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CHAPTER I 

INTRODUCTION 

Selection is the most effective tool that a beef cattle breeder 

has at his disposal for the permanent genetic improvement of his herd. 

Improving the herd by selection is a slow, continuous process that 

requires much assiduity on the part of the breeder if satisfactory 

results are to be attained. The generation interval is much longer in 

cattle than in most other farm animals and multiple births, which 

increase the rate of progress from selection, are relatively unusual in 

cattle. Only a part of the superiority of the selected parents over the 

unselected herd average for a particular trait is transmitted to the 

offspring. Differences among animals due to environmental effects are 

not transmitted from generation to generation. Therefore, only a portion 

of the selection differential of the parents is realized in the offspring. 

It is necessary that accurate and independent estimates of en 

vironmental factors of variation be obtained in order to precisely esti 

mate heritability and, thereby, bring about expected genetic progress in 

improvement of economically important traits. At the time of this study, 

much of the research reported in the available literature concerned with 

the effect of various environmental factors on average daily gain from 

birth to weaning and on the type score at weaning of beef calves involved 

either uncontrolled or unmeasured factors. One approach to removing more 

of such variation would be to study repeated observations on the same 
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cow, since this method removes genetic differences between cows. 

The objectives of this study were: 

1. To obtain estimates on an intra-cow basis of the influence of 

sex of calf, year of birth, age of dam, reproductive status of the dam. 

season of birth, sex of the previous calf, weaning age, calving interval 

of the dam, average daily gain of the previous calf and the number of 

dry days of the dam on average daily gain from birth to weaning and on 

the type score of her calf at weaning. 

2. To develop appropriate correction factors to adjust average 

daily gain and type score for environmental and developmental influences. 

3. To calculate the heritability and repeatability estimates for 

average daily gain and type score. 



CHAPTER II 

REVIEW OF LITERATURE 

A large number of studies have been carried out to estimate the 

effect of environmental and genetic factors on average daily gain from 

birth to weaning and on the type score at weaning in beef cattle, These 

investigations have been conducted under varying environmental and 

managerial conditions and with various breeds of cattle. Therefore, 

variations in the magnitude and intensity of these influences on average 

daily gain and type score are not surprising. 

I. EFFECT OF FIXED SOURCES OF VARIATION ON AVERAGE 

DAILY GAIN AND TIPE SCORE AT WEANING 

Sex of calf. Most investigators have found sex to significantly 

influence average daily gain from birth to weaning. Bull calves usually 

had a faster growth rate than steers and steers had faster growth rates 

than heifers. In a study involving nearly 2,000 calves, Lehmann et al. 

(1961) reported that bull calves had an average daily gain of 0.18 pound 

and steer calves 0.01 pound per day greater than heifers. Brinks^al. 

(1961) found that heifer calves gained ^ per cent less than steers and 

6 per cent less than bulls from birth to weaning, Taylor^al. (196O) 

reported that male calves had an average daily gain of 1.77 pounds while 

the female calves gained 1.53 pounds, According to Barker (196I4) the 

average daily gain of bull calves was 0.13 pound per day greater than 
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steers and that of steers was 0.12 pound per day greater than heifers. 

Gregory, Blunn and Baker (19^0) found no significant sex differences in 

gains from birth to weaning, although the mean difference was generally 

in favor of the males. In a study by Sawyer, Bogart and Olouta (l9i;8), 

heifer calves were heavier at weaning than steer calves but the differ 

ences lacked statistical significance. 

Loganathan (1962), in a study involving U?! purebred Hereford 

calves and 196 grade Hereford calves, found that male purebred calves 

had an average daily gain of 1.83 pounds and females 1.66 pounds. 

Corresponding figures for the grade calves produced in the same herd 

were 1.89 and 1.76 pounds, respectively. 

Marlowe and Gaines (1958), in a study involving 6,173 calves, 

found that heifer calves made an average daily gain of 0.12 pound less 

than steer calves. In another study, Marlowe (1962) reported that bull 

calves grew about li; per cent faster than heifer calves when no creep 

feeding was practiced. Steer calves were intermediate between bulls and 

heifers, growing at a 7 per cent faster rate than heifer calves but 7 per 

cent slower than bull calves. 

A limited number of studies on the influence of sex on type score 

at weaning are reported in the literature. Koch and Clark (1955a), in a 

study involving 5>962 Hereford calves, concluded that sex influences on 

type score at weaning were negligible. Sex differences observed in 

weaning type score by Marlowe and Gaines (1958), Taylor^£l. (i960), 

Lehmann et al. (196I) and Marlowe (1962) were 0.5} 0.3, 0.9 and 0.5 

units, respectively, in favor of heifer calves. Loganathan (1962) reported 



that, among purebred calves, males scored 12.0 and females 11,8. The 

difference, however, was not significant. The corresponding figures for 

grade calves produced in the same herd were 12.1 and 12.0, respectively. 

Year of birth. The year calves were bom was found by most 

workers to have a significant effect on average daily gain to weaning and 

type score (Gregory, Blunn and Baker, 1950j Koch, 1951; Burgess, Landblom 

and Stonaker, 195^;; Brown, 1961; and Loganathan, 1963). Botkin and 

Whatley (1953) theorized that much of year influence on weaning traits 

in beef cattle is caused by variation in nutrient intake which in turn 

are affected to a considerable extent by the amoiint of rainfall during 

the grazing season. 

