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Estimates of genetic parameters were computed from Analysis II following 

the logic presented for Analysis I. 

l\, 
First, we defined to estimate l/2g^, or one-half of the additive 

direct effect for a sire, and to estimate l/4g^ + l/2ĝ , which is the 

total effect of a sire on his maternal grandoffspring. Therefore, 

E(Uĝ ) = E(âJ) (48) 

= E(l/2g^)2 

and 

. E(l/4g^ + 

- + ̂ '"4 + 

As for the error terms e and e (from models which include a sire or 
5 nigs 

maternal grandsire effect, respectively) 

E(ê ) = E(aJ ) (50) 
S 

- "/«"i + 4 

and 
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lags 

• + 3/4c^.„ + 4 . 

Separate heritabilities were computed for both additive direct effect 

2 2 
(ĥ ) as well as the h^^^, which is termed the heritability of maternal 

grandsire effect. The maternal grandsire effect measures a sire's contri

bution to his daughter's performance as a mother (Crow and Howell, 1982). 

The estimated parameters for both were calculated from Analysis II as 

"2 
h; " :2--2-2- (52) 

a + a 
s e 

s 

and 

. 
mgs e 

mgs 

and have theoretical compositions of 

4 
+ °E 

(54) 

and 

l/ial + + °A-M 

+ "i.M + 4 

2 2 
for h. and h , respectively. 

A mgs 
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RESULTS AND DISCUSSION 

The previous sections present the methodology used to estimate sire-

direct and sire maternal variance components for birth and weaning weight 

from Angus and Hereford field data. Two mixed models were applied to each 

trait. Analysis I partitioned the direct and maternal genetic contribu

tions of a sire to his daughter's progeny records and allows for the 

estimation of the covariance between sire direct and sire maternal effects 

(o ). Analysis II estimated direct sire effect variance (a ) and the 
s-mg s 

^2 
maternal grandsire effect variance (a ) from a model which considered one 

mgs 

of these two random effects exclusive of the other. 

The major purpose of this study was to compute variance components 

applicable to mixed model sire evaluations currently being developed for 

the American Angus and American Hereford Associations. Computational 

difficulty has prevented previous estimations of these variance components 

from sufficiently large enough numbers of sires to keep sampling errors of 

the estimates small. The procedures developed for this purpose are quite 

feasible on large data sets, although very little is known of its proper

ties and behavior. 

Discussion of this study is presented in two parts. First, follows a 

discussion of the methods employed for variance component estimation, 

including sensitivity to priors, as well as the effects of iteration. 

Secondly, variance component estimates from these procedures are presented 

as are the estimated genetic population parameters. 
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Estimation Procedures 

A variation of MINQUE-D, otherwise called Henderson's new method 

(Henderson, 1980, 1984a), was used to estimate variance components from 

solutions to linear mixed model equations. This method was selected for 

this study because: 

1. The computational simplicity of MINQUE-D was required because of 

the large number of sires and maternal grandsires in the popula

tion. 

2. MINQUE-D holds a high degree of efficiency for estimation when 

compared to competing methods (Henderson, 1980; Kennedy, 1981; 

Dempfle et al., 1983). 

Estimates derived from this study may be used for the evaluation of sires 

and maternal grandsires with national sire evaluation programs. Consider

able reduction in the number of sires and maternal grandsires estimated 

would certainly allow the use of other, more precise methods such as MINQUE 

or REML. However, limited editing was performed so that estimates derived 

would be a true reflection of the population to which they will be 

applied. Simulation work is needed to determine a method of sampling that 

would reduce numbers of sires, yet still maintain population properties. 

One of the major drawbacks of using MINQUE-D is a lack of knowledge 

concerning its properties. Henderson (1980) tells us that unbiased, trans

lation invariant estimates are derived from initial solutions to the 

MINQUE-D equations. But the values of these first-round solutions are 

dependent upon the choice of priors, priors that are assumed known but 

usually are not. If the variance analysis procedure is robust to priors, 

then choice of priors is not critical. 
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In order to determine how sensitive the analyses were to priors, a 

range of reasonable priors was chosen, and first round solutions from 

Analysis I were examined for differences. Both birth and weaning weight 

2 
records from the Angus data set were evaluated. Prior values used for a^, 

2 
a , and a only need to be known to proportionality with each other and 
mg s.mg 

2 
with when applied to these mixed model equations. Therefore, priors 

were computed from two sets of heritabilities for direct and maternal 

effect and from a range of estimated genetic correlations. Tables 5 and 6 

list the first round solutions and percents of total variance for each 

change in priors. 

2 
Regardless of priors chosen, estimated sire direct variance (a ) was 

s 
*2 

generally larger than estimated sire maternal variance (a ). But unlike 
mg 

the results of Hudson and Van Vleck (1982), considerable differences in 

first round estimates were observed with a change in priors. Estimated 

sire direct variance generally comprised a greater percent of total esti

mated variability than did maternal effect variance. This is logical in 

"2  °2  
those cases where h^ > h^ because solutions to the mixed model equations 

2 
are regressed toward zero for incomplete heritability (h <1.0). However, 

"2 ®2 2 2 
even when h^ < h^, estimates for were greater than for except for 

weaning weight when a large negative prior correlation was chosen. In 

these cases, a larger sire maternal effect variance than direct variance 

was computed. Large generalized conclusions cannot be drawn about the 

effect of prior heritabilities chosen because only two of many possible 

combinations were tested. Nonetheless, differences are observed in first 

round estimates, differences caused by choice of priors. 
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Table 5. Effect of priors on initial estimates of variance components for 
Analysis I on Angus birth weights^ 

o -2 -2 A -2 A 
CT® 

A-M s "^mg s-mg e s mg s-mg s 

= .25 II 

10) = .10 

-.50 5.58 1.68 0.59 61.97 5.81 3.31 -1.01 61.63 
(%) (8.0) (2.4) (.85) (88.8) (8.3) (4.7) (-1.4) (88.4) 

-.25 6.01 1.4 1.09 61.32 5.94 2.57 -0.17 61.44 
(8.6) (2.0) (1.6) (87.8) (8.5) (3.7) (-.2) (88.0) 

0.00 6.41 1.37 1.40 60.71 6.16 2.08 0.49 61.10 
(9.2) (2.0) (2.0) (86.9) (8.8) (3.0) (.7) (87.6) 

+.25 6.78 1.45 1.59 60.08 6.40 1.88 0.98 60.62 
(9.7) (2.1) (2.3) (86.0) (9.7) (2.7) (1.4) (86.7) 

+.50 7.14 1.72 1.63 59.45 6.64 2.00 1.26 60.01 
(10.2) (2.5) (2.3) (85.0) (9.5) (2.9) (1.8) (85.8) 

Variance components reported as pounds . 

s = direct sire effect; mg = maternal sire effect; e = error; A = 
direct additive genetic value; M = maternal additive genetic value; " indi
cates prior value; " indicates estimate. 

Sscause the effects of prior heritabilities are not coaBtaiiL across 

prior correlations suggests that an interaction exists between the influ

ence that prior variances and covariances have on first round solutions. 

