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ABSTRACT 

Data on 5130 registered Hereford cattle owned and managed by 

the San Carlos Apache Indian tribe were used to study cow productivity 

in terms of Most Probable Producing Ability and fertility. Analyses of 

variance and regression analyses were utilized to investigate sources 

of variation in the weaning weights of the calves and in their day of 

birth (which was a measure of cow fertility). Heritability estimates 

for various weights and gains and correlations (genetic, environmental 

and phenotypic) for weights, gains and MPPA were also calculated. 

Large year effects caused the most variation in weaning weight. 

Important too, were the effects of age of dam, interaction between year 

and age of dam and regression of weaning weight on day of birth. The 

repeatability of weaning weight was .25. This value was low compared 

to the average usually seen. Heritability estimates for weaning weight 

were .05 for males and .18 for females. Not much progress could be 

made selecting for weight at that stage. 

The heritability of postweaning weights were higher. The values 

for 20-month-weight were .46 for males and .31 for females, indicating 

reasonable progress could be made selecting for weight at that age. 

Twelve-month-weight had heritability estimates of .21 (males) and .17 

(females). Since a weight loss occurred during the period between wean

ing and the 12-month-stage, the trait being measured may be a response 

to nutritional stress. 
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The genetic correlations between weights at various stages were 

high. Some of the same genes are responsible for weights at various 

stages of growth. Correlations (genetic) between the weights and MPPA 

were generally low except the correlation of 12-month-weight with MPPA 

(.41). 

Day of birth measured as a trait of the calf was a reflection of 

gestation length. Heritability estimates for day of birth were .26 for 

calves of cows dry during the breeding season and .04 for the calves of 

lactating cows, lifhen calculated as a trait of the cow, day of birth was 

considered a measure of cow fertility with a resulting heritability of 

.09. In evaluating overall cow productivity both MPPA and fertility must 

be considered jointly, perhaps in the form of a selection index or 

through independent culling levels. 



INTRODUCTION 

It is important for the beef livestock producer to select cows 

which are both fertile and capable of raising a calf with a high weaning 

weight or growth rate. The main source of variation in the preweaning 

growth of calves is maternal influence. Maternal influence is caused by 

genes and environmental factors that determine prenatal and postnatal 

maternal environment. In the beef calf, a major component of the post

natal environment is the milk production of the dam. 

It would be useful for the livestock oi\mer to predict a cow's 

future producing ability in terms of the weaning weight of her calves. 

Most Probable Producing Ability (MPPA] is a means of comparing cows 

based on the records of their offspring. It provides a method of ad

justing different numbers of records to the same basis. 

An MPPA value can be considered as a deviation in maternal 

performance from an average value for the herd. Maternal performance 

refers to a composite of characteristics of the cow such as the ability 

to raise a calf with a high weaning weight. In this sense, MPPA can be 

used by the individual livestock producer as a means of culling cows 

within a herd. It cannot be used as a method of comparison among cows 

in different herds since it is a deviation from a herd average. In 

terms of maternal performance, MPPA does not provide an all inclusive 

evaluation of the cow. Fertility of the cow is not included in the 

measurement and needs to be considered when selecting animals. 

1 
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The records under consideration, such as calf weaning weight, 

are affected by genetic factors as well as by permanent and temporary 

environmental ones. Use of lifetime averages of the cow aid in selec

tion because of the reduction in the amount of variation caused by the 

temporary environmental factors. 

The additive genetic potential of the calf for weaning weight or 

growth rate can be overshadowed by environmental or non-additive genetic 

factors. To provide a fair assessment of the calf's potential, weaning 

weight should be adjusted for environmental influences such as year of 

birth, age of dam, weaning age, sex and season of birth and genetic in

fluences such as line of sire and inbreeding if these prove to be signi

ficant sources of variation. Once adjustments are made, the weights can 

be utilized in the MPPA formula or to estimate heritability of the trait. 

Several studies have indicated a negative relationship between 

the preweaning growth rate of replacement heifers and their subsequent 

producing ability in terms of weaning weight of their calves (Kress and 

Burfening, 1972; Mangus and Brinks, 1971). It is important to further 

investigate this relationship and the implications it has for the effec

tiveness of selection for improved weaning weights. It is also of 

interest to consider postweaning weights and gains of replacement heifers 

and their relationship to MPPA. fliis could indicate some usefulness for 

these traits as predictive devices for the producing ability of the dam. 

As mentioned, MPPA should not be considered alone in determining 

the desirability of retaining a cow in the herd. If fertility is low, 

MPPA lacks meaning. Fertility or reproductive performance becomes a 
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difficult trait to measure since so many components are involved. Tra

ditionally, the heritability estimates for the various components of 

fertility have been low. It is important to look at sources of variation 

for this trait and perhaps investigate a particular component and its 

relationship to MPPA. Day of birth of the calf is one measure of fer

tility since the time of calving in a restricted breeding season will 

influence the rebreeding performance of the cow. 

The purpose of this study was to investigate sources of variation 

in the weaning weight of beef calves and to adjust the weights for use in 

the determination of Most Probable Producing Ability. Preweaning and 

postweaning weights and gains were used to obtain heritability estimates 

and genetic correlations of these traits with each other and with MPPA. 

Fertility was investigated using day of birth of the calf as the compo

nent to be measured. Sources of variation were investigated and herita

bility estimates calculated. 

Knowledge of both MPPA and fertility should aid in the selection 

of productive dams. It may be possible to set up a selection index 

based on both traits. Alternatively one could use a system of indepen

dent culling levels whereby minimum standards are set for MPPA, fertility 

or any other trait and cows are selected accordingly. 



REVIEW OF LITERATURE 

Growth Traits of the Calf as a Measure of 
Cow Productivity 

The concept of Most Probable Producing Ability (MPPA) was first 

introduced by Lush (1945) as a means of estimating the producing ability 

of each cow under standard conditions within a herd. A modified version 

of the formula as used by Mangus and Brinks (1971) was: 

where n refers to the number of records available on the cow's progeny, 

r is the repeatability estimate for the trait under consideration, and 

herd average refers to the mean value of the trait for the calf's con

temporaries. Itfhen the formula appears in this form, MPPA is calculated 

as a deviation from 100. 

As previously mentioned, MPPA allows the comparison of cows with 

different numbers of records. MPPA measures both genetic and permanent 

environmental effects. Use of lifetime records reduces the effects of 

the temporary environment. The record used in most often the weaning 

weight of the calf. When determining MPPA, the various components of 

the formula need to be calculated or adjusted. 

Repeatability Estimates 

Repeatability as reported by Koch and Clark (1955b) is the 

correlation between repeated records of an individual. According to 

4 

MPPA = 100 + 100 X 
1+ (n-ljr 

calf record 

n 
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Falconer (1960) repeatability is an expression of the proportion of 

variance of single records that are due to additive genetic and perma

nent environmental differences between individuals. 

A number of methods can be used to estimate repeatability as 

shotvn by Taylor et al. (1960). The methods included intraclass correla

tions, regression of subsequent records on the first and product moment 

correlations. It was concluded that estimates obtained by the various 

methods were in good agreement. 

Many repeatability estimates have been obtained for birth weight, 

other preweaning traits and weaning weight of the calf. Repeatabilities 

for birth weight ranged from .06 through .29. For preweaning gain the 

range was .26 through .69. Weaning weight repeatability estimates were 

in the range of .12 through .66. These are summarized in Table 1. 

It has been shown that environment can play an important role in 

determining repeatability. Maternal sib correlations for weaning weight 

were used by Bailey and Koh (1974) for calves living under two diverse 

environments (improved irrigated pastures and range conditions). Re

peatabilities were .33 and .44 respectively. Although the values did not 

differ significantly, there was a tendency for lower values under the 

more favorable conditions. An opposite trend was seen in range herds 

operated under optimum and sub-optimum nutritional regimes (Rollins and 

VVagnon, 1956a). Repeatability estimates for weaning weight were .51 and 

.34, for the optimum and sub-optimum conditions, respectively. Differ

ences were not significant. 
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Table 1. Sunimary of repeatability estimates. 

Trait Breed 
Number 
of ^ 

Animals 

Repeat
ability Reference 

Birth Weight H 
H 

A,H,S 

200 
648 

467 

.14-.25 Botkin and Miatley, 1953 

.27 Kress and Burfening, 
1972 

.06",29 Taylor et al., 1960 

Preweaning 
Growth 

H 

A,H,S 

648 

467 

.38-.69 Kress and Burfening, 
1972 

.26-.38 Taylor et al., 1960 

Weaning Weight H 
H 
H 
H 

H 
H 
H 
H 
H 

A 
A 

A 
A 

A 
A 

436 
180 
200 
70 

378 
4881 
379 
162 
236 

378 
1501 

4785 
648 

573 
356 

.49-.66 

.52 

.43-.49 

.54,.51 

.42 

.19 

.33,.44 

.12".53 

.35 

.52 

.25 

.27 

.44 

.14-.29 

.25 

Koger and Knox, 1947 
Koch, 1951 
Botkin and Whatley, 1953 
Rollins and IVagnon, 
1956a 

Minyard and Dinkel, 1965 
Sellers et al., 1970 
Bailey and Koh, 1974 
Boston et al., 1975 
Vanmiddlesworth et al., 
1977 

Minyard and Dinkel, 1965 
Hohenboken and Brinks, 
1969 

Sellers et al., 1970 
Kress and Burfening, 
1972 

Boston et al., 1975 
Vanmiddlesworth et al., 
1977 

Weaning Weight H 
Ratio A 

162 
573 

.50 

.27 
Boston et al., 1975 
Boston et al., 1975 

Weaning Grade H 436 
A,H,S 467 

.25-.42 Koger and Knox, 1947 

.26-.38 Taylor et al., 1960 

H-Hereford, A-Angus, S-Shorthorn. 

Cows with varying numbers of records. 
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Breed differences were important in a number of the previously 

cited studies in regard to weaning weight repeatability. Boston et al. 

(1975) reported that the weaning weights of the first few calf crops of 

a Hereford cow are more accurate indicators of future productivity than 

those of an Angus. It was stated that progress could be made selecting 

Hereford cows on the basis of the second or third weaning weight records 

of their calves [Botkin and IVhatley, 1953; Minyard and Dinkel, 1965; 

Boston et al.> 1975; Masanja, 1977], 

Adjustment of Records 

In order to obtain accurate genetic estimates for weaning weight, 

it is essential to adjust the individual records of the offspring to a 

standard basis. Adjusting weaning weights to a 20S-day or 210-day wean

ing age is a common procedure. Other sources of environmental and non-

additive genetic variation may have to be accounted for, including age 

of dam, year of birth, sex, season of birth, inbreeding and various 

interactions. 

Additive vs. Multiplicative Adjustments 

There is often a question as to whether additive or multiplica

tive adjustments are the most appropriate. Cundiff et al. Cl966b) 

stated that either additive or multiplicative factors equalized means 

between groups but differed in their effect on variances within groups. 

The variation is not altered by additive adjustment factors. However, 

multiplicative corrections raise or lower the variance. It was stated 

that additive adjustments were more appropriate when standard deviations 



were equal, whereas multiplicative corrections were better when scaler 

effects caused the coefficients of variation to be equal. They con

cluded that additive corrections were most appropriate for the effects 

of age of dam, season and management. Multiplicative factors, however, 

were most appropriate for adjusting for sex. 

Cardellino and Frahm (1971) compared two types of age of dam 

correction factors. Herd correction factors (HCF) and industry correc

tion factors (ICF) were investigated, with Angus and Hereford cattle 

analyzed separately. IVhen herd correction factors (which were additive) 

were transformed to multiplicative factors, they closely agreed with 

ICF, It was still recommended, however, that when sufficient data were 

available, herd correction factors should be calculated. 

Anderson and Willham (1978) calculated separate age of dam 

correction factors for each sex. They recommended an additive adjust

ment for age of dam within sex and a multiplicative adjustment for sex. 

They indicated that an additive adjustment is best used when variances 

are constant and only means need to be equalized. Multiplicative fac

tors are used when both means and variances need to be equalized. Pabst 

et al. (1977) also pointed out that multiplicative factors should elimi

nate differences between means and variances. Brinks et al. (1961) 

suggested that additive factors can be used where equal standard devia

tions from subclass means are found. They suggested the use of multi

plicative factors where interactions between main effects are observed. 
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Calf Traits 

The weaning age of the calf often varies considerably. For 

practical reasons, weaning is carried out at the same time for all or 

most of the calves in a particular herd. Since date of birth can often 

span a period of four months or more, similar differences in weaning 

age occur. 

There are two major methods of adjusting for these age differ

ences. Individual average daily gain can be multiplied by a standard 

number of days with birth weight added to this value to obtain a 

corrected weight. In another method a group regression coefficient 

can be calculated based on the average daily gain of the entire calf 

crop. The corrected weight is equal to the regression coefficient 

multiplied by the deviation of actual age from average age of the 

calves added to actual weight. The latter method provides a simple 

means for the rancher to obtain the adjustment. The former method re

quires more calculations. The advantage it has is that it provides 

an average daily gain for each individual rather than using a herd 

average. This would result in a more accurate adjustment. 

In adjusting weaning weight to a standard age, it is generally 

assumed that growth is linear for the portion of the curve under con

sideration. This was seen to be true for growth up to weaning in Here-

fore herds studied by Botkin and Whatley (1953). However, they did 

point out that the curves were obtained during favorable years for 

weaning weight. Cunningham and Henderson (1965) examined the linearity 
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in growth from 120 to 250 days of age in Angus, Hereford and Shorthorn 

cattle. They obtained a response that was closely linear. Purebred 

Hereford calves were analyzed for two periods (birth to 4 months) and 

(4 to 8 months). The rate of growth for both periods was a linear 

regression based on monthly weighings (Rollins et al., 1952). According 

to Pahnish et al. (1961) in their study of Southwestern range calves, 

the regression of weaning weight on age was basically linear between 121 

and 323 days of age. 

It has been noted for many years that sex has a significant in

fluence on rate of gain of beef calves prior to weaning (Koger and Knox, 

1945), Koch and Clark (1955a) found that males were 2.5 kg heavier at 

birth and 11.9 kg heavier at weaning than heifers. Pahnish et al. (1961) 

reported that bulls were significantly heavier (P < .01) than heifers in 

their study of cattle on Arizona ranches. Brinks et al. (1961) found 

highly significant differences (P < .01) among Hereford bulls, heifers 

and steers for birth weight, gain (birth to weaning) and weaning weight. 

Heifer calves weighed 7.0% less than bulls at birth and 6.0% less at 

weaning. Heifers weighed 5.0% less than steers at weaning. 

Jeffrey (1971) in a study of Canadian herds, found males exceed

ing females by 2.0 kg at birth and 8.0 to 9.0 kg at weaning. According 

to Fahmy and Lalande (1973), Shorthorn males were 1.5 kg heavier at 

birth and 12.0 kg heavier at weaning than females. Sewall (1963) re

ported Hereford steers to be 10.9 kg heavier than Hereford heifers at 

weaning. 



11 

Harwin et al. (1966), in a study of Colorado Hereford linecross 

and inbred cattle, found significant (P < .05) sex x age of dam inter

actions. The differential response of the sexes was associated with the 

greater growth potential of bulls, making them more susceptible to pre-

weaning limitations in the dam's nutritional environment. Anderson and 

Willham's (1978) report on data from the American Angus Association also 

showed significant sex x age of dam interactions at weaning. Urick et al. 

(1971) found significant sex x age of dam and sex x breed of dam inter

actions for 205-day weaning traits in Angus, Hereford, Charolais and 

cross-bred calves at Miles City, Montana. Other investigators have also 

reported significant sex differences for weaning weight (Burgess et al., 

1954; Marlowe and Gaines, 1958; Neville, 1962; Bradley et al., 1966; 

Cundiff et al., 1966a; Ray et al., 1970; Cardellino and Frahm, 1971; 

Rutledge et al,, 1971; Bair et al., 1972; Pabst, 1977; Pell and Thayne, 

1978; Notter et al., 1978). Bulls were consistently heavier than steers 

and steers were heavier than heifers. 

Cow Traits 

Age of dam has been frequently reported as a significant source 

of variation for weaning weight or preweaning growth (Koger and Knox, 

1947; Koch and Clark, 1955a; Marlowe et al., 1965; Harwin et al., 1966; 

Cundiff et al., 1966a; Ray et al., 1970; Cardellino and Frahm, 1971; 

Bailey et al., 1972; Kress and Burfening, 1972; Fahmy and Lalande, 1973; 

Pabst et al,, 1977; Keller and Brinks, 1978; Pell and Thayne, 1978). 

This is largely due to the milk provided by the dam. 
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One of the early studies by Sawyer et al. (1963] indicated that 

2-year-old dams weaned calves 34.0 kg lighter than calves from mature 

dams. Burgess et al. (1954) found a gradual increase in weaning weights 

of Canadian Hereford calves from dams 2 to 6 years of age and a rapid 

decline from progeny of dams 6 to 11 years old. 

