormental causes. To the extent this is frue, the deviations
of the indices of two sires from the respective herd averages
willl provide appropriate inter-herd comparisons.

Igteraction between genotype and environment may vitlate
comparisomns, both intraherd and between herds. The possible
safeguard against this in the zmExaEEmfxtk case of intraherd
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comparisons would be to allot representative lots og cows to
on

the different bulls whereas in case of more than;herd, the bulls
wilyhave to be tested on representative lots of cows in each

of the herds,

£.6 Varlance of the Daughter Average Index

The sampling variance of the simple daughter average
index Di for the sire 1, calculated from the records of his

n; daughters with records, is obtained as

VD) =v(F) = T (%)

The mean square error of Di will contain, 1n addition to
production

V(D;), a variance component due to the differential/capacity
of the dams whose daughters' records are used to test the
sire. The additional term will be equal to the square of the
bias term 1.e. (".!'z_;,)z This term will be in the nature of an
error variance if the bulls are allotted gt random to groups
of cows differing in levels of.production.

The phenotypic variance O_;between the daughters of a sire
will consist of a genotypic component and an environmental
component. The genotypi_c component of G";-will be lower than

& .; the genotyplc variance in their dams on account of the
correlation between the different daughters due to their
common sire., As the correlation between half sibs { members
of a family having one common parent the other parent varying )-
will on an average be 1/4, the genotypic variance between the

r L 1 2e
daughters of a bull wil]}be only (1-pP) (3 = (1-%)0g = %tﬁa
2.

The environmental component in 6"‘,;‘ is E( @iy )

= say 6",;'2‘
Hence
\ 2 1 3
B R C T EEr I

~

i
When the daugl?’ter average index 1s used to compare the

transmitting abili?ies of two sires, the comparison will be
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rendered less precise or vitiated by the differences in the
-production capacities of the groups of cows allotted to the
two bulls, according as the allotment is random or otherwise.

%gﬁhce the expected mean sqguare error of (Dl - Dz) is given by
2

(mrw) (% G"*"“)*L—L——l (29)

4.7 Varilance of the Inte&mediate Index

The sampling variance of the intermediate index Iy

of the sire i is given by
V(T)= V(2 ~%e) ™
AV 30 + v (X)) ~ & Cov i §,5))

1

n

BV (3)+ VI {\-9.\:3,

3]

\
- [Lecr‘:‘_\. &, (-2 M‘")]
AR R R A G SRS

- R P - AP
Sl [-z.(m. \-.)6‘.a Al O 4 (Va2 W S ] (v

A reference to equation (9) in section 4.2 will show that in
deriving the above expression it is tacitly assumed that the
conditions under which the c%ri&nce terms in the eqation (9)
will vanish are satisfied. '

If it is assumed that the envirommental variation in
dams is of the same order as in their daughters, the eqation

2!
(22) simplifies to

V(E): & a2

: . y
Sthee 63 : We, and cr (u-k‘jp

V('_r_) (5- ‘31\‘)

-“ x.

(22.3;
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From this it is seen that the standard error of the

- {ntermediate index, expressed as a percentage of the overall

average, is of ths order 'Sf'.;; ..,f -3 h- , where ¢ is

the coefficient of variation and n is the number of daughters.

when two sires are compared
- L .
V('I‘ In.) :Lm,*i—t)[z(l‘k9°’§+t\-°“:+ (t-:.k")d‘;]

=G E) G e G

5_,_@ Variance of the Corrected Index

Sampling variance of the corrected index is given by
V(s): V [Qg _ 4 (%X -8
ERVTTATICEO RIS
-2 Cov C "5,-,,2:33.-.3*‘7' C°V(§L,“!’)

~a Cov (L% ,AL) (24)

ko

New — V(§): w %

VAT:). JEWT V()4 {EGITVW Corariance

‘“"(‘r:"tg) vanishing  due bt orthogonality of LM;E‘-_)
S h'L)"- 2. - .
w, () oo« {EEOY vw)

vied) : ARy ()

Cov(T, %Y. £3%., 0%} - B(3) B(LR)

EC4). Cov (9:,%,)

‘\'\- “ y
__2.-..}:_ )

Tn,

t

Cov (9, A L)

& COV(;&,&,):O

COV(_!:-!-L’ )A"r): A Cov Clr-')—(.,_ l’*‘) = BE(E'.-)V(L)
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Substituting the valuss of the variances and cov}iances

in eqation (24)

L™
.V(s;)- ~ o"‘;-\‘_(‘_‘_.) 6';: + {E(ic)'}x\,“,)

= n
+R1V(L')-Q").d" 20§ B V(L)
S )

w&)[{ui‘a} X W= 28 E (XY

LN

AT
H

._ia—" g.‘:‘.'_)_.o"} {EC'M) F‘}V(L) (2%)

\\
= ~
S

“hen b is estimated from data pertalning to k bulls,

the ith bull having ny daughtendam patrsi °

Vur): Y‘ ‘3 k‘) "‘-]

-

k
where wnz 2N
3!

