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SUMMARY 

Data on 928 ( 446 male and 482 female) calves born to 17 bulls in the calv
ing seasons of the registered Hereford herd at Weldon Springs between 1961 
and 1967 were available for analys is to determine the importance of sire x year 
interaction effects on birth weight (B.W.), average daily gain to weaning 
(A.D .G.W. ), and 210-day weight. 

A new method of classification of genotype x environment interactions 
(types 1-4) based on ranking order of the genotypes in different environments 
and statistical significance of the interaction effects was described for practical 
application in animal breeding. 

The data were grouped co form two sires and two or three-year combina
tions. Least-squares analysis was made for each group as a factorial design, sep
arately for the male and the female calves. The cofficients were estimated through 
the use of z- i matrices. The sire, sire x year and error components of variance 
were estimated, the year effects being regarded fixed . 

Also estimated were the percentage contribution of each of these variance 
components to the total variance per observation ; the ratio, a 2syl<J 2

8 ; the re
peatability (r) and genetic correlation (rg) (for mixed model) of the performance 
of sires in different years; the genetic bias; and the percentage contribution of 
a 2sv to experimental error. The interaction effect in each of the groups was also 
classified as one of the aforesaid four types as further evidence of the significance 
of the nonadditive effects. 

Results from all of these estimates indicated no important sire x year inter
action effects on B.W., A.D.G. W ., or 210-day weight. However, these non
linear effects were consistently found to be more important in male than in the 
female calves. Those for A.D.G.W. and 210-day weight were of comparatively 
larger magnitude than for B. W., indicating the possibility of important sire x 
year effects on the preweaning and weaning traits in some small closed herds. 

Finally, coefficients of correlation between a 2sv and a 2
8 , and <J 

2sv an~ 
R

81
s

2 
(genetic relationship between sires) were estimated to determine if a rela-

tionship between genetic width and magnitude of interaction effect exists. Except 
for the latter type for A.D.G.W. and 210-day weight in female calves, they were 
not significant. The limitations in the estimation of these coefficients were also 
pointed out. 



Genotype x Environment 
Interactions in Sire Evaluation 

A. THE IMPORTANCE OF SIRE BY YEAR INTERACTIONS 

1. PREWEANING AND WEANING TRAITS 

S. N. PANI 1
, G. F. KRAUSE AND]. F. LASLEY 

In spite of the attempts by breeders to provide uniform environmental con
ditions over a period of several years, certain intangible differences, including 
climatic conditions, presence of subclinical infections, differences in the social 
behavior of the animals, and attitudes of the operators, are known to produce 
large year effects. A change in the ration constituents due to a change in market 
conditions would inflate this effect. If genotype x year interaction effects exist, 
the use of bulls for several years would be necessary to obtain unbiased esti
mates of their breeding values. A review of literature indicates that extensive 
studies of this kind have not been made for preweaning and weaning traits of 
beef cattle. The present study was conducted to provide further information on 
genotype x year interactions and a critical evaluation of their importance through 
estimation of certain useful parameters. 

MATERIALS AND METHODS 

Source of Data and Breeding History of the Herd 

Data on 1174 (568 0 c and 606 ~ ~ ) registered Hereford calves born to 
30 sires from the 1961 through the 1967 calving seasons and maintained at Wel
don Springs, Mo., were available for this study. These calves were produced in a 
selection experiment initiated before the 1960 breeding season. Two selection 
lines were developed and designated as Lines I and II. The bull calves in Line I 
were selected for 392-day weight (after a full-feeding of at least 140 days) and 
the heifers for the 550-day weight (at the end of first pasture season) . In Line II, 
however, selection was for both yearling weight and conformation score in an 
index. 

' Part of Ph.D . rhesis submirred by S. N. Pani, presenr address: Deparrmenr of Animal Husbandry, 
Orissa Universiry of Agriculture and Technology, Bhubaneswar-3, Orissa, India. 
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The feeding and management schedules of the herd conformed to standard 
beef production practices. However, bull calves were full fed as a group for at 
leas t 140 days postweaning. The heifers were placed on pasture for about 340 
days following weaning during the spring, summer, and fall months except that 
they were fed a limited ration during the first winter. 

The traits considered for analysis in this study were: birth weight (B.W.), 
average daily gain from birth to weaning (A. D.G.W.) determined as [(actual wean
ing wt.) - (actual birth wt.)J!(actual age in days at weaning) ; and 210-day wt. 
estimated by (actual B.W .) + 210 (A.D.G.W.) . 

Statistical Design 

Since the primary objective of this study was the estimation of the genotype 
x environment interactions as determined by sire x year effects, the data were 
sorted to include those bulls which sired calves for at least two consecutive years. 
Such data were available for analysis for seventeen sires producing 928 calves 
( 446 6 6 and 482 ¥ ~ ). Mos t of the calvings occurred from January to March. 
The few calves born during December were included in the following year. Data 
were sorted into groups, so that only two sires were included in a group. Each 
group was a cross-classification of two sires and two or three years; there were 
18 such groups. The number of observations per sire-year subclass (Table 1) 
varied from 6 to 18 for male calves, except for one subclass with three observa
tions, and from 7 to 17 for female calves. The data were studied separately for 
the male and female calves to determine if sire x year interaction effects were 
different for the two sexes. 

Statistical Model 

The linear statistical model used to describe each variable was: 

X ;Jk=µ + (Y); + (S)J + (YS)1J + (E)1Jk 

where 
i= 1,. . . , a years 
j = 1, ... , b sires 
k= 1, ... , n1 individuals per sire-year subclass 
xljk is the observation on the kth individual of jth sire in the 
i1h year; 
µ is the fixed underlying population mean; 
(Y); is the effect of year i averaged over all the sires; 
(S)J is the effect of sire j averaged over all the years; 
(YS) 1 i is the interaction of sire j with year i; 
and (E);Jk is the deviation of individual k from the mean of 
the j th sire - i1h year subclass. 
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TABLE 1. ACTUAL SIRE X YEAR SUBCLASS NUMBERS IN DIFFERENT YEARS 

Subclass nurrbers 
Si re #a Years a Male calves Female calves 

2 1, 2, 3 13, 11, 11 13, 11, 16 

3 1, 2 16' 11 11, 12 

5 1, 2, 3 12, 11, 10 10, 14, 12 

6 1, 2 12, 12 12, 14 

8 2, 3, 4 7, 13, 9 7. 11, 17 

9 2, 3, 4 9, 16, 18 10, 15, 15 

12 3, 4 15, 16 9. 13 

15 4, 5 7, 10 17, 13 

16 4, 5 11, 11 14, 12 

17 4, 5, 6 10, 10, 13 12, 13, 13 

18 4, 5, 6 9, 6, 13 7. 13, 12 

19 5, 6 8, 11 16, 10 

21 5, 6 14, 11 12. 12 

22 6, 7 11, 9 13, 13 

23 6, 7 14, 8 12, 12 

24 6, 7 14, 3 7, 10 

29 6, 7 12, 9 7, 10 

a Coded nurrbers as mentioned in text. 

