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INTRODUCTION AND LITERATURE REVIEW 

Over the years the animal breeder and the experimental statistician 

have been faced with establishing adjustments for identifiable environmen- 

tal factors in order to better estimate the true production of a beef cow 

from the characteristics found in her offspring. The factors which influ- 

ence the weaning weights of bovine offspring and which serve to measure the 

producing ability of beef cattle have been the primary interest of numerous 

studies, and the factors which contribute to these final weights have been 

well established. From these studies the factors which have been seen to be 

predominant in determining the final weaning weight of a calf are the age of 

the dam, the age of the calf at the time of weaning, and the sex of the calf. 

With each of these factors playing an important role in the production of a 

cow, a method of analysis was needed that would give unbiased estimates of 

the effect of one category while holding constant the effects of the re- 

maining categories, e.g. to estimate, say, the effects of the different ages 

of the dams on the weaning weights of their calves while eliminating any 

possible effect that the sex or the age of the calves might have on the same 

weight. This concept is especially essential when dealing with data com- 

posed of unequal subclass numbers; and, when this type analysis has been ac- 

complished, the results are said to be efficient and unbiased estimates of 

the population parameters. 

The age of the dam when her calf is dropped influences the calf's final 

weaning weight in that the younger the cow, the lighter will be the calf she 

produces. This effect, according to Knapp et al. (19)42) and Koch et al. 

(1955a), appears to follow a curvilinear pattern; for the calves appear to 

reach a maximum weaning weight when the dam is 6 years of age. After that 
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age, however, the weights decline somewhat. Knox et al. (1945) found that 

the optimum age of a producing cow was 7 years of age, after which its ability 

declines. However, Rollins at al. (1954), Brown (1958), and Marlowe at al. 

(1958), could find no differences in the production of cows of 6 years of age 

and older. Koch at al. (1955a) also pointed out that the largest change in 

weaning weights occur between the first and the second calf that the cow 

produces, and Sawyer et al. (1948) found a difference of 75 pounds in the 

weaned calves of 2 year-old dams when compared to those of mature cows. 

The age of the calf at the time of weaning is reported to have a curvi- 

linear effect by Johnson at al. (1951), who presented a regression of weight 

of calf on its age of 1.54 when the age of the calf is 154 days or less and a 

regression of 0.84 when the age of the calf is from 155 to 225 days of age, 

Rollins at al. (1952) also illustrates this with a regression of 1.90 for 

calves under 4 months of age and a regression of 1.81 for calves from 4 to 

8 months of age. Linear relationships between age and weight were reported 

by Koch (1951), with a regression of 2.27 at 176 days, Koger et al. (1954b), 

with a regression of 1.33 at 205 days, and Botkin et al. (1953), with a 

regression of 1.46 at 210 days of age. 

The sex of the calf also influences its final weaning weight in that 

the male offspring has been found to weigh more at birth and again at wean- 

ing than the female counterpart. Gregory at al. (1950) showed a difference 

of 3 to 14 pounds in favor of bull calves at birth, and Rollins et al. (1954) 

found a difference of 68 pounds between bull and heifer calves at 240 days, 

with the bull calves being the heavier. Knapp et al. (1941) also substan- 

tiated this by showing in their work that there is a highly significant dif- 

ference in the rate of gain during the suckling period in favor of the male 

calves which accounts for the difference in the weights at weaning. Koger 
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et al. (1945a), Knapp et al. (1942), Koch et al. (1955a), Koch (1951), Mar- 

lowe et al. (1958), and Botkin et al. (1953) arrived at 32, 22, 26, 23, 30, 

and 25 pounds difference, respectively, between male and female calves at the 

time of weaning. 

The question of how well this characteristic of weaning weights can be 

transmitted from generation to generation cannot be answered from any one set 

of data. Each set of data seems to produce a different estimate of repeat- 

ability or heritability, depending upon how the data were procured and what 

relationships were used in determining these estimates. For instance, with 

the use of maternal half-sib correlations on first and second calves, Koger 

at al. (1947) arrived at a measure of repeatability equal to 0.66; but when 

they used more than two calf crops with the same maternal half-sib correla- 

tions, this figure dropped to between 0.51 and 0.53. Botkin at al. (1953) 

obtained a repeatability of 0.43, Koch (1941), a figure of 0.52, and Koch 

at al. (1955d) computed a measure equal to 0.34. Each of these works were 

based upon maternal half-sib correlations. 

The measures of the heritability of weaning weight are even more var- 

iable than were those of repeatability; for Brown (1958), using data from a 

Hereford herd and an Aberdeen Angus herd, calculated estimate of heritabil- 

ities equal to 0.26 and 0.11 for each respective herd using paternal intra- 

class correlations and 0.52 and 1.10 for each respective herd using maternal 

intraclass correlations. This difference could probably be explained in 

part by a large, nongenetic, maternal effect. Carter et al. (1959) obtained 

estimates of heritability equal to 0.08 for male calves and 0.69 for heifer 

calves using paternal half-sib correlations; while Gregory et al. (1950), with 

a similar correlation, arrived at estimates of 0.26 to 0.52. Knapp at al. 

(1950) computed an estimate of 0.28 using half-sib correlations, but one of 
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only 0.07 when using a sire-offspring regression. Koch et al. (1955b), using 

paternal half-sib correlation, arrived at an estimate of 0.24; but in later 

work, Koch et al. (1955c) obtained estimates of 0.11 and 0.25 with the use 

of offspring on dam and offspring on sire regressions, respectively. Shelby 

et al. (1955) also produced an estimate in this region with the use of pater- 

nal intraclass correlation from which wa obtained an estimate of herita- 

bility of 0.23. Thus it can be seen that not only additional estimates of 

this genetic parameter are needed, but also a standard statistical approach 

which will lead to reliable estimates. 

As usual, when analyzing data of this type, the experimenter will be 

faced with arriving at unbiased.estimators from unequal and disproportionate 

subclass numbers. Brandt (1933) was one of the first to elaborate on this 

"2 x s" table. With the method of applying the least squares procedure, 

Yates (1934) projected this analysis into the general "p x q" table with 

both proportionate and disproportionate subclass numbers and brought to 

light some of the assumptions that had to be made in order that the analysis 

would be valid. Hazel (1946) extended Yates's work and presented an example 

of an analysis of covariance of multiple classifications with unequal sub- 

class numbers. Henderson (1953) presented a publication which points out 

the difference in estimates in the variance components when the same set of 

data is used but under different assumptions, i.e. assumptions used in a 

random, fixed, or mixed model experiments. Landblom (1954) also presented 

in detail an analysis similar to that of Henderson's, using what is known as 

the absorption method of fitting constants. 

With the use of high-speed digital computers becoming more prominent 

and allowing more versatility and ease in handling large quantities of data, 

Harvey (1960) capitalized on Henderson's work and made use of matrix algebra 
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to fit constants to least squares equations, thus enabling him to compile 

tables of adjustments for this type data. In an attempt to dispense with 

the method of fitting constants by the more tedious least squares method 

and to give the individual herdsman an easier method of adjusting his herd's 

production, Searle (1960) put forth a simplified herd-level correction factor 

which used a simple multiplicative factor based on mean production weights 

on a within year and a within herd basis. 

Most of the analysis up to the present day have been performed on data 

compiled from calves which were kept on their dams until weaning and which 

had very little to supplement their diet other than the dam's milk produc- 

tion. Creep-feeding; while not a new method of bringing calves to weaning 

age, has not been used to any great extent by commercial breeders. Thus, 

a question could arise as to how well the parameters which were estimated 

from noncreep-fed calf data would estimate those found from data compiled 

from creep-fed calves. Marlowe et al. (1958) have shown that creep-fed 

calves gain more rapidly than do noncreep-fed claves, and under these con- 

ditions the steer calves gain better than 8% faster than do the heifer 

calves from 150 to 240 days of age. This advantage of gain in creep-feed- 

ing was also reported by Powell (1935) and by Hammes et al. (1959). The 

purpose of this paper is to estimate and present the parameters which arise 

from data taken from creep-fed calves and to present the methods of analysis 

from which these estimates are obtained. 
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METHODS AND MATERIALS 

Materials 

During the years 1957, 1958, and 1959, records were kept on the weaning 

weights of creep-fed calves dropped within the commercial Aberdeen Angus 

cow herd of the Ramsey Ranch located in Butler County, Kansas. Each cow 

had been tagged with a permanent number; thus each calf that was dropped 

could be identified not only with it's date of birth, but also with its dam 

and her age. The ranch's movement in these years to the use of an artifi- 

cial insemination program facilitated records being kept on the sire of the 

calf. In some cases, where the cows could not be settled artificially, the 

cow herd was split into small herds and only one bull was allowed with the 

cows in any one particular herd. This method of herd management allowed 

records to be kept on the bull which settled any open cows within that spe- 

cific herd and thus sired the calf dropped by any of these particular cows. 

