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INTRODUCTION
In dairy and dual-purpose cattle breeding the selection of 

bulls is based mainly on progeny tests. For most traits e.g. 
milk production, reproduction and conformation, the bulls are evalu
ated on the basis of the daughters' performance and only for meat 
production traits special progeny testings are still used in larger 
scale.

To ensure correct ranking of the bulls, different environmental 
effects have to be eliminated from the data. Selection of bulls is, 
however, of great importance and hardly no other subject therefore 
has been discussed so intensively as bull evaluation in the past 
decades' literature of cattle breeding. In these discussions it 
has often been overlooked that some individuals, which have been 
treated as members of a progeny group, could belong to other groups 
due to incorrect sire-identification.
REASONS FOR MISIDENTIFICATION

There are many reasons why an individual could have another 
sire than registered:
- the Al-Centre or the technician could mistake the semen of one 

bull for the semen of another,
- the last but one insemination sometimes cause the pregnancy,
- the last insemination sometimes is incorrect registered due to 
misprint of the bull's herdbook number or name,

- the use of natural service bulls may lead to pregnancy of cows 
which beforehand are served by Al-bulls and supposed to be preg
nant ,

- interchange of calves is likely to be more and more frequent due 
to increasing herd size,

- trade in calves and heifers may give rise to incorrect pedigree 
information.

Other reasons could be mentioned, and evidently one might 
expect that in most countries a high percentage of the cows in the 
recorded herds are misidentified, i.e. registered with incorrect 
sire. In Denmark the percentage of misidentified individuals (M.I.) 
is supposed to be between 5 and 15.
* National Institute of Animal Science, Rolighedsvej 25,

1958 Copenhagen V, Denmark
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HERITABILITY ESTIMATES
The most important genetic parameters used in the evaluation 

procedures are the additive genetic variance and the heritability 
of the traits. These parameters usually are estimated by means of 
halfsib analyses. It'is obvious that, if the sire identification 
is not correct, this will influence the estimates of the genetic 
variance and so the heritability.

With a certain proportion of M.I. in the "progeny" groups the 
estimated sire component (c|) will differ from the usual 1/4
Assuming that the proportion of correct identified progeny (p) is 
equal for all sires and that the M.I. are unrelated with the sire 
in question and represents a random sample of population then the 
sire component from a balance halfsib analyses becomes (Van Vleck, 
1970 ) :  ?

*1 -  n g - V  " “ ‘ A2

where n = the group size.
Since the phenotypic variance is independent of the sire 

tification, the heritability estimate becomes:
£ 2 n p2 - p u 2
h = --- n - 1 h

'■o 2 2For reasonably large progeny groups h = p h (approx.)

iden-

( 1 )

The genetic correlation between two traits estimated from a 
halfsib analysis will not be biased by M.I./because the estimated 
genetic covariance and the product of the estimated genetic standard 
deviations of two traits will be equally biased.

Under practical conditions the assumption that M.I. represents 
a random sample of the population probably is nearly fulfilled. In 
contrary the assumption that the proportion of M.I. is equal for 
all groups certainly will not be true. To get an idea of how this 
will influence the estimates of the heritability, a Monto Carlo 
simulation study was carried out.

As basic material the additive genetic values of 5,000 indivi
duals were generated as:

Aij = ai 1 / 2  aA + bij / 3 / 4  ctA ; 1 = 1» ..... 1°°; J = 1.----,50
where A ^  = the breeding value of the j'th progeny of the i'th sire 

a^ and b^j = random variates N (0 ,1 )
To obtain different heritabilities in the data, 5 different 

phenotypic values were generated for each of the 5,000 individuals:

Pijk Aij + cijk V  1 = 1’" . . ,  100; j  = 1, . . , 5 0 ;  k = 1 , . . , 5 ,

where P. jk
cijk

= the phenotypic value for the k'th trait of the j'th pro
geny of the i'th sire,

= a random variate N(0,1)
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The genetic standard deviation ( a.) and the five environmen
tal standard deviations ( oE ) were chosen in such a way that the
five corresponding heritabilities became .05, .10, .25, .50 and
1 .0 0.

In addition to the data described above similar records of 
further 1 , 0 0 0 individuals were generated as:

; i = 1 ,.. ., 1 0 0 0; k = 1 , . . ., 5,Pik = ai aA bik aE„
where P.. = the phenotypic value for the k'th trait of the i'th

individual
a^ and bik = random variates N (0 ,1 )

These individuals, which should represent a random sample from the 
population, were used as M.I. to substitute the correct identified 
individuals in the basic material. Analyses of variance were car
ried through both on the basic material and on the following 4 
different samples from the complete data:
Sample A. All the M.I. were equally distributed on the sires (10 

in each group) N(1 0 ,0 ).
Sample B. The M.I. were approximately normal distributed on the 

sires N(10,3).
Sample C. As sample B but larger standard deviation N(10,6).
Sample D. The M.I. were distributed in such a way that approx. 50% 

of the sires had none M.I. in their group, 20% had from 
2 to 20% M.I. and the remainder 30% of the sires had 
between 22 and 100% M.I. in their groups.