Assumptions on Distribution of the Effects 

2:(Y);=O (Fixed); 
(S)i =N (0, <12s) (Random); 
(YS);i =N (0, <12sv) (Random); 
(E); ik = N (0, t12E) (uncontrolled uncorrelated random effect that varied, 
among individuals within sire-year subclasses); 
(YJ;, (S)i> (YS);i and (E)iik were independent and uncorrelated. 
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In animal breeding data, the mixed-generation effects are usually confounded 
with the year effects . Moreover, comparisons in this study invariably involved 
consecutive years. Therefore, it was considered appropriate to regard the year 
effects fixed. However, the sire effects were assumed random as all the sires with 
progeny born at least in two consecutive seasons during the period of study were 
included for analysis. 

Test of Hypothesis 

Ho: CJ~sy=O 

vs 
H A : a\v=FO 
a (probability level for statistical significance chosen a priori) set at .10 
Test rejected H 0 if Fv l°v 

2 
calc. ~ Fv 

1
,v 

2 
a 

The expectations of the mean squares for the Mixed model assumed in this 
study were of the form as shown in table 2. 

TABLE 2. EXPECTATIONS OF THE MEAN SQUARES (E.M.S.) FOR THE 

ASSUMED MIXED EFFECTS MODEL 

Source OF E.M.S. 

(Y) 1 a2 2 Years a - E + "J°sy + 

Sires (S) b - 1 a2 + n a2 
E 2 S 

SxY (a - l)(b - 1) 0 2 0'2 
E + "1 SY 

Error ab(n 1 - 1) O' 2 
E 

Statistical Analysis 

2 n4Ky 

A least-squares analysis of data with unequal subclass numbers was made 
for each of the 18 groups for male and female calves following the method de
scribed by Harvey (1960). A FORTRAN - IV G LEVEL 18 program for the 
IBM 360/65 computer was available to determine the mean squares. The error 
mean square was used to determine the statistical significance of the interaction 
mean square at the a level chosen a priori. The table of F values given by Snede
cor (1956) was used for this purpose. 

The coefficients, n 1 and n2 , were estimated by the direct method from the 
z· 1 matrices as described by Harvey (1960). The variance components, a 2

8 and 
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a 2
8 y, were estimated by equating the E.M.S. with the respective observed mean 

squares. The total variance per observation, a 2
T in the mixed model was estimated 

by "a\ + a 2
8 y + a 2

E," the year effects being fixed. 
From the methods of determining the A.D.G.W. and 210-day wt., it may 

be noted that the effects of the age of calf along with the effect of month of 
calving confounded with it were accounted for. But the effect of age of dam, if 
any, remained unadjusted and probably inflated the error variance to some extent. 
As the objective of this study was to estimate the importance of sire x year inter
action effects, it would be appropriate to correct the data on a within-year basis, 
but the number of animals in any one year was not large enough to compensate 
for the error that would be introduced by correction. However, since the group
ing of cows and heifers for breeding in each year was made systematically on a 
within-age basis, this would not introduce any bias on the estimation of the sire 
and interaction effects. Consequently, the parameters estimated from these two 
components of variance would also remain unbiased. 

The following parameters were estimated to evaluate the importance of the 
interaction effects : (i) repeatability of yearly averages, 

r=a \ 
a zs+a zsy+a 2E 

n1 

n 1 being the estimated coefficient for the interaction component in the interac
tion mean square; genetic correlation of the sires' performance in different years, 

a zs-Y.!a 2sY 

a \ + Y.!a 2sY 

for groups with two years, and 

a 2 s -Y3a 2sy 

a 2 s + 2i3a 2sy 
for those with three years, (as presented by Yamada, 1962 for Mixed model); 
generic bias, 

G 2SY 

a 2s +a 2sY 

(as described by Beck and Baker, 1964); and a 2sy as percent of experimental 
error, (a 2E+a 2sy). 

Classification of Interactions and Ranking of the Sires 

In addition ro the aforesaid methods, attempts were made to classify the 
interactions on some basis, the practical application of which would be meaning
ful in animal breeding. The review of literature indicated differences of opinion 
with regard to the most appropriate method of classifying the genotype x en
vironment interactions. Considering two genotypes (A, B) and two environ
ments (X, Y) as an example, Haldane (1946) presented six different types of 
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interaction with the criterion that genotype A in environment X always had the 
highest rank. He rightly pointed out that differences between all, some, or none 
may be statistically significant and that the ranking order of the genotypes may 
also be any one of the many possibilities. His six types were later shown graphi
cally by McBride (1958) . Mather and Jones (1958) defined each of Haldane's six 
types in terms of the relative magnitudes of genotypic (d), environmental (e), 
and interaction (g) effects. Since their method of estimating the interaction effect 
[(AA: X+aa:y)-(AA:Y +aa:x)J would be either positive or negative. 

Later, Van Der Veen (1959) tabulated Haldane's six types with conditions 
of d>e, d=e, and d<e. However, Haldane was criticized for not specifying the 
genotypes and the environments and thus, McBride (1958) proposed four types 
of interactions with genotypes as "inter" and "intra" populations, and environ
ments as "macro" and "micro." A similar classification has also been given by 
Dunlop (1962), describing both genotypes and environments as "large" or 
"small." 

Although the classifications presented by McBride (1958) and Dunlop (1962) 
would continue to serve as guidelines to classify interactions in a broad sense, it 
may be noted that no two genotypes, unless they are identical twins (restricting 
the discussion to mammals and birds) , and no two environments to which the 
animals are exposed can be alike. Thus, probably Haldane was right in not 
specifying the genotypes and the environments, especially when the use of his 
classification was co be based on the results of an experiment rather than the 
types of genotype and environment. This point probably was not recognized by 
many who criticized him. However, Haldane considered the ranking of each of 
the genotype-environment combinations rather than the comparison of genotypes 
separately for each environment. Added to this, he did not include statistical 
significance of interactions in his classification, although he clearly mentioned 
the possibilities of them being statistically significant. Therefore, based on Hal
dane's viewpoints, but taking into consideration the statistical significance of 
interactions, ranking of the genotypes in different environments and the different 
types of interactions reported in the literature from experiments on farm animals 
(e.g., Van Vleck, 1963; Van Vleck, King and Dolitde, 1963), a new method of 
classification of interactions has been proposed (Pani, 1971). 