- k
Substituting  in @6 B, -
v(sy) = ‘i_s" Q‘i""ﬂ\_ i(vn‘:)ra} ]
- 6_ __ﬂ_ (_.'i ] [ iEfll)'"h}
wi' n-k) o (20)

If the enviromental variation for the daughters and

the dams may be taken to be of the same orgder,
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thls case
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m this 1t 13 seen thut the standard error of the corrected

pdex expressad as a percentage of the herd average, is of

— - B >
In & = g‘[,.l

where @ and N are respectively the coefficlent of variation

order

and the number of daughter-dam pairs.

when two sires are compared N (S, -§ 2)

can be shown to be

| { - &2 rﬂ. N i;f*:) j—if Q}) (27)

4.9 Relative efficisncies of the indices

The relative efficlency of the corrected indeg
comparad to the simple daughter average index from eqations

(1) and (26) is
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Relative efficlency of the Corrected index compared to
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The gain ir efficiency of the corrected index relative
t9 the sizple denghter avergge index end to the intermediate
index fer velues of the heritebility coefficient ranging from
o1 %0 1,0 ere indicated in the table below.

<
Hz Over slmple daughter Ov.er Intermediate
average index . Index
o Less than .S 383
o2 Y _ 268
o3 2 R i 355
4 3 343
o5 6 332
o8 9 ) 324
o7 12 317
o8 16 318
o9 20 308
1.0 25 306

-u-w--w--nﬁnnm—-q-u-u----l-'-—-m-—-

The geln in efficiency of the corrested index over the
intermediate index 1s over 330% Bor a heritsbility coefficlient
of 0.5 or less. The galn of the férmer index over the demghter
aversge index 1ls very small (6% or less) for h53 less thar 045
vwhen representative sets of cows are ailotted to the different
bulls under test. It must be remembered, however, that the
utility of the corrected index lies in eliminsting the blas due
to {ihe unequel production level of dems from which the simple
daughter avergge index suffers.,
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$. Smpirical verification

In order to see how far the expectation of the
j superiority of the corrected index over the other two
E. indices is realised in practice, data relating to six

)/ Indian dairy herds were analysed. The data studied consisted

of 990 daughter-dam pairs from 69 sires. Details of the ~
computational procedure adopted for calcuhting the estimate
and the standard error of the corrected index, illustrated
on one of the herds, is given in the Appendix.

The three inddces for each of the bulls tested in the
different herds is given in Tables 1 to 6. It will be seen
from columns 7 and 9 of the tables that the standard errors
for the corrected and the intermediatz indices are, generally
speaking, in the ratioc of 1:2 as was expected. A comparison
of the standard errors for the corrected and the simple
average indices indicates that the gain achleved due to the
reduction in the standard errors is m gligible.

A comparison of the efficiencies of the estimation
can be made directly by a comparison of the mean square
errors for the three indices. It will be seen from Table 7
that the mean squares for the intermediate and the simple
average indices, when averaged over all the xk®x herds, were
about 437 and 103 per cent respectively of the mean square
for the cq;rected index. The standard error of the corrected
index, when averaged over all sires, was only 45.4 per cent
of the dtandard error for the intermediate index and 97.8

per cent of the error for the simple daughter average index.
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] Degrees of Mean Sqguare for
H e r 4 i freedom e ittt L L L L L P L —e———— e
I § Simple daughter av Intermediate Corrected
i average
1. Xangayam (Hosur) 304 3536 12166 3173
i
2, Tharparkar (Patna) 223 13936 / 63850 13938
3. Sindhi (Hosur) 174 21177 88410 20855
§
4, Sindhil (Bangalore) 127 18467 80645 17716 5’
5. Hariana (Hissar) 69 2558 9425 2189 '
6. Gir (Bangalore) 24 10248 , 38857 9806
Pooled. 921 11547 489908 l12ie




Table 8

Correlation of the different indices with the average of the dams

§{ Number of | Simple daughtar § Iptermediate index {
Herd { sires { average index ' T s LT Tupwyey g Corrected index
§ tested frommm e e - {Directly { Expected g§--==m==v-~m-reroceroma-
8 ] Directly [Expectedfestimated § [Directly § Expected
I { estimated { § i lestimated _{
Kangayam, HOS'[J.I’ 17 0030 r 0032 - Oclo - 0026 0108 ZGI'O
i’
Tharparkar, Patna 13 0.18 0.06 - 0,35 - 0.36 0.11 n
1 J
Sindhi, Hosur 13 0.15 / 0.14 - 0.26 -~ 0,24 0.005 n (.od
Sindhi, Bangalore 12 0,07 0.22 - Q.44 - 0.36 -~ 0.186 " {
Hariana, Hissar 10 0.42 0.41 - 0.36 - 0,29 - Oe04 "
- ) :
Combined 65 0922 0023 - 0.28 ol 0030 - 000‘4: n

* Significant at 5 per cent level.