In a later study. Burgess and Bowman (1965), found that 2- and 

3-year-old Hereford dams weaned bull calves that were 15.6 kg and 6.1 kg 

below the population average. In 4- to 8-year-old dams little change 

was seen. Older cows weaned calves 6.1 kg above average. Age of dam 

did not appear to affect postweaning growth in the bull calves. Marlowe 

and Gaines (1958) concluded that age of dam was the most important 

source of variation in herds of Angus, Herefords and Shorthorns in Vir

ginia. Maximum production was from 6 to 16 year old dams. Over 19,000 

Angus and Hereford cattle in an Iowa Feed Improvement Program, were 

studied by Sellers et al. (1970). As age of dam increased through 5 

years of age, bulls increased 16.7 kg in weaning weight, steers 14.8 kg 

and heifers 11.7 kg. A decrease in weight was seen in calves from dams 

12 years and older, Bair et al. (1972) investigated age of dam effects 

for 120-, 205- and 305-day weights of Angus-Holstein crossbreds. It 

was found to be highly significant (P < .01) in all cases. Weights 

decreased for calves from dams beyond 9 years of age. 

Geographical location may influence age of dam constants. Bailey 

and Koh (1974) found a greater difference between calves from first calf 

heifers as opposed to older dams in animals raised on the range compared 

to those raised on irrigated pasture, in herds of Herefords in Nevada. 
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An earlier study by Rollins and Guilbert (1954) pointed out that envi

ronmental stress can limit cow productivity of young cows more drasti

cally under range conditions. 

A quadratic response in milk production due to age of dam was 

found in all studies. In a herd of Hereford cows, the peak yield was 

seen at 8.4 years of age (Rutledge et al., 1971). Robison et al. (1978) 

also noted the age of dam effect was curvilinear with yield increasing 

from 2 to 5 years of age. Little difference was seen from age 5 to 8 

but a decline occurred in cattle older than 8 years. The effects of age 

of dam on the weaning weights of Southwestern range calves were evaluated 

by Pahnish et al. C1958). Again age of dam showed a significant curvi

linear influence on age adjusted weaning weights. 

Other Sources of Variation 

Year effects act as a significant source of variation for wean

ing weights by influencing the nutritional environment of the dam and 

calf as well as by other means. Good years provide sufficient rainfall, 

adequate pasture and in turn more milk for the calf. In addition, dif

ferent years can have varying degrees of parasite infestation or disease 

incidence in the herd. Also, temperature stress may vary from one year 

to another. 

Sewall et al. (1963) concluded that year of birth had the 

greatest effect on the weaning weight of Hereford calves. A difference 

of 38.0 kg was seen between the high and low years. Botkin and IVhatley 

(1953) found significant year effects which they stated were due to 
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grazing conditions which in turn were due to rainfall. As Hafez (1963) 

pointed out, under range conditions growth is seasonal and tends to be 

parallel to the curve of monthly rainfall. Generally, there is a time 

lag between the period of maximum rainfall and maximum growth. 

Significant effects of birth year have been found in many 

studies (Pahnish, 1964; Marlowe et al., 1965; Taylor et al., 1966; 

Sellers et al. 1970; Cardellino and Frahm, 1971; Rutledge et al., 1971; 

Eftekhari, 1977; Gregory et al., 1950). At times one may see a steady 

rise or decline in weights associated with year effects. Brown (1960) 

pointed out that this may be due to a bias associated with the culling 

of cows that differed from the herd average in production. Often year 

effects are the largest source of variation for weights at different 

stages. 

Harwin et al. (1966) reported a significant (P < .05) year X age 

of dam interaction. In poor years the weaning weight of calves from 

young cows were more adversely affected than the weaning weight of calves 

from mature cows. 

In Hereford and Angus herds at an Oklahoma experiment station, 

significant (P < .05) year x day of birth interactions were reported by 

Pherigo et al. (1969). Calves bom late in the spring had a greater 

reduction in adjusted weaning weights when drought occurred in mid to 

late summer. 

Season of birth affects calf weaning weight in the sense that 

pasture and climatic conditions undergo changes from one time of the 

year to another. The dam's milk supply is affected and also the calves 
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ability to utilize available forage. Sellers et al. (1970) found season 

to be significant for age adjusted weaning weight in both sexes of 

Hereford and Angus cattle. Calves bom in the winter and spring had 

weaning weights that were approximately 7.7 kg heavier than those born 

in the summer and 4.5 kg heavier than those born in the fall. Breed X 

season interactions occurred, indicating that Herefords had the better 

ability to withstand cold weather than Angus. Alternatively, Angus had 

better growth ability in the spring and summer, being better able to 

withstand heat and humidity. 

Kress and Burfening (1972) reported a significant linear regres

sion of birth weight and age adjusted weaning weight on birthdate for 

Hereford calves in Montana. Calves bom early in the year had smaller 

birth weights and larger 180-day weights. The positive regression (.02 

± 0.03) of birth weight on birth date (day of year) may be due to poorer 

nutritional levels during the last weeks of gestation for cows calving 

early in the season. The regression was negative for weaning weight 

(-.10 ± .02), indicating calves born early in the season had a better 

preweaning environment and ultimately a larger weaning weight partly due 

to their ability to utilize range forage. 

Variation is sometimes small between seasons as was reported by 

Cundiff et al. (1966b). Calves bom in the spring had weaning weights 

only slightly larger than those bom in the fall. Eftekhari (1977) at 

Oregon State University, found that Hereford, Angus and crossbred calves 

bom in February and March had lower weights during the preweaning 
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period but heavier weights postweaning than those bom in June. Calves 

bom later may not have been mature enough to utilize the dry forage 

available. Sewall (1963) observed that February and March calves were , 

heaviest at weaning. 

Other studies noting significant seasonal effects were those by 

Rutledge (1971) for 20S-day weight in Herefords; by Marlowe and Gaines 

(1958) for weaning weight of non-creep-fed calves but not of creep-fed 

calves; by Nelms and Bogart (1956) for suckling gains of Herefords; and 

by Pell and Thayne (1978) for weaning weight in Angus but not Hereford 

calves in a West Virginia Performance Test Program. 

The effect of the sire or line of sire on the preweaning growth 

of the calf is a genetic one as opposed to the numerous environmental 

sources of variation previously mentioned. In a study of Miles City 

Herefords by Brinks et al. (1967) they reported line of sire to be 

significant for birth weight and weaning weight in females. Line of 

dam was significant for birth weight, average daily gain from birth to 

weaning and weaning weight in males. The influence of the dam had a 

greater effect on male Hereford calves than on heifers. 

Thrift et al. (1970) reported that sire effects were significant 

for weaning weight, grade and preweaning average daily gain in Hereford 

steers and heifers. Sire x sex interactions were not significant indi

cating that either steers or heifers could be used in progeny tests. 

Pahnish et al. (1964) found significant (P < .05) sire effects for birth 

weight in bulls but not for weaning weight. Alternatively, sire effects 
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were highly significant (P < .01) for weaning weight in heifers but not 

for birth weight. 

In their investigation of inbred vs. linecross cattle at the 

Havre Montana experiment station Flower et al. (1963) found lines to be 

highly significant for Herefords. Bradley et al. [1966) concluded that 

calves sired by high gaining sires had significantly faster growth rates 

than those sired by bulls of lesser growth ability. Botkin and IVhatley 

(1953), in an investigation of sire effects on birth weight, average 

daily gain to weaning and 210-day weight in Herefords at an Oklahoma 

experiment station, found significant sire x sex interactions for birth 

weight and 210-day weight. However, the effects were small. 

In a study of the breeding merit of topcross parents from the 

San Carlos Hereford herd, Ray et al. (1970) reported that line of dam 

had more influence on the preweaning growth of calves than sire line. 

On the other hand, sire line had a greater influence on birth weight 

and conformation score. It appeared that weaning performance was deter

mined to a greater extent by maternal ability as opposed to genetic 

growth potential. 

The effect of inbreeding of both the calf and the dam on various 

growth traits has been investigated by a number of individuals. Burgess 

et al. (1954) found a negative effect of inbreeding of the calf and dam 

on weaning weight. Regression of weight on the inbreeding of the calf 

was -.8 kg per 1% inbreeding and for the dam, -.5 kg. Nelms and Stratton 

(1967) reported values of -.5 kg per 1.0% inbreeding in the Hereford 
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calf, although inbreeding of the dam was not significant. However, the 

average level of inbreeding was only 5.0%. Koch (1951) reported a de

crease in weaning weight of -.2 kg for each percent of inbreeding in the 

calf and -1.2 kg for each percent of inbreeding in the dam. Alexander 

and Bogart (1961) discovered significant effects of calf inbreeding on 

suckling gains of Hereford and Angus herds in Oregon but not on birth 

weight of the same calves. Brinks and Knapp (1975) in a study of Here

ford, Angus and Shorthorns in the western states, found that the linear 

effect of inbreeding of the dam was highly significant for both prewean-

ing average daily gain and weaning weight in both sexes but was not sig

nificant for birth weight. Inbreeding of the dam was found to have a 

much larger effect on preweaning gain in males as compared to females. 

Increased inbreeding of the dam resulted in decreased milk production. 

Males, who have greater growth potential at the preweaning stage were 

more adversely affected. The linear effect of inbreeding of the calf 

was highly significant (P < .01) for average daily gain from birth to 

weaning and for weaning weight in males. 

Heritability Estimates 

Heritability estimates provide a valuable tool for the breeder 

in determining the amount of progress one can expect when selecting for 

a particular trait. Numerous studies have been conducted on the herit

ability of weights and other preweaning and postweaning traits. 

Different methods are used in the calculation of heritabilities 

with the most common utilizing the covariances of paternal half-sibs. 



19 

offspring-sire, offspring-dam and maternal half-sibs. Koch and Clark 

C1955b) pointed out that the relationship among maternal half-sibs 

differs from that of paternal half-sibs because of the added influence 

of maternal environment. This same factor is present in the covariance 

of offspring-dam. 

There is a wide range of heritability estimates in the published 

reports originating from different locations. The amount of environmen

tal variation differs from one locality to another. Also there can be 

a difference in the amount of genetic variation for a particular trait 

among the herds that were studied. The range for birth weight is .14 to 

1.00. Estimates for weaning weight range from .05 to .69. A summary of 

heritability estimates for these and other traits appears in Table 2. 

A difference between male and female heritabilities is often 

observed. One explanation provided by Guilbert and Gregory (1952) for 

this common phenomenon was that at weaning heifers may be at a physio

logical age more conducive for the expression of genetic differences in 

weaning weight and other traits. Heifers were thought to achieve a 

higher percent of their mature weight at weaning than males. This led 

Brown et al. [1956) to state that heifers might provide a better means 

of estimating the breeding merit of a sire than male calves. 

Correlations Among Growth Traits 

Correlations between characters are of three types. Phenotypic 

correlations are the observed associations between two characters. 

These correlations consist of an environmental and genetic component. 



Table 2, Summary of heritability estimates. 

Number Herit
Trait Breed^ of b ability Reference 

Animals Estimates 

Birth Weight H 355 .45-1.00 Gregory et al., 1950 
H 4553 .26-.44 Koch and Clark, 1955a 
H 720 .14(F), P.ahnish et al., 1964 

.32 (M) 
H 616 .72 Shelby et al., 1955 
H 414 .67 Lasley et al., 1961 
H 1692 .67 Vesely and Robison, 1971 
H 5999 .54 Nelson and Kress, 1979 
A 2113 .40 Nelson and Kress, 1979 

Preweaning H 339 0-.45 Gregory et al., 1950 
Gain H 4553 .07-.34 Koch and Clark, 1955a 

H 720 .25 CP), Pahnish et al., 1964 
.OICM) 

H 5999 .41 Nelson and Kress, 1979 
A 2113 .38 Nelson and Kress, 1979 

Weaning Weight H 339 .26-.52 Gregory et al., 1950 
H 4553 .11-.34 Koch and Clark, 1955a 
H 720 .23CF), Pahnish et al., 1964 

. 05 CM) 
H 577 .30 Rollins and Wagnon, 1956b 
H 616 .23 Shelby et al., 1955 
H 414 .11 Lasley et al., 1961 
H 919 .31CF), Blackwell et al., 1962 

.08 CM) 
H 424 .69CF), Carter and Kincaid, 1959 

.08 CM) 
H 1692 .50 Vesely and Robison, 1971 
H 5999 .43 Nelson and Kress, 1979 
A 2113 .35 Nelson and Kress, 1979 

Postweaning H 5999 . 26 CM) Nelson and Kress, 1979 
Average Daily A 2113 .44CF), Nelson and Kress, 1979 
Gain .47 CM) 

Q 
H-Herefords, A-Angus. 

Number of calves in the study. 



Table 2. Continued. 

Trait Breed 
Number 
of 

Animals 

Herit-
ability 
Estimates 

Reference 

Gain (Weaning 
to 12-Months) 

H 1608 .45 Brinks et al • f 1964a 

Gain (12 to 
18-Months) 

H 1608 .35 Brinks et al., 1964a 

12-Month-Weight H 1608 .41 Brinks et al.. 1964a 

18-Month-Weight H 1608 .50 Brinks et al., 1964a 
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Environmental correlations occur when two characters are influenced by 

the same differences in environmental conditions. Genetic correlations 

involve pleiotrophy or the ability of genes to affect two or more 

characters in the individual CFalconer^ 1960). The genetic correlations 

are important in so far as selection for one characteristic may bring 

about simultaneous permanent changes in other traits. 

Numerous studies have been conducted to evaluate correlations 

between various measures of growth in cattle. The relationship between 

birth weight and weaning weight or weaning gain has been investigated 

often. Gregory et al. (1950) found simple correlations of .07 and .27 

for birth weight and weaning weight in different herds. Calves heavier 

at birth tended to maintain that advantage. Koger and Knox (1951) found 

a genetic correlation of .46 between birth weight and gain to weaning in 

Herefords from the Miles City experiment station; Shelby et al. (1963) 

estimated genetic correlations for Hereford steers. The value for birth 

weight and weaning weight was .68 and the correlation between birth 

weight and average daily gain to weaning was .29. A genetic correlation 

for birth weight and weaning weight estimated by Brinks et al. (1964b) 

for Hereford range cows was .60. Nelson and Kress (1979) in their in

vestigations of Hereford and Angus cattle in Montana reported genetic 

correlations between birth weight and preweaning average daily gain (.17) 

and birth weight and weaning weight (.37). 

The relationship between weaning weight and postweaning weights 

and gains was also investigated. The phenotypic correlation between 

weaning weight and subsequent gains of Hereford weanling calves in 
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Nebraska were studied by Ruby et al. (1948). In general, large winter 

gains were followed by small summer gains. Closer relationships were 

seen between contiguous weights rather than widely separated ones. The 

simple correlation of spring weight with weaning weight was .48. Weaning 

weight and 12-month-weight has a correlation of .89. Marchello et al, 

(1960) studied the genetic correlation of 18-month-weight with birth 

weight and obtained a value of .27. The correlation of 18-month-weight 

with weaning weight was .24. They also found a genetic correlation of 

.04 between daily gain from birth to weaning and during the period of 

winter stress. 

Carter and Kincaid (1959) found a positive genetic correlation 

between preweaning growth rate and subsequent rate of gain in the feed-

lot. The correlation was .51 for heifers and .69 for steers. Improve

ment of both traits should result from selection for either one. It 

was also reported by Koger and Knox (1951) that growth on the range at 

different periods is positively correlated. A positive relationship was 

also observed between growth on the range and growth in the feedlot. 

Kennedy and Henderson (1975b) used Canadian records of perfor

mance for Hereford and Angus beef cattle to estimate genetic, phenotypic 

and environmental correlations between four calf growth traits: weaning 

weight, preweaning average daily gain, 12-nionth-weight and postweaning 

average daily gain. Estimated genetic correlations were .80 for 12-

month and weaning weight and .78 for preweaning average daily gain and 

12-raonth-weight. The correlation reported for weaning weight and 
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postweaning average daily gain was .52. The value for preweaning aver

age daily gain and postweaning average daily gain was .49. An estimate 

o£ .88 was reported for 12-month-weight and postweaning average daily 

gain. 

Blackwell et al. (1962) investigated Hereford data in a New 

Mexico range herd. Genetic correlations for weaning weight and 12-month-

weight were .18 for heifers, .10 for steers and .16 for combined data. 

Brinks et al. C1964b) reported genetic correlations of .56 for birth 

weight and 12-month-weight. The value for birth weight and 18-month-

weight was .60, Correlations between weaning with 12-month-weight and 

weaning with 18-month-weight were .71 and .75, respectively. Finally, 

12-month-weight had a correlation of .90 with 18-month-weight. 

Some gains had negative correlations. Gain from birth to wean

ing had a correlation of -.23 with gain from weaning to 12-month-weight. 

Gain from weaning to 12-month-weight had a correlation of -.06 with gain 

from 12-month- to 18-month-weight (Brinks et al., 1964b3. Swiger et al. 

(1961) noted that a good preweaning environment was a handicap to early 

postweaning gains but enhanced later gains. It was concluded that the 

same genes are largely responsible for gains made during various periods 

during the first year of life. 

In a study conducted by Christian et al. (1965) a significant 

negative correlation was reported between the cow's weaning weight and 

the cows butterfat production to 60 days of lactation. Negative corre

lations existed also between weaning weight and other measures of milk 
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production. It was suggested that a negative genetic or environmental 

correlation or both existed between the weaning performance of the dam 

and the maternal environment provided for the calf. If the correlation 

is genetic, then selecting heifers who are superior in weaning weight 

would result in increased genetic value for growth response but a de

crease in milk production. 

Sawyer et al. (1963) also noted that heavier cows at 18 months 

of age produce heavier calves at birth which gain faster from birth to 

weaning. These animals in turn gained faster in the feedlot. This is 

inconsistent with previous reports that indicate a heifer which is 

heavier during the preweaning and early postweaning stages will produce 

lighter calves. 