Routinely kept records could thus be used to determine the sex of the calf, 

the age and weight of the calf at weaning, the age of the calf's dam, the 

year in which it was born, and, in some cases, the calf's sire. 

A total of 1,861 usable records were obtained over the three year per- 

iod 1957, 1958, and 1959 with 598, 589, and 674 calves being dropped in each 

respective year. The range of the weaning ages was from 128 to 317 days, and 

the range of weaning weights was from 210 to 750 pounds. Also 458, 405, and 

471 paternal half-sib records were obtained for the years 1957, 1958, and 

1959, respectively, along with 771 maternal half-sib and 332 maternal full- 

sib records. 
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Methods 

Under the assumption that each weaning weight within eacy year fits the 

linear model 

Yijk = u + si + dj.+ b(Xijk - ID + Eijk 

where u = the general mean 

si 
.th 

=the effect of the sex 

. = the effect of a j year old dam dj 

b = the regression of weight on age 

Xijk = the age of the calf at weaning 

7 = the average age of calves at weaning 

Eijk = the individual error 

the following assumptions were made: (1) the sex of calf effect and the 

age of dam effect are fixed effects with mean zero and !'variance" estimated 

by 774/n - 1 and 7,d2j/n - 1 which will be denoted from now on as and 

2 
d. (2) the Eijk 's are uncorrelated random variables with mean zero and 

a constant variance 6'2. e 

2 
. (3) the estimates of the regression coefficients 

are homogeneous between subclass groups. (Ii) even though the production of 

dams which were older than 8 years of age were used in this analysis, it was 

concluded after inspecting the data that, because they were few in number and 

the average weaning weights of these calves did not differ appreciably from 

those of the 8 year old dams, these cows produced with equal ability and 

thus these calves could be combined into one category. With these assump- 

tions, each year's uncorrected weaning weights were broken down in subclasses 

by year, by sex of calf, and by age of dam as shown in Table 1. Sums of 

squares and cross-products were then obtained between the age of the calf 

and its unadjusted weaning weight within each subclass. This allowed the 
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use of the analysis of covariance as presented by Snedecor (1956) or Li 

(1957). The analysis of covariance was computed to ascertain whether or not 

the assumption of homogeniety among the regression coefficients of the var- 

ious subclasses was realized and also if there was a significant linear re- 

gression effect of weight at weaning on the age of calf. 

With these two assumptions met, the weaning weights within each sub- 

class could be adjusted to the mean age at weaning by use of the pooled re- 

gression coefficient obtained from the analysis of covariance. This adjust- 

ment and the assumption that all cows 8 years of age and older produced with 

equal ability allowed the sum of adjusted weights within each subclass to be 

placed in a "2 x 7" table from which constants and the analysis of variance 

could be obtained for each year by the use of the procedure described by 

Goulden (1952). These resulting constants are presented in Table 5, and the 

analyses of variance are presented in Table 8. If the assumption is made 

that no interactiad exists, then the method of fitting constants by the meth- 

od of least squares provides efficient estimates and efficient tests of sig- 

nificance. If the interaction were significant, the method of fitting con- 

stants would no longer provide a test of significance; and the method of 

weighted squares of means presented by Yates (1934) should be used. Using 

the same weaning weights adjusted for the age of the calf, a similar set of 

constants was obtained by using the method presented by Searle (1960). 

These constants are presented in Table 6. 

When the three years' data were combined into one analysis, another com- 

ponent Yk, was added to the linear model shown above. This component added 

another subscript to Yijk, Xijk, and Eijk making these Yijkl, Xijkl, and Eij 
kl' 

respectively, so that the effect of yk represented the effect of the kth year 

on the individual weaning weight. With the addition of this component to 
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the model, another assumption was set forth. This assumption was that yk was 

2 
a randam variable with mean zero and a constant variance cry. A set of lin- 

ear nonorthogonal equations displayed in Table 2 was formed from these data, 

and the appropriate constants and analysis of variance were obtained by the 

method described by Harvey (1960). The resulting constants are presented in 

Table 5, and the analysis of variance in Table 9. Searle's simplified method 

was also used in estimating the adjustments based on this set of data, but 

only after all weights were adjusted for the age of the calf at weaning. 

These adjustments are presented in Table 6. 

Kempthorne (1952) presents a method of accounting for variation within 

a set of experimental data by reducing the total sum of squares by amounts 

accounted for by fitting the estimate of each parameter to the data. With 

these reductions, which are presented in Table 16, was also a reduction of 

total unadjusted sum of squares due to fitting the sire effect after fit- 

ting the regression, the sex effect, and the age of dam effect, i.e. adjust- 

ing all calves to an equal age, sex and dam basis. This reduction was 

based on a paternal intraclass correlation and the sum of squares of the 

total adjusted weaning weights. 

The estimate of the variance components obtained from the analysis of 

variance presented in Table 12 were used to compute the paternal intraclass 

correlation coefficients as described by Fisher (1954) within each year 

using the paternal half-sib records. A weighted paternal intraclass cor- 

relation was also found when combining the three years' data. These results 

are presented in Table 12. The three years' maternal half-sib records were 

used to obtain a maternal half-sib intraclass correlation; but, due to the 

large sample of maternal full-sib records during the years 1958 and 1959, 

only these two years' records were used to determine the maternal full -sib 
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intraclass correlation. These resulting correlation coefficients are pre- 

sented in Table 15 and were used to estimate the maternal effect of the dam 

on the weaning weights and to estimate heritability using the approach pre- 

sented by Kempthorne (1957). 

RESULTS AND DISCUSSION 

The analyses of variance showed that the age of calf, the sex of the 

calf, and the age of the dam producing the calf have highly significant 

effects upon the final weaning weight of the calf. These significant ef- 

fects lend meaning to the constants fitted to this data by the method of 

least squares. These constants, along with their respective standard errors, 

wereas.follows:forthe si effect, i = 1, 2 (where s- denotes the steer 

calf while s 
2 

denotes the heifer calf, 

sl = +20 (t 1.09) 

s 
2 

= -20 (t 1.19); 

for the dam effects, di, where j = 2, 3, , 8 

d2 = -64 (t 3.96) 

d 
3 

= -22 (t 3.17) 

d4 = - 1 (t 2.67) 

d5 = + 4 (t 2.66) 

d6 = +23 (t 2.68) 

d7 = +27 (t 3.04) 

d8 = +32 (t 2.15); 

for the year effects, yk, where k = 1957, 198, 1959 

y7 = - 9 (t 1.65) 

y 
8 

= + 6 (t 1.71) 

9 

= 3 CI 1.56); 
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with a regression coefficient of 1.415 (± 0.044) . 

From these constants, the linear factor obtained to adjust a heifer calf's 

weight to that of a steer calf was 40 pounds, the factors obtained to adjust 

the weight of a calf dropped by 2, 3, 4, 5, 6, and 7 year old dams to those 

dropped by dams of 8 years of age and older were the following additions: 

96 pounds for a calf of a 2 year old dam, 524 pounds for a calf of a 3 year 

old dam, 33 pounds for a calf of a 14 year old dam, 28 pounds for a calf of 

a 5 year old dam, 9 pounds for the calf of a 6 year old dam, and 5 pounds 

for the calf of a 7 year old dam. To adjust for differences in age among 

the calves, the addition or subtraction of 1.415 pounds for each day of age 

for which the calf was under or over the mean age of 238 days was found to 

be necessary. 

