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Possible Biases in Heritability Estimates from Intraclass Correlation 
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Summary. There is an inherent bias in intraclass correla- 
tions since the expectation of a ratio does not equal the 
ratio of expectations. A simple accurate approximation 
for this bias is derived, and it is found that the inherent 
bias is usually negligible. Selection of sires is known to 
bias half-sib heritability estimates, and appropriate for- 
mulae are given and discussed. 
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Inherent Bias 

The experimental design we consider is shown in Table 1, 
where the various parameters are defined. The true intra- 
class correlation t is estimated by 

X ~ = - -  
Y 

where X = V s - V w, and Y = V s + (n-l) Vw 

os 2 E(X) .~ 
Now t = = - 

2 2 E(Y)  Y O s + O w 

Introduct ion  

Heritability is often estimated from the intraclass correla- 
tion between half-sibs or fuU-sibs. Half-sib estimates are 
largely free of  bias from non-additive components of gene- 
tic variance and common environmental effects but in 
general full-sib estimates are not. However, not much at- 
tention has been paid to the fact that the intraclass corre- 
lation is inherently biased, since it is a ratio of  variables. 
The ratio of  the expectations of  these variables is the true 
heritability but the expectation of the ratio is not the 
same as the ratio of  the expectations. Pederson (1971) has 
given some numerical examples and Ginsburg (1973) has 
provided a general solution. Ginsburg's exact formula is 
very complicated and in this paper a simple but accurate 
approximation is presented. A better-known source of 
bias is that due to selection of sires in half-sib heritabflity 
estimates. This has been discussed in various ways by 
Reeve (1953), Morley (1955) and Rr (1972). The 
last-named gave a wrong formula and in this paper we give 
the correct one. The effect of  selection for one trait on 
bias in heritability estimates for another trait is also stud- 
ied. 

Table 1. Analysis o f  variance of  sib data 

Source o f  d.f. M.S. Expected 
variation value 

Between sib groups s-1 Vs gw2 + nets2 

2 Within sib groups s(n-1) V w o w 

s = number  o f  sib groups 
n = number  o f  sibs per group 
V s and V w are observed mean  squares 

2 and tr~v are variance componen t s  between and within sib groups G S 

Letting dX and dY denote deviations of  X and Y from 
their means we have 

= t(1 + dX/X) / (1 + dY/V/) 

and therefore 

dX dY dXdY dY: 
- - = 1 +  _ - - +  + 
t X V XY - - ~  . . . .  

Taking expectations and ignoring third and higher order 
terms, 
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coy (XY) var (Y) 
E ( t )  "" 1 XY + v / ~  

Now cov (XY) = 2Vs =/(s-l) - 2V2w/S 

and var (Y) = 2Vs=/(s-1) + 2(n-1)V2w/S 

and on substituting and simplifying we find 

1•) 1-t 
- 2 ( l - t )  (t + ( t  + - -  ) 

n sn 
E(Lt) "" s-1 (1) 

Thus there is a negative bias in the estimate which de- 
pends on the correlation itself and on the family struc- 
ture. 

The ratio of  the absolute value of  the bias to the stan- 
dard error of  the estimate is 

1-t V T-s IBiasl = ~ ( t +  ) (2) 
S.E. ~ (T-~ ~-1) 

where T = sn is the total number  of  progeny. Provided s is 
a good deal smaller than T the order of  magnitude of  this 
ratio is t /x/Twhich means that unless s is very small, the 
bias is negligible compared with the standard error. For 
example, if Robertson's (1959) opt imum design is used, 
Where s = Tt, then for small t and large T the ratio is 
about @ ,  and the bias could be safely ignored. 

Numerical calculations showed that the approximation 
(1) gave excellent agreement with Ginsburg's (1973) exact 
results. The bias is larger for high intraclass correlations 
and small numbers of  families but will not be of  practical 
importance in any experiment where an accurate heft- 
tability estimate is obtained. It may sometimes be worth 
correcting an estimate based on a small body of data by 
using equation (I) .  

Bias due to Sire Selection 

If a half-sib estimate of  heritability is derived from an 
experiment in which sires have been selected for a trait X 
so that after selection their phenotypic variance is 
a2x(1-K), the estimate of  heritability of  X will be biased. 
When selection is by truncation of  the distribution of  X at 
x standard deviations from the mean to give a standard- 
ised selection differential i, it is well known tha tK  = i(i-x). 
If Y denotes the expected progeny mean of  the trait for a 
sire, then for unselected sires o~ = ~h x ~  2 Ox2 and the correla- 
tion between X and Y is h x, where h2x is the heritability of  
the trait. Cochran (1951) showed that when X is selected, 
the proportional reduction in variance of  a correlated trait 
is the product of  the proportional reduction in variance of  
the selected trait and the squared correlation between the 
two traits. Thus the proportional reduction in variance of  
Y is Kh2x, so the between sire component  of  variance 

would become �88 O2x (1-Kh2x). The variance within fami- 
lies would be unaffected at O2x (1-Zh2x) and thus the total 
phenotypic variance among progeny would be 

2 1 4 o x (1-ZKhx). So the heritability estimated from selected 
2 sires, hxs, relative to the true heritability is 

h2xs 1 - Kh2x 1 - Q 
- - -  1 - - - - - - - S  1 2 (3)  
h2x 1 - a Kh x 1 - ~ hxQ 

where Q = Kh2x . 