Data on cow and calf weights of Angus, Charolais and Herefords 

from Miles City, Montana were used to study the relationship between 

cow size and calf weaning weights (Urick et al., 1971). A small posi

tive relationship was seen with an increase of 1.9 kg in calf birth 

weight for every 45.4 kg increase in cow weight. Frey et al. (1972) 

found a low correlation between Angus cow weight and calf weaning weight 

(.01 to .19). Fatter cows (with higher type classification scores) 

weaned lighter calves. Quaas et al. (1970) studied the relationship 

between calf weaning weight and cow weight. The weaning weight of bull 

calves tended to increase with cow weight up to an optimum and then de

crease, Weaning weights of heifer calves increased very little with 

cow weight and no optimum was indicated. 
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Lasley et al. (1961) reported genetic correlations of .44 for 

gestation length and birth weight, .41 for gestation length and weaning 

weight and .93 for intrauterine growth and growth from birth to weaning. 

Genes responsible for variation in growth from conception to birth are 

also responsible for variation in growth from birth to weaning. 

Correlations Between MPPA and Various 
Traits of the Cow 

The concept of Most Probable Producing Ability introduced by 

Lush around 1945 was not investigated to any great extent until later 

years. Ellicott c?!: al. in 1970 looked at MPPA and its correlation to 

the cov/'s own weight. It was seen that cows out of relatively young or 

old dams were above average in the ability to produce calves with heavy 

weaning weights, although they had lower weaning weights themselves. A 

negative correlation (-.70) existed between the cows own weaning weight 

and MPPA for weaning weight by age of dam classification. The same 

general trend was seen for condition score. IVhen classified by year of 

birth of the cow there was a negative correlation between weaning weight 

and MPPA (-.50). This indicated that cows born during years when wean

ing weights were high, produced calves with lighter weaning weights. It 

was concluded that in general heifer weaning traits were not good indi

cators of probable producing ability. It is belived that adverse effects 

can occur if the preweaning plane of nutrition is too high in heifers. 

Totusek (1968) reported that a high plane of nutrition given Hereford 

and Angus cows prior to calving resulted in poor milk production as 

opposed to animals given a low plane of nutrition. According to Swanson 
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(1960) fat deposition can take the place o£ development of secretory 

tissue in the mammary glands of such animals. 

This had been observed in an earlier study with rats (Swanson 

and Spann, 1954). Mammary glands of fattened rats were found not to be 

fully developed. Excess fat appeared to be detrimental to lactating 

ability. Rats given ad lib feeding raised only 59.0% of their young to 

weaning with an average litter gain of 136 gm. However, rats fed 80.0% 

of ad lib through pregnancy, raised 93% of their offspring with an aver

age litter gain of 236 gm. 

Mangus and Brinks (1971) investigated product moment correla

tions of the cow's weaning weight, weaning age and weaning score with 

MPPA. A low relationship was found with values of .14, .05, and -.02 

respectively. A negative correlation was also seen between inbreeding 

levels of the cow or her dam and MPPA. Correlations were -.17 for cow 

inbreeding and MPPA and -.23 for inbreeding of her dam and MPPA. Birth 

year of the cow, age of the cow's dam and line of the cow's sire also 

had their effects on the cow's subsequent MPPA. 

Burfening and Kress (1973), studying the performance of cross-

line females, measured heterosis for MPPA of birth weight and 180-day-

weight. The degree of heterosis was 1.6% for the two traits. 

Holloway and Totusek (1973) measured the relationship between 

preweaning nutritional management and subsequent lactation and reproduc

tive performance of Angus and Hereford females in Oklahoma. It was 

reported that creep-fed females weaned the lightest calves. Other 
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groups were weaned at 140 and 240 days without creep feeding. Normal 

weaning at 240 days appeared to be preferable for reproductive perfor

mance, indicating that heifers which are not excessively heavy at wean

ing subsequently display the better reproductive performance. 

Weaning i^nd yearling weights of Hereford and Angus dams were 

used by Boston et al. (1975) to estimate the merit of the weights as 

indicators of subsequent cow productivity. This was measured in terms 

of the first ten possible progeny weaning weights, their mean and MPPA. 

Most correlations were positive. This study, contrary to some of the 

others, indicated that selection of replacement heifers based on wean

ing weight and yearling weights should result in increased progeny 

weights. 

MPPA has been investigated in sheep as well as cattle (Magid et 

al., 1976). Hampshire and Columbia ewes were evaluated for the rela

tionship between ewe weaning weight and the ewes subsequent productivity 

in terms of lamb weaning weights. A negative correlation was seen 

between actual weaning weights (within age of dam groups) and MPPA. 

Values for the two breeds were -.39 (Hampshires) and -.25 (Corriedales). 

Kress and Burfening (1972) investigated the phenotypic relation

ship between measures of early growth of the heifer and her subsequent 

MPPA for 180-day-weight. Correlations of 180-day-weight and postweaning 

average daily gain with MPPA were .15 and -.01. The cow's MPPA was 

significantly affected by year of birth, age of dam and birth date. The 

environmental sources of variation contributed negatively to the rela

tionship between early growth and MPPA. Cow line, which was a 
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significant genetic source of variation, tended to contribute to a 

positive relationship between the two traits. 

Hohenbaken and Brinks (1971) examined the genetic correlation of 

MPPA of the dam with weaning weight, postweaning average daily gain, 

grade and feed efficiency in Hereford calves at a Colorado experiment 

station. Values obtained were .49, -.22, -.17, -.23, respectively. 

Hereford bull calves from the Havre, Montana station were studied by 

Kress (1977). The phenotypic correlation between two measures of effi

ciency in the calves and the correlations between dam MPPA and calf 

weaning weight were small and negative. Calves from cows with high 

MPPA values consumed more feed but gained no faster during the post

weaning period than calves from dams with low MPPA. Calves with high 

weaning weights gained faster, consumed more feed and were somewhat less 

efficient. Animals with high birth weights, however, were slightly more 
• 

efficient during the postweaning period than those of low birth weight. 

Measurements of Fertility Traits 
of the Cow 

Measures of fertility or reproductive performance in livestock 

entail numerous components including birth of the live offspring, pro

lificacy or litter size, survival to weaning, intervals from one parti

tion to the next, services per conception and day of birth within the 

prescribed season. 

Reproductive traits have been shown to be mainly influenced by 

environmental effects and non additive genetic variance. This has 



30 

resulted in low heritability estimates reported in some studies (Lindley 

et al., 1958; Davenport, 1965; Dearborn et al., 1973). Alternatively 

others have reported estimates that would indicate that certain aspects 

of reproductive performance in cattle may be improved through selection 

CWilcox et al., 1957; Shelton and Menzies, 1970; Milagres et al., 1979). 

Values Reported and Relationship 
to Other Traits 

One of the early studies (Stewart, 1945) concerned prolificacy 

in swine. The heritability estimates ranged from ,09 to .18. Work by 

Blunn and Baker (1949) resulted in heritability estimates of .24 for 

total number of pigs farrowed, .22 for pigs bom alive, .27 for pigs 

alive at 21 days and .22 for pigs alive at 56 days. Dearborn (1973) 

reported the heritability of reproductive traits in swine to be generally 

low. The regression of daughter on dam for litter size was .13. The 

granddaughter-granddam estimate was .28. It was concluded that at least 

in the case of litter size, progress could be made in selection. 

Low heritability estimates (close to zero) were reported for 

days to first estrus, days to conception and services to conception in 

dairy cows (Carmen, 1955). Lindley et al. (1958) reported heritabilities 

near zero for average services per conception, days from calving to con

ception, gestation length and calving interval in Hereford cows. 

Davenport et al. (1965) studied reproductive performance in 

terms of calves born per cows exposed to bulls. Heritability estimates 

were .15 and .14 for inbred and linecross beef cows, respectively. Aver

age repeatability was .08. Repeatability was lower than heritability 
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because the estimates included different arrangements of the data. It 

was stated that reproductive performance in terms of calving percent 

would not respond greatly to selection. Deese and Koger (1967) investi

gated heritability of fertility among cows of crossbred and Zebu breed

ing under conditions where reproductive efficiency is generally low. 

Estimates for birth rate in Brahman cattle based on 1 or 2 records were 

.31 and .21. For the crossbreds the values were .63 and .56. These 

values were higher than those normally estimated. The occurrence of 

heritable differences may have increased in tropical areas where low 

nutrition level and natural stress tend to work against normal repro

duction. Progess can occur through selection. The reproductive perfor

mance of Hereford cows was studied by Milagres et al. (1979"). Calving 

rate at 2 years of age had a heritability of .01. Excluding those 

animals who failed to calve at 2 to 3 years of age raised the herit

ability to .21. Services per conception for first calving had a herit

ability of .64. 

Heritability and repeatability estimates were obtained by 

Shelton and Menzies (1970) for several entities contributing to repro

ductive efficiency in two flocks of fine wool sheep. Repeatability of 

fertility was 4.4%, prolificacy was 13.2%, and livability was 8.3%. 

Heritability of fertility based on paternal half sib estimates was .27 

for ewes subjected -to suboptimum nutrition. For those receiving adequate 

nutrition, the value was .07. Shelton and Menzies (1968) also investi

gated reproductive performance in registered Rambouillet ewes. Herit

ability was estimated by paternal half-sib methods and intrasire 

regression. Values for the heritability of number of lambs bom was .26 
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and .18 by the two methods respectively. Heritability estimates for the 

total number of lambs produced was .29 and .26, respectively. Also 

considered were estimates for the nuji^ber of lambs born to a ewe compared 

to the number of years spent in the flock. Tne two methods of estima

tion yielded heritabilities of .21 and .28, respectively. The values 

for the number of lambs raised per number of years spent in the flock 

were .22 and .27. A low negative genetic correlation was reported be

tween weaning weight of the ewe and measures of ewe fertility. Sidwell 

and Miller (1971) compared five breeds of sheep with respect to fertil

ity, prolificacy, livability and overall reproduction. Years were a 

significant effect for all traits but prolificacy. Age of dam was signi

ficant for prolificacy and overall reproduction. 

Calving interval and gestation length have been considered in a 

number of studies. Legates (1954) reported a heritability of 0 for 

calving interval in dairy cows. A similar value was found by Brown et 

al. (1954) in beef cattle. El Sheikh and El Fouly (1962) reported the 

first calving interval to be significantly longer than the following 

interval in Friesian cattle. However, the first interval decreased as 

age at first calving increased. The variability in calving intervals of 

Brahman cows was studied by Borsatti et al. (1979). Individual herd 

repeatabilities ranged from .05 to .50. It was believed that culling 

cows on the basis of calving interval could improve average reproductive 

performance of certain herds. 

Comparative gestation lengths were investigated in cows carrying 

Hereford, Angus and crossbred calves. Averages were 289.0 days for 
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Herefords, 272.8 days for Angus, and 281.4 days for both reciprocal 

crosses. Differences were highly significant for Herefords vs. Angus 

(Rife et al., 1943). The studies of Livesay and Bee (194S) substantiated 

that crossbreds were intermediate between purebreds for gestation length. 

No significant differences were found between cows carrying males or 

females. Jafer et al. (1950) found that males were carried significantly 

longer than females in Holstein-Friesians. No year or season effect was 

seen in this study. Birth weight was significant for gestation length 

but the inbreeding of the calf and dam did not significantly effect 

gestation length, Heritability and repeatability of gestation length 

were investigated in Angus, Shorthorn and Hereford crosses by l^Theat and 

Riggs (1957). Heritability estimates based on maternal half sibs, full 

sibs and paternal half sibs were .22, .36, and .50, respectively. Re

peatability based on different methods averaged around 20.0%. 

Calving date has been looked at to a lesser extent than some 

other factors effecting reproductive efficiency. A study by Schilling 

et al. (1968) showed that the previous calving period as well as various 

weight changes in the cow were significant for calving date. Cows, dry 

during the breeding season, had lower calving percentages than lactating 

animals (58.6% vs. 83.4%). Burris and Priode (1958) studied the effect 

of calving date on subsequent cow performance. They found 6.1% fewer 

cows calving when a delay of 20 days occurred in the previous year. 

Selection for an early date resulted in an increase in calving percent 

and an earlier calving date in the next year when the breeding season 

was limited to 96 days. Cows calving late one year, calved later or 
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didn't calve at all the next year. It was concluded that cows could be 

selected on the basis of an early calving date to improve fertility. 

Lesmeister et al. [1973) investigated the date of first calving 

in two herds of Hereford beef cows as it related to lifetime production. 

Heifers calving in the early part of the season tended to calve earlier 

throughout the remainder of their productive lives. These animals had 

a higher average annual lifetime calf production. Data from the Bozeman, 

Montana station showed a difference in lifetime average of 201 vs. 171 

kg for the early and late group, respectively. For animals at the Havre 

experiment station the values were 185 vs. 179 kg. Repeatability esti

mates for early calving were .09 and .11 in the two herds. 



MATERIALS AND METHODS 

Animals and Management 

Data from a herd of registered Hereford cattle owned and managed 

by the San Carlos Apache Indian tribe were used in this study. The data 

were collected from approximately 2647 heifer calves and 2483 bull 

calves born during the years 1957 through 1975. 

The herd was maintained on semi-arid range at an altitude of 

1500 m above sea level. The location of the range area is about 100 km 

east of Globe, Arizona. Average temperatures ranged from 7,2 C in the 

winter to 29.4 C in the summer (Taylor, 1966; Ray et al., 1970). 

The forage of the area v^as described by Nichol (1952) and basi

cally consists of desert grassland vegetation. The cattle were main

tained on range forage and supplementation was provided only for specific 

experiments not included in this study. As described by Taylor (1966) 

and Masanja (1977), cows were allotted randomly within age groups to 

single sire breeding pastures prior to calving and remained there until 

the end of the breeding season. Approximately 30 cows or heifers were 

placed in each breeding pasture. Replacement heifers entered the 

breeding herd at 2 years of age and cows were routinely culled at 10 

years of age. The breeding season extended from the first of May to 

the end of July. Cows and calves remained together until November for 

the years 1957 through 1969. Thereafter, weaning occurred in late 

October. Breeding pastures had similar water and forage available for 

35 
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a particular year although conditions varied considerably between years. 

After weaning the sexes were separated and conditions were not totally 

equivalent for the two groups. 

During the calving season, newly born calves were identified with 

a tattoo and birth date, dam identification and birth weight were re

corded. Bull calves were not castrated. Weighings also took place in 

October or November when weaning weights and 20-month-weights were re

corded and in March when yearling and 24-inonth-weights were taken for 

those animals still remaining with the herd. Condition scores based on 

a 15-point system were also taken at these times (Pahnish et al., 1964). 

Weaning comments included abnormalities, injuries, vision impairments 

and presence or absence of horns. Data for the cow included comments on 

cancer eye, condition of the udder, soundness, and skeletal size as well 

as weights and condition scores obtained in May during the breeding 

season. 

Numerous lines of bulls were used throughout the years of this 

study. These included lines from Experiment Stations in Montana, Colo

rado, Nevada, Wyoming, Utah, New Mexico and Arizona CMasanja, 1977). In 

general, lines were somewhat indistinct and were not considered as 

sources of variation in the analysis. 

Some data were eliminated from the analysis. Early weaned ani

mals, consisting of approximately 251 calves, were excluded. All dogies 

(orphans), blind calves and calves from crippled cows were eliminated. 

Animals without a birth date or weaning weight were removed. Calves 
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born less than 25 days into the year and more than 153 days were ex

cluded. Bulls put on a feeding test after weaning were excluded from 

analyses dealing with postweaning traits. 

Adjustment Factors 

Most Probable Producing Ability (MPPA) is a means to adjust the 

records of cows in a herd (with different numbers of records) to the 

same basis. 

The formula most frequently used is: 

MPPA = 100 + 100 

J, / calf record ^ 
nr Y \herd avera'ge 

1 + (n-l)r ^ n 

) 

where, 

n - refers to the number of calves or records involved. 

r - is the repeatability which is calculated specifically for 

this herd. 

calf record - in this instance refers to a corrected weaning 

weight which is the age adjusted weight (corrected for year, 

age of dam, year x age of dam interaction and regression on 

day of birth). 

All weaning weights were adjusted to the average age of 230 days 

using the formula: 

Age adjusted weaning weight = x 23o) 

+ birth weight. 
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Since sex has been determined to be a significant source of 

variation in weaning weight in cattle (Koch and Clark, 195Sa; Pahnish 

et al.j 1961; Brinks et al., 1961; Jeffrey, 1971; Fahmy and Lalande, 

1973) it was decided to separate the sexes in the majority of the analy

ses. Also, sex X age of dam interactions had been found by Harwin et al. 

(1966) and Anderson and Willham (1978) in their investigation of pre-

weaning growth and weaning weights. Because of the possibility of this 

interaction it is easier to obtain correction factors through the use of 

separate analyses for each sex. 

Apart from sex and age of calf adjustment, it was necessary to 

look at other sources of variation in weaning weight. A Multivariance 

program was used to obtain regression coefficients (linear and quadratic) 

for the effects of season of birth. This took the form of the regression 

of weaning weight on day of birth. 

A statistical model was used to analyze the age adjusted weaning 

weights for the effects of year of birth of the calf, age of dam and the 

interaction of the two. The computer program utilized was the Statisti

cal Package for the Social Sciences (SPSS) (Nie et al., 1975). 