The adjustments found using the multiplicative factor presented by 

Searle, after the unadjusted weights were corrected for the age of the calf, 

were the following additive constants: for a heifer calf, WI pounds; for 

a calf from a 2 year old dam, 107 pounds; a 3 year old dam, 59 pounds; a 

4 year old dam, 37 pounds; a 5 year old dam, 31 pounds; a 6 year old dam, 

12 pounds; and a 7 year old dam, 9 pounds. Obtaining adjustments for the 

year effects were deemed inadvisable for, unlike the sex of calf effect and 

the age of dam effect where one can base the adjustments upon the means of 

the heaviest sex and the highest producing age of dam, one cannot be cer- 

tain as to which year's mean to base these adjustments. A computation of 

this type was carried through, but the inclusion of the yearly means only 

made the adjustments of sex of calf and age of dam deviate fUrther from those 

obtained from the method of least squares. Thus, it appears, not only from 

the comparisons of the within year adjustments, but from the above fact as 

well, that Searle's simplified method is suitable primarily for the within 
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year analysis. Also because this method uses only means with which to ar- 

rive at adjustments and not a measure of dispersion, i.e. devitions about 

a mean, standard errors of the means cannot be obtained. 

If one considers that the weight of the calf was taken only to the 

nearest 5 pounds, the adjustments obtained under these two different com- 

putational procedures deviate from one another by little more than the accu- 

racy of the original data. This fact is pointed out even more clearly in 

Table 6 where the results of each year's adjustments were obtained and where 

it can be noted that the difference between the adjustments seldom exceed 

the allowance made when measuring the calf's weaning weight. In order to 

determine a measure of the relative efficiency that could be obtained by the 

use of Searle's method as compared to the method of least squares, the sub- 

class sums were corrected with both sets of adjustments and a ratio formed 

from the resulting subclass sums of squares. These ratios produced percent- 

ages of 99.3, 97.9, and 99.1 for 1957, 1958, and 1959, respectively. Thus, 

it would appear that Searle's method would be beneficial to the individual 

herdsman in determining the production of his own herd on a within year 

basis, while the method of least squares would be more beneficial when trying 

to tabulate constants on an among year basis. The latter is especially true, 

for it has been noted previously that the standard errors of means can only 

be derived using the method of least squares. 

As can be seen from Table 6, the linear adjustments needed when han- 

dling creep-fed calves are greater than those already set forth from pre- 

vious experimentation using data collected from noncreep-fed calves. Powell 

(1935), Marlowe et al. (1958), and Hammes et al. (1959) have reported that 

creep-fed calves gain more rapidly than do the noncreep-fed calves. Marlowe 

further pointed out that the steer calves gain better than 8% faster than do 
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the heifer calves. Although the results of the analysis of covariance, both 

within years and among years, led to the assumption that the regressions were 

homogeneous in nature, there is a noticable variability among these regres- 

sions. Moreover, two-thirds of the subclasses showed that the regression 

coefficient for the steer calf was greater than those for the female counter- 

part, and within each year the regression coefficient for steers was larger 

than the one for heifers. A study by Knapp et al. (1941) resulted in the 

conclusion that there exists a highly significant difference in rate of gain 

between sexes during the suckling period. This tendency for the steer calves 

to gain faster than the heifer calves might well result in obtaining this 

large difference between the two groups. The large difference between the 

2 year old dam's production and that of the older dams might be attributed 

to a maternal effect, or it could also be suggested that the larger calves 

dropped by the older cows have a better start than do the lighter ones and 

thus can depend less upon their dam's milk production for their rate of 

gain. The last conjecture becomes more feasible; for, as one will note from 

the half-sib intraclass correlations in Tables 12 and 15, the nonheritable 

maternal effect existed but was found to be non-significant. The resulting 

adjustments needed for correcting for the age of the dam appear to uphold 

the results of experimentation accomplished by Rollins et al. (1954), Brown 

(1958), and Marlowe et al. (1958) in that the 9 and 5 pound adjustment 

needed for the 6 and 7 year old dams does not seem to be appreciatable when 

considering the accuracy with which the weaning weights were taken. Thus 

it could be said that there is little difference in the production of cows 

of 6 years of age and older. Also, as with the results of Koch et al. (1955a), 

the largest change in weaning weights occur between the first and second 

calf that the cow produced. The resulting regression coefficient, though 
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smaller than most of those cited in the literature, might well be explained 

by pointing out that the average age of the weaning calves in this study was 

somewhat greater than those of the cited studies. Thus, if the daily rate 

of gain does follow a curvilinear pattern, one might expect that at a later 

weaning age the coefficient would be smaller or that the slope of the linear 

regression line would be less. 

The analysis of variance for each of the years 1957, 1958, and 1959, as 

presented in Table 8, showed that the regression of weight on age, the sex of 

calf, and the age of the dam each had highly significant effects on the 

weaning weight of the calf. Due to the assumption that no interaction term 

existed in the linear model which had previously been set forth, and due to 

the inability of explaining such an interaction effect if it existed, each 

subclass mean was compared to the appropriate expected mean using the linear 

model and the constants that had been found from the analysis. None of 

these observed means were'found to differ significantly from its corre- 

sponding expected mean when tested by the use of the t-statistic. Finding 

no significant deviations between the observed and expected means, plus the 

known fact that the F-test performed in the analyses of variance of non- 

orthogonal data are not exact tests, lead to the conclusion that the inter- 

ation mean square was estimating the same variance component as was the 

error mean square. With this assumption, the interaction sum of squares was 

then combined with the error sum of squares to form the residual mean square. 

In the analysis of variance among years, the mean square of the pooled 

interation effects was significant. However, a breakdown of this interaction 

into two parts, one of which could be identified as the within year sex of 

calf by age of dam interaction and the second of which could be identifiable 

as an among years sex of calf by age of dam interaction, showed the first 
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interaction to be non-significant, thus lending support to pooling the above 

mentioned interaction with the error terms in the individual year analyses. 

The interaction mean square associated with the among year effects again 

proved to be significant. However, in order to make any inference from the 

results of these years' analyses to succeeding years, the year effect must be 

thought of as a random effect; and, thus, the interaction of these effects with 

those of the fixed main effects would have an expected value of zero. These 

interaction terms should then be thought of as independent, e.g. a part of 

the variability of the experimental units. Thus, according to Scheffe (1956), 

the interaction sum of squares could be combined with the error sum of 

squares to form the residual sum of squares. The corresponding mean square 

would represent the variance of the experimental units. 

With the use of the analysis of variance technique, intraclass half-sib 

correlations were obtained from both the paternal and maternal half-sib rec- 

ords, while an intraclass full -sib correlation was obtained from the avail- 

able maternal full-sib records. From the estimates of variance components 

presented in Table 12, the following paternal half-sib intraclass correlation 

coefficients were obtained: for the year 1957, r = 0.0556; for 1958, r = 

0.1589; for 1959, r = 0.1634; and pooling the three years data, r = 0.1172. 

From the estimated variance components presented in Table 15, a maternal 

half-sib correlation of 0.2383 was obtained along with a maternal full-sib 

correlation of 0.3675. The difference between the paternal and maternal 

half-sib correlations was tested by using the z-transform and the t-sta- 

tistic to discern whether there was a significant maternal effect on the 

weaning weights. This difference proved to be non-significant, but was rec- 

ognized as a possible bias when computing the estimates of heritability; for, 

as might have happened with the cited results of Brown (1958), the herita- 
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bilities estimated from the naternal half-sib and full-sib correlations 

would result in much larger figures than those obtained from the paternal 

half-sib correlations. The estimates of heritability ranged from 0.47 using 

t. times the paternal half-sib correlation to 0.49 using twice the difference 

between the maternal full-sib correlation and the maternal effect. These 

Re estimates of heritability in the broad sense; for the estimate of genetic 

variance contains not only the additive portion, but also some variance 

due to dominance and epistatic gene action. Since these calves were creep- 

fed, these estimates also contain the heritability of rate of daily gain 

which could not be taken into account with this data. Because daily rate 

of gain is highly heritable in beef cattle, the estimate of heritability 

for weaning weights of creep-fed cattle would be expected to be greater than 

that for calves receiving no supplementary feeding. 