The whole simulation procedure and the different analyses were 
repeated 5 times. The average estimates of the heritabilities are 
given in table 1. As it appears, the estimates from both sample A, 
B and C are in; very close agreement with their expectations when 
using formula (1). The estimates from sample D are a little higher 
than the estimates from the other samples, especially when the 
heritabilities are high. Since sample D represents a very extreme 
instance, it may be concluded that for all practical purposes the 
theoretical approach (formula (1 )) is very suitable.
Table 1. Coefficients of heritabilities calculated on generated

data (average of five independent replicates)
No misidentification 20% misindified individuals
Expected Estimates Expected* Estimates from sampie**

A B c D
0.05 0.05 0.03 0.04 0.04 0.04 0.03
0 . 1 0 0 . 1 0 0.06 0.05 0.07 0.07 0.08
0.25 0; 24 0.16 0.15 0.15 0.15 0.18
0.50 0.50 0.32 0.33 0.33 0.31 0.37
1 .00 1 . 01 0.64 0.65 0.63 0.63 0.75

★ See formula (1).► ** See text.
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ACCURACY OF PROGENY TESTING
In Western countries the major part of the dairy cows is served 

by Al-bulls. Most of these bulls are progeny tested for various 
traits. The accuracy of these tests determines to a great extent 
the level of the genetic superiority of the bulls, selected for 
further use. If the progeny of each bull is randomly distributed 
on dams and environments the accuracy of the progeny test is a func
tion of the number of progenies per group and the heritability of 
traits in question. In case a certain number of the individuals 
in the different groups are M.I. the ranking of the sires could be 
influenced. The extent of this divergency depends on several fac
tors of which the most important are the proportion of M.I., the 
number of progeny per group, the level of heritability and the 
distribution of the M.I. on the groups.

The expected genetic superiority (I) of an individual can be 
estimated on the basis of the mean phenotypic values (P) of its 
•progeny and the breed average (B)

I  = b (P -  B)
where b = the regression of A on P, where A refers to the true 

breeding value of the sire.
The regression coefficient (b) can be calculated as:

,_2 1 / 2  cr2A n 1 / 2  h2b = cov^./o- = -------------5--- = ----------------
PA p (1+(n-1 )t) Op/n 1 + (n- 1 )t

where n = the group ■size
t = the intraclass correlation between halfsibs.

The corresponding accuracy of I is:
_2 n 1/4 h2
IA ' 1 + (n-1 )t

If a certain proportion (1 —p ) of the members of each group is
M.I. which express a random sample from the population, then the 
covariance between P and A becomes p 1/2 rather than 1/2 afl.
Assuming that the covariance between the phenotypic value of an 
M.I. and a true offspring or another M.I^ of the group is equal to 
0, it can be shown that the variance of P becomes:

2
op 1 + p (pn-1 )

n JP
The regression coefficient therefore can be written as: 

pn 1 / 2  h2
1 + p (pn-1 )t

and the corresponding accuracy of I as: 
22
IA

p2 n 1/4 h2
1 + p Cpn-1 )t ( 2 )
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Table 2. The accuracy of progeny testing when only a proportion 
(p) of the progeny is correct identified relative to 
the accuracy obtained if all individuals are correct 
identified. It is assumed that the incorrect identified 
individuals are equally distributed on the groups

The relative accuracy
p Group

size h2 = .05 h2 '= . 1 0 h2 = .25 h2 = .50
0.80 5 .65 .66 .69 .74
0.80 10 .67 ,68 .74 : 80
0.80 30 .71 .76 .84 .90
0.80 80 .78 .84 .92 .95
0..80 300 .89 .94 .97 .99
0.90 5 .82 .83 .85 .87
0 .9 0 10 .83 .84 .87 .91
0 .9 0 30 .85 .88 .93 .95
0.90 80 .89 .93, .96 .98
0.90 300 .95 .97 .99 .99

In table 2 the ratio «2 , 2  
PIA/rIA is given for different h , n and p .*

As it appears this ratio decreases with decreasing p. For a
given value of p the ratio increases with increasing h2 and with
increasing n. If n is large the ratio is large both with high and
low h2 . If n is small the rat̂ '.o is low even with high h2.