The linear model took the form: 

Y.. = y + c. + aiZ + a2Z^ + (ajZc. ) + (a^Z^c.) + e.. 
XJ 1 1 ^ 1*^ ij 

th till 
where: Y.. = the observation of the j animal bom in the i year 

ij 

(weaning weight) 

\i = the theoretical population mean when equal subclass numbers 

exist 
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til 
= the effect of the i year expressed as a deviation from 

the overall mean 

ai = the partial linear regression of the dependent variable 

(weaning weight) on the independent continuous variable 

(age of dam) 

32 = the partial quadratic regression of Y on Z 

= the age of dam measured as a continuous independent 

variable 

(a^Zc^) = the interaction of year and the linear regression of 

weaning weight on age of dam 

Ca2Z^c^) = the interaction of year and the quadratic regression 

of Y on Z 

e^^ = the random errors, assumed to be independent and normally 

distributed. 

Correction factors were obtained which included the effects of 

year, age of dam (linear and quadratic) and the interaction of year with 

the linear regression of weaning weight on age of dam. The higher order 

interaction was found not to be significant. The correction factors 

were obtained from predicted means which are similar to least squares 

means. 

Correction factors were added to the age adjusted weaning weight. 

The regression coefficients for day of birth (obtained from the Multi-

variance program) were multiplied by the value obtained by subtracting 

a median day of birth (66 days) from actual birth date. In this way we 

are adjusting the weight to a more frequently occurring value than 0. 
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The formula for adjusted weaning weight is as follows: 

Adjusted weaning weight = 230-day-weight + Correction factor 

+ bi(x-x) + b2 Cx-x)^ 

where: 

Correction factor = effects of year, age of dam and year x age 

of dam interaction 

bi = linear regression of weaning weight on day of birth 

b2 = quadratic regression of weaning weight on day of birth 

x = actual birth date 

x = median birth date. 

In the case of the females, only the linear regression of weaning 

weight on day of birth was significant. The quadratic regression was not 

significant and therefore, not utilized. 

Statistical Analyses of Growth Traits 

The adjusted weights were used to obtain weaning weight ratios so 

that repeatability estimates could be calculated. For the repeatability 

estimate and the ultimate calculation of MPPA it was necessary to use a 

weaning weight ratio rather than a weight. Ratios were based on a com

parison of the individuals weight with the herd average over all years 

calculated separately for each sex and then averaged to obtain a single 

ratio for each cow. 

The repeatability estimate for weaning weight was obtained 

through an intraclass correlation coefficient. The model and estimated 



41 

mean squares were as follows: 

Source E [MS) 

f 2 J. V. rr2 

Within dams 

Between dams + ki a' 
e w 

o 

e 

2 

w ( 

Only dams having two or more offspring were included in the analysis. 

The Most Probable Producing Ability of the cows was calculated 

with these modifications of the original formula previously shown. 

MPPA = 100 + nr 
1+ (n-l)r 

MPPA was then multiplied by 10 and .5 was added to obtain an integer 

value which was punched on the computer cards. 

n = number of records 

r = repeatability estimate 

IWR = corrected weaning weight ratio. 

A Fortran program was used to obtain heritability estimates for 

weaning weight and weaning weight ratios based on paternal half sib 

correlations. Estimates were based on weaning weights corrected for age 

of calf year, age of dam, and year x age of dam interactions only, on 

weights corrected for the above plus the effects of day of birth, and 

also on weaning weight ratios. Again, analyses were separate for the 

two sexes except for weaning weight ratio. Standard errors for 
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heritability and repeatability were calculated based on formulas pre

sented by Dickerson (19^0) snd Shelby (1963). 

The paternal half-sib analysis was calculated as follows: 

Source E(MS) 

Between sires + kj 

Within sires , w 

h =-4M^ 
+ a' 

s w 

Sire groups with less than five offspring were excluded. 

Twelve-month, 20-month and 24-month gains and losses were ana

lyzed with the same SPSS regression program used for weaning weight. 

This was done in order to correct the gains and subsequently the weights. 

Gains were calculated as follows: 

. CYW-UIV1V)*135 
12-month-gain/loss = 

CTIV-UWW) *370 
20-month-gam/loss = 

. [TF-Uim)*500 
24-month-gain/loss = ^ 

YW = unadjusted 12-month-weight 

TW = unadjusted 20-month-weight 

TF = unadjusted 24-month-weight 

UWW = unadjusted weaning weight 

D = actual days between weaning and the respective date for weighing. 

The 135, 370 and 500 days represent the average number of days from the 

average weaning date to the respective age. 
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No significant interactions were present, thus correction factors 

were obtained only for year effects and the regression of gain on age of 

dam (both linear and quadratic if significant]. These correction factors 

were added to the gain and this in turn was added,to the adjusted wean

ing weight. 

Adjusted weight (12-, 20-, or 24-month) = gain/loss + correction 

factor + adjusted weaning weight. 

Heritability estimates based on paternal half-sib correlations 

were calculated for each of the corrected wights and each of the correc

ted gains. 

A data set 756 cows (with birth years ranging from 1957 to 1972) 

were used to obtain genetic, environmental and phenotypic correlations 

of weights, gains and MPPA of the cows. An SPSS program was used, first 

to obtain correlations and then to obtain covariance matrices from which 

the genetic correlations could be calculated. 

The following analysis of covariance model was used to obtain 

correlations: 

Source E(MS) 

Between sires Gov + ki Gov 
w ^ s 

Kithin sires Gov 
w 

where is the effective number of offspring per sire. 

Genetic correlations were calculated using the method described 

by Becker (1964). 
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where R„ stands for genetic correlations, refers to the sire vari-
u S 

ance and x and y are the two traits under consideration. 

R 
Covs + Gov, 

w(y3 ° sCy) 

where Rp refers to phenotype correlations and is the error variance. 

where R^ is the environmental correlation. 

Statistical Analyses of Fertility Traits 

UTiile MPPA gives an estimation of producing ability in terms of 

progeny weaning weight, it does not consider the future fertility of the 

cow involved. Several measures of fertility were therefore considered. 

death loss. Fertility (pregnancy rate) was defined as the ratio of cows 

that became pregnant compared to the number exposed to bulls. The 

number of pregnant cows were determined by adding the number that calved 

to the number that had records indicating an abortion or still-birth. 

Death loss referred to the ratio of calf losses (including abortion, 

death loss before weaning and predator loss) compared to the number of 

cows that were pregnant. Death loss was determined on the basis of 

recorded remarks for cows that calved and for those that lost a calf 

prior to birth. 

The data were analyzed using an SPSS regression program (Nie et 

al., 1975). The analysis of variance included year and age of dam 

A preliminary study dealt with percent fertility and percent 
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factors. This allowed for the grouping of data into 152 possible cate

gories since there were 19 years and eight age of dam classifications. 

Data were analyzed on this basis rather than on the basis of individual 

animals. Since the number of animals in each category differed the 

groups were weighted. The pregnancy rate for each category was multi

plied by the square root of the number of exposed animals for that cate

gory. Death loss was multiplied by the square root of the number of 

pregnant animals for each group. 

A Least Significant Difference test (LSD) was used to analyze 

age of dam effects in the case of death loss. It was not used to test 

age of dam differences for fertility since this was not a significant 

source of variation. 

A component of fertility considered in this study was day of 

birth of the calf. A total of 1728 records were available for cows who 

calved during the years 1967 to 1972. Dry cows (those not calving 

during the previous year) were separated from lactating ones. The dry 

cows included first calf heifers. Lactating cows were those who did 

calve in the year prior to the year in question. The dry group in

cluded 834 records; the lactating group had 874. 

The purpose of the models was to investigate the sources of 

variation for day of birth and possible causes of stress during the 

breeding season. 

Two models were utilized for the dry cows: 

Model A 

r 2  = u + b^ + Sj + a^X + a^X^ + (a^Xb^) + (a2X^b^) + e^^ 
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where: 

til t h 
= the observation of the k cow, in the i year bred to 

^1. -th the J sire 

u = theoretical population mean when equal subclass numbers 

exist 

b^ = the effect of the i^^ year 

s. = the effect of the service sire 
J 

ai = the partial linear regression of day of birth on age of dam 

a.2 = the partial quadratic regression of day of birth on age of 

dam 

= age of dam at breeding measured as a continuous indepen

dent variable 

(aiXb.) = the interaction of year and the linear regression of 
1 

Y on X 

Ca2X^b^) = the interaction of year and the quadratic regression 

of Y on X 

e^jj^ = the random errors assumed to be independent and normally 

distributed. 

Model B was similar to model A except that in place of the s^ 

term for service sire, a term ("igj) was substituted for maternal grand-

sires (sire of the cow). 

The models for the lactating cows included additional factors. 

Model C, in addition to considering the effects of year, service sire, 

age of dam and the interaction of year with age of dam (linear and 
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quadratic), also considered sex of the calf, condition score of the cow 

during the breeding season, the regression of birth date of the present 

calf on birth date of the previous calf (linear and quadratic) and the 

regression of day of birth on the birth weight of the previous calf. 

Model D considered the weight of the cow during the breeding season. 

This was estimated as a regression of day of birth on weight (linear and 

quadratic). Another regression was utilized in Model E. The effects of 

MPPA were considered as a source of variation. This value included all 

calves produced up to the time of breeding. Model F included udder 

capacity of the cow during the breeding season as a main effect. Udders 

were scored from 1, which was the smallest, through 4, which was the 

largest. For models G and H, the effects of the regression of day of 

birth on weaning weight (actual) and weaning weight ratio (adjusted) 

were considered. These refer to the weights of the previous calf 

(present during the breeding season). All of the above models also in

clude the effects of year of breeding, service sire and age of dam. 

Model I considered the effects of year, age of dam (linear and quadratic) 

and maternal grandsires for the lactating cows. 

The above models were run on the Cyber 175 using an SPSS regres

sion program (Nie et al., 1975). The program considered the effects in 

a hierarchical manner. It was decided to run the complete models for 

the lactating and dry decks using the SPSS step-wise inclusion program 

which indicates the factors of greatest importance for day of birth. 

From this program, correction factors for year effects were obtained to 

adjust the dependent variable. 
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It was decided to use only year effects for adjustment since 

they were the greatest source of variation in day of birth. The other 

factors, although significant did not add as much to the total variation 

as year effects. Day of birth was adjusted with the appropriate values 

and heritability estimates were obtained from paternal half-sib analyses. 

Heritability was estimated for day of birth as a trait of the calf in the 

dry and lactating groups and also as a trait of the cow for the lactating 

group. Appropriate standard errors were calculated. 



RESULTS AND DISCUSSION 

Weaning Weight 

Weaning data for bull and heifer calves were adjusted for use in 

the Most Probable Producing Ability formula. Before other sources of 

variation in weaning weight could be investigated, weights had to be ad

justed for differences in calf age at weaning. Two hundred thirty days 

was chosen for the standard since it approximated the average weaning 

age for years 1957 to 1975 (Appendix A). This was the same value used 

by Pahnish et al. (1964) in their study of the San Carlos herd. 

Average unadjusted birth weights and age adjusted weaning weights 

are shown, classified by year and age of dam for males and females (Ta

bles 3 and 4). There is a difference of approximately 6.3 kg between 

the high and low years for birth weight in males. The value for females 

is 5.9 kg. In the case of age adjusted weaning weight the difference is 

62.6 kg for males and 50.3 kg for females. For the age of dam classifi

cations, no pattern could be seen in the unadjusted birth weights. How

ever, in the case of age adjusted weaning weights, the highest weights 

were recorded for the mature cows as opposed to the 3 and 4-year-old 

dams. Both birth weights and age adjusted weaning weights are higher in 

males than in females. This is in agreement with a number of studies 

(Koch and Clark, 1955a; Brinks et al., 1961; Sewall, 1963; Jeffrey, 1971; 

Fahmy and Lalande, 1973). 
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Table 3. Yearly average unadjusted birth weights and 
age adjusted weaning weights (males and females). 

Birth Weight (kg) Weaning Weight (kg) Numbers 

Year Males Females Males Females Males Females 

1957 36.7 34.0 198.2 189.2 80 75 
1958 36.7 35.4 211.4 196.0 105 89 
1959 37.6 35.8 221.4 202.3 95 98 
1960 36.7 35.4 234.1 206.8 117 121 
1961 34.9 34.5 204.6 196.4 125 132 
1962 37.2 35.4 208.7 190.5 120 130 
1963 36.3 34.0 190.5 181.0 154 199 
1964 37.2 35.4 199.1 187.8 95 94 
1965 34.0 32.7 210.5 195.0 127 138 
1966 31.3 30.4 215.5 198.0 151 139 
1967 34.0 33.6 171.5 162.4 151 164 
1968 32.2 30.8 183.7 169.6 164 172 
1969 33.6 32.2 195.0 185.5 166 183 
1970 33.6 32.7 209.1 199.1 131 182 
1971 36.3 36.3 200.5 191.0 149 158 
1972 33.6 32.2 224.1 211.8 137 166 
1973 33.6 33.1 228.6 211.8 185 192 
1974 32.2 30.4 199.1 186.0 158 163 
1975 37.6 35.4 222.3 212.7 132 138 

Total 
Avg. 35.0 33.7 206.7 193.3 2542 2733 
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Table 4. Average birth weights and age adjusted weaning 
weights classified by age of dam (males and 
females). 

Age Birth Weight (kg) Weaning Weight (kg) Numbers 
of Dam Males Females Males Females Males Females 

5 33.6 32.7 195.0 186.0 530 598 

4 34.9 33.1 201.4 192.0 517 572 

5 35.4 33.6 211.8 193.7 429 472 

6 34.9 34.0 209,6 198.7 376 369 

7 34.9 34.0 215.5 195.5 285 278 

8 35.4 34.0 213.2 196.0 212 224 

9 35.4 33.1 210.0 196.4 112 144 

10" 36.0 34.9 204.4 191.0 81 76 
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Several computer programs were used to investigate the sources of 

variation in weaning weight. A multivariance program (Finn, 1974) was 

initially used to estimate regression coefficients for season effects. 

Both the linear and quadratic regression of weaning weight on day of 

birth were highly significant in males. Only the linear effect was sig

nificant in females. Values C5<g) "the rRsression coefficients were 

-.171 (linear) and .002 (quadratic) for males. The coefficient for fe

males was .137 (linear). A difference in sign was evident between males 

and females. However, the size of the quadratic effect was large enough 

to allow the regression line for males to curve upward for the later 

birth dates. The implications for both males and females was the pre-

weaning gains were higher for calves born later in the season. 

A significant effect for the regression of weaning weight on 

birth date was seen in the study by Kress and Burfening (1972). They 

obtained a linear regression coefficient of -.10 ± .02 for 180-day 

weight. The indication was that calves born early in the season had a 

better preweaning environment. Eftekhari et al, (1977) related this to 

the inability of late born calves to utilize dry forage. 

In the present study there was an opposite trend, with later 

bom calves doing better in terms of weaning weight. It is possible 

that the winters at San Carlos do not provide adequate forage for dams 

calving during the first month of the calving season. A better prewean

ing environment may be provided for calves born in mid-March or later. 

In a study by Eftekhari et al. (1977) Hereford, Angus and cross

bred calves born early in the season (February or March) had lower 

weights during their early preweaning life. The difference, however, was 
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that this group experienced compensatory gain during the latter part of 

the preweaning period. At that time, milk supplies increased due to in

creased forage for the dam. The calf at that stage was also old enough 

to utilize the dry forage available. This was in contrast to the later 

born calves who started out with a good preweaning environment but ended 

with lower weaning weights than the others. Apparently, compensatory 

growth to the weaning stage did not occur in the early born calves of the 

present study. Also, later born calves did not seem to be limited by 

lessened supplies of milk or succulent forage. 

A difference was evident in the shape of the curves (linear vs. 

quadratic) for the males and females. This may be a result of biological 

differences between the sexes. Pahnish et al. (1964) had speculated that 

this was the cause for differences in heritability estimates between 

males and females. It appears that males are more sensitive to changes 

in the environment. This could be the reason for the differential re

sponse indicated by the regression coefficients. 

An SPSS regression program (Nie et al,, 1975) was used to obtain 

the needed correction factors which included the effects of year, age of 

dam and the interaction of year with age of dam (linear). Preliminary 

runs indicated no significant interaction of year with age of dam (quad

ratic) . 

Year effects, which were very large in this study (Tables 5 and 

6), have been observed in numerous studies (Botkin and IVhatley, 1953; 

Sewall et al., 1963; Pahnish et al., 1964; Marlowe et al., 1965; Taylor 

et al., 1966; Sellers et al., 1970; Cordellino and Frahm, 1971; Rutledge 

et al., 1971; Eftekhari et al., 1977; Notter et al., 1978). The large 
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Table 5. Sources of variation for age adjusted weaning 
weights (niales). 

Source of Variation Degrees of Freedom Mean Squares 

Years 18 176234.83** 
Age of dam (linear) 1 175059.20** 

(quadratic) 1 234360.07** 
Year x age of dam (linear) 18 11016.04** 
Error 2502 2761.60 

<  . 0 1  

Table 6. Sources of variation for age adjusted weaning 
weights (females). 

Source of Variation Degrees of Freedom Mean Squares 

Years 18 142514.41** 
Age of dam (linear) 1 36977.93** 

(quadratic) 1 92830.90** 
Year x age of dam (linear) 18 5402.63** 
Error 2694 2153.66 

**P < .01 



year effects were probably due to the fluctuation in climatic conditions 

at San Carlos. Occasional severe winters caused problems as did periods 

of drought which vifould result in insufficient vegetation. Milk supply 

of the dam and available forage for the calf could be adversely affected 

by these factors. Since the breeding herd was not supplemented the 

available forage condition of the cows were especially important envi

ronmental effects. Temperature stress was an additional factor that 

could affect the well-being of the animals. 