©2 02 ^2 
When ĥ  > ĥ , little change is seen in when the prior correlation is 

changed (this is true for both traits). However, greater changes are 

-2 °2 "2 
created in when < h^. There seems to exist a particular combination 

'2 
of priors that causes the resulting a to be at a minimum. For example, 

"2 ° 2  
if h^ and h^ were held constant at .25 and .10, respectively, for birth 
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Table 6. Effect of priors on initial estimates of variance components for 
Analysis I on Angus weaning weights®'^ 

O  ̂2 ^2  ̂ A 2 A 2 ^ 2 A ^ 2 
r, » a G G a a a a a 
A*M s mg s*mg e s mg s-mg e 

(h^ = .25 ^ = .10) (h^ = .10 ^ = .25) 

-.50 
(%) 

-.25 

0.00 

+.25 

+.50 

121.1 100.3 -10.7 2062.3 131.7 150.9 —48.8 2037.7 
(5.3) (4.4) (-.5) (90.8) (5.8) (6.6) (-2.1) (89.7) 

129.0 97.1 0.4 2046.8 132.4 136.6 -30.9 2034.5 
(5.7) (4.3) (.02) (90.0) (5.9) (6.0) (-1.4) (89.5) 

138.5 95.2 7.7 2031.8 135.6 126.1 -15.8 2027.7 
(6.1) (4.2) (.34) (89.4) (6.0) (5.5) (-.7) (89.2) 

146.9 96.5 12.9 2017.1 139.6 120.3 -3.3 2018.1 
(6.5) (4.2) (.57) (88.7) (6.1) (5.3) (-.15) (88.7) 

156.5 99.4 16.4 2001.7 143.2 119.5 6.7 2006.5 
(6.9) (4.4) (.72) (88.0) (6.3) (5.3) (.3) (88.2) 

a 2 
Variance components reported as pounds . 

= direct sire effect; mg = maternal sire effect; e = error; A = 
direct additive genetic value; M = maternal additive genetic value; ® = 
indicates prior value; " = indicates estimate. 

• 2  
weight, a minimum value for c is found when r. „ is chosen to be near ° mg A'M 

©2 o 2 o 
zero. When h, = .10 and h = .25, this minimum occurs at about r, ., = 

A A"M 
*2 

+.25. In general for both traits, this low point value for shifts 

o @2 ®2 
toward greater positive values of r^^^ as h^ is made greater than ĥ . 

Also, in the case of weaning weight, where maternal effects have a greater 

influence, this low point for a is found to be at greater positive values 

0 

for than for birth weight. 
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This behavior might be explained by reasoning that a fixed 

amount of phenotypic variance is partitioned out to a number of random 

effects. If sire variance is estimated to be quite large, then a component 

will necessarily need to be small in order for the sum of the components to 

e 
equal the whole. Now at higher positive values of r̂  the percentage of 

^ 2 2 2 
a , a , and a grows larger but at the expense of a decreasing a . 
s mg s•mg e 

This also seems reasonable as an increase in knowledge of the correlation 

between sire and maternal effect should allow us to explain a greater 

proportion of the phenotypic variance. 

O 
When a change is made toward negative values of there is not a 

-2 
corresponding decrease in a as one might first expect. Perhaps this 

O 
occurs because a move towards a negative r̂  ̂  is antagonistic with the 

nature of this particular data and model. Results of this dissertation 

show that the relationship between direct and maternal sire effects is 

indeed positive and so would support this idea. 

Perhaps this may suggest an approach to obtaining priors in an analy

sis with a covariance. Provided that a reasonable choice of heritabilities 

can be made, a reasonable range of covariances can be tested to find one 

that yields a minimum value for the variance of one of the effects. 

Certainly, the general effect of priors on first round solutions is 

untouched in the literature and would constitute a research effort by 

itself. 

Table 7 is provided as a means of determining the effect that a change 

in priors has on first round estimates of the same parameter. Reported in 

this form, it appears that choice of prior heritabilities has just a small 
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2 
Table 7. Effect of priors on initial estimates of heritabilities (h ) and 

genetic correlations (r) from Analysis I of Angus birth and 
weaning weights 

O 
Trait Estimated heritabilities and genetic correlations 

Â-M Â-M 

Birth -.5 .32 .09 +.19 .33 .18 -.23 
weight +.5 .41 .09 +.47 .37 .11 +.34 

Weaning -.5 .21 .17 -.09 .23 .26 -.35 
weight +.5 • .27 .17 +.13 .25 .21 +.05 

^Notation used: ® = parameter from which priors were determined; 
A = direct additive genetic value; M = maternal additive genetic value. 

h°2 °2 
ĥ  = .25 and h^ = .10. 

c®2 °2 
ĥ  = .10 and ĥ  = .25. 

influence on first round estimates. The same relationships and interac

tions discussed for Tables 5 and 6 apply here. It is clear that the 

estimates for r̂ ^̂  are greatly influenced by choice of priors. When 

"2 
greater emphasis is given to maternal sire effects by way of h^, the esti

mated correlation moves in a negative direction. The change is greater for 
O 

negative values of r̂ _̂ . 

Although peculiar to these data and models, it is apparent that first 

round estimates of variance components from MINQUE-D cannot be fully relied 

upon when priors are not known accurately. If priors are known close to 

their actual values, MINQUE estimates are shown to have minimum sampling 

variance (Rao, 1971; Schaeffer, 1983). Unfortunately, the same is not 
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known of MINQUE-D estimates. Also badly needed is research that indicates 

the effect that errors in estimated variance components have on solutions 

to a set mixed model equation and on subsequent selection progress made 

from use of these solutions. 

Hudson and Van Vleck (1982) state that MINQUE-D estimation procedures 

lend themselves to iteration. Iteration involves replacing priors with 

estimated variances and then solving for new estimates. This process is 

continued until a specified lack of change in final solutions is achieved. 

The properties of iterative solutions to MINQUE or MINQUE-D have not been 

examined and, consequently, are not known. Hudson and Van Vleck solved 

iteratively for MINQUE-D estimate and found convergence to occur quickly 

even if chosen priors were far from the final estimates. This study found 

solutions to converge quickly as well. 

Iteration destroys the properties of unbiasedness that were initially 

desired. Even though first round estimates are derived to be unbiased, 

they are unbiased estimates of the quadratics formed from approximations 

and not from the best solutions to the population that are theoretically 

possible. Because inferences of these approximate estimates are to be made 

back to the population from which they are estimated, the question arises 

whether the properties of unbiasedness relative to the population were lost 

in the first place. Also, Kennedy (1981) reminds us that even though 

individual effect variances are unbiased estimates, the ratio of these 

estimates may not be unbiased estimates of the true ratio. However, 

unbiased estimates of priors are not necessary to obtain best linear 

unbiased predictors of random effects (Kennedy, 1981; Kackar and Harville, 

1981). 
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Iterative as well as first round solutions were reported for variance 

components computed in this dissertation. In support of this decision, two 

sets of first round solutions each, taken from the values given by Tables 5 

and 6, were iterated until convergence was achieved or until negative esti

mates were obtained. The results of these iterations are given in Tables 8 

and 9 for birth weight and weaning weight, respectively. 

0 

Table 8. Effect of prior genetic correlation (r ) on iterative solutions 
to Analysis I of birth weight^ 

0 Round of 

^A'M 
iteration Component estimates 

-2 
a 

s 
-2 
a 
me 

a 
s'me 

-2 
a 
e 

-.5 1 5.58 1.68 .59 61.97 
2 6.75 1.11 2.07 59.90 
6"= 

6.48 -.03 3.82 60.00 

+.5 1 7.14 1.72 1.63 59.45 
2 7.32 1.18 2.54 58.95 
14^ 6.73 -.01 3.79 59.56 

SL  ̂2 
Prior heritabilities for additive direct genetic value (h.) = .25 and 

0 2 " 
for additive maternal genetic value (h^) = .10. 

b 2 
Variance components reported as pounds . 

^Convergence not pursued due to negative estimates. 