In animal breedii:ig, we are interested in knowing if the ranks of the geno
types under consideration change from one environment to the other and also if 
the interaction effects are statistically significant. Thus, there are four possible 
combinations as shown in Table 3. These four types of interactions are presented 
graphically in Figure 1. Note that the lines may rotate within certain limits and 
type 3 reflects the kind of interactions where there is a difference in the heritabil
ity estimates but no change in the ranks is observed. This classification was de
signed solely for practical application in animal breeding. 

Finally, yearly ranking of the sires was made from the least-squares effects 
of interactions for each group and each of the traits. Based on the ranking order 
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Bx 

Type 1 
No change in ranks 

No significant interaction 

Ay 

By 

Ax-------Ay 

Bx--------

x 
Type 3 

No change in ranks 
Significant interaction 

y 

By 

Ax 

Bx 

ENVIRONMENTS (X,Yl 

Type2 
Change in ranks 

No significant interaction 

x 
Type4 

Change in ranks 
Significant interaction 

By 

Ay 

y 

Fig. I. A classification of genotype x environment interactions specially designed for 
use in farm animals (Pani, 1971). 
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TABLE 3. CLASSIFICATION OF GENOTYPE-ENVIRONMENT INTERACTIONS 

(Pani, 1971) 

No change in the 

ranks of the 

genotype 

Change in the ranks 

of the genotypes 

Interactions not 
statistically significant 

Type 1 

Type 2 

Interactions 
statistically significant 

Type 3 

Type 4 

in different years and the statistical significance of the interaction effects at the 
a level chosen a priori, the type of interaction for each group and trait was deter
mined as one of the four types shown in Figure 1. 

Relationship of genetic width and magnitude of interaction. From the review of 
literature, it was noted that the magnitude of the interaction effect would vary in 
direct proportion with the genetic width and environmental effects (e.g., Hull 
and Gowe, 1962). Thus, an attempt was made in this study to determine if 
there was a correlation between the sire and interaction components of variances 
among the 18 groups. The genetic relationship between the bulls in each of the 
groups was also calculated using the formula given by Winters (1954) and shown 
in Table 4. Simple correlations between the relationship coefficients and inter
action components of variance for each trait were estimated. The statistical signif
icance of each of these correlation coefficients was tested following the method 
described by Snedecor (1956). 

Some of the sires were present in more than one group and thus the sire 
components as well as the relationship coefficients were not entirely independent. 
However, many of the interaction components were independent as no two sires 
were present together in more than one group, although the years were the same 
for some of them. There may also have been a bias due to disproportionality of 
the subclass frequencies. Although the extent of this bias is not known, probably 
it is small as the subclass numbers were within a narrow range. Thus, thes~ sim
ple correlations were derived only to introduce this method into the literature 
and to get an indication of the possible relationships between the magnitude of 
interaction and the sire components or the relationship coefficients and the re
sults are to be interpreted as such. 
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RESULTS AND DISCUSSION 

The estimated coefficients, n1 and n2 , along with the degrees of freedom for 
the various effects in different groups are shown in Table 4. The estimates of n1 

varied from 9.42 to 16.18, except one group with estimate of 6.68 in male calves. 
In female calves, the n1 varied from 10.30 to 13.77, with the exception of one 
group with an n1 of 8.24. 

Birth weight. The mean squares from analysis of variance are shown in Table 
5. The interaction mean square was significant in only one of the 1.8 groups in 
both the male and female calves. The exceptional group was different in the two 
sexes. The pooled estimate also showed no significance in either sex, indicating 
that the sire x year interaction effects on birth weight were not important. The 
results are in agreement with those of Brinks et al. (1967), who also found no 
important line of sire x year or line of dam x year effects on birth weight in 
Hereford cattle. However, significant breed x year effects were noted by Ellis et 
al. (1965) and Turner and McDonald (1969), which indicates that probably 
these interaction effects are more important in comparing breeds than the geno
types within a breed. 

The percentage contribution of each of the variance components to the total 
variation and the estimates of a \via 2s are shown in Table 5. In male calves, 
the interaction component was more than 10 percent of a 2

T in only two groups 
and either a low value or zero in the rest; the pooled estimate was 3.83%. In the 
female calves, however, it was more than 10 percent in only two groups; in all 
the rest it was zero. Consequently, the pooled estimate was only 0.92 percent. 

The two exceptional groups were different in the two sexes. In view of this 
analyses were made separately for male and female progeny. The sire component 
was also of low magnitude, or zero, in many of the groups and the pooled esti
mate was 3.97 and 11.74%, respectively, in the male and the female calves. Be
cause of low or zero values of both the sire and the interaction components the 
estimate of a 2svla 2s was large or remained undefined in many of the groups. 
Further, it may be noted from the pooled estimates that the sire and interaction 
components were almost of the same magnitude in male calves, whereas, the 
sire component was larger in the female calves. The higher value of the sire 
component (and higher heritability estimate) in the female calves indicated the 
possibility of a sire x sex interaction within years. However, the estimates of 
percentage contribution of the different variance components do not provide 
evidence for important sire x year interaction effects on birth weight. 

The estimates of r, rg, generic bias, and a 2 sy as a percent of experimental 
error are given in Table 6. The first three estimates presented variable results in 
both the sexes due to low values of both sire and interaction components rather 
than any important interaction effects. That the interactions were not of high 
magnitude was also evident from low, or zero, values of their estimates as a per
cent of experimental error in many of the groups. Thus, all of these estimates, 



TABLE 4. ESTIMATES OF THE COEFFICIENTS FOR THE VARIANCE COMPONENTS AND DEGREES OF FREEDOM FOR THE 
DIFFERENT EFFECTS ON PREWEANING AND WEANING TRAITS IN MALE AND FEMALE CALVES 

Male calves Female calves 
Degrees of freedom Degrees of freedom Genetic 

relationship 
Group Years Sires Years Sires between 

# (Y) (S) SXY Error Total nl n2 (Y) (S) SXY Error Total nl n2 sires 

2 1 2 62 67 11 . 29 33 .77 2 1 2 70 75 12.41 37.11 0.00 

2 1 1 1 47 50 12.45 24.90 1 1 l 43 46 11 . 69 23.39 0.18 
3 1 1 1 44 47 11. 96 23 .92 1 1 1 46 49 12.40 24.80 0.08 