Age of dam effects, which were highly significant CP < .01) in 

this model (Tables 5 and 6) were seen in many other studies. Signifi

cant age of dam effects on weaning weight were reported by Burgess et 

al. (1954), Marlowe and Gaines (1958), Sellers et al. (1970), Bair et 

al. (1972), Pabst et al. (1977), Pell and Thayne (1978). 

The quadratic response for age of dam has also been reported by 

others (Pahnish, 1958; Rutledge, 1971; and Robison, 1978). They noted 

a curvilinear influence on either milk yield or weaning weight which was 

a reflection of that yield. 

The year x age of dam interaction seen in this study was also 

reported by Harwin et al. (1966). He saw this as a response to the type 

of stress that will affect immature cows more than mature ones. It was 

stated that in poor years, the weaning weights of calves out of young 

cows are more adversely affected. Harwin found that in favorable years, 

calves from 2 year old dams were 21.3 kg lighter than calves from mature 

dams. In poor years the difference was 39.9 kg. 
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A pattern such as that was not evident in the present study. 

Although the curvilinear effect was present, it was not so extreme as in 

other studies. In one of the most favorable years (1975) the differences 

between calves from various age of dam classifications was 14.1 kg in 

males and 8.5 kg in females. In the poorest year (1967) the differences 

were 13.2 kg in males and 8.3 kg in females. Much greater differences 

occurred between different year-age of dam subclasses. The largest 

difference in males was 75.0 kg and in females 58.0 kg (Appendices B and 

C). 

IVhen age of dam is considered over all years it was seen that 

the effect was more curvilinear in males than in females (Table 7). The 

average difference between calves from 3-year-old dams vs. calves from 

mature dams was 16.0 kg for males and 9.3 kg for females. The larger 

curvilinear effect in males was also reported in an article by Cundiff 

et al. (1966a). They suggested that males may challenge their dams more 

to stimulate milk flow. 

Pahnish (1964) indicated that there was a difference between 

bulls and heifers in their sensitivity to environmental stress. This 

would be particularly evident under range conditions such as those found 

at San Carlos. 

Weights were corrected using the appropriate correction factors 

for the year-age of dam category. The category for 1975, with 7-year-old 

age of dams was used as the standard and was therefore, zero. The cor

rection factors were added to the age adjusted weights. The regression 
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Table 7. Age of dam adjustment factors (additive-kg). 

Age of dam 3 4 5 6 7 8 9 10 

Correction 
Factor (males) 16.0 8.9 3.9 0.9 0 1.2 4.5 8.6 

Correction 
Factor 
(females) 9.3 5.0 2.0 0.3 0 1.0 3.4 6.3 

of day of birth on weight was included in the correction equation using 

the coefficients previously mentioned. 

UTiile differences of opinion exist as to whether additive or 

multiplicative adjustment factors are most appropriate, there was no 

indication among the various studies as to which is most appropriate for 

an interaction between a main effect and a regression. Cundiff et al. 

(1966b3 had stated that additive corrections are appropriate for age of 

dam effects while multiplicative are most appropriate for sex. The Beef 

Improvement Federation (19763 in their Guidelines recommends the use of 

additive rather than multiplicative age of dam adjustments. Additive 

adjustments were used in this program. 

Since the rancher often needs to use an age of dam adjustment on 

a within year basis it was decided to calculate separate age of dam 

correction factors based on an average over all years in the study. 

Table 7 shows the additive age of dam adjustment factors. 

Although differences will exist from one herd to another in terms 

of age of dam adjustment factors, the ones obtained in this study seem to 
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be within reasonable limits as seen in the BIF guidelines. Age seven 

was used as the standard with the assumption that peak milk yield occur

red with this age of cow. Rutledge et al. (1971) found peak yield to 

occur at 8.4 years. Robison et al. (1978) found little difference in 

yield between the ages of five and eight with a decline seen after eight 

years of age. Within the herd used in this study there appears to be 

little difference between the ages 6 to 8. Therefore, the categories 

may be pooled with adjustments only for younger and older categories. 

Statistics for unadjusted birth weight, age adjusted weaning 

weight and weaning weight adjusted for the year x age of dam interaction 

and regression of day of birth on weight are in Appendix D, Average 

birth weight was 33.4 kg for heifers and 34.8 kg for bulls. This com

pares favorably with birth vs'eights reported by Pahnish et al. (1964) 

for the San Carlos herd. They obtained values of 36.1 kg and 37.2 kg in 

heifers and bulls respectively. It should be pointed out that Pahnish's 

study covered a shorter time span (1957 to 1960) than the present study. 

Average age adjusted weaning weight was 206.2 kg in males and 

192.8 kg in females. Most studies report values that are adjusted to 

180 and 205 days of age rather than 230 days. Kress and Burfening (1972) 

reported mean values of 182.4 kg in males and 174.6 kg in females for 

180-day-weight. Vesely and Robison (1971) estimated the mean of unad

justed 205-day-weight as 171.3 kg (males and females combined). Weaning 

weight adjusted for year, age of dam and age of the individual based on 

a 230-day-standard were estimated by Pahnish et al. (1964). The values 
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were 201.9 kg for heifers and 217.3 kg for bull calves. Means in this 

study were 215.0 and 222.7 kg respectively. 

It was necessary to compute the repeatability of weaning weight 

ratio for use in the MPPA formula. The ratio was used since male and 

female calves had to be considered together. Adjustments for sex had 

not been previously made for weaning weight. 

The repeatability estimate for adjusted weaning weight ratio was 

.25 ± .02 (Table 8). This value is somewhat lower than the usual average 

estimate of .40 seen in the literature. However, studies with Angus 

cattle by Hohenboken and Brinks (1969), Sellers et al. (1970), Andrew et 

al. (1975), and Vanmiddlesworth et al. (1977) gave values ranging from 

.25 to .29. Also Sellers et al. (1970) estimated a value of .19 for 

Hereford cattle. 

Andrew et al. (1975) had shown that weaning weight and weaning 

weight ratios had the same repeatability estimate (.27 ± ,02 in Angus 

and .50 ± .05 in Herefords). Therefore, either could be used as an in

dicator of the cow's subsequent productivity. 

Low repeatability estimates may occur for several reasons. 

Hohenboken and Brinks (1969) pointed out that if calf growth potential 

is limited we see a phenotypic ceiling on weaning weight. This in turn 

limits the expression of cow differences for maternal influence. This 

could be an important factor in the San Carlos herd since the climate 

and vegetation appear at times to have a limiting effect on growth. 

Genetic growth potential, if low at the preweaning stage, can also limit 

the expression of permanent maternal differences (Andrew et al., 1975). 
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Table 8. Analysis of variance to estimate repeatability 
of adjusted weaning weight ratio. 

Source of Variation Degrees of Freedom Mean Squares 

Between individual cows 1302 180.9** 

Within individual cows 3555 79.6 

R^ = .25 

S.E.^ = .02 

**P < .01 

R = repeatability estimate 

^SE = Standard error 

A greater sensitivity to temporary environmental stress can also 

result in lower weaning weight repeatabilities. However, this tends to 

occur more in Angus than Hereford cattle (Andrew et al., 1975) and may 

not be a factor in this study. The low repeatability estimate would 

limit the usefulness of MPPA as a measure of future cow productivity. 

The analyses of variance to determine heritability of weaning 

weight ratio and weaning weight (adjusted for calf age, year, age of dam, 

year x age of dam interactions and regression of weight on birth date) 

appear in Appendices E and F. The value for heritability of weaning 

weight ratio was ,10 ± .02 while the estimates for adjusted weaning 

weights for males and females was .05 ± ,03 and .18 ± .05, respectively 

(Table 9). 
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Table 9. Heritability estimates. 

Males Females 

h2 S.E.^ 1, b h2 S.E. 

Birth Weight .53 .09 18.59 .52 .09 20.13 

Weaning Weight^ .05 .03 18.46 .18 .05 20.13 

Weaning Weight^ .05 .03 18.46 .16 .04 20.13 

Weaning Weight Ratio .10 .02 36.40 (values appear 
males for sexes 
bined) 

under 
com-

12-Month-Weight .21 .10 13.08 .17 .05 16.71 

20-Month-Weight .46 .15 14.43 .31 .08 15.40 

24-Month-Weight .41 .15 15.40 .35 .09 15.00 

12-Month-Gain .24 .10 13.08 .10 .04 16.71 

20-Month-Gain ,62 .18 14.43 .29 .08 15.40 

24-Month-Gain .45 .16 15.40 .17 .07 15.00 

SE = Standard error. 

''ki = effective number of progeny per sire group. 

c,e == Weights adjusted for age of calf, year, age of dam, year 
X age of dam interaction and regression of weight on birth date. 

d = Weights adjusted for age of calf, year, age of dam, year x 
age of dam interaction. 
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It was decided also to calculate the heritability of weaning 

weight which had been adjusted only for age of calf, years, age of dam, 

year x age of dam interaction but not the regression of weaning weight 

on birth date. The analyses for the estimates appear in Appendices E 

and F. Values for heritability were .05 ± .03 for males and .16 ± .04 

for females CTable 9). These were very similar to the other estimates. 

A difference in heritability estimates was seen between males 

and females. This was also evident in other studies. Blackwell et al. 

C1962) obtained estimates of .08 for males and .31 for females. An 

explanation given by Guilbert and Gregory (1952) was that a heifer's 

physiological age at weaning may be more conducive to the genetic ex

pression of weight differences. Females may also be less sensitive to 

environmental changes. 

Some progress can be made by selecting for weaning weight in 

females, although the heritability is not very high. The values obtained 

for the heritability estimates are lower than values found in other 

studies. However, a previous study of the San Carlos herd by Pahnish et 

al. (1964) estimated heritabilities of .23 for females and .05 for males 

with a combined estimate of .10. This is in good agreement with the 

above estimates. 

The heritabilities may be low for several reasons. Perhaps en

vironmental variation is large. Alternatively, additive genetic varia

tion in the herd may be low for weaning weight. Also, non-additive 

forms of gene action, if important, may lower the heritability estimate. 

The first reason is a very likely cause for the values obtained. Even 
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though adjustments were made, not all sources of environmental variation 

could have been eliminated. 

Birth Weight 

The heritability of unadjusted birth weight was determined for 

males and females. The analyses of variance for paternal half-sibs are 

found in Appendices E and F. The heritability estimates were .53 t .09 

for males and .52 ± .09 for females (Table 9), Gregory (1950) had cal

culated an estimate of .45 for both sexes. Koch (19513, using paternal 

half-sib correlations, obtained an estimate of .35 for birth weight. The 

study by Pahnish (1964) gave estimates of .32 and .14 for males and fe

males respectively. This is lower than the estimates achieved in this 

study. However, Brinks (1964a) reported a mean heritability of .53 for 

bull and steer calves. Also Lasley et al. (1961), in a study involving 

the San Carlos herd, estimated the heritability of birth weight as .67. 

One of the higher estimates reported was .72 by Shelby et al. (1955). 

Estimates in this study indicate that progress can be made selec

ting for birth weight although care must be taken that calves do not 

become overly large with resulting problems at parturition. One could 

also select in a negative direction for smaller birth weights. 

Postweaning Weights and Gains ' 

Sources of variation for 12-, 20- and 24-month-gain were analyzed 

(Appendices G and H). Years were highly significant (P < .01) in all 

cases. Age of dam was significant in some cases but the sexes differed 

in this respect. Preliminary analysis had indicated no significant year 

X age of dam interaction so this factor was not included in the model. 
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Correction factors for year effects and regression coefficients 

for weight on age of dam for the various gains appear in Appendices I 

and J. Data were limited for certain years, so correction factors do 

not appear. The period from weaning to 12-month-age involved a weight 

loss rather than a gain. The same was true of the interval from 20 to 

24 months of age. However, when we speak of 24-month-gain we are refer

ring to the interval from weaning to 24 months of age which involves a 

net gain. 

In terms of year effects (good vs. bad years) no general pattern 

could be seen in the additive correction factors for the various gains. 

In males significant CP < >05) linear and highly significant (P < .01) 

quadratic effects were seen for the regression of 12-month-gain (or loss) 

and a significant (P < .05) linear effect was seen for 20-month-gain (or 

loss) on age of dam. Regression coefficients for 12-month-gain (or loss) 

were .114 (linear) and .274 (quadratic). The coefficient for 20-month-

gain (or loss) was .490 (linear). In the case of 24-month-gain (or loss) 

age of dam effects were not significant. 

For females only quadratic effects were significant (P < .05) for 

12-month-gain (or loss) and 24-month-gain (or loss). The coefficients 

were .377 (linear) and .172 (quadratic) for 12-month-gain (or loss) and 

.308 (linear) and .275 (quadratic) for 24-month-gain (or loss). 

Calves from older dams had greater gains (or less weight loss) 

than calves from younger dams. The latter group seemed less able to 

withstand the nutritional stress that occurred following weaning. The 

effect of this continued into the later postweaning stages. 
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The gain Classes) were adjusted for year and age of dam effects 

(when significant). Paternal half-sib analyses for the gains are found 

in Appendices K and L. Heritability estimates appear in Table 9. 

Heritability estimates for gain/loss were .24 ± .10 for the 12-

month-stage, .62 ± .18 for 20-months and .45 ± .16 for 24-months in 

males. The values for females were .10 ± .04, .29 ± ,08 and .17 ± .07, 

respectively (Table 9). It should be noted that when we speak of herit

ability of gain or loss we may be measuring the additive genetic varia

tion for a trait which differs from what other investigators are 

measuring under different environmental conditions. Different genes 

could be responsible for positive and negative weight changes. Since 

the animals were not supplemented after weaning, this constituted a 

period of nutritional stress. It is possible that what is being measured 

at this stage is the additive genetic variation for response to nutri

tional stress. 

Carter and Kincaid (1959) estimated the heritability of post-

weaning gain as .32 to .38 in steers and .33 to .35 in heifers. Brinks 

(1964a) obtained estimates of .45 for gain from weaning to the 12-month-

stage and .35 for gain from the 12-month to the 18-month-stage in both 

sexes, Blackwell et al. (1962) estimated values of .32 for steers and 

heifers for yearling gain. The values for 12-month-gain in the above 

studies were somewhat higher than the heritability estimates in the 

present study. Again, a difference may exist in which trait is really 

being measured. 
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Falconer (1960) has pointed out that when a trait is measured 

under differing environmental conditions the physiological mechanisms 

and therefore the genes necessary for high performance may differ. For 

instance, growth rate, depending on the level of nutrition, may be a 

matter of either feed efficiency or appetite. It is likely that a simi

lar situation as the one described above might be in effect when weight 

losses occur due to nutritional stress. Progress could probably be made 

by selecting animals at the 20-month age. The heritability estimate is 

considerably higher in males than females. This may be due to differ

ences in the physiology of the two sexes at that stage of growth. How

ever, more studies would be needed to substantiate the causes. 

Twelve, 20- and 24-month-weights were calculated using gains 

(adjusted for year effects and in some cases age of dam effects) added 

to adjusted weaning weight. Paternal half-sib analyses for the weights 

are found in Appendices M and N. 

Heritability estimates were .21 ± .10 for 12-raonth-weight, .46 

± ,15 for 20-month-weight and .41 ± .15 for 24-month-weight in males. 

The values for females were .17 ± ,05, .31 ± .08 and .35 ± .09 respec

tively (Table 9). The low estimate for 12-month-weight may again be due 

to the weight loss occurring at that stage and thus includes the measure

ment of response to stress. 

Values in the literature were somewhat higher. Kennedy and 

Henderson (197Sa) obtained a heritability estimate of .39 for 12-month-

weight. Brinks (1964a) obtained estimates of .41 for 12-month-weight 

and ,50 for 18-month-weight in Hereford range cattle. Twelve-month 
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estimates obtained by Blackwell et al. (19623 were ,71 for heifers but 

only .10 for steers. 

In the present study, progress can be made selecting for weights 

at the 20- and 24-inonth-stage in both sexes. There is greater similarity 

between the sexes for the heritability of the weights as opposed to the 

gains. The weights, of course, include the added component of age ad

justment weaning weight. 

Statistics for weights and gains (12- to 24-months) are found in 

Appendix N. When considering the averages, one should note that adjusted 

gain was calculated on the basis of different standards for males and 

females. Thus they cannot be directly compared. Generally, one can see 

a loss from weaning to 12-months of age, a gain from weaning to the 20-

month-stage and a net gain from weaning to the 24-month-stage. 

Correlations of Growth Traits with MPPA 

A number of reports have indicated a low or negative phenotypic 

relationship between the preweaning performance of a heifer and her sub

sequent producing ability in terms of calf weaning weight (Swanson, 1960; 

Mangus and Brinks, 1971; Holloway and Totusek, 1973; Kress and Burfening, 

1972), 

An antagonism has been shown to exist between preweaning growth 

and maternal ability (Kress and Burfening, 1972). It is of interest to 

know if this is genetic and/or environmental in nature. As pointed out 

by the above authors, a genetic antagonism would adversely affect the 

usefulness of selection for weaning weight. An environmental antagonism 
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would tend to cause poorer producing ability in heifers exposed to above 

average preweaning nutrition. The following results on phenotypic, 

genetic and environmental correlations among the various growth traits 

of the heifer and her subsequent MPPA may give some indication as to the 

effectiveness of selection. 

The correlations were determined for the various weights, gains 

and MPPA estimates of a sample of 756 cows (732 in the case of gains. 

Tables 10 and 11). The phenotypic correlations consisted of a genetic 

and environmental component. 