From these results, iterative solutions to MINQUE-D equations appear 

useful when prior values are not accurately known. Despite a range in the 

assumed value of r^_^, solutions to all four variance components were 

basically equivalent when solved for iteratively. As for weaning weight, 
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Table 9. Effect of prior genetic correlation on iterative solutions 
to Analysis I of weaning weight 

o Round of u 
iteration Component estimates 

->2 
a 

s 
-2 
a _ 
mg 

a 
s*mg e 

-.5 1 121.1 100.3 -10.7 2062.3 
2 127.5 110.4 1.3 2034.9 
12^ 136. A 103.1 17.9 2018.9 

+.5 1 156.5 99.4 16.4 2001.7 
2 134.2 99.6 23.6 2018.8 
9^= 

136.3 103.1 17.9 2019.1 

a "2 
Prior heritabilities for additive genetic direct value (h ) = .25 and 

0 2 A 
for additive genetic maternal value (h^) = .10. 

Variance components reported as pounds . 

c 2 
Convergence criterion met: + .1 pounds . 

convergence criterion were met after 12 and 9 rounds of iteration for prior 

0 

values of equal to -.5 and +.5, respectively. Conclusions cannot be 

so clearly drawn from the birth weight analysis because of the negative 

2 
estimates for a . Note, however, that iterative solutions fell out of the 

mg 

parameter space at approximately the same magnitude, and so this is not 

suggestive as contrary to the results for iterative weaning weight analysis. 

Therefore, based on these results and the discussion of Hudson and 

Van Vleck (1982), iterative solutions to MINQUE-D equations are recommended 

in most applied circumstances. 
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Applications of MINQUE-D procedures are infrequently found in the 

literature, and in only one case found was the methodology applied towards 

computing a covariance of two random effects in one model. Consequently, 

discussion of the method's strengths and weaknesses is rare. Several 

questions of MINQUE-D arise from this study which will require answers if 

the methodology is to be used extensively. These are: 

1. What are the consequences of ignoring sire relationships in the 

procedures? It is suspected that sires with a large number of 

relative ties but few progeny records would receive unnecessary 

weighting on the diagonal elements without the benefit of off-

diagonal ties (since they are ignored in the approximation). 

2. Are there more useful or accurate ways of approximating the 

predictors of sire effects? Guidelines need to be established 

relative to data and model types, as well as computer capabili

ties. 

3. What are more exact procedures of prior selection? And what are 

the consequences of incorrect priors on selection results? 

4. In the case of Analysis I, what are the consequences of using 

progeny records of sires that are not represented as maternal 

grandsires (or vice versa)? A high proportion of one or the other 

may bias estimated variances, especially when off-diagonal 

elements providing ties are ignored. If more selected data are 

necessary to provide estimates that are unbiased by the proce

dure, how should the data be selected and how valid are the * 

references from these estimates to the whole population? 
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(5) In the case of covariance analysis, is a negative estimate in one 

component because the effect has little or no variance or is it 

just overwhelmed by the larger variance of another effect in the 

model? 

Concerns can also be raised about the ways in which data are edited 

previous to an analysis. In the situation of Analysis I, it is conceivable 

that a high proportion of sires represented only as maternal grandsires 

would bias the covariance estimate in a positive direction. In each trait 

and breed analyzed, there were a great number of sires that had both 

progeny and maternal grandprogeny records. This tie is essential. How

ever, there were a great number of maternal grandsires without progeny 

records. And even though all sires received estimates for both direct and 

maternal effect, this may still result in variance components that reflect 

the number of sires in this category rather than a comparison of their 

ability to perform as both sire and maternal grandsire. 

These questions are all not necessarily answered by this study but 

really are raised as a result. Other discussions of these concerns were 

not found in the literature and certainly would warrant further studies. 

In this way, properties of estimates obtained using MINQUE-D would be 

better understood. However, the method has been compared favorably to 

other methods for single random effect analyses such as REML, MINQUE, and 

Henderson's Method III. 
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Variance Component Estimates 

To begin, both analysis procedures (Analyses I and II) required the 

use of variances and covariances assumed known prior to the analyses. A 

drawback of most estimation procedures is this necessary assumption. How

ever, if the true population parameters were indeed known, there would be 

no need to estimate them. Good estimates of priors need to come from 

previous research, perhaps from pooling the results of many experiments to 

increase accuracy. Unfortunately, prior estimates for sire direct and sire 

maternal effect variances and covariances do not exist in the literature 

for the models proposed in this dissertation, but estimates from similar 

work provide some clue as to the range of realistic values that could be 

used. Priors for models used were inferred from the literature reviewed in 

this dissertation, primarily from the suggestions of Koch (1972). These 

"best guess" estimates were computed from the parameters chosen for weaning 

weight of: 

h^ = .25 (additive direct effect heritability) 

= .35 (additive maternal effect heritability) 

^A'M ~ "'25 (genetic correlation between direct and maternal effects) 

and for birth weight of: 

hi= .23 

Because Analysis II utilizes different models than Analysis I, prior 

values appropriate for one method are not expected to be entirely 
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appropriate for the other. However, no previous estimates were found that 

utilized these models on similar populations. Thus, prior estimates for 

2 2 
a and a were developed from the same value of heritability. 
mg mgs 

Birth weight 

Initial and iterative solutions for Analysis I for birth weight are 

presented in Table 10. For both breeds, each round of iteration increased 

~2 
estimates of the direct effect variance (a ) and the direct-maternal effect 

s 
'•Z '^2 

covariance (a ). Maternal effect variance (a ) decreased steadily 
s*mg mg 

toward zero with each round of iteration. Iteration was concluded after 

eight and three rounds in the Angus and Hereford analyses, respectively, 

^ 2 ^ ^2 
because unreasonably large estimates were obtained for a , a , and a . 

mg s-mg e 
" 2  

A negative estimate of was obtained as well, so it was clear that 

convergence would not occur in the parameter space allowed. 

The problem of negative estimates remains unsolved. Nelsen et al. 

(1984) reported several negative variance components estimates for birth 

weight. Inability of methodology to account for sources of variance was 

blamed as was large sampling error due to a small number of observations. 

Crow and Howell (1982) reported negative estimates for second and third 

parity analyses of weaning weights of three breeds; sampling error was 

considered the cause. 

Schaeffer (1983) suggested five possible actions that can be taken 

should negative variances be computed. His suggestions included: 

1. to set the negative estimate to zero. 

2. to report the estimate as is (averages of many estimates will be 

more accurate when these are included). 
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Table 10. Initial and final variance component estimates from Analysis I 
of birth weight 

Breed 
Round of 
iteration 

Variance 
_ a 

components 

Breed 
Round of 
iteration % 

"2 
0 
mg 

Q
 >

 
(0
 Q
 >

 
f
l
>
 

N
 

Angus 0 4.05 1.60 0.00 59.00 
(%) (6.3) (2.5) (0.0) (91.2) 

1 6.41 1.37 1.40 60.71 
(9.2) (2.0) (2.0) (86.9) 

7 7.15 0.68 3.21 59.02 
(10.2) (.9) (4.6) (84.2) 

s" -48.07 32.90 18.96 71.39 
(*) (*) (*) (*) 

Hereford 0 4.05 1.60 0.00 59.00 
(6.3) (2.5) (0.0) (91.2) 

1 5.83 0.56 1.61 56.04 
(9.1) (.87) (2.5) (87.5) 

2 7.24 0.18 2.37 54.37 
(11.3) (.28) (3.7) (84.7) 

3" -42.37 30.18 26.25 55.72 
(*) (*) (*) (*) 

a 2 
Components expressed as pounds . 

^Convergence not pursued due to negative estimates. 

3. to conclude high sampling variances are at fault and collect more 

data. 

4. to use another method of estimation. 

5. to remove the factor from the model and re-estimate other compo

nents. 
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Based on the results of other researchers, it is not likely that sire 

variance is near zero. Burfening et al. (1981) reported that the sire 

component was twice the size of the maternal grandsire component. 