“31-

It was shown in section 4 that under the as=samptions
required for the covariance terms in equation (2) to vanisﬁ,
the daughter average index of a bull and its intermeddate
index will respectively be positively and negatively
ecorrelated with the average yield of dams. Under the sane

assumptions it was concluded that correlation between

corrected index and dams! average 1s absent . An empirical
verification of these results was undertaken by working

out correlation between each of the three indices and the
average yleld of the dams which were the mates of the
different sires. The values of the correlations obtained

for the different herds studied are pre§ented in Table 8. The
correlation betwsen tpe simple daughter average index and the
dams! average was positive in all the herds. Similarly the
intermedlate index was uniformly negativély correlated with
the average yield of the dams. (Similar resulits were also
observed to hold for the Gir herd studied, the actual values
of the corwrelation for which herd 1is not presented in the
table as the number of bulls tested were only four). The
correlation between the corrected index and the dams average

was posltive for three herds and negative for the other two.

The expected values of these correlation coefficients
using the heritability and the varlance estimates (vizﬂﬁdﬁbdg
were also obtained and are presented in the same table for
comparison. The xxrameErk agreement appears to be satisfac-
tory on the whole, the pooled values almost coincidéng
with thelr expectations. The few discrepancies noted in
the comparisons within herds are to be ascribed to the small

mumber of the bulls tested.

|




Table 9

Rank correlation between different sire indices

PRI S — - —

Herd { Number of [Simple | Corrected and |} Corrected and
{ sires; [daughter } simple daunghter{ intermediate
) faverage and | average i
J jintermediatef |
/
Kangayam (Hosur) T 17 0.87 0.92 0.98
Tharparkar{Patna) / 13 0.81 0.997 0.86
Sindhi (Hosur) T 13 0.89 0.984 0.94
Sindhi (Bangalore) 12 0.70 0,91 0.93

Hariana (Hissar) 10 0.70 0,96 0.78
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The relative rankings of the bulls in each
breed according to the three indices are given in
columns (10), (11) and (12) oy tables Ii%~;;:in§.
It may be seen that for all the herds studied, the bull
ranked first according to the corrected index retains
the same rank according to the intermediate index or
to the ordinary daughter average index. The only excep-
tion was the Gir herd, where the best bull would have
been rated as the second best if the ordinary daughter
average index has been used. For all the six égg;;i?
the worst bull would have been rated as such according
to any of the three indices. The rankings for ojher
bulls also are in close agreemext . The values of the
rank correlation of the corrected index with the
intermediate index and the simple daughter average index
are given in Table 9. The rank correlations are uniformly
high for all the herds showing thereby that the use of
the simple daughter average index will seldom lead to
materially different conclusions, if the object is merely
to order the bulls according to their relative merits,
provided that the average production levels of the dams
mated to different bulls do not differ to a great extent.
Whenever sud variations are present, or when the estimates

of the sire indices are desired with a greater precision,

the corrected index 1s to be preferred.
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.. Discussion
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In the model discussed in Section §, it was assumed
that each cow had only one daughter with records. This
simplifying assumption will not generally hold for actual
data collected from breeding farms. In almost every farm
1t 1s a common practice to retain high yielding cows for a
larger number of lactations with the consequence that these
cows will have more daughters than the poor yielders. .

If the mating system followed 1s such that each
daughter from a cow is raised through a different sire, the
procedure for the calculation of any of the three indices
considered ,needs little alteration. The average level of
production of the mates wil oweveg,be increased by the
selection exercised on them from lactation to lactation.

This will raise the herd average; but will not vitiate the
comparison of two sires if they are used on cows wlth contem-
porary records and the cows allotted to each sire is a
representative sample of the herd. 1In case the groups of
cows assligned to each bull are different)the situation will
remalin essentially the same as has been discussed earlier.
The worth of a sire used on cows having relatively higher
average is likely to be over-estimated if the simple daughter
average index is used and under-estimated if the intermediate
index is employed, owing to the positive and the re gative
correlation respectively of these indices with the dam's
yleld. The corrected imdex being uncorrelated with the dam's
yield, is not 1ike1yro introduce such a Bgés.