As seen in Table 10, birth weight had the highest genetic corre

lation with weaning weight The range was .26 to .47 for the 

various weights. Nelson and Kress (1979) estimated .37 for the genetic 

correlation between birth weight and weaning weight. This is in fairly 

good agreement with the value obtained in this study. However, more 

divergent values were also seen. Lasley et al. (1961) reported a genetic 

correlation of .99 for the two traits. Fahmy and Lalande (1973) obtained 

a value of .74 and Marchello et al. (1960) reported a value of .04. 

For the correlation of birth weight and 12-month-weight, Kress 

and Burfening (1972) reported a phenotypic value of .30. This was close 

to the estimate in this study (.26). A higher value was obtained by 

Brinks et al. (1964b) who found the genetic correlation of birth weight 

and yearling weight to be .56 and the correlation of birth weight and 

18-month-weight to be .60 in a herd of Herefords. Progress can be made 

in weaning weight on the basis of selecting for birth weight. 



Table 10. Genetic [G), Environmental (E) and Phenotypic (P) 
correlations among adjusted weights^ and MPPA. 

Birth Adjusted Adj usted Adjusted Adjusted 
Weight Weaning 12-Month 20-Month 24-Month 

Weight Weight Weight Weight 

Adjusted G .47 
Weaning E -.22 
Weight P .25 

Adjusted G .26 .85 
Yearling E -.01 -.14 
Weight P .25 .71 

Adjusted G .38 .93 .70 
20-Month E -.10 -.29 -.05 
Weight P .28 .64 .65 

Adjusted G .38 1.04 .84 .99 
24-Month E -.11 -.43 -.12 -.23 
Weight P .25 .61 .72 .77 

MPPA G -.02 .16 .41 -.09 .18 
E .10 -.02 -.26 .22 .02 
P .09 .14 .15 .13 .20 

Weights based on gain (adjusted for year effects and in some cases age of dam) plus 
adjusted weaning weight. 



Table 11. Genetic (G), Environmental (E) and Phenotypic (P) 
correlations among gains^ and MPPA. 

Adjusted Adjusted Adjusted Unadjusted Unadjusted Unadjusted 
12-^tonth 20-Month 24-Month Gain/Loss Gain/Loss Gain/Loss 
Gain/Loss Gain/l 'OSS Gain/Loss {Weaning to (12 Months (20 Months 

12 Months) to 20 Months) to 24 Months) 

Adjusted G -.22 
20-Month E .56 
Gain/Loss P .35 

Adjusted G .20 .92 
24-Month E .31 .31 
Gain/Loss P .51 .61 

Unadjusted G .42 -.16 -.10 
Gain/Loss E .16 .52 .36 
(Weaning P .58 .17 .25 
to 12 
Months) 

Unadjusted G -.40 .39 .09 -.78 
Cain/Loss E .18 .05 .06 .18 
(12 Months P -.22 .44 .15 -.60 
to 20 
Months) 

Unadjusted G .34 -.12 .19 .57 -.53 
Gain/Loss E -.17 -.12 .10 -.30 .19 
(20 Months P .18 -.23 .29 .27 -.34 
to 24 
Months) 

MPPA G .51 -.40 .22 .18 -.29 .35 
E -.50 .43 -.10 -.14 .22 -.32 
P .01 .03 .12 .01 -.07 .03 

Gains (unadjusted) are from weaning to indicated weight. Adjustments 
are made for year and in some cases age of dam effects. 
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Weaning and postweaning weights showed very high genetic corre

lations. The range was .70 to 1.04. Values over 1.00 are indications 

that large standard errors exist (Pahnish et al., 1964). The high 

genetic correlations indicate that many of the same genes are responsible 

for growth at various stages. 

Correlations between weaning weight and later weights were 

fairly high in the literature. Kennedy and Henderson C1975b) reported 

a genetic correlation .80 for weaning and 12-month-weight. The value ob

tained by Shelby et al. (1963) was .86. Brinks et al. Cl964b) obtained 

genetic correlations of .71 for weaning weight with 12-inonth-weight and 

.75 for weaning weight with 18-month-weight. This is in agreement with 

genetic correlations obtained in this study for weaning weight with 12-

month-weight (.85) and weaning weight with 20-month-weight (.93). 

Some negative genetic correlations were seen in the data for 

gains at various stages (Table 11). This can probably be explained by 

the losses that occurred following weaning. Brinks et al. (1964b) 

obtained an estimate of -.66 for the correlation between gain (weaning 

to 12-months) and gain (12 months to 18 months). 

Some of the environmental correlations in this study were also 

negative. Weaning weight had an environmental correlation with 24-month-

weight of -.43 (Table 10). It was stated by Kennedy and Henderson 

(1975b) that negative environmental correlations can be due to compensa

tory growth. In other words, if deprivation occurs during the preweaning 

stage, the animal may compensate at later stages. 
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The relatively low or negative correlations between MPPA and the 

various weights and gains are reflected throughout the literature. 

Kress and Burfening (1972) looked at phenotypic correlations between 

MPPA (for 180-day-weight) and weaning weight. They obtained a value of 

.15. Mangus and Brinks (1971) obtained a phenotypic correlation of .14 

between weaning weight and MPPA. This value is identical to the one 

seen in this study for the same two traits. 

The highest genetic correlation between MPPA and a weight in 

this study was .41 for MPPA and 12-month-weight (Table 10). It is note

worthy that nursing cows are subject to stress and that the period to 

12-month-weight is also a time when the animal is responding to stress. 

The genetic correlation of MPPA with 12-month-gain/loss was .51 (Table 

11) .  

When Kress and Burfening (1972) classified weaning weight of the 

heifer and her subsequent MPPA by cow line, they obtained a correlation 

of .93. Cow line was seen as a genetic source of variation which con

tributed to a positive correlation between MPPA and the weight. On the 

other hand, when the two traits were classified by age of dam or year of 

birth of the cow, the correlations were -.19 and -.11, respectively. 

Age of dam and year of birth are environmental sources of variation con

tributing to the negative relationships seen above. 

Some negative environmental correlations were seen in the present 

study between MPPA and weaning weight (-.02) and MPPA and 12-month-weight 

(-.26). The same was seen for the environmental correlation between MPPA 

and 12-month-gain/loss (-.50) and MPPA and 24-month-gain/loss (-.10). 
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In general, weight of the cow at various stages cannot serve as 

a good predictive method for determining future MPPA. Twelve-month-

weight has a fairly high genetic correlation with MPPA (.41). However, 

the selection process is hampered by a low phenotypic correlation (.15) 

and a negative environmental correlation (-.26). The negative environ

mental correlations indicate that a good preweaning environment could 

adversely affect the cow's producing ability within this herd. 

Death Loss and Pregnancy Rate 

The influence of year and age of dam for pregnancy rate and death 

loss were statistically evaluated. Interactions were not considered. 

As previously defined, pregnancy rate was the ratio of cows that became 

pregnant compared to the number exposed to bulls. Death loss was the 

ratio of calf losses from the prenatal stage to weaning compared to the 

number of cows that were pregnant. Death loss and pregnancy rate by 

year and age of dam appear in Appendices 0 and P. 

In the case of pregnancy rate, only year effects were highly 

significant (P < .01). In the case of death loss of the calves both 

year and age of dam effects were highly significant (Appendix Q). 

The overall average death loss was 3.0%. Since differences 

among age of dam groups was significant, a Least Significant Difference 

(LSD) test was calculated. The 3-year-old dams were shown to differ 

significantly from the 4- to 10'''-year-group. The average rate for age 

three was 5.9% indicating that the calves from younger dams cannot with

stand the stress of pregnancy as well as calves from more mature cows. 
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The average death loss of 3.0% is somewhat smaller than others reported. 

Fagerlin et al. (1968) obtained a yearly average loss of 9.2% for a 

Hereford herd in Wyoming. Ensminger (1977) gave an estimate of average 

death loss from birth to weaning of 6.0% for beef cattle. 

Ensminger*s estimate of birth rate (percent giving birth of those 

bred) was 88.0%. A value of 89.0% for calving rate was obtained by 

Bailey and Moore (1980) for a group of Herefords. These values were 

close to that reported for the San Carlos herd which had an average preg

nancy rate of 83.5%. 

The pregnancy rate ranged from 71.6% to 92.3% when classified by 

year. The yearly average death loss ranged from .4% to 9.3%. There was 

no discernible pattern. Death loss by age of dam was previously dis

cussed. Apart from the 3-year-olds, the other age of dam groups had 

losses ranging from 2.5% to 3.8%. Although age of dam effects were not 

significant for pregnancy rate, one could see a trend whereby the mature 

animals in the 7- to 8-year-old category had the highest pregnancy rate 

(86.3%) whereas the 3-year-olds and the cows 10 years and older had the 

lowest rates, 81.4% and 76.4% respectively. This would be expected with 

the very old cows showing a drop in fertility. The heifers also are 

less fertile than the cows of intermediate age. 

Peacock and Koger (1980) reported highly significant age of dam 

effects for both calving rate and calf survival rate for Angus, Charo-

lais. Brahman and crossbred cattle. Only 3- to 5-year-old dams were in

cluded in the study. There was no discussion of which group had the 

greatest survival rate. Schilling and England (1968) found no difference 
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in herds of crossbred beef cattle. He did point out that the first 

records of 3-year-old dams were not included in the study nor records 

from cows 10 years and older. 

Day of Birth 

Day of birth can be considered as a measure of reproductive 

efficiency, since those cows giving birth early in the calving season 

will be more likely to come into heat early enough to conceive during 

the breeding period. It is believed that a number of factors may con

tribute to the time of calving. Some of these were investigated and 

heritability estimates for the trait were obtained. It was necessary to 

use a number of models since incorporating all factors into one model 

would have made the computer program cumbersome. 

The results of Models A and B for the dry cows are shown in the 

Appendix R. The dry cows were those who did not calve the previous 

year. Highly significant (P < .01) year and sire effects were evident. 

Age of dam at breeding and maternal grandsires (sire of the cow) were 

not significant. Some of the factors (previous data on calves, condi

tion scores and cow weight during the breeding season, etc.) considered 

in the other group (lactating cows) could not be included for these 

animals since the data were not available. 

In model C for the lactating cows (Appendix S) year effects were 

highly significant (P < .01) and service sire effects were significant 

(P < .05). In addition, the effects of condition score of the cow 

(during the breeding season) and the linear and quadratic regression of 
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day of birth on age of dam at breeding were significant CP .05). 

Birth date and birth weight of the previous calf were highly significant 

(P < ,01). Sex of the calf in utero was not significant for day of 

birth. It should be pointed out that condition score was based on a 15-

point system. Individual scores in the study ranged from 5 to 12 with 

an average of 9. 

Models D, E, F, G and H appear in Appendices T to V, Other 

factors affecting day of birth were considered for the lactating cows. 

May weight of the cow recorded during the breeding season had a signifi

cant (P < .05) linear effect and a highly significant quadratic effect 

(P < .01). Average May weight was 407 kg. MPPA estimated during the 

breeding season, and including all calves bom up to that point, was not 

significant. Udder capacity which was recorded as a score from 1 to 4 

(according to increasing size) was highly significant (P < .01). Actual 

weaning weight of the calf (from the previous year) and weaning weight 

ratio were highly significant (P < .01). 

Model I (Appendix V) indicated significant maternal grandsire 

effects (P < .05) for the group of lactating cows. Maternal grandsires 

refers to the sire of the cow. 

The average day of birth for the lactating group was 83 days and 

for the non-lactating group, 72 days with January 1st considered as day 

1 (Appendix W). It appears that the dry group (not under the stress of 

nursing a calf) was able to conceive more readily than the lactating 

cows. 
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Year effects on day of birth were the greatest source of varia

tion (32.0%). This was determined by an SPSS stepwise inclusion program. 

Service sire and year effects were confounded. Significant year effects 

were seen also in the study by Lesmeister et al. (1973). 

The fact that sex in utero was not significant in this study 

agrees with what was noted by Fagerlin et al, (1968) in his work on 

calving interval. In the report by Lesmeister et al. (1973) they found 

sex in utero to be nonsignificant in the group of animals calving for 

the first time and in one of two herds belonging to the subsequent 

calving group. It is important to note that sex, if it did have an 

effect on day of birth, would probably influence gestation length. 

Results were not conclusive for age of dam (at breeding) effects 

with this effect significant in the lactating group and not in the dry 

groi;ip. Lesmeister et al. (1973) found the effect to be significant in 

one herd of first calf heifers and not in the other. The regression 

coefficients for age of dam were 1.002 (linear) and 1.041 (quadratic) 

(Appendix X). A slight quadratic effect resulted in the youngest and 

oldest age categories having the later birth dates, the implication being 

that these animals had the most difficulty conceiving at an early date. 

In this study, the effects of higher birth weight in the previous 

calf resulted in later birth dates for the following calf. The linear 

regression coefficient for day of birth on birth weight of the previous 

calf was .352. The higher birth weight may have resulted from a longer 

gestation period and thereby, affected the rebreeding of the dam and the 

subsequent birth date of the next calf. It was also noted that if the 
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previous birth date occurred later in the calving season, the same was 

true of the subsequent birth date. A regression coefficient of .312 

was indicated (Appendix X), It appears that cows that calve early for a 

particular season tend to rebreed more quickly. 

Actual weaning weight and weaning weight ratio of the previous 

calf during the breeding season are reflections of maternal ability. 

There is a tendency for the higher weights to be related to an earlier 

calving date for the subsequent calf. Regression coefficients of day 

of birth on actual weaning weight and weaning weight ratio were -.004 

and -.002 respectively (Appendix X). 

Heavier May weights of the cow during the breeding season appear 

to be associated with later calving dates. A linear regression coeffi

cient of .027 was noted. The quadratic regression coefficient was 

-.00005. It is possible that the heavier cows may experience greater 

problems in rebreeding. It would be of interest to find out why the 

heavier cows experience more difficulties and whether they were poorer 

producers in terms of calf weight in previous years. 

Values for udder capacity (another component of maternal ability) 

indicate that higher udder capacity scores are associated with earlier 

birth dates. The averages ranged from 80 to 95 (Appendix Y) for day of 

birth. However, there were very few cows in the 1st category for udder 

capacity score. No general trend could be seen for condition score 

(Appendix Y). However, if the scores from 8 to 12 are considered one 

can see a change from the latest birth date (91 days) to the earliest 

(76 days). 
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As was pointed out earlier, the regression of day of birth on 

Most Probable Producing Ability was not significant. A linear regres

sion coefficient of .030 was obtained. The implication of this was that 

a 10% change in the average weaning weight ratio used in the MPPA formula 

would only result in a very small change in day of birth (.75 days3. 

It would seem that cows displaying the better maternal charac

teristics, ultimately calve earlier. Cows too heavy during the breeding 

season experience greater difficulty in conceiving. 

Although certain trends were indicated for the above factors, the 

actual variation in day of birth due to these factors was relatively 

small. According to an SPSS stepwise inclusion program (Nie et al., 

1977) year effects were the most important source of variation in day of 

birth (32.0% of total variation]. The remaining variables, although 

significant did not contribute as much to the remaining variations (17% 

for all effects combined). As a result of this, correction factors for 

day of birth were obtained only for year effects (Appendix Z). 

Paternal half-sib analyses appear in Appendix AA. Heritability 
« 

estimates for day of birth for the dry cows was .26 ± .10 (Appendix BB). 

It should be noted that in this instance, day of birth is being consi

dered as a trait of the calf and not a trait of the cow. This value 

would have meaning only in terms of how the calf might affect such things 

as gestation length. It would have no meaning in terms of any trait or 

characteristic which might affect the ability of the cow to conceive at 

an early date. In the case of the dry cows, the maternal grandsire 

effects were not significant and therefore, the heritability of day of 
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birth as a trait of the cow was not calculated. Based on the variances 

seen in the analysis for Model B (Appendix R), indications are that the 

heritability estimate would be close to zero. 

For the lactating cows, when the trait was considered as a func

tion of the calf, the heritability estimate was .04 ± .06. When the 

trait was considered as a function of the cow, the heritability estimate 

was .09 ± .07 (Appendix BE). It appears that environmental variance 

for day of birth was large in the lactating cows and little genetic 

progress could be made selecting for the trait. 

There is an absence in the literature of heritability estimates 

for day of birth. Repeatability estimates were calculated by Lesmeister 

et al. (1973). They obtained estimates of .09 and .11 for the two herds 

under consideration. They stated that only moderate improvements could 

be made by culling cows that calve late. 

The problem of incorporating fertility or reproductive efficiency 

into an overall assessment of cow productivity is not easily resolved. 

The measure of Most Probable Producing Ability takes into account only 

the adjusted weaning weight records of the calves. A cow may produce a 

calf with a high weaning weight, be barren for a number of years and 

then once again produce an exceptional calf. The MPPA score of such a 

cow could exceed that of another cow who produces calves of average 

weight consistently over the years. 

This does not mean that the MPPA score need be abandoned totally. 

It still provides a convenient method of ranking cows within a herd on 

the basis of maternal ability. 
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It is necessary, however, to consider other factors when consi

dering overall cow productivity. A system must be set up to cull those 

animals who are barren for a predetermined number of years no matter 

what the MPPA score is. One may wish to take into account calving date 

of the cow, since it has been shown that those cows who calve early in 

the season tend to rebreed more readily. It might be desirable to set 

up a scoring system whereby one could take into account MPPA along with 

several measures of fertility such as a limit on the number of barren 

years and calving date. 