The reduction of the sum of squares of unadjusted weaning weights due 

to each identifiable source of variations, as presented in Table 16, shows 

both the sums of squares attributed to each source and the per cent of each 

sum of squares relative to the total variation. The sums of squares upon 

which these percentages were based are the same as those that appeared in 

Tables 8 and 9, which present the analyses of variance within each of the 

three years 1957, 1958, and 1959 and among these three years. The sum of 

squares for the sire of the calf was computed from the multiplication of 

the intraclass paternal half-sib correlation and the sum of squares of the 

adjusted weaning weights. The per cent reduction accounted for by the 

regression of weight on age of the calf is shown to be the greatest with 

a reduction of 25.64, 30.58, 20.50, and 24.97 percent for 1957, 1958, 1959, 

and Total, respectively, while the reduction accounted for by considering 

the age of the dam accounts for 12.19, 14.67, 21.47, and 14.75 per cent, 
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respectively, for each of the forenamed categories. The reduction due to 

accounting for sex of calf is the most consistent over the three years with 

8.92, 8.45, 8.54, and 8.49 per cent for each category; while the reduction 

accounted for by considering the sire of the calv was the smallest, these 

being 2.82, 7.48, 8.98, and 5.92 for 1957, 1958, 1959, and Total, respec- 

tively. 

SUMARY 

Data from 1,861 beef calves raised during the three year period of 

1957, 1958, and 1959 under creep-fed conditions an the Ramsey Ranch in 

Butler County, Kansas were analyzed. Under the assumption that each wean- 

ing weight could be expressed as a linear combination of a sex effect, an 

age of dam effect, an age of calf effect, and, in the among year analysis, 

a year effect, and that the production of cows eight years of age and older 

were essentially the same, least squares analyses were performed both on an 

among year and within year basis. With each of these effects proving to be 

highly significant, in these analyses the following constants and standard 

errors were obtained: +20 (t 1.09) and -20 (t 1.19) for the steer and heif- 

er calves, respectively; -64 (t 3.96), -22 (t 3.17), -1 (t 2.67), +4 

(± 2.66), +23 (± 2.68), +27 (t 3.04), and +32 (± 2.15) for the 2 through 

8 years and older dams, respectively; -9 (t 1.65), +6 (± 1.71), and +3 

(± 1.56) for the years 1957, 1958, and 1959, respectively; and a regression 

coefficient of weaning weight on age of calf of 1.415 (t 0.044) where the 

calves had an average weaning age of 238 days. From these constants the 

required adjustments were obtained by using steer calves as a basis to ad- 

just for sex and 8 year old and older dams as the mature caws upon which to 

adjust for age of dam. With these adjustments, all calves could be compared 
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on an equal age, sex, and dam basis so that one could better evaluate the 

true production ability of each dam. The sex of calf and age of dam con- 

stants were much larger than those already published, based on data collected 

from noncreep-fed calves. 

Searle's simplified method, involving a multiplicative factor based on 

subclass means, was also used in obtaining adjustments for this set of data 

on a within year analysis. These adjustments were found to be very close 

to those obtained from the least squares analysis; and, upon comparing the 

reduction in the sums of squares of the two methods, measures of 99.3, 97.9, 

and 99.1 per cent for 1957, 1958, and 1959, respectively, were found to be 

the relative efficiency of Searle's method. Being far simpler to compute 

this method, it would appear to be the most desirable to use for the ind- 

ividual herdsman on the within year basis, while the method of least squares 

analysis would seem to be the most beneficial for one who wants to tabulate 

large amounts of data either on a within year or among year basis. This 

conjecture is made because, due to the above mentioned fact that Searle's 

method is based on a multiplicative factor of means and not a measure of 

deviation from a mean, the standard errors of the means could only be obtained 

from the method of least squares. 

A paternal half-sib correlation coefficient of 0.1172 was obtained by 

pooling the 458, 405, and 471 paternal half-sib records obtained in each of 

the three respective years. This coefficient was compared to one based on 

771 maternal half-sib records taken over the same three years within the 

same herd to ascertain if there was a significant maternal effect upon the 

final weaning weight of the calf. This difference between paternal and 

maternal half-sib correlation coefficients existed, but proved to be nonsig- 

nificant. The estimate of heritability based upon the paternal half-sib 

records was 0.47. Three hundred and thirty two maternal full -sib records 
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were 0.47. Three hundred and thirty two maternal full-sib records obtained 

during 1958 and 1959 produced an intraclass correlation coefficient of 

0.37 and, after the maternal effect was deleted, gave an heritability esti- 

mate of 0.49. 
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Table 1. Numbers, weights, ages of calves, and regression coefficients classed 
according to age of dam, sex of calf, and calf crop year. 

Total by 
age of dam 

Age of 
dam 

1957 1958 1959 Total 
Steer Heifer Steer Heifer Steer Heifer Steer Heifer 

2 years 

3 years 

4 years 

5 years 

6 years 

7 years 

8 years 
& older 

Total 

Total 
by 

year 

Number 
Weight(Y) 
Age(X) 
b 

Number 
Weight(Y) 
Age(X) 
b 

Number 
Weight(Y) 
Age(X) 
b 

Number 
Weight(Y) 
Age(X) 
b 

Number 
Weight(Y) 
Age(X) 
b 

Number 
Weight(Y) 
Age(X) 
b 

Number 
Weight(Y) 
Age(X) 
b 

Number 
Weight(Y) 
Age(X) 
b 

Number 
Weight(Y) 
Age(X) 
b 

28 24 
11,775 9,730 

6,795 5,639 
1.815 1.450 

64 52 
32,670 24,620 
17,049 13,857 
1.549 0.992 

66 5o 
32,290 21,440 
15,603 11,489 
1.482 1.379 

46 41 
21,185 17,410 
10,018 8,854 

1.332 1.190 

48 36 
24,390 16,420 
11 ,139 8,401 
0.860 1.293 

24 4o 
11,855 18,440 
5,570 9,460 
1.381 1.401 

39 40 
20,855 19,260 
9,311 9,728 
1.207 1.141 

315 283 
155,020 127,320 
75,485 67,428 
1.434 1.261 

598 
282,3110 
1112,913 

1.352 

9 22 

4,520 9,790 
2,579 6,091 
1.946 1.236 

36 24 
16,870 10,150 
8,255 5,342 
1.990 1.472 

58 49 
28,475 22,295 
13,283 11,520 
1.808 1.459 

55 40 
27,815 18,780 
13,220 9,745 
2.056 0.978 

46 43 
24,550 21,470 
10,890 10,369 
1.516 1.723 

47 

25,345 
30 

11,322 
14,720 
7,181 

1.550 1.570 

69 61 
38,110 30,810 
17,024 14,938 
1.554 1.553 

320 269 
165,685 128,015 
76,573 56,186 
1.728 1.421 

589 

293,700 
141,759 

1.577 

26 36 
11,075 15,460 
6,398 8,96o 
0.946 0.951 

28 18 

13,445 7,860 
6,938 4,412 
1.287 2.285 

37 27 

18,300 12,165 
8,729 6,044 
1.015 1.310 

56 52 

27,460 24,340 
12,800 11,965 
0.920 1.199 

49 58 

25,390 27,535 
11,619 13,723 
1.522 1.295 

37 48 
19,830 23,410 
8,722 11,156 
1.341 1.208 

113 

59,950 
121,1F3 

1.966 1.458 

346 328 

17g.:ig 153,990 
77,433 

1.356 1.296 

674 
329,440 
159,078 

1.328 

82 

27,370 
64 

34,980 
15,772 20,690 

128 94 
62,985 42,630 
32,242 23,611 

161 126 
79,065 55,900 
37,615 29,053 

157 133 
76,460 60,530 
36,038 30,564 

143 
74,330 5,Itji 

33,648 

108 118 
57,030 56,570 
25,614 27,797 

221 190 
118,915 93,290 
52,774 45,839 

981 880 

496,155 409,325 
233,703 210,047 

1,861 
905, 480 
4/43,750 

14 
62,350 
36,462 

222 
105,615 
55,853 

287 

132,965 
66,668 

290 
136,990 
66,602 

280 

139,755 
66,141 

226 
113,600 

53,01 

411 
212,205 
98,613 

9051:486801 

443,750 

EX2 = 107,145,456 ZXY = 217,588,865 1:/2 = 531,418,503 
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Table 2. System of equations for fitting of constants with the method of least square 