When a mumber of cows are retained for a large number
of calvings a procedure that can be followed to eliminate
the influence of the unegqual production capacity of the dams
is to obtain a daughter through the mating of each cow with
each sire. The scope of this method of sire testing}called
diallel crossing y is limited in practice by the undeterminable

nature of the sex of the calf born and the relatively few
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cal ves that can be ralsed from a cow. TFurther this method
also requires that every cow used for test should be retained
for a large number of lactations. This method may seem to be
useful when only a few sires, say two or three, are required
to be tested on a large herd. Even in this case its value
is affected by the longer time interval required for the
completion of the tests. -
In situations where selectlion is practised on cows in
successive lactatlons and a cow is allotted %o more than once
to the same bull, blas in the estimation of the sire index
is likely to arise from two sources. One sourcef is that
cows retained for more laetations are likely to contribute a
larger proportion of the mates of a bull, the effect of which
is apalogou¥s to the case where the\dams level of production
is higher than the herd averagé. Allotment of such cows to
dlfferent bulls is a second source of bias which may be elimi-
nated if the bull to be used for servlice is determined indepen~
dently for each mating,
With two or more daughters of a cow sired by the same
bull, two practices have been widely used in sire testing.
One 1s to repeat the dam's record with each daughter's record.
The other is to average the records of all the daughters formirg
a full-sib family and etonsider this average along with the
dam's record as constituting a daughter~dam pair. The former
practice would he vallid if the correlation between the
daughters constituting a full sib family were zero while the
latter would be appropriate if this correlation is perfect.
Obviously the actual situatlon in most of the treeding material
is intermediate to these two extreme conditions, although usually
nearer to the former. The brocedure of repeating te dam’s
record wWith each daughters record is,theredorg, Lo ke pre {;\%\-r‘ed
As has been stated earlier, the most efficient eStimate
of the heritability coefficient is obtained by doubling the
intrasire regression of the daughter's performance on that of

its dam. The influence of the varying number of offspring



=35~

per parent on the regression of the offspring value on that
of 1ts parent, was consifered by Kempthorne and Tandon (1953)°
The procedure recommended by them was a system of weighting
which wlll give an unblassed estimate of the regression with

minimum sampling variance. It may be briefly summarised as

follows:
P ~
T Guess T = (—T—P) where /0 is the correlation between
the full sibs and call the guessg&d value 7T
II The estimate of heriltability ]?’ is given by
AT W00-R) Y,
2wy lxy-x) _ |
wherte wa-‘ = T3 , Ny being an nuwmber af davfhters
of the jtn cow Lfrom a bull amnd ¢ _ﬁ_..... ?
Zowy
?

III Estimatef) by using the intra-sire mean squares between
!
daughters, within and between cows. The expectation of the

%
mean square within cows 1is 6‘;(1_/0‘)and of the mean square

between cows is
[6’1(\~f’)-+ (i“z— —s—-’* r;'/OI
i.‘n., '

where 6"';13 the phenotypic varlance and 3

k 1s the numbeB of cows, so that one can estimate /‘:

by equating observed to expected mean squares.

IV. Using the estimates /0 andﬂ obtain
T - /° —ﬁ

———r

1~ N

v The estimated variance of ﬂ, is then

AT %y )
{2 =, |xM.S. between
? g Grng Al zw G x) aaughters

within Ccows

LS



The success of the use of such a procedure

o M —— o~

obviously depends on the closeness of the value of Ty by
it is also somewhat combursome., Ih most situations dealing
with quantitative character, the h? belng rather small, {
the simple procedure of repeating the dam's record with each °*
daughter's record may provide a safisfactory approximation
and is to be preferred to unweighted regression of means of

daughters on dams., '

For sire évaluation and other breeding studies, it is
gensrally the practice in foreign countriss and alse in some
farms in Ipdia, to take the yield in the first 300 (or '305)
days or the @ mplete lactatlon yleld when the perlocd is less '
than 300 days. When such data are not available (as was the
case in respect of the herds taken for illustration excepting
the Hariana), Sukhatme (1944) suggested that correction for
the inequality in lactation period may bes made by using the
regression technique with lactation period as the concomitant

variate. This method, however, inflates the indices of those

— mproom e

sires whose daughters have shown poor performances since
poor performers generally have shorter lactatlion periods. v
Raising the yield of daughters which have ceased to give milk !
much earlier than 300 days,does not appear to be justified as
the shorter lactation length cannot be aseribed wholly to
random envirommental causes. The lower lactation lengths are
at least in part due to poorer genotypes. The actual lacta-
tion yileld rather than the yleld adjusted for 300 dgys