Unfortunately, genetic correlations between early growth traits 

of the cow and subsequent MPPA are low or negative. The exception is 12-

month-weight. Selecting cows based on 12-month-weight for improved MPPA 

is difficult because of the low phenotypic correlation. At the same 

time environmental correlations are negative. One must take into account 

the preweaning nutrition of the heifer since too much fattening can have 

a negative effect on future milk production of the dam. Thus it is im

portant not to limit the selection criteria for the cow to MPPA alone. 

A number of factors need to be taken into account for the successful 

selection of productive beef cows. 



SUMMARY AND CONCLUSIONS 

The average estimated values for weaning data in this study 

fell within the range of previously reported values. Large year effects 

caused the most variation in weaning weight although age of dam, sex and 

regression of weaning weight on birth date were also important. The 

significant quadratic effect of age of dam indicated that peak production 

occurred in cows from age six to eight years. An average difference of 

16.0 kg for males and 9.3 kg for females was noted between calves from 

3-year-old dams vs. mature dams. Regression coefficients pointed to the 

fact that later bom calves were slightly superior in adjusted average 

daily gain. This is an opposite trend to what is usually seen and may 

be a result of harsh winters whose effects continue into the early part 

of the calving season. 

Adjusted weaning weights were used in the estimation of repeata

bility and heritability. The value for repeatability (.25) was lower 

than the average normally quoted. Perhaps the effects of temporary 

environment could not be completely eliminated. Alternatively, calf 

growth potential may be limited by various environmental conditions. 

The values obtained point to the desirability of calculating repeata

bility estimates individually for each herd if this is at all possible. 

The heritability estimates obtained for weaning weight (.05 for 

males and .18 for females) were quite similar to those obtained in a 

previous study of the same herd. Again, the values are low compared to 

generally reported estimates. Differences between males and females 
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were evident with the likelihood that females may express their genetic 

differences more readily at weaning age. 

Birth weight heritabilities (.53 for males and .52 for females) 

were within the range normally reported. The heritabilities of postwean-

ing weights and gains were lower than values usually seen. The range 

for males was .21 to .62 and for females .10 to ,35. Some of the differ

ences between these values and the ones quoted in the literature may be 

due to the fact that estimates in this study were being made on weight 

losses as well as gains. Different genes are likely to be involved in 

the expression of these traits. These may include ones determining 

response to stress. This study may be unique in the sense that herit-

ability estimates were made on the periods of weight loss as well as 

gain. It is likely that other range herds undergo periods of nutrition

al stress with resulting weight loss. It would be of value to obtain 

more heritability estimates for herds under those conditions. It was 

evident that progress could be made selecting for all of these traits. 

The 20-month-stage seems to be most conducive to selecting animals for 

improved gain or weight. 

Adjusted weaning weight and the repeatability estimate were 

utilized to calculate MPPA for the dams. It was of interest to see if 

any trait in the dam could be used as a predictive device to determine 

MPPA. In general, the genetic and environmental correlations between 

MPPA and the various weights were low or negative. This had been re

ported in the literature and was reflective of an antagonism between 

preweaning growth and maternal ability. The exceptions were the genetic 

correlations between MPPA and 12-month-weight (.41) and MPPA and gain 
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(or loss) to weaning (.51). Selection for improved MPPA based on the 

weights is hampered by a low phenotypic correlation and a negative en

vironmental correlation between the traits. 

The fact that there is little relationship between MPPA and cow 

weight would seem to limit the value of MPPA as a measure of cow pro

ductivity. Selection of replacement heifers on the basis of their weight 

would not predict future MPPA. 

One method of culling cows could be on the basis of their calves 

weights within age of dam groups. However, MPPA still provides a fairly 

good statistical method of ranking cows within the herd as long as the 

animal's fertility is taken into consideration. An alternative to this 

would be to set up a scoring system based on some measure of fertility 

and weaning weights of the calves for a particular dam. One could also 

use independent culling levels for various traits and cull those cows 

not meeting a particular standard. 

Basically weaning weight showed a high genetic correlation to 

post-weaning weights (.85 to 1.04). Many of the same genes may be in

volved in maintaining weights at various stages. It should also be noted 

that weaning weight is part of subsequent postweaning weights. Some of 

the gains showed negative genetic correlations. In many of these cases, 

weight gain was followed by weight loss or vice versa, 

MPPA various other selection criteria have meaning only when 

cows are fertile to begin with. Reproductive efficiency was considered 

to be an important factor to investigate. Values for pregnancy rate 

(83.5%) and death loss (3.0%) were similar to other data in the litera

ture. Age of dam effects were important only for death loss in the calves. 
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Day of birth was considered as the measure of reproductive effi

ciency. Various models were used to look at sources of variation during 

the breeding season for lactating and non-lactating cows. Year effects 

were seen to be the largest source of variation in day of birth. Sex of 

calf and MPPA did not significantly affect day of birth. Other variables 

which were significant included age of dam, previous birth weight, pre

vious birth date, weaning weight and weaning weight ratio of the previous 

calf, condition score, udder capacity and weight during the breeding 

season. However, the overall effect of these was too small to consider 

when calculating correction factors. 

The heritability estimate for day of birth when measured as a 

trait of the cow, was .09. Although low, no general conclusion should 

be drawn on day of birth until further studies have been done in this 

area. 



APPENDIX A 

YEARLY AVERAGE BIRTH DATE AND AGE AT WEANING^ 

(Day of the Year) 

Year Birth Date Age at Weaning 
Males Females Males Females 

1957 98 96 212 214 
1958 84 85 232 231 
1959 86 84 229 231 
1960 68 69 239 238 
1961 69 61 242 250 
1962 64 65 248 247 
1963 65 59 245 251 
1964 63 61 247 249 
1965 72 70 240 242 
1966 72 70 235 237 
1967 76 71 241 246 
1968 70 66 246 250 
1969 76 73 231 234 
1970 75 75 205 205 
1971 95 101 190 184 
1972 77 76 208 209 
1973 69 71 214 212 
1974 64 62 217 219 
1975 62 65 226 223 

Avg. 74 73 229 230 

For the years 1957 through 1969, the weaning date was November 
3rd through November 13th. For the years 1970 through 1975, the weaning 
date was October 7th through October 15th. 
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APPENDIX B 

YEAR X AGE OF DAM CORRECTION FACTORS FOR AGE ADJUSTED 

WEANING WEIGHTS - MALES (kg) 

Year 3 4 

Age of Dam (Years) 

5 6 7 8 9 10"^ Avg. 

1957 46.3 35.2 26.1 19.1 15.0 11.2 10.4 11.7 21.9 
1958 23.3 15.3 9.2 5.3 3.5 3.7 6.0 10.4 9.6 
1959 7.5 1.6 -2.2 -3.9 -3.6 -1.2 3.3 9.9 1.4 
1960 -2.9 -9.6 -14.1 -16.6 -17.0 -15.3 -11.5 -5.7 -11.6 
1961 23.9 18.1 14.4 12.8 13.2 15.7 20.3 26.9 18.2 
1962 17.3 12.3 9.5 8.7 10.0 13.4 18.8 26.3 14.5 
1963 37.0 31.2 27.5 26.0 26.4 29.0 33.6 40.3 31.4 
1964 31.1 23.6 18.2 14.9 12.7 14.4 17.3 22.3 19.3 
1965 21.8 14.9 10.0 7.2 6.5 7.9 11.3 16.8 12.1 
1966 21.7 11.9 4.2 -1.5 -5.0 -6.5 -5.9 -3.3 15.5 
1967 57.9 51.9 48.0 46.2 46.4 48.8 53.2 59.6 51.5 
1968 SI.6 42.6 35.6 30.8 28.0 27.2 28.6 34.9 
1969 • 34.8 28.3 23.9 21.4 21.4 23.2 27.1 25.7 
1970 17.0 12.4 10.0 9.6 11.3 16.0 21.0 28.9 15.8 
1971 47.2 47.2 23.6 14.9 8.3 3.8 1.3 20.9 
1972 6.2 - .1 -4.4 -6.S -6.6 -4.6 - .5 5.7 -1.4 
1973 2.1 -4.4 8.8 11.1 -11.3 -9.4 -5.5 .5 -0.1 
1974 33.8 26.5 21.3 18.1 1.6 18.0 21.1 — 20.0 
1975 2,6 -1.2 -2.9 -2.5 0.0 4.5 11.2 — 1.7 

Avg. 25.3 18.8 14.0 11.3 9.6 1.2 13.7 17.9 
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APPENDIX C 

YEAR X AGE OF DAM CORRECTION FACTORS FOR AGE ADJUSTED 

WE A N I N G  W E I G H T S  -  F E M A L E S  ( k g )  

Age of Dam (Years) 

Year 3 4 5 6 7 8 9 10^ Avg. 

1957 40.2 32.5 26.3 21.3 17.7 15.4 14.5 14.9 22.9 
1958 29.1 23.5 19.3 16.4 14.8 14.7 15.8 18.3 19.0 
1959 16.7 13.3 11.2 10.5 11.2 13.1 16.5 21.1 14.2 
1960 12.1 8.7 6.7 6.0 6.7 8.7 12.0 16.7 9.7 
1961 23.0 19.2 16.8 15.7 15.9 17.5 20.4 24.6 19.1 
1962 29.1 24.9 22.0 20.4 20.2 21.4 23.8 27.7 23.7 
1963 36.0 33.1 31.6 31.4 32.5 35.0 38.8 44.0 35.3 
1964 34.5 29.3 25.5 23.0 21.9 22.2 23.7 26.6 25.8 
1965 30.5 24.4 19.8 16.4 14.4 13.8 14.5 16.5 18.8 
1966 25.3 19.7 15.4 12.4 10.7 10.5 11.5 15.1 
1967 57.7 53.6 50.8 49.4 49.3 50.6 53.2 52.1 
1968 55.1 49.0 44.2 40.8 38.7 37.9 38.5 40.4 43.1 
1969 34.9 30.6 27.6 26.0 25.7 26.7 29.1 32.8 29.2 
1970 19.7 16.5 14.5 14.0 14.7 16.8 20.3 25.1 17.7 
1971 26.8 24.1 22.7 22.8 24.1 26.8 30.8 — 25.4 
1972 3.3 1.4 0.9 1.7 3.9 7.4 12.3 18.5 6.2 
1973 4.9 2.4 1.2 1.3 2.8 5.6 9.7 15.3 5.4 
1974 38.9 33.1 28.7 25.6 23.9 23.5 24.4 26.7 28.1 
1975 8.5 4.3 1.6 0.1 0.0 1.2 3.8 _ _  2.8 

Avg. 27.7 23.4 20.3 18.7 ]8.4 19.4 21.8 25.6 
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APPENDIX D 

STATISTICS ON WEIGHTS AND GAINS Ckg) COR LOSS) 

Unadjusted Birth 
Weight 

Age Adjusted 
Weaning Weight^ 

Adjusted Weaning 
Weight^ 

M F M F M F 

Avg. 34.8 33.4 206.2 192.8 222.7 215.0 
S.E. .1 .1 .6 .5 .2 .2 
No. 2542 2733 2542 2733 2483 2647 

Adjusted 12-
Month- Weight^ 

Adjusted 20-
Month- Weight" 

Adjusted 24-
Month-Weight® 

M F M F M F 

Avg. 219.0 194.8 420.1 325.2 302.6 323.0 
S.E. .4 .2 .5 .3 .5 .3 
No. 821 2010 769 1593 646 1364 

Adjusted 12-
Month-Gain^ 

Adjusted 20-
Month- Gain® 

Adjusted 24-
Month- Gain*^ 

M F M F M F 

Avg. -S.8 -19.6 195.6 109.3 77.5 106.4 
S.E. .2 .1 .4 .2 .4 .3 
No. 821 2010 769 1593 646 1363 
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^Weaning weight adjusted for age of calf only. 

^Weaning weight adjusted for age of calf, year, age of dam, year 
X age of dam interaction, regression of weight on birth date. 

^12-month-weight adjusted for year and age of dam. 

'^20-month-weight adjusted for year and age of dam (in males). 

24-month-weight adjusted for year and age of dam (in females). 

£ 
Gain from weaning to the 12-month-stage adjusted for year and 

age of dam. 

®Gain from weaning to the 20-month-stage adjusted for year and 
age of dam [in males). 

^Gain from weaning to the 24-month-stage adjusted for year and 
age of dam [in females). 



APPENDIX E 

ANALYSES OF VARIANCE FOR PATERNAL HALF-SIBS CMALES) -

BIRTH WEIGHT, WEANING WEIGHT, WEANING WEIGHT RATIO 

Source of Degrees of Mean 
Variation Freedom Squares 

Unadjusted Birth Weight 

Between Sires 132 338.06** 
Within Sires 2349 87.56 

Adjusted Weaning Weight 

Between Sires 133 737.87** 
Within Sires 2349 606.85 

Adjusted Weaning Weight^ 

Between Sires 133 727,20** 
Within Sires 2349 579,83 

Adjusted Weaning Weight Ratio 

Between Sires 141 200.29** 
Within Sires 5046 104.15 

**P < .01 

^Weight adjusted for calf age, year, age of dam, year x age of 
dam interaction, and regression of weight on birth date. 

^Weight adjusted for the same factors as above except regression 
of weight on birth date. 

Weight adjusted for the same factors as in "a". 
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APPENDIX F 

ANALYSES OF VARIANCE FOR PATERNAL HALF-SIBS (FEMALES) -

BIRTH WEIGHT, WEANING WEIGHT, WEANING WEIGHT RATIO 

Source of Degrees of Mean 
Variaton Freedom Squares 

Unadjusted Birth Weight 

Between Sires 130 338.08** 
Within Sires 2515 83.70 

Adjusted Weaning Weight 

Between Sires 130 790.82** 
Within Sires 2516 404.75 

Adjusted Weaning Weight^ 

Between Sires 130 772.17** 
Within Sires 2516 423.70 

**P < .01 

Weight adjusted for calf age, year, age of dam, year x age of 
dam interaction, and regression of weight on birth date. 

Weight adjusted for same factors as above except regression of 
weight on birth date. 
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APPENDIX G 

SOURCES OF VARIATION FOR 12-MONTH,^ 20-M0NTH^ AND 

24-MONTH-GAIN^ (OR LOSS) - MALES 

Source of Degrees of Mean 
Variation Freedom Squares 

12-Month-Gain/Loss 

Years 13 68984.36** 
Age of dam (linear) 1 3280.31* 

(quadratic) 1 4992.75** 
Residual 807 751.04 

20-Month-Gain/Loss 

Years 12 233445.00** 
Age of dam (linear) 1 12093.36* 

(quadratic) 1 2602.46 
Residual 754 2983.09 

24-Month-Gain/Los s 

Years 10 262205.13** 
Age of dam (linear) 1 19.45 

(quadratic) 1 1456.66 
Residual 633 2594.84 

*P < .05 

**P < .01 

^Gain from weaning to 12-months of age. 

Gain from weaning to 20-months of age. 

Gain from weaning to 24-months of age. 



APPENDIX H 

SOURCES OF VARIATION FOR 12-MONTH,^ 20-M0NTH^ AND 

24-MONTH-GAIN^ (OR LOSS) - FEMALES 

Source of Degrees of Mean 
Variation Freedom Squares 

12-Month-Gain/Loss 

Years 15 190041.42** 
Age of dam (linear) 1 .03 

(quadratic) 1 4444.58* 
Residual 1992 

20-Month-Gain/Loss 

Years 14 206296.33** 
Age of dam (linear) 1 1605.93 

(quadratic) 1 3150.44 
Residual 1576 1839.46 

24-Month-Gain/Loss 

Years 13 489685.25** 
Age of dam (linear) 1 1531.72 

(quadratic) 1 8225.72* 
Residual 1348 2072.13 

*P < .05 

**P < .01 

Gain from weaning to 12-months of age. 

Gain from weaning to 20-months of age. 

^Gain from weaning to 24-months of age. 



