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INTRODUCTION

In devising efficient breeding schemes, heritability estimates are required. In recent years, not only
has the number of these estimates grown rapidly, but also the number of methods used to estimate
them. It is usually necessary to assess the likely accuracy of several estimates in deciding the value
to uae.

This paper uses simulated data to compare three methods of variance component estimation, data
set size and level of unbalance on the accuracy of heritabilities in estimating population values. It
was undertaken as part of a larger study to ascertain the accuracy of the standard error in
estimzting the variance about a population heritability.

MATERIALS AND METHODS

Data sets were constructed using a random number generator. The data were based on a model that
included a general mean (18), a random effect to represent sires (0° = 0.6783) and a random effect
to represent individuals within sire groups in a paternal half sib analysis (02 = 11.0106). These
values were those obtained for weaning weight in a flock analysed by Rendel (1985) and resulted in
a heritability of 0.2321.

Sire and erior variances were estimated for each of the 100 replicates of each data set by 3 methods:
Henderson’s method 1 (HM) (Henderson 1953);
Maximum likelihood (ML) (Hartley and Rao 1967);
Restricted maximum likelihood (REML) (Patterson and Thompson 1974, K Meyer’s
programine).
The stopping criterion for ML was a difference of 4x10 % between successive likelihoods; for REML
a change of 0.005% in the sire variance between iterations.

The mean heritability estimate for each set of 100 replicates was calculated and deviations of these
from the population value (0.2321) were calculated to indicate any bias. Mean squared errors
(MSE) for each set were derived from the deviations of the individual estimates from the population
value.
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Initially sets were constructed which ranged from 20 to 200 sires with mean numbers of progeny per
sire of 20 to 100. In some cases the number of progeny per sire was variable, the standard
deviations being 0 (SDO0), 2 (SD2) and 7 (SDT). Without departing from a normal distribution it
was not possible to achieve a higher standard deviation when the mean number of progeny was low.

The unbalancedness of the data was estimated by the parameter 7, which Ahrens and Pincus (1981)
derived as:
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where m = number of sires
n; = number of observations on thej”’ sire (j=1,2,...,m)
= mean number of observations per sirve.

n

Theoretical values of v range from near 0 (extreme unbalance) to 1 (balanced). Estimates for the
data sets constructed indicated that these were not nearly as unbalanced as many Sets of sheep data
used for heritability estimation. Ience further sets were constructed with 100 sires and a mean of
100 progeny pzr sire and standard deviations of 15, 25 and 29. The ¥'s achieved {0.98, 0.93 and
0.91 respectively) again did not approach commercial flock values.

Finally, data sets were constructed based on numbers of sires and progeny in 6 flocks representative
of the 31 commercial sheep flocks studied by Rendel (1985). The distribution of progeny per sire
was very non-normal in 5 of these flocks. The 4’s are indicated in Table 1.

Tatle 1. The number of sires (Sires), mean number (Mean) and standard deviation (SD) of progeny
per sire and estimate of unbalance () for flocks A to F.

A B C D E F
Sires 105 44 84 60 60 87
Mean  63.61 81.59 81.51 99.03 97.61 101.75
SD 27.99 37.99 45.08 67.08 61.53 51.25
v 0.861 0.674 0.524 0.402 0.391 0.389

RESULTS AND DISCUSSION

The mean heritability estimates were close to the population value for all sets and all methods.
There were s:nall downward biases of as much as —0.03 in most of the data sets with 20 or 50 sires.
In only one (<%} of the data sets with 100 sires or more did the mean estimate and the population
value differ by more than 0.01. In flock A it was not possible to get the REML estimates as the
soiutions to the equations went outside the parameter space during iteration. This was a deficiency
of the algorithm used not of REML.

The differences obtained are similar to those reported by Olausson and Rénningen (1975) for
heritabilities of 0.1 and 0.5, Rothschild et al. (1979) for a heritability of 0.3, and Rénningen (1972)
for heritabilities of 0.1 and 0.3.
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The mean squared errors (MSE) of the data types SDU, SD2 and SD7 decreased with both increasing
numbers of sires and number of progeny per sire (Table 2). There appears to be a distinct levelling
off of the MSE at 100 sires with 20 progeny per sire, and at 50 sires for the remaining progeny per
sire groups. There was little difference in MSE due to methods of variance component estimation,
the largest being with data sets of 20 sires with 20 progeny per sire.

Table 2. The mean squared errors (MSE) of the heritability estimates estimated by HM (H), REML
(R) and ML (M) for data types SD0, SD2 and SD7 (Number of sires on the vertical and mean
number of progeny per sire on the horizontal).

SDO SD2 SD7

- 20 50 70 100 20 50 70 100 20 50 70 100
H[ 17.49 6.45 6.62 6.06 [16.40 9.72 6.51 7.57
20 R| 17.14 645 6.62 6.06{16.05 9.70 6.47 7.52
M| 1520 6.68 6.55 5.69 (1536 9.15 6.56 7.18

H| 520 389 241 2.06)] 985 4.04 277 247| 647 322 274 205

50 R| 520 3.89 241 206|976 4.03 276 247 6.15 323 269 2.10

_ M| 546 381 238 190|965 4.06 282 245 6.26 3.38 2.64 2.08

H| 284 219 188 115|299 153 146 102|326 L75 206 154

100 R| 284 219 1.88 L15] 295 154 147 1.021{ 334 L70 198 154

M| 286 2.09 184 L13] 296 154 148 102|339 161 195 157

H| 178 150 118 0.80| 273 128 0.88 096 271 141 139 0.74

150 R| 178 150 118 0.80] 273 1.28 0.88 0.96| 274 141 132 0.72

M| 179 148 116 0.78 | 2.71 130 087 0.95] 279 141 130 0.73

H| 231 100 1.06 087| 143 069 0.67 0.61| 1.43 120 0.37 0.65

200 R 231 100 106 0.87] 143 0.69 0.67 0611 1.41 1.21 0.238 2.65

M| 227 098 1.05' 0.77% 1.45 0.69 0.66 0.62| 1.40 123 0.37 6.65

! = 98 replicates > = 87 replicates

There was no consistent effect of unbalance on the MSE for flocks A to F (Table ). The MSE of
the heritabilities estimated from variance components by HM were larger than either REML or ML.
This may indicate that HM has a larger error in estimating the heritability, or it may have been a
reflection on the algorithm used to solve the equations needed to obtain the ML and REML
estimates. The stopping criteria may have been too large and the point of maximum likelihood had
not been reached. The MSE were similar to data types SD0, SD2 and SD7 for similar numbers of
sires and progeny per sire.

Rothschild et al. (1979) reported similar MSE’s of hcritabilities estimated by HM and ML for
balanced data. With unbalanced data the MSE’s were slightly larger for heritabilities estimated
using HM than ML. Lin and MCAllister {1984) reported MSE’s, from unbalanced data, were larger
for ML than for HM or REML.
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Table 3. The mean squared error (MSE) of heritability-estimates estimated‘by HM (H), REML (R)
and ML (M) for flocks A to F.

H R M
A 1.68 . 1.56
B 3.62 3.09 3.23
C 2.75 1.89 1.88
E 4.89 3.75 3.88
F 1.80 1.50 1.55
CONCLUSIONS

The heritabilities estimated using HM, REML and ML were unaffected by the level of data
unbalance. The heritability MSE’s of the REML and ML estimates were lower than those from HM
for the distributions based on the 6 flocks. This is probably a reflection on the-algorithms used to
solve the equations for REML and ML, especially as very little difference would be expected between
the accuracy of the 3 methods in a 1-way model.
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