should, therefore be considered as reflecting the milk potén-

——

tlallity of the progeny. Cases where shorter lactation perilods
are due tc the result of known abnormalities such as death of £,
calf or diseased condition of the cow, should be omitted

rathe# than corrected. For cows havirg a lactation periocd
longef than 300 dgy s also the yield corrected to 300 dgys

by using regression technique does not appear to be a sultable



substitute tc the actual yield obtaired during that pericd,
as the regression results generally in an over-correction.
This is on account of the fact that the yleld in the tail
end of a lactatlon is generally lower than the average yleld
per day over the entire lactation perlod. It seems, therefore
desirable that the yield in the first 300 (or 305) days of a
lactation should be taken for the lactations longer than this
period. A good reason for this practice is that in dd ry farms,
te provide for a
it is desirable to aim at anmual calvings andery period of
about two months to help the cow maintain her health., For lacta-
tions completed in less than 300 days, the complete lactation
record seems to be the apprOpriate‘one. Wherever data on the
yield in the first 300 days are not available, it is preferable
to carry out the studies on the unadjusted yield rather than

on the yield corrected to 300 days using the regression technique

Another factor Iinfluencing the lactation yield of a cow
is the order of lactation. The effect of this factor can be
eliminated by confining the study to the first lactation records
only. The first lactat%on records are preferable to the
later ones as they will be available earlier and wily%e influ.
enced to a lesserextent by selection. The extent of gain that
can be achleved by using the later lactation records in
addition, requires further inwmskiggitdmd investigation.

An important consideration in plamning a systematic
breeding programme providing for sire evdluation is the number
of daughter~dam pairs required to prove a sire. An answer to
this question depends on how sure of his proof one wants to be
and on the order of variability among the daughters! yields after
correcting for the inegqualities in the dams' performances. With
the conventional five per cent level of significance and a
coefficient of variation of the order of forty per cent for
lactatlion record observed in the case of the six herds already

referred to, the superiority of a bull whose corrected index
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1s twenty per cent higher than the herd average cax be
detected with twelve daughter-dam pairs. With the same
number of pairs, it will be possible to distinguish between
bulls whose corrected indices differ by more than 32 per cent
at the sare level of significance. Sukhatme (1944) suggested
that in dealing with breeding studies the xmrm ten per cent
level of significance may be used as an ald to possible reten~
tion of superior breeding material which is difficult to select
with greater certainty. If this level of significance is
adopted, a difference of the orded of abcut 28 per cent or
higher wil%be revealed as significant. The corrected index
for a sire calculated on twelve palrs of records is expected
to be determined with a standard error of the order of elsven
per cent, A

The results indicate that, while there is no harm in
using as low a mumber of pairs as five or:aix/for gettirg the
first indication of the brecdinyg worth of & sire, and
discarding inferior bulls having lower indices than the
herd average, the final selectlon of a bull as proven for exten-
sive use, and for selection of male breeding stock for further
propagation should be based on a test carried out on the
records of twelve or more daughter-dam pairs. In order to
provide records of twelve daughters, about thirty dams my have

to be mated to a sire so as to make allowance for sex ratio,

mortality of calves etc.

j

- p———
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8. Summary

In any scientific bresding programme for improvement of dalry
cattle greater importance 1s attached to sire selection on account
of the larger mumber of progenies that can be raised by a bull in

his life time compared to a cow.

As milk yield is a sex limited character, sire testing has to
be based on the yields of the relatives of the bull. Indices
based on such records proposed by different authors have been
briefly reviewed and the merits and limitations of the two common
indices widely in use, namely the Simple daughter average index
and the Intermediate index are examined and a rew index called
the dorrected index,comparatively free from some of these
limitations,is developed. )

The proposed index 1s obtained from the formula
S = § - b(X - A) where § is the simple average of all the
daughters of the given sire, X the average of the dams of these
daughters, A the herd average and b the intrasire regression
of daughter's %erformance on that of its dam.

By se£ting?§ simple genetic model, the expectations and the
varlances of the two common indices mentioned earlier, along with
that of the proposed index, are derived. The nature of ‘the
bias involved in their use 1s examined and the relative efficien-
cles of the three Indlices assessed. It is shown that the gain
in efficiency of the »kat corrected index over the intermediate
index is 380 per cent or more for a heritability of 0.5 or less.
Even ?hen the value of the heritability is more than0.5 the
corrected index proved to be more efficlent al though to a lesser
degree. In so far as the simple daughter average index is
concerned, 1t is subject to bias on account of the unequal
levels of dams' production, whereas the corrected index which is

free from the bias has an efficiency in no case lower than that of

former.
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The superiority of the corrected index over the other two
1s also empirically verified with the help of data pertaining
to sixty nine bulls from six herds,

Situations arising due to more than one daughter
with records available for each cow is discussed., Methods
for adjus ting for the inequality of lactation length and
the order of lactation have also been discussed. The minimum
mumber of daughter-dam pairs required to test a sire by ths use

of the proposed index has been examined.