As discussed in previous section the assumption that p is 
equal for all progeny groups is not valid'. To see how this will 
influence the accuracy of progeny testing, the generated data des
cribed above were analysed. According to table 2 the influence of 
M.I. is more serious with small than with large progeny groups. 
Therefore the whole simulation procedure was repeated generating 
10 progeny per group^ instead of 50. The squared correlation be
tween the true breeding values of the sires and the mean phenotypic 
values of the individuals in their groups were used as expression 
of the accuracy. The main results are presented in table 3. As it 
appears the estimates of the accuracy from, the different samples 
were in very close agreement with the expected values calculated 
on the basis of formula (2). This holds good irrespective of the 
group size and the size of the heritability.
CORRELATION BETWEEN STATION AND FIELD TESTS

Male calves are generally less carefull marked at birth than 
the females for replacement and the proportion of M.I, is there
fore probably highest for the males. This could be an important 
reason why the estimates of the heritability for meat,production 
traits based on field data generally are much less than the corre
sponding parameters based on data from test stations, at which 
the identification of all individuals is checked by means of blood- 
type tests. It could maybe also explain why the correlation be
tween the mean performance of progenies under station conditions 
(P ), and the mean performance of another progeny group of the 
same sire under field conditions CP^) often is low.
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Table 3.The accuracy of progeny testing calculated as the squared 
coefficient of correlation between the true breeding 
va.lue of the sire and the mean phenotypic value of the 
progeny from simulated data

Group
size

Herita- 
bility 

h 2

Percentage misidentified individuals (MI)
0 20

Ex- Esti- Estimates from sample11
Ex- *

pected A B C D
10 0.05 0.11 0.10 0.07 0.07 0.06 0.07 0.09
10 0.10 0.20 0.15 0.14 0.09 0.11 0.11 0.11
10 0.25 0.40 0.40 0.30 0.33 0.28 0.30 0.28
•10 0150 0.59 0.55 0.47 0.46 0.45 0.44 0.42
10 1 .00 0.77 0.76 0.67 0.67 0.66 0.64 0.64
50 0.05 0.39 0.35 0.29 0.23 0.28 0.23 0.26
50 0.10 0.56 0.59 0.45 0.51 0.48 0.49 0.44
50 0.25 0.77 0.76 0.68 0.66 0.66 0.67 0.64
50 0.50 0.88 0.87 0.82 0.82 0.81 0.80 0.74
50 1 .00 0.94 0.94 0.91 0.91 0.90 0.89 0.82

According to formula (2) See text.
2 -Assuming that h., P. and n refer to the heritability, the propor

tion of correct identified progeny and the group size under station 
conditions respectively; and h|, P~ and n2 are the corresponding 
parameters fild conditions and r are the genetic correlation be
tween the trait in the two envirSnments, it can be shown that:

where

P.P 1 2

IAi

/ ? ! - 2  2  

IA1 rIA2 rg
P? n. 1/4 h2 i 1  l1+Pi (plni-1)ti i = 1, 2

Table 4 shows this correlation for different parameter values. 
As it appears r; r decreases with increasing Mil. but the decreases 

“ 1 “ 2are rather^small. It also appears that if the actual estimated heri 
tability (hf) is used in the formula rather than the true h§, r~ ~

d d V Y 2will be very close to the expectation.

205



Table 4. Expected correlation (rj; p^)between a progeny test un
der station conditions based on 10 correct identified 
individuals and a progeny test under field conditions 
based on n2 individuals of which a proportion (pp) is 
correct identified. It is assumed that P
to the same trait (r r 1 ).

6

and Pp refer

Field conditions r; 5
1 2

n2 h2 p2
* ★ *

10 0 . 1 0 . 8 0.287 0.283
10 0 . 1 1 . 0 0.346 0.346
10 0.3 0 . 8 0.446 0.440
10 0.3 1 .0 0.513 0.513
10 0.5 0 . 8 0.526 0.519
10 0.5 1 .0 0 . 5 8 8 0.588
50 0 . 1 0 . 8 0.514 0.513
50 0 . 1 1 .0 0.575 0.575
50 0.3 0 . 8 0.650 0.648
50 0.3 1 .0 0.687 0.68750 0.5 0 . 8 0.693 0.691
50 0.5 1 .0 0 . 7 1 8 0.718

* Calculation based on the true hi.
c. * 2** Calculation based on the estimated ftp,formula (1).