~ 
4 1 1 1 46 49 12. 21 24 .42 1 1 1 43 46 11. 57 23.14 0.00 t%1 

{/) 

t%1 

5 1 l 1 47 50 12. 50 24.99 1 1 1 45 48 12. 16 24.32 0.00 > 
:;<! 
n 

6 1 1 1 43 46 11. 73 23.47 1 1 1 46 49 12. 26 24.43 0.11 :r: 
7 2 1 2 66 71 11.09 32.14 2 1 2 69 74 11.88 34.23 0.71 t:D 

c::: 
I""' 

8 1 1 1 38 41 9.96 19.92 1 1 1 41 44 10.33 20.66 0.00 I""' 
t%1 
..; 

g 1 1 1 43 46 11.25 22. 51 1 1 1 48 51 12.50 24.99 0.00 z 
10 1 1 1 37 40 9.74 19 .48 1 1 1 40 43 10 .30 20.59 0.00 'O 

00 

"" 11 1 1 1 42 45 10.97 21. 95 1 1 1 47 50 12.44 24.89 0.00 
12 1 1 1 49 52 12.61 25 . 22 1 1 1 46 49 11.84 23.69 0.00 

13 1 1 1 61 64 16 .18 32.36 1 1 1 48 51 12.45 24.89 0.00 

14 1 1 1 35 38 9.42 18.84 1 1 1 52 55 13. 77 27.54 0.29 
15 1 1 1 40 43 10 . 58 21. 15 1 1 1 46 49 12 .15 24.30 0.01 
16 1 1 1 38 41 10.04 20.08 1 1 1 46 49 12 .48 24.96 0.25 

17 2 1 2 55 60 9.73 28.50 2 1 2 64 69 11 .29 33 . 32 0.03 
18 1 1 1 34 37 6.68 13 .35 1 1 1 30 33 8.24 16.47 0.00 ,_. 

"" 



TABLE 5. LEAST-SQUARES ESTIMATES OF MEAN SQUARES AND VARIANCE COMPONENTS IN DIFFERENT GROUPS FOR BIRTH WEIGHT .... 
(KG) IN MALE AND FEMALE CALVES .!>-

Male calves Female calves 
Variance componentsa Variance componentsa 
in percent of total as percent of total 

Mean sguares variance 2 2 Mean sgua res variance 2 2 
Group Sires Error Si res Error a syfa s Si res Error Sires Error a syfa s 

# (S) s x y (E) (S) s x y (E) in % (S) s x y (E) (S) s x y (E) in % ~ c;; 
0.67 9.64 17.45 0.00 0.00 100 .00 C>O 23 . 70 6. 32 12 . 76 2. 25 0.00 97. 75 0.00 "' 0 

2 43 .81 33.06 12.17 8. 41 11.09 80.50 131. 88 11.98 4. 35 14. 3B 0.00 0.00 100 .00 C>O c: 
~ 

3 90.54 17.52 10 .99 22.37 3.67 73.96 16 .40 0.20 0.25 12 .94 0.00 0.00 100.00 OC> > 
4 12.73 10.27 17.54 0.00 0.00 100.00 00 1.80 0.21 15.99 0.00 0.00 100.00 C>O Q 

~ 

5 9. 59 2.19 9.91 0.00 0.00 100.00 OC> 15.78 6.85 16. i6 0.00 0.00 100 .00 C><:> () 
c: 

6 42.22 2.91 16. 71 6. 10 0.00 93.90 0.00 6.80 4.66 14.44 0.00 0.00 100.00 00 ti 
7 0.08 19 .56 12.13 0.00 5.22 94. 78 00 0.16 0. 27 7 .49 0.00 

c: 
0.00 100 .00 e><> 

~ 
8 1.87 5.10 9.78 0.00 0.00 100 .00 e><> 25. 77 0.22 9.95 7 .15 o.oo 92 .85 0.00 I'"' 

9 3.25 79. 39** 13. 32 0.00 30. 59 69.41 C>O 25 . 58 0.07 11.03 5.01 0.00 94.99 0.00 ~ ..., 
10 0.41 3.78 13.65 0.00 0.00 100.00 C>O 105.64 1.52 9.88 32 .01 0.00 67.99 0.00 tI! 

~ 
11 1.05 19.06 16.81 0.00 1. 21 98. 79 00 116.09 4.55 10 .99 27.75 0.00 72.25 0.00 ;{ 

tI! 

12 13.38 23 . 13 11.12 0.74 7.83 91.42 1052 .27 9. 18 18. 38 7.43 0.88 10.96 88.16 1247.22 z 
>-l 

13 0.20 3.0B 12 .92 0.00 0.00 100 .00 OC> 10.53 20. 32* 5. 32 3.12 17 .90 78.98 574.61 Vl 
>-l 

14 31.19 0.12 13. 74 6.31 0.00 93.69 0.00 1.57 2.86 8.65 0.00 0.00 100.00 C>O > 
>-l 

15 97 .59 5.61 16.88 18 .44 0.00 81.56 0.00 216.15 7 .07 10 .96 43 . 53 0.00 56.47 0 .00 5 z 
16 13.12 4.69 13.31 0.00 0.00 100.00 C>O 98.66 4.05 7.09 34.09 0 .00 65 .91 0.00 
17 6.17 12.14 15. 44 0.00 o.oo 100.00 C>O 107 . 21 4.45 17.22 13.56 0 .00 86.44 0.00 
18 0.03 12 .09 10.54 0.00 2. 14 97 .86 C>O 38.23 5.19 10. 39 14 .00 0.00 86.00 0.00 

Averageb 20 .44 14.51 13.65 3.97 3.83 92.20 96.48 45 .28 4.89 11 .31 11. 74 0.92 87 .34 7.87 

aNegati ve estimates were ass urned zero. 
bAverage n:iean squares estimated from pooled sum of squares and corresponding degrees of freedom. Average percentage 
contri._bution of vari ance components estimated from average values of the variance component s. 