Philipsson (1976) reports similar findings and also concludes that the 

maternal grandsire component is likely near zero for birth weight. 

Actually, no reports were discovered that supported a near zero sire 

variance component. Based on these findings and that large numbers of 

sires were estimated from a considerable quantity of birth weight records, 

suggestions 1, 2, and 3 were considered inappropriate for this analysis. 

Use of another method of estimation also was not attempted, although merit 

in this approach exists. If sire variance can be assumed positive (and 

indeed it can), then biased procedures restricting nonnegativity (e.g., 

REML) may be helpful. 

Suggestion 5 offered useful advice to the problem. Koch (1972) and 

Hohenboken and Brinks (1971a) determined that the genetic covariance 

between direct and maternal effects is likely zero. If this were true, 

then a would be near zero in Analysis I. Therefore, the restriction 
s • mg 

was made that a was zero (both prior and final estimates were 
s-mg 

restricted to zero), and the remaining components were re-estimated using 

the procedures of Analysis I. Table 11 provides the results of this 

analysis. 

.2 
These results indicate that for both breeds, a is near zero. Ten 

mg 

rounds of iteration brought convergence to solutions for Angus data when 

0 was forced to equal zero. Also, sire direct variance was 4 percent 
s-mg 

greater than the seventh round solutions when no restriction was imposed. 
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Table 11. Initial and final variance component estimates obtained from 
Analysis I of birth weight: covariances restricted to equal 
zero 

Breed 
Round of 
iteration 

Variance components (and / 'i of total) 
a 

Breed 
Round of 
iteration 

z 
% 

2 
CT 
mg 

2 
a 
e 

Angus 0 4. 05 1. 60 59. 00 
(6. 2) (2. 5) (91. 3) 

1 7. 74 1. 56 60. 42 
(12. 0) (2. 5) (93, 5) 

10^ 9. 88 0. 75 59. 00 
(14. 2) (1. 1) (84. 7) 

Hereford 0 4. 05 1. 60 59. 00 
(6. 2) (2. 5) (91. 3) 

1 6. 19 02 58. 73 
(9. 5) ( '  03) (90. 4) 

3= 
24. 06 -1. 03 62. 56 

(28. 1) (-1. 2) (73. 1) 

a 2 
Variances expressed in pounds . 

Convergence criterion met: + .01 pounds • 

'Convergence was not pursued due to negative estimate. 

However, in the Hereford analysis, restricting a to zero still resulted 
s-mg 

in a negative variance estimate but this time for Consequently, 

unreasonable solutions for o and a were the result. Only two rounds of 
se 

*2 
iteration were performed before negative estimates for were obtained. 

"2 
Rounds 1 and 2 showed again that was approaching a near zero value 

before a negative solution was computed. Convergence, if it were to occur, 

would be expected to come more quickly on the Hereford data than for Angus 

because of the greater number of records. 
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Analysis II estimated sire effect variance (o^) and maternal grandsire 

^2 2 
effect variance independently. In theory, represents the same 

"2 2 
value in both analysis procedures; however, a (Analysis I) and a 

mg mgs 
'•2 '^2 

(Analysis II) differ. We would expect a > a because no attempt was 
mgs mg 

made to partition the direct and maternal genetic contribution made by a 

-^2 '^2 
maternal grandsire when calculating a . Hence, a is a measure of the 

mgs mgs 

total variance contributed from maternal grandsires. The results of these 

separate analyses are presented in Table 12. 

Estimates for sire variance remained only slightly greater than they 

were for Analysis I when the restriction was imposed. Estimated error 

variances for the sire model were essentially unchanged between rounds of 

iteration although the percent error variance decreased as the percent sire 

variance increased. An increase in estimated sire variance from Analysis I 

to II might suggest that interactions between sire direct and sire maternal 

were accounted for in Analysis I but remained associated with the direct 

sire contributions analyzed in II. 

2 
Negative estimates for a resulted for birth weight evaluations of 

mgs 

both breeds. Analysis II of Angus birth weights was carried out for five 

rounds. Maternal grandsire variance quickly approached zero for each 

round, and with it an expected increase in the proportion of error variance 

estimated was observed. First round solutions from Hereford birth weights 

2 
yielded estimates of that were out of the parameter space as well. 

In the summary of Tables 10, 11, and 12, the direct effect variance 

for birth weight ranges from 10 to 15 percent of the total phenotypic 

variance. As would be expected, the percentage of direct effect variance 
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Table 12. Initial and final variance component estimates obtained from 
Analysis II of birth weight 

Round of 

Components from 
sire model 

Components from 
MGS model^ 

Round of A 0 ^0 A 0 
Breed iteration a 

s 
a 
®i 

6 
a 
mgs 

z 
a 
®2 

Angus 0 3.90 59.00 1.50 59.00 
(%) (6.2) (93.8) (2.5) (97.5) 

1 9.77 59.80 4.12 65.85 
(14.0) (86.0) (5.9) (94.1) 

4 10.55 59.02 .07 69.54 
(15.2) (84.8) (.10) (99.9) 

^b,c 
10.56 59.02 —. 66 70.19 
(15.2) (84.8) (-.94) 101.01 

Hereford 0 3.90 59.00 1.50 59.00 
(6.2) (93.8) (2.5) (97.5) 

1= 
7.91 55.89 -.24 63.84 

(12.4) (87.6) (-.0003) (100.0) 

6^ 9.27 
(14.5) 

54.55 
(85.5) 

3l 2 
Variances are reported as pounds . 

"convergence for sire model met at + .01. 

'^Convergence of MOS solutions not pursued due to negative estimate. 

is slightly greater, when fewer variance components are estimated from the 

model. A smaller percentage was reported by Burfening et al. (1981) 

(4 percent); however, their model considered herd effect as random and 

included its estimated variance into the total. 

The negative estimates for sire direct variance seen in Analysis I 

were apparently due to lack of capability of the methodology to account for 
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maternal grandsire variance or the covariance of sire and maternal grand-

sire contributions. Perhaps a dependency occurs in the MINQUE-D equations 

as the estimate for approaches zero. The problem can occur because the 

sum of the components estimated must equal the whole. A large proportion 

^2 -^2 
of one component to another (say a to a ) could cause negative estimates 

s mg 

to occur. 

Variance of sire maternal effects as it contributes to the phenotypic 

variance of birth weight appears very small. Although the existence of a 

direct-maternal covariance is still possible, it appears to be small, even 

though Analysis I would first lead us to believe otherwise. An asymptotic 

" 1  
approach to zero for may bring with it an asymptotic approach towards 

A 
an infinitely large value for o which, of course, is unreasonable. ««me 

Next, genetic variance components, heritabilities, and correlations 

were computed from the values in Tables 10 to 12 as described in the 

Methods section. These results are presented in Tables 13, 14, and 15. 

Negative parameter estimates are a result of negative estimates 

obtained for effect variances; a discussion of these negative values has 

been presented. Of course, exceedingly large or negative estimates, 

although possible, are out of the accepted parameter space and are of no 

use in predicting response to selection. However, they are included for 

completeness. 

Table 13 provides genetic parameter estimates from Analysis I. By 

following the results of iteration, the heritability of direct effects 

(h^) approaches a value near .4 to .45, and the heritability of maternal 

2 
both breeds. The estimated 
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Table 13. Additive genetic variance components, heritabilities, and corre
lations for direct (A) and maternal (M) birth weight from 
Analysis I 

Parameter estimates^ 

Breed 
Round of 
iteration^ (hj) 

-2 
'^A.M 

Angus 1 25.6 
(.37) 

5.4 
(.08) 

5.6 
(.47) 

7 28.6 
(.41) 

2.7 
(.04) 

12.8 
(1.46) 

8 -192.3 
(*) 

131.6 
(*) 

75.8 
(*) 

Hereford 1 23.3 
(.36) 

2.2 
(.03) 

6.4 
(.89) 

2 28.9 
(.45) 

0.7 
(.01) 

9.5 
(2.08) 

3 -169.5 
(*) 

120.7 
(*) 

105.0 
(*) 

^Variances are reported as pounds . 