L




I am grestly indebted to Shri V.N. &mble, Statisticien
(Animel Husbandry), L C.3.R. snegar. V.G, Pange, Statisticel
&dviser to the Council for thelr gnidance and belp in the
preparetion of this thesis.

With a view to obtalning the empiricsl verificstion on tbe
records from a8 many herds es possible, a study of ell the six
herds for which records wifere evaileble st the Gouncil wes
underteken. This Ilnvolved buge volume of computetion. The help
rendered by Messes P.N. Sonl end B.B, Nayer, members of the
Statisticel a'baff'of the Council, in woxking out some of the celculabions
pertaining to the sums, sums of squares, etc.,sacknowledged with
thenka. ’ 1
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Table 1

COWS
First wacbution ¥ielas (in 1v los ia 3Lu a.ys of less) of the dewms Luusu tu dil elent sires and thei: dau,hters
(4 rian. herd, Governwent Cav.le Fulii, Iis ar)

t L 1

Sire VI ' Sire VII ' Si.e VIII' Sire Ia
) ] 1

T H —= T 1 - [ ! . 1 T 1 1 1

1 ]
1 Sire Xk
H

L

Sire III ¢ Sire IV ' Sire V
1 1
1

e
e D

1
sire I ' Sire II

1 1 T 1 1
Van! stDaugh'Da.atstDaugh'Dan's '*Daugh dJaatstdaugh'Dam! s'Daush ! Daw! s'Daugh'Dant s'Daugh' Dan! s 'Daugh ' Dum? s ' paugh' van! ' Vallgu
vi_ld'ters 'Yield'ters 'Yield'ters VYield'ters {Yield!'~ters'Yieird'ters Yield!'ters 'Yield'turs 'Yield'ters 'Yielu'c .rs

'yiald: 'Yie.rd! 1Yield 'Yield! 'yield! '"Yield ! 'Yield 'Yielc tYiesq! 1¥icau
176 11134 ? 127 1211 108 261 t 206 1411 65 93 % 186 120 v 235 202 ¢ 43 128 ' 47 123 1 94 1 114
°22 1 118 ' 281 142 E 177 219': le 82 A 99 67 158+ 28 77 168 161 L 1s2 o : 180 116
"o 1740 207 196 M 135 : 91 156 t 67 151 208 2831 73 117, o 107 1 220 220, 178 177
82 136 » 109 139 ' 228 211 107 158 ' 232 163 L n 460 w125 219 230 62 60, e7 166
3 ¢ 66 ' 154 8L ' 105 119 179 86 141 164 68 196, 268 277 v 139, 6o 172, 54 o1
65 110 ¢ ™ 162 ' 204 19u 67 152 M A7 . 73 151 26 i 93 238 272 187 WP .
66 1 131 ! v get M 199 ' 56 176 123  1%1 r 25 131 : 161 130 M 223
201 194 142 T4 M 1207 164 14 " s0 1es : 19 1ve
' 4 203 176 78 79 °ud b
: : L 43 1 : : s 135 .
r : : | C27a 14
' : ( : , . : e
% M. o ¥
28/3/ L.

cevicus palle o .

Note: Tne sympol " inaicuaves that the aus Is v &7 e 25
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APPENDIX

Computational Procedure

!
The computation of the new index from actual data will be

ililustrated with the help of the records pertaining to the
Hariana herd maintained at the Government cattle Farm, Hissar.
The first lactatlion yield over 300 days or less, measured in

units of ten pounds, are analysed. These yields in respect of

el

each of the ten sires tested are given in Table I.

The quantities that are required to be calculated are
(a) the herd average (b) the intra-sire regression coefficient

(¢) the corrected index and (d) the standard error of the index.

The herd average required for the calculation of the
corrected index is obtained as the average of the dam's ylelds
without repeating the dams having more than one daughter. This
average worked out to 130.8 units in the present case. The
average for the herd will be taken as 1300 1lbs in the nearest

round filgure.