APPENDIX I 

CORRECTION FACTORS FOR 12-MONTH, 20-M0NTH AND 

24-MONTH-GAIN (OR LOSS) - MALES (kg) 

Gain/Loss 

Year 12-Month 20-Month 24-Month 

1957 37.0 28.3 47.3 
1958 12.8 41.2 4.4 
1959 -6.4 33.4 49.9 
1960 .4 10.4 11.3 
1961 -13.3 34.1 40.6 
1962 6.3 38.2 27.8 
1963 -10.0 -20.5 -9.3 
1964 -20.6 -10.2 -57.4 
1965 -22.2 33.3 40.4 
1966 -7.2 -1.3 -51.1 
1967 -13.3 12.7 -10.5 
1968 -10.7 24.0 24.3 
1969 1.9 24.7 — 

1970 41.9 -1.8 7.9 
1971 — — 

1972 3.6 0.0 0.0 
1973 0.0 — — 

1974 — — 

1975 — — — 

Regression of weight on age of dam: 

bi = .114 (linear) bi = .490 (linear) bj = .279 (linear) 

b2 = .274 (quadratic) b2 = -.203 (quadratic) b2 = .162 (quadratic) 
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APPENDIX J 

CORRECTION FACTORS FOR 12-MONTH, 20-M0NTH AND 

24-MONTH-GAIN (OR LOSS) - FEMALES (kg) 

Gain/Loss 

Year 12-Month 20-Month 24-Month 

1957 17.8 -42.0 67.9 
1958 6.1 -82.4 15.2 
1959 -32.8 -54.7 21.1 
1960 -15.8 -94.1 -30.2 
1961 -26.3 -28.9 22.6 
1962 -12.2 -66.6 1.1 
1963 2.7 -105.0 -46.6 
1964 -18.1 -76.4 -34.0 
1965 -30.9 -78.0 -30.8 
1966 -21.8 -57.2 -11.5 
1967 -13.2 -43.8 0.0 
1968 -8.5 -3.7 
1969 9.0 0.0 
1970 — - - — 

1971 — — 

1972 0.0 — — 

1973 — — - -

1974 — - - — 

1975 — — 

Regression o£ weight on age o£ dam: 

bi = .377 (linear) bi = ,097 (linear) bj = .308 (linear) 

b2 = .172 (quadratic) hz = *159 (quadratic) b2 = .275 (quadratic) 
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APPENDIX K 

ANALYSES OF VARIANCE FOR PATERNAL HALF-SIBS (MALES) 12-MONTH/ 

20-M0NTH,'' 24-MONTH-GAIN'^ (OR LOSS) 

Source of 
Variation 

Degrees of 
Freedom 

Mean 
Squares 

- 12-Month-Gain/Loss 

Between Sires 
Within Sires 

55 
683 

234.42** 
126.73 

2 0-Month-Gain/Los s 

Between Sires 
Within Sires 

44 
611 

1524.94** 
420.84 

24-Month-Gain/Loss 

Between Sires 
Within Sires 

35 
525 

1235.46** 
418.76 

**P < .01 

^Gain from weaning to 12-month-age adjusted for year. 

b„ . 
Gam 

dam. 
from weaning to 20-mongh-age adjusted for year and age of 

*^Gain from weaning to 24-month-age adjusted for year. 
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APPENDIX L 

ANALYSES OF VARIANCE FOR PATERNAL HALF-SIBS (FEMALES) 

12-MONTH, ̂ 20-MONTH,'' 24-MDNTH-GAIN'^ (OR LOSS) 

Source of Degrees of Mean 
Variation Freedom Squares 

12-Month-Gain/Loss 

Between Sires 116 217.94** 
Within Sires 1846 153.47 

20-Month-Gain/Loss 

Between Sires 97 797.72** 
Within Sires 1420 362.09 

24-Month-Gain/Loss 

Between Sires 81 772.85** 
Within Sires 1158 466.84 

**P < .01 

Gain from weaning to 12-month-age adjusted for year. 

Gain from weaning to 20-inonth-age adjusted for year. 

Gain from weaning to 24-niongh-age adjusted for year and age 
of dam. 
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APPENDIX M 

ANALYSES OF VARIANCE FOR PATERNAL HALF-SIBS (MALES) 

12-MONTH, 20-MONTH, 24-MONTH-WEIGHT 

Source of Degrees of Mean 
Variation Freedom Squares 

12-Month-Weight^ 

Between Sires 55 790.62** 
Within Sires 683 456.25 

20-Month-Weight^ 

Between Sires 44 2295.76** 
Within Sires 611 804.84 

24-Month-Wei ght 

Between Sires 35 1756.80** 
Within Sires 525 640.54 

**P < .01 

12-month-weight adjusted for year. 

^20-month-weight adjusted for year and age of dam. 

'^24-month-weight adjusted for year. 
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APPENDIX N 

ANALYSES OF VARIANCE FOR PATERNAL HALF-SIBS (FEMALES) 

12-MONTH, 20-M0NTH, 24-MONTH-WEIGHT 

Source of Degrees of Mean 
Variation Freedom Squares 

12-Month-Weight^ 

Between Sires 116 547.76** 
Within Sires 1846 318.62 

y. 

20-Month-Weight 

Between Sires 97 1395.56** 
Within Sires 1420 602.61 

24-Month-Weight^ 

Between Sires 81 1469.44** 
Within Sires 1158 599.82 

**P < .01 

12-month-weight adjusted for year. 

20-month-weight adjusted for year. 

Q 
24-inonth-weight adjusted for year and age of dam. 
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APPENDIX 0 

DEATH LOSS® BY YEAR AND AGE OF DAM (PERCENT) 

Year 3 4 S 

Age of Dam 

6 7 

(Years) 

8 9 10"^ Avg. ̂ M No. 

1957 11.1 4.4 4.8 0.0 0.0 0.0 7.7 0.0 4.0 243 
1958 2.7 8.7 0.0 3.6 4.0 0.0 0.0 0.0 2.9 304 
1959 0.0 0.0 0.0 2.5 0.0 0.0 0.0 0.0 .4 283 
1960 4.8 3.2 2.3 4.7 5.7 0.0 0.0 8.8 3.9 310 
1961 12.7 2.2 11.1 6.8 7.7 8.6 9.1 3.5 7.9 369 
1962 10.0 1.7 5.0 4.8 13.3 11.1 19.2 15.4 9.3 413 
1963 9.9 7.4 6.1 2.5 13.0 0.0 0.0 0.0 6.2 452 
1964 5.3 4.7 4.0 2.5 13.0 11.1 0.0 4.8 5.1 371 
1965 5.1 1.2 6.8 0.0 2.9 0.0 0.0 0.0 3.1 384 
1966 5.2 3.5 1.4 3.0 0.0 0.0 4.8 0.0 2.8 461 
1967 2.6 1.1 0.0 1.8 0.0 0.0 0.0 0.0 1.2 517 
1968 4.7 1.4 2.7 0.0 2.4 0.0 0.0 0.0 2.3 475 
1969 4.7 1.0 0.0 3.0 2.9 2.9 0.0 0.0 2.3 514 
1970 8.2 1.5 3.0 0.0 0.0 0.0 0.0 6.3 3.0 431 
1971 0.0 4.8 4.6 4.8 4.2 7.7 10.0 - 4.2 428 
1972 4.9 0.0 2.2 0.0 0.0 0.0 0.0 0.0 1.6 481 
1973 5.1 1.4 0.0 1.9 2.2 0.0 0.0 0.0 2.0 473 
1974 7.9 3.7 0.0 2.0 2.2 2.9 0.0 5.6 3.2 475 
1975 6.5 0.0 5.1 3.3 2.6 3.0 3.9 0.0 3.5 387 

Avg.^ 5.9 2.7 3.0 2.5 3.8 2.5 2.9 3.4 3.0 7771 Avg.^ 
(Total) 

Number of dead calves/number of cows pregnant x 100. 

b c 
' Weighted means for each category. 
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APPENDIX P 

PREGNANCY^ RATE BY YEAR AND AGE OF DAM (PERCENT) 

Age of Dam (Years) 

Year 3 4 5 6 7 8 9 10^ Avg.^ No. 

1957 52.9 88.5 67.7 67.9 85.7 100.0 72.2 52.0 71.6 243 
1958 70.6 86.8 76.4 82.4 89.3 83.3 88.2 69.1 79.3 304 
1959 82.4 80.4 78.4 88.9 89.7 78.3 80.0 83.3 82.7 283 
1960 86.0 91.2 95.7 95.6 83.3 96.0 90.5 85.0 90.0 310 
1961 75.9 83.6 79.4 95.7 86.7 85.4 84.6 74.4 82.7 369 
1962 89.1 81.1 75.5 70.1 68.2 81.8 76.5 88.6 80.6 413 
1963 91.0 95.0 93.0 87.0 100.0 90.0 96.4 87.5 92.3 452 
1964 72.8 71.9 82.0 90.9 82.1 81.8 78.6 100.0 79.0 371 
1965 77.3 88.8 86.1 80.0 89.5 92.3 90.0 60.0 84.6 384 
1966 85.7 74.4 88.0 90.5 91.1 91.4 87.5 80.0 85.9 461 
1967 81.6 87.0 79.1 81.4 72.1 76.5 81.8 64.3 80.5 517 
1968 81.5 73.2 88.1 91.8 87.5 81.6 81.8 57.1 82,3 475 
1969 93.8 75.0 79.8 87.0 82.9 92.1 87.1 50.0 84.2 514 
1970 98.8 81.5 76.7 87,3 88.5 79.2 100.0 84.2 86.5 431 
1971 70.8 77.5 90.4 87.5 94.1 88.6 83.3 — 83.2 428 
1972 88.7 79.2 65.7 67.2 81.0 81.4 76.5 iOO.O 78.4 481 
1973 77.3 82.5 90.1 88.1 86.5 80.5 70.4 80.0 83.3 473 
1974 81.8 87.7 85.5 86.2 90.0 83.3 89.7 85.7 86.1 475 
1975 88.5 83.3 90.8 85.2 90.7 97.1 89.7 73.7 89.7 387 

Avg.^ 81.4 82.8 82.5 85.3 86.3 86.3 84.5 76.4 83,5 7771 
(Total) 

Number of pregnant cows/number exposed x 100. 

Weighted means for year. 

Unweighted means for age of dam. 
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APPENDIX Q 

ANALYSIS OF VARIANCE FOR DEATH LOSS^ AND PREGNANCY^ 

Source of Degrees of Mean 
Variation Freedom Squares 

Death Loss 

Age of dam 7 .16** 
Year 18 .16** 
Error 125 .03 

Pregnancy 

Age of dam 7 .39 
Year 18 .78** 
Error 125 .28 

**P < .01 

Number of dead calves/number of cows pregnant. 

Number of pregnant cows/number exposed. 
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APPENDIX R 

ANALYSIS OF VARIANCE FOR DAY OF BIRTH (DRY COWS) -

MODELS A AND B 

Source of Degrees of Mean 
Variation Freedom Squares 

Model A 

Years 5 8708.90** 
Service Sires 40 1329.76** 
Age of Dam (linear) 1 92.44 

(quadratic) 1 1079.62 
Year x Age of Dam (linear) 5 1219.11 

(quadratic) 5 410.33 
Residual 772 628.66 

Model B 

Years S 14051.48** 
Maternal Grandsires 47 595.56 
Age of Dam (linear) 1 124.34 

(quadratic) 1 1920.29 
Year x Age of Dam (linear) 5 307.43 

(quadratic) 5 630.57 
Residual 704 675.75 

**P <.0I 
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APPENDIX S 

ANALYSES OF VARIANCE FOR DAY OF BIRTH 

CLACTATING COWS) - MODEL C 

Source of Degrees of Mean 
Variation Freedom Squares 

Model C 

Years 4 18641.63** 
Service Sires 56 908.49* 
Sex^ b 1675.02 
Conditions Score 7 1358.37* 
Age of Dam (linear) 1 2668.65* 

(quadratic) ^ 1 3948.92* 
Previous Birth Date (linear) 1 43615.56** 

(quadratic) 1 1044.94 
Previous Birth Weight (linear)° 1 23987.08** 

(quadratic) 1 27.26 
Years x Age of Dam (linear) 5 1147.85 

(quadratic) 5 530.56 
Residual 810 632.28 

*P < .05 

**P < .01 

^Sex of the calf being carried. 

^Condition score of the cow during the breeding season. 

'^Birth date of the previous calf. 

^Birth weight of the previous calf. 
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APPENDIX T 

ANALYSES OF VARIANCE FOR DAY OF BIRTH (LACTATING COWS^ -

MODELS D AND E 

Source of Degrees of Mean 
Variation Freedom Squares 

Model D 

Years 4 18641.63** 
Service Sires 56 908.49* 
Condition Score 7 1335.17* 
Age of Dam (linear) 1 2738.89* 

(quadratic) 1 3933.94* 
Previous Birth Date 1 43570.83** 
Previous Birth Weight 1 24920.61** 
May Weight (linear)^ 1 2937.25* 

(quadratic) 1 6796.44** 
Residual 821 625.19 

Model E 

Years 4 18641.63** 
Service Sires 56 908.49* 
Condition Score 7 1335.17* 
Age of Dam (linear) 1 2738.89* 

(quadratic) 1 3933.94* 
Previous Birth Date 1 43570.83** 
Previous Birth Weight 1 24920.61** 
MPPA (linear)^ 1 168.34 

(quadratic) 1 573.66 
Residual 821 636.14 

106 



107 

*P < .05 

**P < .01 

Weight of the cow during the breeding season. 

^Most probable producing ability of the cow at breeding. 



APPENDIX U 

ANALYSES OF VARIANCE FOR DAY OF BIRTH (LACTATING COWS) -

MODELS F AND G 

Source of Degrees of Mean 
Variation Freedom Squares 

Model F 

Years 4 18641.63** 
Service Sires 56 908.49* 
Condition Score 7 1335.17* 
Udder Capacity^ 3 2806.39** 
Age of Dam (linear) 1 1319.04 

(quadratic) 1 2697.14* 
Previous Birth Date 1 47331.12** 
Previous Birth Weight 1 24781.99** 
Residual 821 655.80 

Model G 

Years 4 18422.61** 
Service Sires 56 876.47* 
Condition Score 7 1538.34* 
Age of Dam (linear) 1 2545.04* 

(quadratic) 1 3729.38* 
Previous Birth Date 1 43376.03** 
Previous Birth Weight 1 24508.26** 
Previous Weaning Weight (linear) 1 3472.00* 

(quadratic) 1 548.27 
Residual 796 630.37 
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*P < .05 

**P < .01 

Udder capacity score of the cow during the breeding season. 

Actual weaning weight of the previous calf. 



APPENDIX V 

ANALYSES OF VARIANCE FOR DAY OF BIRTH (LACTATING COWS) -

MODELS H AND I 

Source of Degrees of Mean 
Variation Freedom Squares 

- - Model H 

Years 4 18422.61** 
Service Sires 56 876.47* 
Condition Score 7 1538.34* 
Age of Dam (lienar) 1 2545.04* 

(quadratic) 1 3729.38* 
Previous Birth Date 1 43376.03** 
Previous Birth Weight 1 24508.26** 
Weaning Weight Ratio^ (linear) 1 3358.39* 

(quadratic) 1 1026.99 
Residual 796 629.91 

Model I 

Years 4 17155.26** 
Maternal Grandsires 46 1031.31* 
Age of Dam (linear) 1 347.50 

(quadratic) 1 5726.23** 
Residual 768 703.23 

*P < ,05 

**P < .01 

^Weaning weight ratio of the previous calf adjusted for calf age, 
years, age of dam, year x age of dam interaction and regression of weight 
on day of birth. 
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APPENDIX W 

DAY OF BIRTH CLASSIFIED BY YEAR AND 

AGE OF DAM (DAYS) 

LACTATING COWS 

Age of Dam (Years) 

Year 3 4 5 6 7 8 9 Avg . No. 

1967 79 68 65 70 76 72 71 159 
1968 93 84 74 80 76 81 - 83 176 
1969 82 86 80 72 80 71 82 79 212 
1970 98 97 97 102 100 109 - 99 191 
1971 84 87 82 75 81 72 128 81 162 

Avg, 88 83 81 80 85 79 88 83 900 
(Tot.) 

DRY COWS 

Age of Dam (Years) 

Year 3 4 5 6 7 8 9 Avg . No. 

1966 69 76 76 71 78 68 100 73 271 
1967 61 61 73 77 70 63 - 64 140 
1968 66 63 67 61 71 90 68 66 155 
1969 62 92 57 73 64 83 104 66 94 
1970 85 95 110 87 110 104 112 95 112 
1971 72 82 59 68 67 62 46 71 125 

Avg. 68 76 78 73 82 71 80 72 897 
(Tot.) 
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APPENDIX X 

REGRESSION OF VARIOUS FACTORS ON DAY OF BIRTH 

(LACTATING COWS) 

Factor Linear Regression Quadratic Regression 

Age of dam 1,002 1.041 

Previous birth date^ .312 

Previous birth weight .352 

May weight'^ .027 -.00005 

Weaning weight -.004 

Weaning weight ratio -.002 

Age of dam at breeding. 

^Birth date of-previous calf. 

Birth weight of previous calf. 

'Slay weight of cow during the breeding season. 

Actual weight of the previous calf. 

leaning weight ratio of previous calf (based on adjusted weight). 
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APPENDIX Y 

DAY OF BIRTH CLASSIFIED BY UDDER CAPACITY 

SCORE^ AND CONDITION SCORE^ 

Udder Capacity Score 

1 2 3 4 

Avg. 
Birth date 95 88 81 80 

Condition Score 

5 6 7 8 9 10 11 12 

Avg. 
Birth date 79 86 78 91 85 82 83 76 

' Scores determined during the breeding season. 
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APPENDIX Z 

CORRECTION FACTORS FOR DAY OF BIRTH (DAYS) 

Year 1966 1967 1968 1969 1970 1971 

Dry Cows 9 0 0 2 27 0 

Lactating Cows - -10 2 -2 18 0 
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APPENDIX AA 

ANALYSIS OF VARIANCE FOR PATERNAL HALF-SIBS 

ADJUSTED DAY OF BIRTH® 

Source of Degrees of Mean 
Variaton Freedom Squares 

Dry Cows 

Between Sires 51 1405.74** 
Within Sires 783 667.03 

Lactating Cows 

Between Sires 56 854.39 
Within Sires 837 729.12 

Lactating Cows 

Between Sires 46 980.07* 
Within Sires 776 705.40 

*P < .05 

**P < .01 

^Day of birth adjusted for year effects. 

^Day of birth measured as a trait of the cow rather than a trait 
of the calf. 
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APPENDIX BB 

HERITABILITY ESTIMATES FOR ADJUSTED DAY OF BIRTH^ 

Source S.E.^ 

Dry Cows .26 .10 15.94 

Lactating Cows .04 .06 15.S9 

Lactating Cows'^ .09 .07 17.23 

Day of birth adjusted for year effects. 

'^Standard error. 

'^Effective number for sires. 

'^Day of birth measured as a trait of the cow rather than a 
trait of the calf. 
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