*P.;;.10 **P.;;.05 



TABLE 6. ESTIMATES OF DIFFERENT PARAMETERS IN ASSESSING THE IMPORTANCE OF INTERACTION EFFECTS AND GENETIC 
RELATIONSHIP BETWEEN SIRES FOR BIRTH WEIGHT (KG) 

Male calves Female calves 

Interaction Interaction 
component as component as 

percent of percent of 
Group Repeat- Genetic Genetic experimental Type of Repeat- Genetic Genetic experimental Tyoe of 

# abil it.):' correlation bias error interaction ability correlation bias error interaction 

0.00 0.00 2 0. 22 1.0000 0.00 0.00 

2 0.32 0.2046 56.87 13 .52 1 0.00 0.00 

3 0.69 0.8479 14.09 4. 73 1 0.00 0.00 2 

4 0.00 0.00 1 0.00 0.00 1 ?:l 
tT1 r:n 

0.00 0.00 5 1 0.00 0.00 1 tT1 
> 

6 0.43 1.0000 0.00 0.00 1 0.00 0.00 1 :;a 
(") 

7 0.00 -0.5000 100 .00 5. 22 2 0.00 0.00 2 :i: 
b::l 

8 0.00 0.00 2 0.44 1.0000 0.00 0.00 1 c 
t"" 

9 0.00 -1. 0000 100.00 30 . 59 4 0.39 l.0~00 0.00 0.00 1 
t"" 
tT1 
...-j 

10 0.00 0.00 2 0.82 1.0000 0.00 0.00 1 z 
11 0.00 -1. 0000 100.00 1. 21 2 0.82 1.0000 0.00 0.00 1 'D 

00 

12 0.04 -0.6812 91. 32 7.89 2 0.04 -0. 7241 92.58 11.06 2 
<.» 

13 0.00 0.00 2 0.11 -0 .4860 85.17 18.48 4 

14 0.38 1.0000 0.00 0.00 1 0.00 0.00 2 

15 o. 70 1. 0000 0.00 0.00 1 0.90 1. 0000 0.00 0.00 1 

16 0.00 0.00 1 0 .86 1. 0000 0.00 0.00 

17 0. 00 0.00 2 0.63 1.0000 0.00 0.00 1 

18 0.00 -1. 0000 100.00 2.14 2 0.57 1. 0000 0.00 0.00 1 

Averagea -- -- 49 .10 3.99 -- -- 7.30 1.05 

aEstimated from the average values of the variance comoonents. Because of unequal subclass numbers and years in ...... 
different groups, average values qr and rg are not shown. \.J\ 

=Undefined. 
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again, indicated the unimportance of the differential responses of the sires to the 
year effects. However, these effects appeared to be relatively more important in 
male than in female calves. 

Finally, the classification of interactions in different groups in relation to Fig
ure 1 presented results that are complementary co what has been described pre
viously. Except one group in each sex, they were all of type 1 or type 2, indi
cating the non-significance of the sire x year interaction effects on birth weight. 

The coefficients of correlation between <J 
2sy and <J 

2s and between a 2sy and 
Rs, s

2 
(Table 7) were not significant, indicating no relationship between genetic 

diversity and magnitude of interaction effects. 

TABLE 7. ESTIMATES OF COEFFICIENTS OF CORRELATION BETWEEN GENETIC WIDTH 

ANO MAGNITUDE OF INTERACTION COMPONENT 

Sex 

Male 
calves 

Female 
calves 

* p < .025 

Trait 

Birth weight 

A.D.G.W. 
210-day weight 

Birth weight 

A.D.G.W. 
210-day weight 

Correlation between 
Interaction and Interaction component 
sire components and Rs s 

1 

-0.06 -0.08 

0.00 -0.05 
0.27 -0.13 

-0.20 -0 .22 

0.00 0.53 
0.04 0.52 

A.D.G. If'. The mean squares from analysis of variance are shown in Table 
8. In male calves, the interaction mean square was significant ( o: set at .10) in 
four of the groups and positive in another four. The pooled estimate, though 
positive, was not significant. Although the results do not indicate any important 
sire x year interaction effects on A.D.G .W., generally, the possibility of their 
importance in a 2- or 3-sire herd exists. Moreover, these interaction effects appear 
to be relatively more important for A.D.G.W. than for B.W. This observation 
reflects the fact that the different responses of the genotypes to the year effects 
on growth rate become more distinct with an increase in age. The differences 
are confounded with larger environmental effects. In female calves, however, 
the interaction mean square was significant only in one group and positive in 
six others. The pooled estimate, also, was not significant. 

Though the results lead to the same conclusion in both sexes, the interac
tion effects appear co be relatively more important in male calves than in female 



TABLE 8. LEAST-SQUARES ESTIMATES OF MEAN SQUARES ANO VARIANCE COMPONENTS IN DIFFERENT 

GROUPS FOR A.D .G.W. (KG) 

Male calves Female calves 
Variance componentsa Variance componentsa 
in percent of total as percent of total 

Mean Sguares variance 
0"2 /0"2 

Mean Sguares variance 2 2 
Group Sires Error SY S Sires Er ror SY/ S 

# (S) s x y (E) s s x y E in % (s) s x y (E) s s x y E in % 

0. 01 0. 00 0.01 1. 27 0.00 98. 73 0.00 0.04 0.00 0. 00 13. 70 0.00 86.30 0. 00 
2 0.02 0.01 0.01 4.08 3.92 91.99 96 . 00 0.00 0.01 0.00 0.00 5. 60 94.40 00 

3 0.08 0.01 0.01 16.78 0.69 82.52 4.14 o.oo 0.01 o.oo 0.00 4.61 95.39 00 

4 0.00 0.03* 0.01 0.00 15 . 60 84 . 40 0.04 0.02 0.00 13 .71 8.19 78 .09 59. 76 ?=' 
t>1 

5 0.02 0. 00 0.01 2.59 0.00 97.41 0.00 0.00 0.00 0.01 0.00 0.00 100 .00 Vl 
t>1 
> 

6 0.02 0. 03 0. 01 1.83 10.35 87.82 566.67 0.02 0.02 0.00 5.55 8 .05 86.40 145.16 :-0 
() 

7 0.05 0.02* 0.00 16.11 12 .76 71.13 79.22 0.00 0.00 0.00 0.00 0.00 100.00 00 :r: 
8 0. 00 0.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 100.00 00 

tp 
c::: 
r< 

9 0.06 0.02** 0.00 24 . 75 16.30 58.95 65.85 0.00 0. 00 0.00 0.00 0.00 100.00 00 r< 
t>1 

10 0.00 0.00 0.00 0.00 o.oo 100.00 0.00 0.00 0.00 1.67 0.00 98.33 0.00 ::! z 
11 0.03 0.01 0.00 16.91 12.75 70.34 75 . 36 0.01 0.00 0. 00 4.94 8.64 86.42 175 .00 \0 