The steps in the calculation of intra-sire regression
are shownh in columns (23} to (13) in Table ITI. As an illustra-
tion the procedure for obtaining these figures for one bull,

viz. sire I, is explained, below:~

Total for dams mated, repeating each damﬁ,records as

many times as the rmumber of daughters from the same sire

H

176 +2224209482 + 32 + 66 +66 + 201
1067 “es .o o (Col.3)

]

Total for daughters
134 + 118 + 174 + 136 + 66 +110 +131 + 194
1063 .0 & (Colo 4)

fi

If



Table II

Calculaiion of Cor ecv:d Daughtel avera 2 Inwecies and Jheir Svandard &iors (1o 1bs, aait)

(Ilurian: heru, Government Catile Furam, Tissar).

Daugh! Total! Total' Sum of sguares fo. dams I Bum of squures for dau,nters ! Sum of uroducts
Siretter ' for * for ! ) ! 1
No, ‘dam ¢t dams ' daugh!' Crude C.Te Cor.ected ' Crude C.T,s Coirected ' Crude C.T. Corrected
‘pairs! ! tevrs ! | 1
- - Y 3 7 B g G E i3 1z
T ' 8 1067 1063 | 186405 142311 44094 . 151905 141246 10659 , 156572 141778 14794
II . 8 1278 10L3 | 215532 204160 11372 ., 138543 125751 12792 L 165374 160279 5145
1
IIT . 10 . 1813 4673 344597 328697 15900 . 315915 279893 36022 | 299742 303315 - 5573
IV . 9 | 1040 11214 . 142800 120178 22622 . 177478 163755 13723 138410 140284  —1874
v . 8 ' 916 1150 , 128884 104852 24002 173742 165312 8430 | 13,761 131675 8UBE
t
VI . 7 835 1202 = 136191 99604 36587 , 223356 206401 16955 L 163942 143381 10561
1 1
VII | 6 . 703 , 84t 139167 82368 56799 136225 117880 18345 | 130546 98537 32009
. 1 i
VIII . 7 1216 1167 | 236784 211236 25548 216859 134556 22303 217005 202725 14280
i
IX f 11, 1515 1641 | 281695 208657 73038 o74619 244807 29812 | 237678 2 6010 11668
L' 5 1 561 ! 644 {93709 62944 10766 ' $0378 82947 7431 ' 95275 12257 2969
! H t
t 1 1 1 ! ¥
Total 79 '10944 11508 ! 1885764 1565037 320727 ' 1899020 1722548 176472 11714256 1620191 94065
]
2 N, oF

28/3/57
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tav.for 'uams 1V ' 'av. for tCorrzcted? o ! thesidual ' "Variauce ' soue of
ol cluuus TTeTG ¢ Ve © (15)ab 'de iters ! Inde v(7)xb ‘(13)Xﬁb ' 5.8, 'n(n-1)tof .pdex ' _lndex
ho. (BmR) e . -y am-ae e Jorae-ee . [en-e) JEH
R A SR YAU | SO S - (R o S < SO Fe A - SR A ;
1 : 13 o4 t+u.4 +1.0 132,.9 131.9 3793 867 5774 56 103 10.1
11 : 189.0 Tov el +5,.7 12b .4 T1c.7 278 3018 1u7he 56 192 15,2
IIT : 181.3 513 +15,0 1o7.3 152.3 1360 42086 39486 g0 43S 21 v
v " 1158,6 -14.4 s o2 134,9 139.1 1946 ~109¢9 16768 72 233 i 'S 15y
Vo 114.5 -15.5 ~:5 143.8 148,53 2065 Av43 0755 oU 103 1041 i
VI '| 119.3 ~10.7 ~-3.1 171.7 174,56 3147 ol Yo 13,07 4c ad 18.2 '
VII " 19%.2 =128 =3.8 140.2 1240 4566 10776 445 30 14n 12 4%
VIII : 173.% +43,7 +12.6 1o 1.2.¢ 214986 8377 16124 4 364 20
Ia : 1577 +7.7 + o & 149.,2 147.0 0283 6hH44 29251 110 260 10,3
£t 112.2 ~17.% -5.2 126 .8 134,0 926 1747 6315 pAS) 331 1o .2
f
e o e e e e e e e e e e o e e e
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Crude sum of squares for dams, repeating each dam's record
= (176)% + (222)2 + (222)2 + (82)2 + (32)2 + (66)2
+ (66)2 + (20)2 = 186405 seeeeres(Cols 5)
Correcfion term for sum of squares for dams -

2
2
o (Total for dams) . (1067)
Number of pairs 8 |
= 142311 = comemcmmmccemcocaenae (Col. 6) ,

Corrected sum of squares for dams

I

Crude S5.S8. - Correction term
186405 - 142311
= 44084 -mwcmrrecrrranna e mcen————— {Col. 7)