"Convergence not pursued due to negative estimates. 

genetic correlation Is positive and becomes quite large after 

initial solutions. 

By restricting the covariance estimated by Analysis I to be 0, the 

results in Table 14 are obtained. Convergence was accomplished for the 

Angus birth weight analysis but not for Hereford weights. The Angus 

results indicate that h^ is .57 but that h^ is .04 or for all practical 

purposes 0. Iterative solutions for each round of the Hereford analysis 
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Table 14. Genetic variance components and heritabilities for additive 
direct (A) and maternal grandsire (mgs) effects from Analysis I 
of birth weight: covariances restricted to equal zero 

Parameter estimates^ 

Breed 
Round of 
iteration 

4 
2 

a 
mg 

Angus 1 31.0 
(.44) 

6.2 
(.09) 

10^ 39.5 
(.57) 

3.0 
(.04) 

Hereford 1 24.76 
(.38) 

.08 
(.001) 

3= 96.24 
(*) 

-4.12 
(*) 

^Variances reported in pounds . 

Convergence criterion met: + .01 pounds . 

'^Convergence not pursued due to negative estimate. 

exhibited the same trend as did Angus evaluation. However; negative solu

tions occurred quickly, and the iteration process was stopped at that 

point. 

The results in Table 15 would suggest that the heritability for direct 

birth weight is slightly less than that for Angus (.58 and .61, respec-

tively). Negative solutions for h^^^ were obtained for both breeds, but 

*2 
iterative trends would again suggest that h has a value near .00 for 

mgs 

both breeds. 
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Table 15. Genetic variances and heritabilities for additive direct (A) and 
maternal grandsire (mgs) effects from Analysis II of birth 
weight 

Parameter estimates^ 

Round of AO 

-2 
a 
mgs 

A A 
Breed iteration 

Angus 1 39.1 
(.56) 

16.5 
(.24) 

4 42.2 
(.61) 

0.3 
(.004) 

gb,c 42.2 
(.61) 

-2.64 
(*) 

Hereford 
1= 

6% 

31.64 
(.49) 

37.08 
(.58) 

-.96 
(*) 

3 
Variances reported as pounds . 

Convergence for sire model achieved at + .1 pounds . 

^Convergence of MGS solutions not pursued due to negative estimate. 

In summary of Tables 13, 14, and 15, it seems that the heritability of 

direct birth weight is between .4 and .6. Final iterative solutions would 

2 
suggest that h^ falls in the upper half of this range, while first round 

estimates are nearer to .4. This may be due in part to the use of only .25 

as a prior value in the estimation process. First round estimates would be 

expected to be regressed toward zero by a prior that is closer to zero than 

the final iterative estimates. This range agrees with the conclusions of 
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Woldehawariat (1977), Koch (1972), and Vesely and Robison (1971) who report 

"2 
values for h^ of about .4, .45, and .67, respectively. Brown and Galvez 

(1969) computed a value for h^ of .56 for Herefords but only .14 for Angus. 

The results of Burfening et al. (1981) and Philipsson (1976) are much 

lower, where far fewer numbers of sires were estimated than in the present 

study. Also, in none of the mentioned cases were models, methods, or data 

sets employed that were very similar to those used for Analysis I. 

Furthermore, the results of this study indicate that the heritability 

of maternal birth weight and the genetic covariance between direct and 

maternal birth weight are both zero. To the contrary, Koch (1972) 

^2 ^2 
suggested that h^ is nearer to 10-15 percent. Estimates for h^ were 

slightly above zero for Everett and Magee (1965) and Philipsson (1976), 

which are in agreement with the present findings. Vesely and Robison 

(1971) found that if permanent environmental effects are high relative to 

maternal variance, then h^ is near to zero; otherwise, their estimates are 

from .1 to .3. Perhaps this can explain discrepancies between the present 

study and those studies from which larger values for h^ were obtained. By 

using the covariances of sire proofs, the dominance and environmental 

variances and covariances associated with maternal half sib and offspring 

dam analyses are avoided. 

Koch's review reported genetic correlations near to zero for several 

relative covariances, and he settled on an average of .07. Bourdon and 

Brinks (1982) decided to assume r. .. = 0 because of lack of literature 
A'M 

evidence to the contrary. These results would concur with conclusions ffom 

this study. As discussed previously, a wide range of estimates have been 

reported for depending upon method employed. 



85 

All indications point to the conclusion that birth weight is a highly 

heritable trait and that selection pressure applied should bring rapid 

genetic changes for the trait in both breeds. Sufficient genetic variation 

exists to identify sires that would bring this change about. On the other 

hand, to select for sires that will genetically alter the prenatal environ

ment that affects the birth weight of their daughters' calves would be 

fruitless. The direct effect of the maternal grandsire is still present, 

but other influences that determine the birth weight of a calf cannot be 

attributed to genetic differences among females. 

Therefore, it is not recommended that maternal influences on birth 

weight be a major consideration in the national sire evaluation programs of 

these two breeds. Because the heritability for maternal birth weight has 

been estimated near zero and that the genetic covariance between direct and 

maternal effects is near zero, the portion of the selection differential 

realized by selection on birth weight is approximately equal to heritabil

ity in the narrow sense. Selection progress is not expected to be hampered 

by any influence of genetic maternal effects on birth weight. 

Weaning weight 

Prior values, first round, and final iterative solutions were computed 

for Analysis I of weaning weight records. Positive estimates were obtained 

for all variance components including the covariance between sire direct 

and sire maternal effects. These components are presented in Table 16. 

Although equivalent prior values were assumed for both breeds, the 

Hereford evaluation yielded larger estimates for all components than the 
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Table 16. Initial and final variance component estimates from Analysis I 
of weaning weight 

Breed 
Round of 
iteration 

Variance 
Si b 

components (and percent of total) ' 

Breed 
Round of 
iteration 

-2 
a 
s 

-2 
cr 
mg 

a 
s.mg 

-2 
a 
e 

Angus 0 158.0 221.0 -46.7 2212.1 
(6.2) (8.7) (-1.8) (86.9) 

1 109.4 127.8 -04.9 2042.7 
(4.8) (5.6) (-0.2) (89.8) 

11 136.4 103.2 18.3 2017.8 
(6.0) (4.5) (0.8) , (88.7) 

Hereford 0 158.0 221.0 -46.7 2212.1 
(6.2) (8.7) (-1.8) (86.9) 

1 100.0 192.7 17.4 2648.3 
(3.4) (6.5) (0.6) (89.5) 

9 138.3 169.4 38.6 2648.8 
(4.6) (5.7) (1.3) (88.4) 

a 2 
Components reported as pounds . 

= direct sire effect; mg = maternal sire effect; e = error. 

c 2 
Convergence criterion met: + .1 pounds = 

Angus evaluation. A greater phenotypic variance may be due to a larger 

number of records used and sires estimated. As a proportion of total vari

ance, estimated error variances were nearly equivalent for both breeds for 

each round of iteration. Angus records expressed a greater percentage of 

sire direct variance than Herefords, although the Hereford analysis yields 

a greater percentage of total variance attributed to maternal effects. 