00 
12 0.00 0.00 0.00 0.00 0.00 100.00 0.00 0. 00 0.00 0. 00 0.00 100 . 00 C>O \.>' 

13 0. 00 0.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 100.00 00 

14 0.03 0.00 0. 00 15.65 0.00 84.35 0.00 0.00 0.00 0.00 0.00 0.00 100.00 C>O 

15 0.01 0.00 0.00 7.03 0.00 92. 97 0.00 0.00 0.00 0.00 0. 00 0.00 100.00 00 

16 0.03 0.00 0.00 18.55 2.26 79.20 12.16 0.00 0.05*** 0.00 0 .00 39.05 60.95 <><> 

17 0.00 0.00 0.00 0.00 0.00 100.00 0 .00 0.01 0.00 1.18 7.37 91.45 625.00 

18 0.00 0.00 0.01 0.00 0.00 100 .00 0.00 0.00 0.01 0. 00 0.00 100 .00 OC> 

Averageb0.02 0.01 0.00 7.29 4.86 87.85 66.67 0.00 0.00 0.00 2.79 5. 59 91.62 200.00 
--
aNegative estimates were assumed zero. *p .;; .10 **p .;; .05 ***p .;;. 01 
bAverage mean squares estimated from oooled sum of squares and corresoonding deqrees of freedom. Average percen-

..... 
---! 

tage contribution of variance comoonents estimated from average values of the' variance components. 
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calves. A possible explanation would be that the presence of the male hormone 
provides an optimum environment for growth and thus the differential responses 
of the genotypes, if any, become more distinct. The results of the present study 
are similar to those reported by Brinks et al. (1967), who found no line of sire x 
year or line of dam x year effects on A.D.G.W. in Hereford cattle. However, 
since important breed of sire x year effects were indicated in the study of Turner 
and McDonald (1969), probably these interactions are more important in com
paring breeds than genotypes within a breed. 

The percentage contribution of each of the variance components along with 
estimates of a 2

8 y/<J 2
8 are given in Table 8. The interaction mean square in 

male calves was more than 10 percent in five groups and positive in another 
three, the pooled estimate being 4.86 percent. The sire component, although 
large in some of the groups, gave a pooled estimate of 7.29 percent. The esti
mates of a 2

8y!<J 2
8 also presented variable results among the groups. The pooled 

estimate was large (66.67%) because of smaller values of both the sire and in
teraction components, rather than being due to large interaction effects. In fe
male calves, however, the contribution was more than 10 percent only in one 
group and positive in another six, the pooled estimate being 5.59 percent. With 
the exception of two groups, the sire component was zero or of low magnitude, 
with a pooled estimate of 2.79 percent. As a result, the estimate of a 2

8 y/a 2
8 

remained undefined in many of the groups. The pooled estimate was high 
(200%) because of the low value of the sire component rather than the large 
interaction effects. Thus, the results are similar in both the sexes, indicating the 
unimportance of the interaction effects on A.D.G.W., but relatively more impor
tant in the male than in the female calves. 

The estimates of r, rg, genetic bias, and percentage contribution of the in
teraction component to experimental error are shown in Table 9. These esti
mates in male calves varied greatly among the different groups. The large varia
tion in the results among the different groups was obviously due to variation in 
the relative magnitudes of the sire and interaction components. In the female 
calves, however, the estimate of r was zero in many of the groups; those esti
mates of rg and genetic bias remained undefined in many of the groups and 
a 2 sv as a percent of experimental error was also zero in many of them. These 
differences were mainly due to low values of the sire components in most of the 
groups in female calves. However, the conclusion remains the same in both 
sexes in that the sire x year interaction effects on A.D.G.W. are not generally 
important, except for their possibility in some small closed herds. 

The classification of interaction in different groups is shown in Table 9. In 
male calves, it was of type 4 in one group, type 3 in three of them, and type 1 

or type 2 in the remainder. The groups with type 3 interaction present differ
ences in the relative magnitudes of the breeding values of the sires without a 
change in their ranking order. In female calves, however, only one group was 
of type 4 and the rest were classified as type 1 or 2. Thus, the results are com-



TABLE 9. ESTIMATES OF DIFFERENT PARAMETERS IN ASSESSING THE IMPORTANCE OF INTERACTION EFFECTS 
AND GENETIC RELATIONSHIP BETWEEN SIRES FOR A.D.G.W . (KG) 

Male calves Female calves 

Interaction Interaction 
component as component as 
percent of percent of 

Group Repeat- Genetic Genetic experimental Type of Repeat- Genetic Genetic experimental Type of 
# abilitt correlation bias error interaction abil itt correlation bias error interaction 

1 0 .1273 1.0000 0.00 0.00 1 0.6620 1.0000 0.00 0.00 

2 0.2660 0. 3514 48.98 4.09 1 0.0000 -1.0000 100 .00 5.60 2 

3 0 .6872 0.9595 3.97 0.83 1 0.0000 -1.0000 100.00 4.61 2 
4 0.0000 -1.0000 100.00 15.60 4 0.4795 0.5327 37.40 9.50 1 ?=' 

t>1 

5 0.2500 1.0000 0.00 0.00 1 0.0000 C>O C>O 0.00 1 "' t>1 
> 

6 0 .0932 -0.4828 85 .00 10.55 2 0.2696 0 .1481 59.21 8.52 1 ::0 
() 

7 0.4556 0.4872 44.20 15.21 3 0.0000 C><> C>O 0.00 2 ::c 

8 0.0000 C>O C>O 0.00 2 0.0000 C>O 0.00 2 
tp 

C>O c 
t-' 

9 0.5348 0.5000 39. 71 21.66 3 0.0000 c;><> C>O 0.00 2 t-' 
t'1 

10 0.0000 C>C> C>O 0.00 2 0.1481 1.0000 0.00 0.00 1 ::l 
z 

11 0.4694 0.4526 42.98 15.34 3 0. 2400 0 .0435 63.64 9.09 2 'D 
00 

12 0.0000 C>O C>C> 0.00 2 0.0000 <><> C>C> 0.00 2 \.).) 

13 0.0000 C>c> C>c> 0.00 1 0.0000 C>O C>O 0.00 1 

14 0.6372 1.0000 0.00 0.00 1 0.0000 C>C> o<> 0.00 2 

15 0 .4423 1.0000 0.00 0.00 1 0.0000 C>O C>O 0.00 2 

16 0. 6491 0.8734 10.84 2. 77 1 0.0000 -1.0000 100.00 39.05 4 

17 0.0000 ""° C>C> 0.00 2 0.0714 0.0588 86.21 7.46 2 

18 0.0000 C>O <:><:> 0.00 1 0.0000 C>O C>O 0.00 1 

Averagea -- -- 40.00 5.53 -- -- 66 .67 5. 75 

- -
aEstimated from the average values of the variance components. Because of unequal subclass numbers and years in ~ 

'D 
different groups, average values of rand rg are not shown . 