a s 
1 

s 
2 

d1 d 
3 

d 
4 

d 
5 

d 
6 

d 
7 

Y1 Y 2 Y 
3 

a 

s2 
2 

di 

d 
2 

d 
3 

d 
4 

d 
5 

d 
6 

d 
7 

y 
1 

Y 
2 

13 

b 

1,861 981 

981 981 

880 0 

145 63 

222 128 

287 161 

157 

28o 143 

226 108 

411 211 

598 315 

589 32o 

674 346 

443,750 233,703 

880 

o 

880 

82 

94 

126 

133 

1 137 

118 

190 

283 

169 

328 

210,047 

145 

63 

82 

145 

0 

0 

0 

0 

0 

52 

31 

62 

36,462 

222 

128 

94 

0 

222 

0 

0 

0 

0 

0 

116 

60 

46 

55,853 

287 

161 

126 

0 

0 

287 

0 

0 

0 

0 

116 

107 

64 

66,668 

290 

157 

133 

0 

0 

0 

290 

0 

0 

0 

87 

95 

108 

66,602 

280 

143 

137 

0 

0 

0 

0 

280 

0 

0 

84 

89 

107 

66,141 

226 

108 

118 

0 

0 

0 

0 

0 

226 

0 

64 

77 

85 

53,01 

Lill 

221 

190 

0 

0 

0 

0 

0 

0 

411 

79 

130 

202 

98,613 

598 

315 

283 

52 

116 

116 

87 

84 

64 

79 

598 

0 

0 

142,913 

589 

320 

269 

31 

6o 

107 

95 

89 

77 

130 

0 

589 

0 

141,759 

674 

346 

328 

62 

46 

64 

108 

107 

85 

202 

0 

0 

674 

159,078 

443 750 

223130,700437 

36,462 

55,653 

66,668 

66,602 

66,1111 

53,411 

905,480 

114:::::: 

62,350 

105,615 

1 ,9 o 

139,755 

113,600 

212,205 

282,340 

293,700 

329,440 

217,588,865 

98,613 

1144::975: 

159,078 

107,145,456 
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Table 3. System of reduced least-squares equations. 

a s 1 d 
1 d 

3 
d 
4 

d 
5 

d 
6 Yi Y2 

443,750 

23,656 

-62,151 

-42,760 

-31,945 

-32,011 

-32,472 

-45,202 

-16,165 

-17,319 

107,145,456 

905,480 

86,830 

-149,855 

-106,590 

- 77,240 

- 75,215 

- 72,450 

- 98,605 

- 47,100 

- 35,740 

217,588,865 

a 

s 
1 

di 

d 
2 

d3 

d 
4 

d 
5 

d 
6 

Y 1 

Y 
2 

b 

1,861 

101 

-266 

-189 

-124 

-121 

-131 

-185 

- 76 

- 85 

443,750 

101 

1,861 

- 50 

3 

4 

7 

- 25 

- 41 

14 

33 

23,656 

-266 

- 5o 

556 

01 

-189 

3 

411 

633 

411 

1 1,01 

-124 

4 

hil 

-121 

- 7 

411 

01 

-131 

- 25 

411 

01 

-185 

- 41 

4.1.1 

01 

- 76 

14 

113 

193 

175 

102 

100 

102 

1,272 

674 

-16,165 

- 85 

33 

0 

86 

115 

59 

54 

64 

674 

1,263 

17,319 

411 

)ill 698 

411 

411 

411 

175 

115 

-31,945 

hii 1j11 hll 

1 01 701 

411 

411 411 

411 

637 

102 

64 

-45,202 

411 411 

°1 

691 

h11 411 

113 

41 

-62,151 

411 

102 

59 

-32,011 

193 

86 

-42,760 

100 

54 

-32,472 
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23 

a s d 
1 

d 
2 

d 
3 

d 
4 

d5 d6 
y1 Y2 b 

a 

s 
1 

d 
1 

d 
2 

d 
3 

d 
4 

d 
c 

d 
6 

Y 
1 

Y 
2 

b 

47.495,49 

-0.057,73 

2.799,79 

2.361,65 

-1.625,77 

-2.049,44 

-0.741,77 

-0.620,07 

-0.085,07 

0.616,06 

-0.195,62 

-0.057,726,2 

0.542,496,2 

0.088,672,5 

-0.063,243,4 

-0.041,427,6 

-0.021,461,3 

0.010,590,6 

0.046,704,3 

0.005,191,0 

-0.015,518,0 

0.000,147,9 

2.799,79 

0.088,67 

5.675,50 

-0.938,00 

-1.004,18 

-0.997,01 

-0.940,43 

-1.061,13 

-0.042,68 

-0.183,33 

-0.010,00 

2.361,653 

-0.063,243 

-0.938,001 

4.021,981 

-0.576,478 

-0.660,236 

-0.619,785 

-0.751,248 

-0.321,645 

0.104,925 

-0.009,611 

-1.625,770 

-0.041,428 

-1.004,181 

-0.576,478 

3.171,099 

-0,343,818 

-0.409,206 

-0.532,326 

-0.109,915 

-0.118,432 

0.006,388 

-2.049,443 

-0.021,461 

-0.997,012 

-0.660,236 

-0.343,818 

3.136,137 

-0.384,972 

-0.506,845 

0.067,165 

-0.057,105 

0.008,156 

-0.741,767 

0.010,591 

-0.940,429 

-0.619,785 

-0.409,206 

-0.384,972 

3.151,456 

-0.540,040 

0.065,028 

-0.026,281 

0.002,773 

-0.620,065 

0.046,704 

-1.061,128 

-0.751,248 

-0.532,326 

-0.506,845 

-0.540,040 

3.768,506 

0.094,797 

-0.065,788 

0.002,762 

-0.085,069,4 

0.005,191,0 

-0.042,681,1 

-0.321,644,5 

-0.109,915,0 

0.067,165,0 

0.065,027,6 

796,8 

1.148,219,8 

-0.591,610,6 

0.000,322,7 

-0.616,064 

0.015,418 

0.183,331 

0.104,925 

-0.118,432 

-0.057,105 

-0.026,281 

-0.065,788 

-0.591,611 

1.121,301 

-0.002,396 

-0.195,623,1 

0.000,147,9 

-0.010,004,3 

-0.009,611,4 

0.006,388,2 

0.008,155,7 

0.002,772,7 

0.002,762,1 

0.000,322,7 

-0.002,395,9 

0.000,815,9 

1A11 elements are presented times 10-3. 
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Table 5. Constants obtained by using the least-squares analysis'. 

Factor 1957 1958 1959 Total2 

Steer calf 21 21 18 20 - 1.09 

Heifer calf -21 -21 -18 -20 t 1.19 

2 year old dam -58 -77 -63 -64 ± 3.76 
3 year old dam -15 -18 -33 -22 ± 3.17 

4 year old dam -2 0 2 - 1 ± 2.67 

5 year old dam 3 - 1 10 4 i 2.66 

6 year old dam 22 33 17 23 ± 2.68 

7 year old dam 15 30 36 27 t 3.04 

8 year old dam 
and older 

36 34 31 32 i 2.15 

Regression of 

weight on age 1.354 1.577 1.328 1.415 ± 0.044 

'In the total least-squares analysis, correction factors for years were also 

obtained. These being -9, 6, and 3 for 1957, 1958, and 1959, respectively. 

2 Constants with standard errors of least-squares means. 

Table 6. Adjustments obtained from least-squares constants and by Searle's 

simplified method. 

Factor 

1957 1958 1959 Total 
Least 
squares Searle 

Least 
squares Searle 

Least 
squares Searle 

Least 
squares Searle 

Steer calf 
Heifer calf 142 143 43 49 37 40 40 44 

2 year old dam 94 96 111 127 94 103 96 107 

3 year old dam 51 50 52 52 64 65 54 59 

4 year old dam 38 36 34 35 29 29 33 37 

5 year old dam 33 33 35 35 21 24 28 31 

6 year old dam 14 11 1 2 14 18 9 12 

7 year old dam 21 27 4 1 -5 0 5 9 

8 year old dam 
and older 

Mean weaning 
age 239 241 236 238 

Mean adjusted 
weights 526 527 542 545 527 531 532 536 
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Table 7. Division of the within subclass sum of squares. 