This suggests that a greater amount of maternal genetic variability is 
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present among sires in the Herefords than in the Angus evaluated. This 

greater amount of variance due to maternal effects brings with it a larger 

covariance component for Herefords than Angus. Both covariances (repre

senting one-fourth of the genetic covariance between direct and maternal 

effects) are positive and contribute .8 and 1.3 percent of the total 

variance observed in Angus and Hereford weaning weights. 

As presented for birth weights, Analysis II was performed on the 

weaning weight records of both breeds. All components estimated by 

Analysis I ot weaning weights were defined and in the accepted parameter 

space. Consequently, these values represent recommended values to use as 

priors in current Angus and Hereford National Sire Evaluations. The 

results of Analysis II would be applicable to mixed model sire evaluations 

where sire effects to be estimated independent of maternal grandsire 

effects. The resulting variance components of Analysis II are presented in 

Table 17. 

All variance components estimated by Analysis II are larger than their 

counterpart from I. In particular, which is the variance of one-half 

of a sire's genetic maternal value plus one-fourth of his direct effect 

->2 "2 
value, is larger than a . This would be expected because a contains 

mg mgs 
2 

the additional values of l/16a. + l/4a. „ in its expectations (A = additive 
A A"M 

direct, M = additive maternal value). Also expected was the increase in 

^ 2  ' • 2  
a over a because the sire direct effects were not accounted for in the 
e e 
mgs 

MGS model. 

Crow and Howell (1982) employed MINQUE-D techniques and estimated the 

variance due to maternal grandsires in a manner most similar to that used 
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Table 17. Initial and final variance component estimates from Analysis II 
of weaning weight 

Components for Components for 

Round of 
sire model" MGS model 

Round of -2 -2 -2 -2 
Breed iteration a 

s 
a 
mgs 

"^2 

Angus 0 147.5 2212.1 212.3 2212.1 
(6.3) (93.7) (8.8) (91.2) 

1 214.7 1750.2 196.4 1812.3 
(10.9) (89.1) (9.8) (91.2) 

6^ 229.2 2035.8 131.3 2144.1 
(10.1) (89.9) (5.8) (94.2) 

Hereford 0 147.5 2212.1 212.4 2212.1 
(6.3) (93.7) (8.8) (91.2) 

1 239.8 2734.2 270.5 2729.1 
(8.1) (91.9) (9.0) (91.0) 

64 270.9 2703.3 226.9 2768.6 
(9.1) (90.9) (7.6) (92.4) 

cL 2 
Components reported as pounds . 

= sire effect; e^^ = error after fitting. 

mgs = maternal grandsire effect; = error after fitting mgs. 

Convergence criterion met: + .1 pounds . 

in Analysis II. They reported that from 9 to 10 percent of total variation 

is accounted for by maternal grandsires. This is nearly identical to 

results reported for this study and gives confidence to the estimate. No 

other studies were found using similar techniques. Crow and Howell also 

reported that variance remaining after accounting for maternal grandsire 

effects comprised an average of 90 to 95 percent of the total estimated 
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variances, which again is in complete agreement with the results shown in 

Table 17. 

Not expected was a large percentage increase of estimated sire direct 

variance estimated by Analysis II over Analysis I. The variance of sire 

direct effects determined by II did not have the additional variance as 

contributed by one-fourth of the direct effect estimated from maternal 

grandprogeny records in Analysis I. Possibly, this result stems from the 

part of whole theory discussed for birth weight. In Analysis I, the sum of 

each component is forced to equal the whole, and so an increase in the 

magnitude of one component estimated (such as the covariance) causes 

another component to be estimated at a lower value. Nonetheless, in a 

similar study on Angus and Hereford field data, Kennedy and Henderson 

(1975) included sire effect in the model. A Henderson Method II analysis 

determined that 10 and 6 percent of total variation, after adjustment for 

fixed effects, was explained by sire direct effects, which is in nearly 

identical agreement with the results of their study. 

Also noted from both Analyses I and II was that in all cases iterative 

solutions are considerably different from first round (unbiased estimates). 

This subject has been discussed. Iterative solutions are expected to more 

accurately represent the nature of the data. 

The results presented in the following tables are the additive genetic 

parameters derived from the results in Table 16 and 17 for weaning weight. 

General differences between breed estimates and between analysis method have 

been discussed. 
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In general, no reports were found that utilized models and methodology 

that were employed for this study. Hence, differences from literature 

estimates are expected because, in these cases, they represent different 

estimates or different gene pools or both. 

The direct effect heritabilities of .24 and .18 are slightly lower but 

are in general agreement with most estimates discussed in the Review of 

Literature. Woldehawariat's (1977) review average of .29 from paternal 

half sib estimates is somewhat larger than this range. However, more 

sources of variance were accounted for, and estimates were solved for 

simultaneously from the same data set in the present study. This would 

likely reduce the variation attributable to sire direct effects, and so 

estimates from the study could be expected to be somewhat lower than other 

literature reports. Other papers reviewed presented direct heritability 

estimates from about .2 to .5. 

Two values are reported for maternal heritability in Tables 18 and 19. 

The value from Analysis I, h^^, represents the heritability of additive 

direct maternal ability and is useful for predicting selection progress for 

genetic maternal ability. The estimates of .18 and .23 reported here would 

be comparable to most reports in the literature. Koch's (1972) suggestion 

that 30-35 percent of the variation in weaning weights is due to additive 

maternal effects is only slightly larger than the Hereford analysis (.25) 

and more so than the Angus analysis (.16). Hohenboken and Brinks (1971a) 

and Koch (1972) both made the observation that estimated maternal variance 

is much larger when the covariance of dam and offspring is considered. 

Certainly the nature of field data such as used in the present study is 
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Table 18. Additive genetic direct (A) and maternal (M) weaning weight 
variance components, heritabilities, and correlations from 
Analysis I of weaning weight 

Parameter estimates^ 

Breed 
Round of ^ 
iteration 

-2 
"A 

<%) 

-2 
°A.M 

Angus 1 437.6 511.3 -19.9 
(.19) (.22) (-.04) 

11 545.9 412.9 73.6 
(.24) (.18) (.16) 

Hereford 1 400.3 771.1 69.8 
(.14) (.26) (.13) 

9 553.3 677.8 154.5 
(.18) (.23) (.25) 

^Variances and covariances reported as pounds . 

^Convergence criterion met: + .1 pounds^. 

subject to many more errors of measurement and variability of environment 

that the data taken on more controlled research herds. These 

differences in reports are also likely due to the inability of procedures 

used to account for environmental covariances and dominance variances and 

covariances which are confounded with the maternal ability of the dam 

expressed through her calf. Almost all methods reviewed utilized either 

this covariance or maternal half sib covariances to obtain estimates for 

maternal effects and their covariance with direct effect. It is not 

surprising to see the maternal variances reported for this study to be 

lower than most literature estimates. In Analysis I, the variances were 
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Table 19. Genetic variances and heritabilities for additive direct (A) and 
maternal grandsire (mgs) effects from Analysis II of weaning 
weight 

Parameter estimates^ 

Breed 
Round of y 
iteration ttj) 

â2 
mgs 

Angus 1 858.8 
(.44) 

785.6 
(.39) 

6 916.8 
(.40) 

525.2 
(.23) 

Hereford 1 959.2 
(.32) 

1082.0 
(.36) 

6 1083.6 
(.36) 

907.6 
(.30) 

â 2 
Variances and covariances reported as pounds . 

Solutions converged at + ,1 pounds , 

estimated from the convariances of estimated transmitting abilities for 

sire direct and maternal effect; thus utilizing genes passed through male 

relatives over a large sample of females. 

The heritability of total maternal effect is reported in Table 19. 