=-o Undefined. 
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plementary to those stated previously in that the sire x year interaction effects 
are not generally important for A.D.G.W., but they are relatively more impor
tant in the male than in the female calves. 

The estimates of the correlation between a 2sv and a\, and between a 2sv 

and Rs
1
s

2 
were, respectively, zero and -.05 in the male calves (Table 7). However, 

in female calves, although the former estimate was zero, the latter was 0.54 and 
highly significant (P<.025 ). This significant correlation might be due to a small 
number of groups with positive interactions since an increase in the magnitude 
of the interaction component with an increase in genetic relationship was con
trary to expectation. Only further studies can clarify this observation. 

210-day weight. The mean squares from analysis of variance are shown in 
Table 10. In male calves, the interaction mean square was significant in four of 
the groups and was positive in another five, indicating the possibility of its oc
currence in specific herds. The pooled estimate was not significant. In female 
calves, however, the effect of sire x year interaction was significant only in one 
group, although it was positive in another six of them. Thus, in relative magni
tude, the interaction effects were consistently found to be more important for 
all three preweaning traits in male calves than in female calves. It may be noted 
that the 210-day weight includes both B.W. and A.D.G.W., and so, any inter
action effects on the latter two traits are likely to be reflected in the 210-day 
weight. 

These results do not indicate generally important sire x year interaction 
effects on 210-day weight except for some specific sire x year combinations in 
male calves. The results of the present study are in agreement with those of 
Harwin et al. (1966), who observed no important mating system (inbred or line
cross Hereford calves) x year interactions. However, important line of sire x year 
effects in heifer calves but not in bull calves were observed by Brinks et al. (1967) 
and Urick et al. (1968) among lines of Hereford cattle, although they found no 
significant line of dam x year effects. Important interaction effects involving years 
were also indicated in the study of Turner and McDonald (1969) . The differ
ences in the results were probably due to a greater genetic diversity of the genetic 
groups in the last three reports as compared to the present study and that of 
Harwin et al. (1966). The genotypes were different inbred lines of Hereford 
cattle in the studies by Brinks et al. (1967) and Urick et al. (1968) and of dif
ferent breeding combinations as reported by Turner and McDonald (1969). Be
sides, the line of sire x year effects in the two former reports also included sire 
effects. Further studies are needed to test the relationship of interaction effect 
and genetic width of the genotypes. 

The percentage contribution of each of the variance components and the 
estimates of a 2svla 2s are given in Table 10. In male calves, the interaction 
component was more than 10 percent in four groups and zero in eight others, 
the average value being 5.30 percent. The sire component was either low or zero 
in many of the groups, although it was high in five of them, the pooled estimate 



TABLE 10. LEAST-SQUARES ESTIMATES OF MEAN SQUARES AND VARIANCE COMPONENTS IN DIFFERENT 

GROUPS FOR 210-DAY WEIGHT (KG) 

Mal e calves Fema 1 e ca 1 ves 
Variance componentsa Variance components 
in percent of total as percent of total 

Mean sguares variance 2 I 2 Mean sguares variance 2 2 
Group Si res Error CT SY CT s Si res Error CT SY/CT S 

# (S) s x y (E) s s x y E in % (S) s x y (E) s s x y E in % 
1 926.62 287.62 585.09 1. 70 0.00 98. 30 0.00 2225.64 99.65 316. 38 13.99 0.00 86.01 0.00 

2 1847.34 877.88 589.69 7.61 3.49 88.90 45.83 0.09 700.65 379 .63 0.00 6 . 75 93 .25 C>O 

3 5528.62 739. 13 705. 77 22.15 0.31 77.54 1.38 77 .13 481. 78 413.61 0.00 1. 31 98.69 OQ 

4 27.45 1939 .15* 621.82 0 .00 14.79 85.21 OQ 1998.94 1010.99 496.85 10. 71 7.33 81.96 68 .46 

5 1085. 89 3.58 583.15 3.33 0.00 96 .67 0.00 81.05 27 . 62 505.35 0.00 0.00 100 .00 OC> 
~ 
t>:I 
(/) 

6 1373.92 1708. 94 742.86 3.16 9.67 87.18 306. 31 1367 . 82 753.69 523 .00 5.98 3. 27 90. 76 54.63 t>:I 
> 

7 2556.28 1188.82** 363.20 13.49 14. 72 71.80 109 .10 0. 71 108.44 190.40 0.00 0.00 100.00 
:;.:1 

oc:> () 
:i:: 

8 1.22 59 . 36 267 .43 0.00 0.00 100 .00 OC> 3.18 30. 74 209 . 18 0.00 0.00 100.00 OQ 

to 
9 2960.43 1751.93** 303.44 21.45 23.40 55.15 109 .08 0.03 100 .23 195.47 0.00 0.00 100 .00 OQ c: 

t-' 
t-' 

10 107. 23 268.20 253.88 0.00 0.58 99.42 OC> 751. 46 4.03 264.43 8.21 0.00 91. 79 0 .00 t>:I 

::l 
11 1728.64 1026. 27* 292.36 15.41 15. 75 68.84 102. 24 1040 .59 334. 30 242.12 11. 39 2.63 85.98 23.10 z 
12 0. 47 297. 79 290.51 0.00 0 . 20 99.80 OC> 22 . 26 122.80 124.40 0.00 0.00 100 .00 OC> 

'D 
00 
\.>J 

13 179. 57 84.53 314.54 0.00 0.00 100.00 OC> 28.55 57.50 182. 27 0.00 0.00 100 .00 OC> 

14 1162 .05 47.82 403.29 9.08 0.00 90 .92 0.00 37 .98 206 . 18 358.31 0.00 0.00 100.00 OQ 

15 276. 77 18.34 325. 93 0.00 0.00 100 .oo OC> 191. 25 139.24 405.96 0.00 0.00 100 .00 OC> 