If  Z denotes the expected progeny mean of  a second 
2 1 2 2 trait W, with unselected sires o z = ~h~ o w and the correla- 

tion between X and Z is rgh x , where h2w is the heritability 
of  W and rg is the genetic correlation between X and W. 
Therefore the between sire component  of  variance for W 

11_2 2 g. lZr2h2"l when sires are selected on X will be ~n~a w ~1 - ,~g x~" 
The variance within families will be 2 ~ 2 o w (1-zh~) and thus 
the heritability for W estimated from sires selected on X, 
h~vs, relative to the true heritability, is 

h2ws 1 2 2 - Krg h x 1 - Q 
= 2 2 2 - 1 2 (4) 

1 - �88 h w K r  ~ h  X 1 - ~ h w Q  

2 2 where Q = Krgh x. 

Q is the proportional reduction in the variance of  ex- 
pected progeny means and both (3) and (4) have the same 
form when Q is so defined. Thus the bias in a correlated 

2 times that in the selected trait, and unless trait is about rg 
the traits are highly correlated, selection on X would not 
severely bias the apparent heritability of  W. For example, 
�9 2 2 if h x = h w = 0.4, and rg = 0.5, when K = 0.86 (5% se- 

2 �9 2 2 lected), h2xs = 0.68h x while hws = 0.92h w. 
If  rp is the phenotypic correlation between X and W 

then the phenotypic variance of  W among sires selected on 
X is O2w (1-Krp). However, this observed reduction in vari- 
ance of  W cannot be used to calculate the bias in estima- 
tion of  h~v. If  it were assumed that this could be done the 
apparent ratio of  heritabilities would be 

2 2 1 2 4 (1 - Krphw) / (1 - ~ Krphw). 

This ratio would be correct only ff rghx = rphw, Thus 
adjustment for sire selection can only be done if the trait 
on which selection is based is definitely known. 

Discussion 

It is clear that  the inherent bias is small enough to be of  
no importance in most circumstances. However, on occa- 
sions, heritability estimates are obtained for measure- 
ments which are very expensive or time-consuming and 
for this reason may be based on small numbers. For ex- 
ample, Buckland (1975) presented heritability estimates 
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based on 8 families each o f  3 full-sibs. For  a heri tabi l i ty o f  

0.5 this would produce a bias o f - 0 . 0 6 ,  which, though o f  
some concern, is hardly large enough to be very impor tant  
when the accuracy is so low, the bias being only one 
eighth of  the standard error. Such a bias might be of  
concern if data from several such experiments were 
pooled by  averaging heri tabil i ty estimates, rather than by 
pooling sums o f  squares. Equation (1) could then be used 
to adjust individual estimates if  heri tabi l i ty estimates were 
to be averaged because mean squares were not  reported.  

The formula given by Rr (1972) for bias due 
to sire selection is wrong. R~nningen's error stems from 
the fact that  equation (11) o f  Cochran (1951) gives the 

correlation between genetic value and phenotypic  value 
among selected individuals. But what  we actually estimate 
is the correlation among progeny from those selected par- 
ents. Among these progeny there will be further genetic 

variance due to segregation. 
Figure 1 shows the ratio o f  heri tabil i ty est imated from 

selected sires to true heri tabil i ty,  for a range o f  heri- 
tabil i ty values and propor t ions  selected. The figure shows 
dear ly  how severe the bias may be when sires are selected 
intensely for a highly heritable character. Under these 
condit ions equation (3) could be used to adjust the heri- 
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Fig. 1. The ratio of heritability estimated from progeny of se- 
lected sires to true heritability (hsx/hx)2 2 plotted against proportion 
of sires selected for four different true heritabilities 

tabili ty estimate from selected sires to the value it would 

have been when sires are randomly chosen. If  sires have 
been selected on a correlated trait ,  equation (4) could be 
used, if an estimate o f  the genetic correlation were avail- 
able. Since accurate estimates o f  genetic correlations are 
unlikely to be available when it is still necessary to esti- 
mate heri tabil i ty,  this adjustment method  is likely to be 
less generally useful. It is impor tant  that  the difference in 
adjustment between the character selected and other  char- 

acters should be recognised. 
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