^2 
This value (h ) is the heritability of the maternal grandsire's contribu-

mgs 

tion to their daughter's performance as mothers. Grow and Howell (1982) 

report values for h from -.12 to .26, with values from .1 to .25 
mgs 

considered most accurate. Negative estimates were obtained by Crow and 

Howell on second and third parity analyses and from the Charolais data set 

where numbers were fewer, hence higher standard errors. However, 
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parameters that were in an acceptable parameter space compare favorably to 

2 
the results of Analysis II. Their average h^^^ reported of .23 for first 

and fourth parities is somewhat lower than those in Table 19 but were the 

result of some negative estimates in the average. Also, smaller numbers of 

progeny were used for the results of Crow and Howell than for the present 

study. And because estimates are regressed toward the mean for smaller 

numbers would suggest that their estimates may have somewhat smaller 

values. 

Finally, genetic covariances between direct and maternal effect, 

reported in Table 18, were found to be small in Angus, larger in Herefords, 

and positive in both cases. Studies performed on beef cattle data would 

suggest that this value is negative and larger in magnitude. Koch's (1972) 

results are indicative of other literature reviewed. He found wide 

discrepancies among reported values for but found an average value of 

^A'M ~ ""44. His own study on Hereford cattle yields estimates nearer to 

zero, especially when covariances between offspring and dam were not 

considered. 

Work by Hohenboken and Brinks (1971b) provides support for the values 

of reported here. Values of -.28 were computed for r^_^ by conven

tional means. Next, researchers estimated maternal abilities as MPPA (most 

probable producing abilities) on daughters of sires and correlated these 

values to the weaning weights of their paternal half sib brothers. A 

genetic correlation of .49 was reported. In concept, similar work by 

Langlet (1965), Mason (1964), and Bar-Anon (1965) wâs performed and 

reported correlations of .22, and .19 and .06 between sire milk proofs and 
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growth rate in various breeds. These studies may hold large similarities 

to the one reported here. By passing genes through male descendents, the 

problem of dealing with a possibly large negative environmental covariance 

is reduced. The likely existence of such a covariance will drive the 

covariance to a negative direction when not accounted for in the estimation 

procedure. 
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SUMMARY 

Birth weight and weaning weight records collected by the American 

Angus and American Hereford Associations were used to determine sire direct 

and sire maternal effect variance components for use in mixed model sire 

evaluations. Data from 20 Angus and 25 Hereford herds were selected for 

study because of their long histories of credible and consistent use of 

performance evaluation programs offered by the associations. Each perform

ance record included identification of the herd, sex of calf, weaning date 

and management code, source of data (designed test or field data), and calf 

sire and maternal grandsire. A total of 25,586 Angus birth weight records 

resulted from 718 sires and 1,318 maternal grandsires. For Angus weaning 

weight analyses, 34,190 records were used from 941 sires and 1,576 maternal 

grandsires. Hereford data contained 14,436 birth weight records from 

566 sires and 1, 134 maternal grandsires. For weaning weight analyses, 

46,616 Hereford records resulted from 1,366 sires and 2,169 maternal grand

sires. 

Tî-70 mixed models were developed that accounted for fixed contemporary 

group effect, as well as random sire and/or maternal grandsire contribu

tions to the calf's phenotype. Approximate solutions to Henderson's mixed 

model equations were computed by inverting a 2 x 2 matrix which 

included the diagonal elements of a bull's direct and maternal equations 

and the corresponding off-diagonal elements from the coefficient matrix 

after absorption of fixed effects. Quadratic forms were developed from 

these solutions and were equated to their expectations. Iterative 
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solutions produced estimates of either direct and maternal effect variances 

and covariances (from Analysis I) or sire and maternal grandsire variances 

(Analysis II). 

First round estimates, although unbiased, were found to be sensitive 

to initial prior variance components used in their estimation. Nonethe

less, final iterative solutions were found to converge quickly and to the 

same approximate point despite a range in priors tested. Although the 

properties of iterative solutions to the MIVQUE-D (or Henderson's New 

Method) procedures used in Analysis I are not known, they are computation

ally very feasible and produce consistent results. Iterative solutions are 

recommended when priors are not known with confidence. 

Analysis I of weaning weight records yielded direct heritability 

estimates (ĥ ) of .24 for Angus and .18 for Herefords. Maternal weaning 

"2 
weight heritabilities (ĥ ) were .18 and .23 for each breed, and the direct-

maternal covariance was .16 and .25, respectively. Analysis II 

produced estimates for h^ of .40 and .36, and the heritability of total 

maternal grandsire effect was estimated as .23 and .30. These heritability 

estimates are in good agreement with other reports, suggesting that 

substantial genetic variance exists for the improvement of both direct and 

maternal weaning weight. Herefords seem to exhibit slightly more genetic 

variation for maternal ability than Angus when measured via progeny weaning 

weight records. The positive correlation estimated by this study is in 

agreement with reports of genetic correlations between sire proofs for milk 

production and growth rate. However, the correlation is in contrast to 

negative estimates reported from research that utilized covariances of dam 
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and offspring or of maternal half sibs to determine its value. Because 

this study only considered effects from male relatives, the need to ignore 

possible environmental and dominance influences was circumvented and so 

avoided a probable negative bias in the estimates. The positive covariance 

would suggest that genetic progress for maternal ability could be enhanced 

when replacement females are sired by bulls that were selected entirely for 

direct weaning weight. 

For birth weight, negative variances were estimated from Analysis I 

for both breeds. If r̂ ^̂  were restricted to equal zero, the Hereford 

analysis still resulted in a negative estimate for maternal birth weight 

variance, but iterative estimates of h^ = .57 and h^ were obtained for 

" 2  
Angus data. Analysis II produced estimates of h^ = .61 and .58 for sire 

A2 
direct effect, but positive estimates were not obtained for h 

mgs 

Direct effect heritabilities were somewhat higher than many literature 

estimates but still indicate that progress could be made with selection for 

direct birth weight. Results indicate that almost no maternal effect 

variance exists in either breed for birth weight and that a genetic rela

tionship between direct and maternal birth weight is likely negligible as 

well. Sire evaluations for maternal birth weight is not recommended from 

these results. 
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APPENDIX. 

NUMERICAL EXAMPLE OF MIVQUE-D APPLICATION TO ESTIMATE SIRE 

DIRECT AND SIRE MATERNAL VARIANCE-COVARIANCE COMPONENTS 

Development of Approximate Solutions 

The method of variance component estimation described in the section 

entitled Methods is illustrated here by use of a small, hypothetical 

example. Analysis I deals with a mixed model which equates number of fixed 

effects (collectively termed group), sire direct effect (random), sire 

maternal effect (random), and random residual error. The goal is to esti

mate the variances of sire direct and sire maternal effects and their 

"2 »2 ' ) 
covariance (denoted as a , a , and a using a procedure termed 

s mg mgs 

MINQUE-D. For symmetric matrices, the left of diagonal elements are not 

displayed. Table A-1 details a set of hypothetical data that will illus

trate the method. 

The mixed model used in Analysis I was given as in matrix notation as: 

2. = Xb + + ZgUg + e 

where u^ represents sire direct effects and u^ represents sire maternal 

effects. Based on the sample data, X, Z, and are shown as follows. 
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Table A-1. Hypothetical data structure used for illustration of MIVQUE-D 
application 

Maternai Record 
Calf Group Sire grandsire (nos.) 