16 1373.96 311.40 342. 30 13.05 0.00 86 .95 0.00 89.50 2191.14*** 267 .88 0.00 36 . 52 63.48 OC> 

17 21.10 70 .81 378.13 0.00 0.00 100 .00 OC> 1027. 95 483.31 310.48 6.20 4.41 89 . 39 71.09 

18 311 . 34 50.37 711.55 0.00 0.00 100 .00 OQ 510.48 157.56 638. 88 0.00 0.00 100.00 OC> 

Averageb ug2. 72 584.72 447.92 7.08 5.30 87.62 74.83 525.26 366 . 73 323.97 3.49 4.18 92. 32 119. 71 

aNegative estimates were assumed zero. 
bAverage mean squares estimated from pooled sum of squares and corresponding degrees of freedom. Average percentage N 

contribution of variance components estimated from average values of the variance components. 
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being 7 .08 percent. Because of the low or zero values of both the sire and inter
action components, the ratio, a 2

8 y / <J 2
8 , remained undefined or was zero in 

many groups. In four groups the value was more than 100 percent, the magni
tude of interaction component being larger than the corresponding sire com
ponent. This indicates the possibility of occurrence of important interaction ef
fects in some small herds. The pooled estimate of a \y! G 28 was high (74.83%) 
because of a 2

8 and a 2sy being low and almost of same magnitude. In female 
calves, however, the interaction component was zero or less than 10 percent of 
the total variance in all groups, except one, in which it was 36.52 percent and 
the pooled estimate was only 4.18 percent. The sire component in percent of 
total variance was also low or zero in most of the groups, the average value 
being 3.49. Consequently, the estimate of a 2sy l <J 2s remained undefined in most 
of the groups. Thus, these results also point out the relatively greater importance 
of sire x year interaction effects in male calves as compared to those in the fe
male calves. In general, however, they do not indicate any important sire x year 
interaction effects on 210-day weight, a conclusion complementary to the tests 
of significance of the mean squares. 

The estimates of r, rg, generic bias and a 2sv as a percent of experimental 
error are presented in Table 11. All of these estimates in male calves presented 
variable results. The repeatability .estimate, although high in some of the groups, 
was low or zero in other groups. Likewise, the estimate of rg varied from -1.0000 
to +i.oooo and remained undefined in some of the groups. Consequently, the 
genetic bias was high in some but was zero or remained undefined in many 
others. 

The estimate of genetic bias was 100 percent in three groups because of 
zero values of the sire components. The pooled estimate was 42.80 percent be
cause of both a 2

8 and a 2sy being low but it was almost of the same magnitude. 
Thus, not all of these estimates in male calves indicate the importance of the 
sire x year interactions, although the possibility of the occurrence of such inter
action effects in some specific herds exists. In female calves, however, the repeata
bility estimate was zero in 12 of the 18 groups. The estimate of rg, although it 
varied from -1.0000 to +i.oooo, remained undefined in many groups. The genetic 
bias also remained undefined in many of the groups, although it was found to 
be 100% in three groups for the same reasons mentioned previously. The non
significance of the sire x year interaction effects in female calves may be easily 
seen from the percentage contribution of the interaction component to experi
mental error. Except for one group, it was either low or zero, the average value 
being only 4.34 percent. Thus, the estimates of all these parameters showed the 
sire x year interaction effect to be relatively more important in male than in the 
female calves, although, in general, it was nor found to be important for 210-day 
weight. 

The classification of interaction effects is shown in Table 11. In the male 
calves, the interaction was classified as type 3 in three groups, type 4 in one of 
them and was type 1 or 2 in the rest. However, in the female calves, except for 



TABLE 11. ESTIMATES OF DIFFERENT PARAMETERS IN ASSESSING THE IMPORTANCE OF INTERACTION EFFECTS AND GENETIC 

RELATIONSHIP BETWEEN SIRES FOR 210-DAY WEIGHT (KG) 

Male calves Female calves 
Interaction Interaction 
component as component as 
percent of percent of 

Group Repeat- Genetic Genetic experimental Type of Repeat- Genetic Genetic experi mental Type of 
# abil i ti'. correlation bias error interaction abiliti'. correlation bias error interaction 

1 0 .1633 1.0000 0.00 0.00 1 0.6687 1.0000 0.00 0.00 1 
2 0.4174 0.6272 31.43 3.78 1 0.0000 -1.0000 100 .00 6.75 2 

3 0.7654 0.9863 1. 36 0.39 1 0.0000 -1.0000 100.00 1. 31 2 

4 0.0000 -1.0000 100.00 14. 79 4 0.4262 0.4900 40.64 8.21 1 

5 0.3013 1.0000 0.00 0.00 1 0.0000 C>O C><:> 0.00 1 

6 0.1558 -0.2100 75.39 9.98 2 0.3591 0.5709 35.33 3.60 1 

7 o. 3890 o. 3684 52.18 17 .01 3 0.0000 OC> C>C> 0.00 2 

8 0.0000 C>O C>O 0.00 2 0.0000 C>C> C>O 0.00 2 

9 0.4312 0.2942 -52.17 29. 79 3 0.0000 C>C> C>O 0.00 2 

10 0.0000 -1.0000 100.00 0.58 2 0.4795 1.0000 0.00 0.00 1 

11 0.4116 0. 3234 50.55 18.62 3 0.5442 0. 7929 18.76 2.97 1 
12 0.0000 - 1.0000 100.00 0.20 2 0.0000 C>C> OC> 0 .00 2 

13 0.0000 C>O C><:> 0.00 1 0.0000 C>C> C>C> 0.00 2 

14 0.4847 1.0000 0.00 0.00 1 0.0000 C>O C>O 0.00 2 

15 0.0000 C>O C>O 0.00 1 0.0000 C>C> 00 0.00 1 
16 0 .6011 1.0000 0.00 0.00 1 0.0000 -1.0000 100 .00 36 .52 4 

17 0.0000 C>O 0.00 0.00 2 0.3347 0.5177 41.55 4.70 2 

18 0.0000 C>C> C>O 0.00 1 0.0000 C>O C>.q 0.00 1 
Average a -- -- 42.80 5. 70 -- -- 54.49 4.34 
--
aEstimated from the average values of the variance components . Because of unequal subclass nunbers and years in different 

groups, average values of rand rg are not shown. 

<><> Undefined. 



one group, it was either type 1 or 2. These results, too, revealed the sire x year 
interactions to be relatively more important in the male than in the female even 
though they were not important for 210-day weight. 

R s1s2 

The coefficients for the correlations between a 2s y and a 2s, and a \ y and 
shown in Table 7 were not significant for the male calves. However, the 

one between a 2 sy and Rs s in female calves was significant, probably because 
I 2 

of zero values of both the variates in many of the groups and consequently due 
t0 sampling deviations. 
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