Source of Sum of Degrees of Mean 
variation squares freedom squares 

Regression 
due to b 2,206,847 1 2,206,847 

Variation 
among b's 112,324 41 2,740 

Pooled 
residual 4,193,250 1,777 2,360 

Within sample 

(Total) 6,512,421 1,819 
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Table 8. Analysis of variance for weight of calves within years. 

1957 1958 1959 

Source of Degrees of Mean Degrees of Mean Degrees of Mean 
r' t'o es fr edom s uares 

Regression of 

weight on age 1 745,234 1 950,756 1 535,092 

Sex of calf 1 259,269 1 262,879 1 222,954 

Age of dam 6 59,053 6 76,040 6 94,566 

Residual 589 2,481 580 2,528 665 2,157 

Table 9. Analysis of variance for weight of 
calves between years. 

Source of 
Variation 

Degrees of 
freedom 

Mean 
squares 

Regression of 
weight on age 1 2,206,847 

Sex of calf 1 750,867 

Age of dam 6 217,233 

Year of birth 2 38,396 

Residual 1,850 2,403 



Table 10. Expected values of mean squares. 

Source of Degrees of Expected 
variation freedom mean square 

Among sires k - 1 

Within sires N - k 

2 n 2 

e o p 

2 

e 

n 
o 

= 

N - (n)/N 

k - 1 
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Table 11. Analysis of variance for paternal half-sib records within each year. 

Source of 1957 1958 1959 Total 
variation df MS df MS df MS df MS 

Among sires 9 7,942 10 10,169 10 15,738 29 11,398 

Within sires 448 2,531 394 2,810 460 2,384 44302 2,564 

Table. 12. Intraclass correlations and estimates of variance components for 
1957, 1958, and 1959. 

Year n 
o 

2 2 
r 

1957 36.34 2,531 148.9 0.0556 

1958 13.86 2,810 530.9 0.1589 

1959 28.69 2,384 465.5 0.1634 

Total 25.95 2,564 340.4 0.1172 
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Table 13. Analysis of variance for maternal half-sib 
records for 1957, 1958, and 1959. 

Source of 
variation 

Degrees of 
freedom 

Mean 
square 

Expected 
mean square 

Among years 

Among dams 

Residual 

2 

256 

512 

17,335 

3,360 

1,733 

A; 2 + 
e 

2e + 

e2 

25762 

3(32 

Table 14. Analysis of variance for maternal full -sib 

records for 1958 and 1959. 

Source of 
variation 

Degrees of 
freedom 

Mean 
square 

Expected 
mean square 

Among years 

Among dams 

Residual 

1 

165 

165 

60,022 

2,735 

1,265 

ee + 16662 
2 

Ose 
2 

+ 2ed 

e 

Table 15. Intraclass correlations and estimates of 

variance components for maternal half-sib 

and full-sib records. 

Relationship 
2 2 
e d r 

Half-sibs 1,733 542.3 0.2383 

Full-sibs 1,265 735.0 0.3675 



Table 16. Sums of squares and percent reduction of the total sums of squares of unadjusted weaning weights 
from each identifiable source. 

Source of variation 
1957 1958 1959 Total 

SS Percent SS Percent SS Percent SS Percent 

Total 

Regression of 

2,906,210 3,109,313 2,610,202 8,839,372 

weight on age 745,234 25.64 950,756 30.58 535,092 20.50 2,206,847 24.97 

Sex of calf 259,269 8.92 262,879 8.45 222,954 8.54 750,857 8.49 

Age of dam 354,316 12.19 456,240 14.67 567,398 21.74 1,303,396 14.75 

Sire of calfl 81,836 2.82 232,478 7.48 234,346 8.98 522,933 5.92 

Unexplained variation 1,465,555 50.43 1,206,960 38.82 1,050,412 40.24 4,055,339 45.87 

1The reduction in the sum of squares due to the sire is based upon an intraclass half-sib correlation 
from the adjusted weaning weights. 



30 

ACIMMTLEDGEIMITTS 

The author wishes to take this opportunity to express his sincere 

thanks to his major professor, Dr. Stanley Wearden of the Department of 

Statistics, for his interest and guidance, not only throughout the writing 

of this thesis, but also throughout this portion of the author's graduate 

study. Appreciation must also be shown to Dr. W. H. Smith, Department of 

Animal Husbandry, for obtaining the data which made this thesis possible 

and for his criticisms and suggestions for interpreting the analysis of 

the data. The author is also indebted to Dr. S. T. Parker, Department of 

Mathematics, for his helpful suggestions in the use of the IBM 650 and 

its complimentary equipment. 



31 

LITERATURE CITED 

Botkin, M.P., and J.W. Whatley, Jr. 
Repeatability of production in range beef cows. Jour. Anim. Sci. 
12:552-560. 1953. 

Brandt, A.E. 
The analysis of variance in a "2 x s" table with disproportionate 
frequencies. Jour. Amer. Stat. Assoc. 28:164-173. 1933. 

Brown, C.J. 
Heritability of weight and certain body demensions of beef calves 
at weaning. Ark. Agr. Expt. Sta. Bul. 597. 1958. 

Carter, R.C., and C.M. Kincaid. 
Estimates of genetic and phenotypic parameters in beef cattle. II. 

Heritability estimates from parent-offspring and half-sib resemblences. 
Jour. Anim. Sci. 18:323-329. 1959. 

Fisher, R.A. 
Statistical methods for research workers. 12th ed. Edinburgh; Oliver, 
and Boyd. 1954. 

Goulden, Cyril H. 
Methods of statistical analysis. 2nd ed. New York: John Wiley and 
Sons, Inc. 1952. 

Gregory, K.E., C.T. Blunn, and M.L. Baker. 
A study of some of the factors influencing the birth and weaning 
weights of beef calves. Jour. Anim. Sci. 9:338-346. 1950. 

Hammes, Jr. R.C., R.E. Blaser, C.M. Kincaid, H.T. Bryant, and R.W. Engll. 
Effects of full and restricted winter rations on dams and summer 
dropped suckling calves fed different rations. Jour. Anim. Sci. 
18:21-31. 1959. 

Harvey, Walter R. 
Least squares analysis of data with unequal subclass numbers 
ARS-20-18. July. 1960. 

Hazel, L.N. 
The convariance analysis of variance of multiple classification tables 
with unequal subclass numbers. Biometrics Bul. 2:21-25. 1946. 

Henderson, C.R. 
Estimation of variance and covariance components. Biometrics 
9:226-252. 1953. 

Johnson, L.E., and C.A. Dinkel. 
Correction factors for adjusting weaning weights of range calves to a 
constant age of 190 days. Jour. Anim. Sci. 10:371-377. 1951. 



32 

Kempthorne, 0. 
The design and anaylsis of experiments. 2nd ed. New York: John 

Wiley and Sons, Inc., 1952. 

Kempthorne, 0. 

An introduction to genetic statistics. 1st ed. New York: John 

Wiley and Sons, Inc., 1957. 

Knapp, Bradford, Jr., and W.H. Black. 
Factors influencing rate of gain of beef calves during the suckling 

period. Jour. Agr. Res. 63:249-254. 1941. 

Knapp, Bradford, Jr., A.L. Baker, J.R. Quesenberry, and R.T. Clark. 

Growth and production factors in range cattle. Mont. Agr. Expt. Sta. 

Bul. 400. 1942. 

Knapp, Bradford, Jr., and R.T. Clark. 

Revised estimates of heritability of economic characteristics in beef 

cattle. Jour. Anim. Sci. 9:582-588. 1950. 

Knox, J.H., and Marvin Koger. 
Effect of age on weight and production of range cows. N.M. Agr. Expt. 

Sta. Press Bul. 1004. 1945. 

Koch, Robert M. 
Size of calves at weaning as a permanent characteristic of range here- 

ford cows. Jour. Anim. Sci. 10:768-775. 1951. 

Koch, Robert M., and R.T. Clark. 
Influence of sex, season of birth and age of dam on economic traits of 

range beef cattle. Jour. Anim. Sci. 14:386-397. 1955. 