1 1 1 1 445 
2 1 1 2 460 
3 1 2 4 470 
4 1 2 3 380 
5 2 2 4 350 
6 2 2 3 420 
7 2 3 4 400 
8 2 3 4 340 
9 2 2 3 395 

10 2 5 4 410 

^Assumed prior parameters used were: 

rag 

s»mg 

2 

= 136.5 

= 103.2 

= 18.4 

= 2018 

(^A 

(r 
A-M 

= .24) 

= .18) 

.16) 

r 0 

0 

0 

0 
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=1 = 

=2 = 

1.5 0 0 0 0 

1 0.5 0 0 0 

0 1 0 0.5 0 

0 1 0.5 0 0 

0 1 0 0.5 0 

0 1 0.5 0 0 

0 0 1 0.5 0 

0 0 1 0.5 0 

0 1 0.5 0 0 

0 0 0 0.5 1 

1 0 0 0 0 

0 1 0 0 0 

0 0 0 1 0 

0 0 1 0 0 

0 0 0 1 0 

0 0 1 0 0 

0 0 0 1 0 

0 0 0 1 0 

0 0 1 0 0 

_ 0 0 0 1 0 

are of equal order because each sire 

grandsire represented in the data is also represented in and Z^. A sire 

that has no maternal grandprogeny receives Is in Ẑ  and Os in Ẑ . Maternal 

grandsires only receive Is in and .5s in Ẑ  which represent their direct 
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genetic contribution to the phenotype of their grand progeny. Notice also 

that sire 1 receives a 1.5 his row and column of because he is both a 

sire and maternal grandsire to calf no. 1. 

Following the rules for absorption of fixed effects described in the 

Methods section, the following absorbed least squares equations are built. 

1.6875 -1.063 -.3125 -.3125 0 

2.1875 -.3125 -.3125 -0.5 

z;mz, = 
11 1.1875 -.0625 -0.5 

.52083 .16667 

.83333 

0.875 0.375 -0.625 -0.625 0 

-0.625 -0.125 1.375 -0.625 0 

-0.125 -0.125 0.375 -0.125 0 

-0.125 -0.125 -.7917 1.0417 0 

_ 0 0 -.3333 .33333 0 

"0.75 -0.25 -Û.25 -0.25 0 

Z;MZ_ = 0.75 -0.25 -0.25 0 
2 2 

2.0833 -1.583 0 

2.0833 0 

— 0 
" 30.625" 

-9.375 

= -39.37 

-6.042 

24.167 
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and 

2^% = 

6.25 

21.25 

-15.42 

-12.08 

0 

Recall that the absorbed mixed model equations were denoted by 

Z£MZi 

% 

Ẑ MZ, 

Ẑ MZ, 

-1 2 
where G 'Og = 

15.146 0 0 0 

15.146 0 0 

15.146 0 

15.146 

-1 2 

I 

Vz 
G .JQ 

^2 z?! 

0 -2.699 0 0 

0 0 -2.699 0 

0 

0 

0 

0 

0 -2.699 

0 

0 

0 

0 -2.699 

0 

0 

0 

0 

20.033 0 0 

20.033 0 

20.033 

0 0 

0 0 

0 0 

20.033 0 

20.033 

-1 2 

0 
In order to solve these equations, a direct inverse of Z'MZ + G a 

needed. Solutions for the u's are needed to compute quadratics for 
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variance component estimation, but an inverse is often unthinkable. There-

~1 2 
fore, an approximation to Z'HZ + G is needed. To obtain this approxi

mate form, we can reorder the preceding equations so that they are ordered 

effect within sire. The 2x2 matrices along the diagonal of these 

reordered equations are easily inverted and allow approximate solutions for 

both effect on a sire to be computed. We call this reordered set of equa

tions D and illustrate its inverse as 

D~̂  = 
/.0599 .0052' 

\ .0485 

L 

C0590 .0080 

.0492 

%0621 .0065 

.0459 

A 0643 .0048' 

\ .0455, 

0640 .0086 

'\j 
The approximate solutions u^̂  and u^ are then computed. 

086\ 

.051^ 

% = 

1.869 

-.382 

-2.548 

-0.447 

1.547 



Ill 

Oi 
^2 

0.464 

0.970 

-.964 

-.579 

-.208 

MINQUE-D Equations and Solutions 

The quadratic forms used to compute , and a are 
s' mg' s*mg 

% = 12.729 

u:u = 2.468 
—1—1 

and 

'V» 
2Û U2 = 7.075 

Although not necessary, the quadratic y "My was chosen to provide a fourth 

'•I *2 
equation and allow calculation of o_ (the estimated error variance or a ). 

U e 

y'My in this example equals 10340. 

Notation used for the definition of the MIVQUE-D equations are defined 

in the Methods section. The matrices from this example that form these 

equations are given as follows. 

Q1 = 
Dll D11.D12 

D11-D12 D12̂  
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0.0036 0 0 

.00348 0 

.00386 

0 

0 

0 

0 316E-6 

0 

0 

Q2 = 

0 0 

0 473E-6 0 

b 0 406E-6 

0 0 

0 0 

0 0 

.00414 0 

0.0041 

0 0 0 310E-6 0 

0 0 0 0 552E-6 

277E-7 0 0 0 0 

643E-7 0 0 0 

427E-7 0 0 

232E-7 0 

744E-7 

D12 

D12.22 

D12'D22 

2 
D22̂  

f277E-7 0 0 0 0 256E-6 0 0 0 0 

I 643E-7 0 0 0 0 394E-6 0 0 0 

427E-7 0 0 0 0 300E-6 0 0 

232E-7 0 0 0 0 220E-6 0 

744E-7 0 0 0 0 441E-6 

.00236 0 0 0 0 

.00242 0 0 0 

.00211 0 0 

.00208 0 

.00261 
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2(D11-D12) ((D11-D12) + D12^ 

((D11-D12) + D12^ (2D22.D12) 

631E-6 0 0 0 0 .00294 0 0 0 0 

946E-6 0 0 0 0 .00297 0 0 0 

812E-6 0 0 0 0 0.0029 0 0 

620E-6 0 0 0 0 .00296 0 

0.0011 0 0 0 0 .00335 

511E-6 0 0 0 0 

789E-6 0 0 0 

600E-6 0 0 

439E-6 0 

881E-6 

Note that for the K matrices, only the diagonal elements of each quad

rant because the trace of C-K is the desired value and the C's are quadrant 

diagonal matrices themselves. The K matrices are computed as follows. 

K1 = ZHZĵ ZplZ 

and 

Q3 = 
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4.1719 2.2188 

6.3594 -.5938 

1.8594 0.4270 

.4983 0.9965 

1.2222 0 

1.1875 

0.1875 

3.1597 

1.9931 

0 

K2 = Z^MZgZ^ 

1.6875 0.875 

2.6875 -0.125 

0.1875 1.0417 

1.7431 3.4861 

.22222 

0.75 
(sym) 

0.75 

6.9722 

6.9722 

0 
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and 

K3 = Ẑ [Z^Z^ + Z^ZpMZ 

1.4688 0.6875 

.15625 -.3125 

.53125 .14583 

(N.A.) 
.67014 1.3403 

.22222 

1.6875 0.875 

2.0625 -0.125 

2.7292 1.8472 

1.3403 2.6806 

0 

Note that the needed elements of KG are found from the diagonal elements of 

ZpiZĵ , Ẑ MZg, and Ẑ MZ^. 

After computing all needed expectations, the MINQUE-D equations to be 

solved are 

.05343 .02825 0.0306 .02544 
"2 
a 

s 
12.729 

.01612 .03555 .02815 .01365 
1 

a 
mg 

2.4683 

.3324 .04435 .06645 .02122 Ô 
s.mg 

7,^0753 

6.4167 5.6667 4.3333 8 52 
0 

10340 
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The final solutions for the variance components are 

- 2  
a s -472.0 

02 
mg 

-535.7 

cr 
s.mg 54.9 

e 
2020.8 

The negative estimates are possible and not surprising because of the arbi

trary nature of the data and small number of records. 