The corrected sum of squares for daughters is obtained in

the same manner N
Crude sum of sguares for daughters

) 2 2 2 2 2, ¢
= (134)% + (118) + (174) " + (136) + (66) + (110) +(131) |
+ (194) = 151905 veveonseesss (COLs 8) q

Correction term
=xkdEedgrs

2
(1.063)
—

14\].246III.................I... (COl. 9)

it

Corrected sum of squares for daughters
151905 ~ 141246
10659000.00...-.-o---o--oo--...o (COlolo) *

)

The corrected sum of product i1s calculated next using the
product of the yields for each pair,
Crude sum of products
= (176 X 134) + (222 X118) + (222 X 174) + (82 X 136)
+(32 X 66) + (66 X 110) + (66 X 131) + (201 X 194)

i

N

156572 '.O.I....II".....'.'....'(Col‘ll)
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Correction term for the sum of products

(Total for dam) (Total for daughter)
Number of pairs

it

(1.067) g (1063)

!

141778 to-o-li.ﬂtoQooo--..--ot-ﬁoco.-oo.(COlo 12)

{i

Corrected sum of products

= 166572 - 141778

= 14794 ceeesecesaresssasesanserssssaasensk COle 132
If the records are avallable for only one sire and the number
of daughter-dam pairs is large, say 50 or more, the intra-~sire
regression may be estimated as the quotient obtained by divi-
ding the corrected sum of products by the corrected sum of
squares for dams. But such a large number of pairs from a
single sire 1s hardly likely to be available, the commoﬁ\
situation being a number of sires from the same herd with much
fewer daughter-~dam pairs each. In such cases the corrected
sums of products and the sums of squares for dams may be
pooled over all sires. The intra-sire regression coefficient
may then be obtained as ratio of the pooled sums of products
to that for the pooled sums of squares for the dams, For the
Hariana herd taken for lllustration, here, data in respect of
ten sires were avallable. Computations wade for these sires in
the manner explained above are presented in Table II. The esti-
mate of the intra~sire regression coefficient (b) obtalned
from the pooled datsy is

= 94065
- 320726

= 0.2933
The corrected daughter average index for Sire I 1is now

\\bhtained as below:-

AvVerage for dams

1067
8

133.4 LEE B RIS -2 BN BN BB B N (COlo 14)

it




Daviation of the average for dams from the herd average
= 133.4 = 130
= + 3.4 ooo.tto.rro(COl- 15)

Correction for the =ffect of dams

H

(Dams av., =~ herd av.) X regression coefficient

+ 3.4 X 0.2933

I

= + loo TR R R RN Ty (COlﬂ 16)
dverage for daughters = 1063
8

132.9 * 048 prE g s (CO].. 17)

i

Corrected ITmex

Daughter av. - correction

132.9 - loo

3131‘9 OI..'".ﬂ.l'l.l.’.‘...‘.l.ﬂ..... (001118)
The following are the. steps for computing the standard error
of the index,

Residual sum of squares

= {(Corrected S.S5. for daughters) + (corrscted S.S.
2
for dams} X (b)° - (Corrected S.P) X 2b
where S.S., and S.P denote the sum of squares and products

respactively.
10650 + (44004) X (0.2933)2 - 14794 X 2 X 0.2033

n

5774 [N EEN NN NI I N N N R A A NN R A (CO].- 21)
The deviser for the residual sum of squares
=nX(n-1)

=8X7
56. & 0 ® @ 8 & % O # * 0O e * ° s O (001- 22)-

Variance of the Sire Index

1}

Residual sum of sguares
Diviser in Col.(22)

N = 577
. 56
= 103 OB RAB B ELSERAOIENEONONOD DS g0 (COlo 23)
Standard error of the index
= /Variance
= = /I037 = 1041 counes (Col.24)
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The method given for the calculation of the standard
errors of the indices is a simplified approximatién to the exact
procedure, as the component term in the sampling variance due
to t he sampling nature of the regression estimate is me glected.
The extent of under-estimation in the standard errors of the
indices will, however, decrease with an increase in the volume
of data on which the regression coefficiert is based. ZExperience
in the analysils of breeding data at the Indian Council of Agri-
cultural Research suggests that the bias involved in using the
simplified method is negligible, being of an order less than
one perd cent, unless the data mwallable for estimating the
intra~sire regression is very scanty. The component of the
sampling variance of the regression coefficient
is

2
Residual S.S. x (Dam's Av. = Herds® ap')
n=1 Corrected S.8. for dams from total line

and should be added to column (23) in order to obtain the exact
variance of the regression coefficient. For example, the
correction needed for the estimate of variance, 103, correspon-
ding to Sire I in column (23), Table II is

. 2
_§;Zé x  ( * 3.4) which is less than 0.5

300727