Koch, Robert M., and R.T. Clark. 
Genetic and environmental relationships among economic characteristics 

in beef cattle. I. Correlation among paternal and maternal half-sibs 

Jour. Anim. Sci. 14:775-785. 1955. 

Koch, Robert E., and R.T. Clark. 
Genetic and environmental relationships among economic characteristics 

in beef cattle. II. Correlations between offspring and dam and off- 

spring and sire. Jour. Anim. Sci. 14:786-791. 1955. 

Koch, Robert E., and R.T. Clark. 

Genetic and environmental relationships among economic characteristics 

in beef cattle. III. Evaluating maternal environment. Jour. Anim. 

Sci. 14:979-996. 1955. 

Koger, Marvin, and J.H. Knox. 
The effect of sex on weaning weight of range calves. Jour. Anim. Sci. 

4:15-19. 1945. 



33 

Koger, Marvin, and J.H. Knox. 
A method for estimating weaning weights of range calves at a constant 
age. Jour. Anim. Sci. 4:285-290. 1945. 

Koger, Marvin, and J.H. Knox. 
The repeatability of the yearly production of range cows. Jour. Anim. 
Sci. 6:461-466. 1947. 

Landblom, Nellie L. 
Adjusting beef cattle weaning weights for certain environmental var- 
iables by the fitting of constants. Unpublished memo. 1954. 

Li, Jerome C.R. 
Introduction to statistical inference. 1st ed. Ann Arbor, Michigan: 
Edwards Brothers, Inc., 1957. 

Lush, Jay L. 
Intra-sire correlations or regressions of offspring on dam as a method 
of estimating heritability of characteristics. Am. Soc. Anim. Prod. 
Proc. 293-301. 1940. 

Marlowe, Thomas J., and James A. Gaines. 
The influence of age, sex and season of birth of calf, and age of dam 
on preweaning growth rate and type score of beef calves. Jour. Anim. 
Sci. 17:706-713. 1958. 

Powell, E.B. 
Creep feeding range calves. Final report. Am. Soc. Anim. Prod. Proc. 
83-84. 1935. 

Rollins, W.C., H.R. Guilbert, and P.M. Gregory. 
Genetic and environmental factors effecting preweaning growth of here- 
ford cattle. Am. Soc. Anim. Prod. West Sect. Proc. 3:X:1. 1952. 

Rollins, W.C., and La: Guilbert. 
Factors effecting the growth of beef calves during the suckling period 
Jour. Anim. Sci. 13:517-527. 1954. 

Sawyer, W.A., R. Bogart, and M.M. Oloufa. 
Weaning weights of calves as related to age of dam, sex, and color. 
Jour. Anim. Sci. 7:514. Abstract. 1948. 

Searle, S.R. 
Simplified her-level age-correction factors. Jour. Dairy Sci. 
43:821-824. 1960. 

Scheffe, Henry. 
Alternate models for the analysis of variance. Ann. Math. Stat. 
27:251-271. 1956. 

Shelby, C.W., R.T. Clark, and R.R. Woodward. 
The heritability of some economic characteristics of beef cattle. 
Jour. Anim. Sci. 14:372-384. 1955. 



3)4 

Snedecor, George W. 
Statistical methods applied to experiments in agriculture and biology. 

5th ed. Ames, Iowa: Iowa State College Press, 1956. 

Yates, F. 

The analysis of multiple classifications with unequal numbers in differ- 

ent subclasses. Jour. Amer. Stat. Assoc. 29:51-66. 1934. 



35 

APPS liDIX 



36 

APPENDIX 

Harvey's technique for fitting constants and obtaining the analysis of 

variance. 

Using the data compiled in Table 1, the system of least squares equa- 

tions in Table 2 were formed. In order to have a unique solution, the 

restrictions Esi= 0, Edi = 0, and 1'7k = 0 were imposed and the reduced 

least squares equations in Table 3 were formed. Imposing these restrictions 

was accomplished by subtracting the s2 raw vector from the sl row vector, 

the d7 row vector from each of the remaining six tows vectors in the d sub - 

matrix, and the y3 row vector from each of the remaining two rows vector in 

the y submatrix, then performing the same operation with the respective 

column vectors. The row and column coefficients for the b equations were 

treated in the same manner as the W values. These matrix elements were 

th th denotedbyCiifor the i raw and the j column; thus C 
th 

denoted the 

th th 
respective inverse element of the 

. 

raw and the j column of the inverse 

matrix. The inverse of the reduced 11 x 11 variance-covariance matrix as 

shown in Table 4 was used to obtain the constants needed to solve this set 

equations. These constants were obtained by multiplying the row vectors 

of the inverse matrix by the corresponding right hand member (W) of the 

reduced matrix, i.e. 

C ijW A . c. for each i. 

then 

A 
a = (.047,49)(905,480) (.000,057,75)(86,830) 

(.000,19516)(217,588,865) = 141.1 

(...000,057,75)(905,480) (.000,542,4)(86,830) 

(.000,000,147,9)(217,588,865) * 20.18 
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s2 
= -s 

1 
= -20.18 

This same type of matrix multiplication was followed to obtain the re- 

maining constants as presented in Table 5. 

For the analysis of variance shown in Table 9, the residual sum of squares 

is obtained by finding the difference between the total unadjusted sum of 

squares and the reduction due to fitting the parameters to the data, if the 

assumption is made that no interaction between the parameters exists. This 

reduction R(a,s.,d.,y 
k 
,b) is obtained by the constants obtained 

from the reduced matrix by the right hand member (W) of this same matrix 

of 

R(a,si,di,yieb) = (141.1)(905,480) + (20.18)(86,830) + 

+ (1.415)(217,588,865) = W1,960,700. 

Thus 

residual sum of squares 
=Y;ijkl 

- R ( a, si, di , yk, b ) 

= 449,405,705 - 11101,960,700 

= 4,4145,050 

If the assumption that no interaction exists is not met, then this 

residual term will also contain an interaction sum of squares, as well as the 

error sum of squares. To obtain this sum of squares, an analysis of covar- 

iance procedure must be used to obtain the within subclass sum of squares 

of the deviations due to regression. The pooled interaction sum of squares 

is then the total uncorrected subclass sum of squares plus the within sub- 

class deviations due to regression minus the reduction due to fitting the 

Parameters or 

interaction sum of squares = )73 
ijk: 

+ blEx. 
i 
y - R(a 

' 
s ,d.,y ,b) 

ijkl jkl ijk 
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= U2,893,329 + 2,206,807 - )1)1)1,960,700 

= 139,436 

where bl l'xijkZijkl is' 
by Snedicor (1956), the within subclass regression 

due to regression or, by Li (l957), the regression due to E. 

Therefore 

error sum of squares = 4,445,050 - 139,436 

4,305,614 

The sums of squares due to the fitted parameters was then computed using 

the elements of the inverse matrix shown in Table 4. With this approach the 

sum of squares could be presented in matrix notation as 

sum of squares = BIZ-18 

where B' is the row vector of the constant estimates for a given set of 

constants; Z-1 is the inverse of the segment of the inverse of the variance- 

covariance matrix corresponding to this set of constants; and B is the column 

vector or the transpose of the raw vector of the set of constants. Therefore, 

sum of squares due to regression = [1.415j [.000,000,815,91-1?-411 

= 2,454,696, 

sex sum of squares = [20.18] [.000,542,51-1[20.11 

= 750,857, 

year sum of squares = 

[ 

[-9.250 6.130] .001,148,2 

-.000,591,6 .001,121,3 6.130 

= 76,794 
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and 

dam sum of squares = 1,303,396 

where B' = [-63.65 -21.98 -1.289 4.192 22.93 27.35] 