DISCUSSION
Even though the proportion of M.I. will vary from group to 

group, especially if the groups are small, it seems reasonable to 
assume that the distribution of the M.I. used when generating 
sample B and C will cover most situations in practice. The simu
lation studies therefore confirm that the expected sire component 
from halfsib analyses with good approximation is equal to 
p2 1 / 4 cr2 rather than 1/4 cr2. The verbal explanation of the
reduced sire component is that since M.I. present a random sample 
of individuals they will reduce the mean of outstanding sires' 
progeny groups and get the progeny groups of the inferior bulls 
looking better than they really are. The reason why the very 
extreme distribution of M.I. (sample D) results in higher sire 
component than the other samples is that more than half of the 
groups have none or very few M.I. This means that the range of 
the progeny group means may be the same as if all individuals 
were correct identified, but the distribution of the means may 
show positive kurtosis. It therefore seems reasonable to conclude 
that maximum bias of the estimated heritability will be obtained 
when the M.I. are equally distributed on sires. The same situation 
will, however, result in minimum bias when ranking the sires. With 
very large progeny groups a certain proportion of M.I. will reduce 
the range but not change the ranking of the progeny groups. If, 
however, the progeny groups are small, as they generally are,
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when testing for meat production traits under station conditions, 
it is important to insure that all individuals are correct identi
fied. The formula m r n/p2-n gives an estimate of the number of 
extra individuals (m) needed per progeny group with a proportion 
of ( 1 —p ) misidentified individuals to obtain the same accuracy as 
the test based on n correct identified individual.

Most of the expected genetic progress from modern selection 
programmes for dairy cattle is due to sire selection. This part 
of the progress is direct proportional to rIfl i where rIA is
the squareroot of the accuracy of selection, î is the selection 
intensity and a. is the true genetic standard deviation. Both _i 
and o. are independent of M.I. and with large progeny groups the 
estimated accuracy (r?.) will be very close to r^ even with a 
high proportion of M.I. In contrast the geneticvariance estimated 
from halfsib analysis will be biased downwards. This means that 
also the expected genetic progress from sire selection will be 
underestimated.

SUMMARY

Recent studies in Denmark have shown that a relatively high 
percentage of the recorded cows is misidentified. This fact 
results in biases when estimating genetic parameters, correla
tions between estimated and true breeding values, correlations 
between field and station tests of the same sires and the effici
ency of selection programmes. If the proportion (p) of correct 
identified individuals is equal for all progeny groups and the 
misidentified individuals (MI) are a random sample, the estimated 
heritability from a balanced halfsib analysis becomes:

S2 = h2
n - 1/.p p p

With large progeny groups h ro p h . A simulation study showed 
that maximum bias is obtained when the MI are equally distributed 
among sires. MI do not bias the estimates of genetic correlations 
between traits. The regression (b) of a sire's true breeding 
value on the average of his progeny group including the MI is:

b = pn 1 / 2  h2 /(1 +p(pn-1 )t)

where n is the groupsize. The corresponding accuracy of the estimate 
breeding value is:A O /v

rJA = p 1 / 2  b
2The formula m = n/p -n gives an estimate of the number of extra 

individuals (m) needed per progeny group with (1 —p ) MI to give the 
same accuracy as a test based on n correct identified individuals.
The expected correlation between two independent progeny tests of 
the same sire decreases with increasing number of MI in the groups.
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R E S U M E N

Recientes estudios realizados en Binamarca han demostrado 
que no se identifica un porcentaje relativamente elevado las vacas 
controladas. Este hecho produce biases al estimar los pardmetros g e n i -  
tioos, las correlaciones entre los valores estimados y verdaderos,, las 
correlaciones entre las pruebas de carapo y de establo de los mismos pa
dres, y la efioieneia de los programas de selecci<5n. Si la'proporciftn 
(p) de individuos identificados correctos es igual para todos los gru- 
pos de progenie y los individuos no identificados (MI) son una rauestra 
al azar, la heredabilidad estimada para un andlisis equilibrado de la 
prole es la siguiente:

n - 1
Con largos grupos de progenie, h2rO p2h2 . Un estudio de simu- 

la.ci<5n demostro que el mdximo bias se obtiene cuando el MI estci igual- 
mente distribuido entre los padres. Mi El MI no produce bias en la es- 
timaci<5n de las correlaciones gen^ticas entre los caracteres. La regire-

A
si<5n (b) de un valor de mejora de un padre, sobre la media de su grupo 
de progenie , incluyendo el MI es:

b = pn 1/2/' b2/ (1 + p (pn-1) t)
en donde n es el tamano del grupo. La exactitud correspondiente del va
lor de mejora estimado es:

*2 A
rIA = P 1/2D

La fdrurnla m,= n/p2 -n da una estimacidn del numero de indi
viduos extra (m) necesitados por grupo de progenie con (1-p) MI para 
dar la misma exactitud que una prueba basada sobre sobre n individuos 
correctamente identificados. La correlaci<5n esperada entre dos pruebas 
de progenie independientes del mismo padre disminuye al aumentar el 
mimero de MI en los grupos
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