-1 
= .005,675,5 -.000,938,0 -.001,004,2 -.000,997,0 -.000,940,4 -.001,061,1 7 

-.000,038,0 .004 
z 
022 

2 
0 -------- -.000,576,5 -.000,660,2 -.000,619,8 -.000,751,2 

-.001,004,2 -.000,576.5 003 171 1 -.000,343,8 -.000,409,2 -.000,532,3 

-.000,997,0 -.000,660,2 -.000,343,8 .003 136 1 -.000,385,0 -.000,506,8 

-.000,940,4 -.000,619,8 -.000,409,2 -.000,385,0 003 151 5 -.000,540,0 

-.001,061,1 -.000,751,2 -.000,532,3 -.000,506,8 -.000,540,0 003 768 5 

The mean squares of these effects are presented in Table 9. 
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The standard errors of the least squares means for each parameter or 

class were obtained from the inverse matrix in Table 14. For since 

SA .= c uu 

C 
bb 

Can' 7c 2 Cab + where 
cuu 

and cr 
2 

= the error means square 

then C 
uu 

= .047,495 + 2(238.14) (- .000,195,6) + (238.4)2(.000,000,815,9) 

= .000,591,1 

so Aa = q (.000,591,1) 2,1403 

1.19 

Now 
cuci caci cbci 

where - co is the i 
th 

parameter or class so that 

uu 
Sri = V(C + 

Ccici 
+ 2C -) 6 

Therefore CuSl = -.000,057,73 + (238.14)(.000,000,1147,7) (238.14)(.000,000,1147,7) 

= -.000,022,50 

and a& 4. al = #\/ (.000,591,1) + (.000,542,5) + 2?-.000,022,50) 2,1403 

= 1.62 

while 
+ s 

su ^ h 
2 "v 

= d (0000,591,1) + (0000,542,5) 2Z 0000,022,50) 2,403 

= 1.68 

Then if the u and the si effects are independent 

2 
= aa gi - Sa oi 

or sAi = N/2.62 - 1.142 = 1.09 

and sA = 2.814 - 1.142 = 1.19 
2 



In a similar manner 

"1 
su ^ ./(.000,591;1) 

"1 

Sn A = '1(.000,591,1) 

+ d3 
su A A = 0.000,591,1) 

ati o4 = N/(.000,591,1) 

u o5 . (.000,591,1) 

a . 0.000,591,1) 
6 

aO. a7 = .000,591,1) 

+ (.005,675) + 2( .000,-a4,3) 2,403 

(*004,022) 2(..".000,069,84) 2,403 

+ (.003,171) + 2(-.000,102,5) 2,403 

(.003,136) + 2(_.000,104,7) 2,403 

(.003,151) A. 2(- .000,080,6) 2,403 

(.003,769) + 2( .000,038,55) 2,403 

(.002,393) 2(....000,234,8) 2,403 

= 4.13 

= 3.38 

= 2.93 

= 2.91 

= 2.94 

= 3.27 

. 2,46 

41 

. 

Where the C 
ud 

O. are found in the same manner as C 
usI, 

using the same assumption 

of independence between the u and the do effects, the standard errors for the 

individual. do and were computed d are shown in Table 5. 

The same approach was used with the year effects in that 

sa h = 4(.000,591,1) 

+ 2 
s. 
u 

= 0.000,591,1) 

sa + 3,3 = 4(.000,591,1) 

so that 

+ (.001,148) + 2(..000,008,134) 2,403 = 2.04 

+ (.001,121) + 2( .000,044,76) 2,403 = 2.08 

+ (.001,086) + 2(-.000,036,62) 2,403 = 1.96 

sA 
Y1 

= 1.65 

s. = 1.71 
Y2 

Sn = 1.56 
73 
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Searlels simplified herd-level age - correction factors. 

Due to the fact that this method of obtaining correction factors uses 

a multiplicative factor, the weights within each subclass must be adjusted 

for the age of calf at weaning. Using as an example the data collected in 

1957, these adjustments can be made with relative ease with the formula 

EYaij = 2:Yij - - nii X..) 

or = 11,775 - 1.354[6,795 - 28(238.98)) 

= 11,635 

.11a22 
= 9,861 

Therefore, the sum of the weights of the calves dropped by 2 year old dams 

adjusted for the age of the calves at weaning are 11,635 + 9,861 or 21,1496 

with the mean equal to 21,496/52 or 1413.38. Adjusted sums of 52,978, 54,582, 

41,194, 41,533, 30,653, and 39,899 can be obtained in similar computations 

for the weights of the calves dropped by 3 through 8 year old dams, res- 

pectively, with means of 456.17, 471.53, 1473.149, 494.45, 478.96, and 505.05. 

If the 8 year old and older cows are considered to be the mature dams, 

the ratio of the mean yields of the mature dams to that of each of the youn- 

ger dams produces an estimateltf..That is, if 
Era denotes the mean yield of the mature dams midi.. the mean yield of the 

j year old dams, then 

1. = E / E. 
J m J 

For example f2 = 505.05/413.37 = 1.221,8 

A 

and if P. = 1 - 1/1. 

then P 
2 

= 1 - 1/1.221,8 = 0.181,52 
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In like manner, the regression coefficient fs needed to raise the female 

calves to an equal basis with steer calves can be estimated using the mean 

weights of both sexes as computed from each appropriate sum of adjusted sub- 

class weights. During this year, the sum of the adjusted steer weights was 

equal to 154,714.0 with a mean of 491.24, while the sum of the adjusted heifer 

weights was 127,595 with mean of 450.87. Thus 

s 
= !491.24/450.87 = 1.089,5 

and 
s 

= 0.082,182 

Therefore, the correction needed to raise the production of a j year old dam 

A 

tothatofamaturedamis.uhile the correction needed to raise the 
A 

weights of the heifer calves to those of the steer calves is p s 
h where 

= total actual production of herd 

N - rasps -Ej nPj 
j 

and is the average weaning weight for the herd corrected for sex of calf 

and age of dam. That is 

Thus 

h = 282,335 = 526.98 

598 - 23.258 - 38.975 

Psh = 43 

Is°211 = 96 

etc, 
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ABSTRACT 

A study was made on records of 1,861 weaning weights from creep-fed 

calves taken over a three year period from the commercial Aberdeen Angus 

herd of the Ramsey Ranch located in Butler County, Kansas. The study was 

based on the linear model, weaning weight = overall average + sex of calf 

+ age of dam + year + regression of weaning weight on age of calf + error, 

where sex of calf was steer and heifer, age of dams were categorized from 

2 year old to 8 years and older where the assumption is made that cows of 

8 years of age and older produced with equal ability, and the years were 

1957, 1958, and 1959. 

with the use of the least squares procedure, constants were fitted to 

the non-orthogonal data and the effects of each factor were estimated. Each 

of the factors had a highly significant effect upon the final weaning weight 

of the calf and resulted in the following constants and standard errors: 

+20 (J71.09) and -20 0'1.19) for the steer and heifer calves, respectively; 

-614 (i 3.96), -22 (i 3.17), -1 (i 2.67), +11. (i 2.66), +23 (± 2.68), +27 

(± 3.04, and +32 (1* 2.15) for the 2 through 8 years and older dams, respec- 

tively; -9 (± 1.65), +6 (1. 1.71), and +3 (± 1.56) for the years 1957, 1958 

and 1959, respectively; and a regression coefficient of weaning weight on 

age of calf of 1.1415 (10.044) where the calves had an average weaning age 

of 238 days. By pooling the 1458, 405, and 471 paternal half-sib records for 

the three respective years, an estimated paternal half-sib correlation coef- 

ficient of 0.1172 was obtained. This was compared to a maternal half-sib 

correlation coefficient of 0.2383, which was derived from 771 records over 

the same three years, in order to determine the maternal effect of the dam 

on the calfls weaning weight. A difference in the two coefficients could 
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be observed, but proved to be non-significant. A maternal full -sib corre- 

lation coefficient of 0.3675 was also found from 332 records of 1958 and 

1959. The estimate of heritability using the paternal half-sib records was 

0.47, while the estimate arrived at by using the maternal full-sib records 

with the deletion of the maternal effect was 0.49. 

Adjustments were obtained on a within year basis with Searlets simpli- 

fied method, as well as with the method of least squares. The relative ef- 

ficiency in the reduction of variation due to fitting the constants ob- 

tained in this manner compared to the reduction in variation due to fitting 

the constants derived from the method of least squares was 99.3, 97.9, and 

99.1 per cent for 1957, 1958, and 1959, respectively. However, Searlels 

method, because it uses a multiplicative factor based upon the subclass 

means, does not enable one to obtain standard errors of the means, as does 

the method of least squares. 