Age of dam. Many estimates for the effects of age of dam on 

weaning weight and average daily gain from birth to weaning have been 

made by research workers. These investigations have been carried out 

with various breeds and under varying environmental conditions. A 

s\unmary of these estimates is shown in Table I, Most workers have found 

that age of dam effects have a highly significant influence on weaning 

weight and average daily gain. 

In general, the estimates of these effects indicate that cows 

wean their heaviest calves when 6 to 8 years of age. Most reports indi 

cate that calves out of 2-, 3- and i^-year-old cows have average dally 

gains at weaning of about 0.23, 0.lli. and 0.08 pound, respectively, less 

than calves out of 5-year-old dams. 
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Type score at weaning is a subjective measure^ however^ it is a 

trait of economic importance and hence is usually Included in a selection 

index. Loganathan (1962) concluded that calves of 2- and 3-year-old dams 

graded 1.0 and 0,8 grade point lower, respectively, than those from the 

older cows. He observed a positive linear association in calf grade as 

age of dam increased from 2 to 7 years, This work is in general 

agreement with that reported by Marlowe and Gaines (1958)> Lehmann et al. 

(1961) and Barker (196k). 

Season of birth. The season in which a calf is born affects the 

environmental surroundings of the calf and its dam during the suckling 

period. The factors that change with season include, among others, feed 

supply, temperature and parasites. 

Marlowe and Gaines (1958) found that season of year had a signifi 

cant influence on the growth of non-creep-fed calves, but was of no 

practical importance in the growth of creep-fed calves. This work indi 

cated that non-creep-fed calves born from June through December grew 0.1 

pound a day slower than calves bom from February through May. 

Barker (l961i) observed average daily gains of calves born in 

January, February and March to be significantly higher (P<.01) than 

those bom in other months. Loganathan (1962) reported that calves born 

in April and May made faster gains than those bom in January, Febmary 

and March. 

Barker (l96ii) studied the effect of month of birth on type score 

at weaning. His data indicated that calves bom in August, September, 



9 

October and November had a lower type score at weaning than calves bom 

during other months. Marlowe and Gaines (1958) made a study of the 

effects of season of birth on type score at weaning. The study involved 

ij.,166 non-creep and 2,007 creep-fed calves. In the non-creep group, 

calves bom in July and August graded 0.9 point less than calves born in 

December through March 15. Calves bom from March I6 through December 

15 in the creep-fed group graded 0.2 point higher than calves born in 

December through March. These findings are in general agreement with 

those reported by Loganathan (1962). Lehmann et al. (I96I), in their 

work at Front Royal, Virginia, on 1,98? purebred and grade calves, con 

cluded that calves born in April, May and June had a lower type score at 

weaning than those born in January through March. 

Weaning age, Variation in weaning age is another of the factors 

concealing the outward expression of genotype and one that should be 

taken into account when selection is based on weaning traits. 

Work by Koch (1951) at the U. S. Range Livestock Experiment 

Station, Miles City, Montana, involving the weaning weights of 7U5 

Hereford calves, indicated that weaning weight increased 2.27 pounds 

with each additional day of age. Burgess, Landblom and Stonaker (1951^) 

reported an estimate of I.67 pounds increase with each additional day of 

age. In a study involving 159 calves, Rollins and Guilbert (l951i) found 

the regression of weight on age for the period from birth to months to 

be 1.90 pounds per day and from 120 to 2i40 days to be 1.8l pounds per day. 
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There is little information reported in the literature concerning 

the influence of age of calf on type score. Marlowe and Gaines (19^8), 

in their work at the Virginia station, found a small but significant 

effect of age of calf on type score, In their study, age of calf was 

broken down into 30-day periods from 90 to 300 days and the workers 

concluded that, although some of the differences were statistically sig-

nificant, they were of no practical consequence, Koch and Clark (1955a) 

found a small positive relationship between age at weaning and weaning 

score. 

II. REPEATABILITY ESTIMATES 

Numerous studies have been made to determine the degree of associ 

ation between repeated records of the same individual. Repeatability-

estimates, a summary of which is shown in Table II, have been made under 

varying environmental conditions and range from 0.19 to 0.52 for weaning 

weight and 0.22 to 0.Ii5 for type score at weaning. The extremes in both 

directions can possibly be attributed to sampling error but may be due 

to varying degrees of environmental control. 

III. HERITABILITY ESTIMATES 

Since 19^6, when Knapp and Nordskog reported the first estimates 

of heritability, literature on genetic parameters of beef cattle has 

been increasing at a rapid rate. Warwick's (1958) paper entitled "Fifty 

Years of Progress in Breeding Beef Cattle" was the first attempt to 

summarize heritabilities in beef cattle. Other summaries have been 
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reported recently (Temple, 196Uj Petty, I96U). A summary of heritability 

estimates for weaning weight from these studies is shown in Table III. 

A similar summary for type score at weaning is found in Table IV. 

A high percentage of these estimates have been made by the 

paternal half-sib method. Weighted averages of the paternal half-sib 

estimates for weaning weight indicate that weaning weight is about 30 

per cent heritable. The wide range of estimates (-.I6 to 1.28) possibly 

can be the result of sampling error. 

The heritability estimates for type score at weaning range from 

0.21 reported by Meyerhoeffer, Carter and Priode (1963) to 0.79 reported 

by Christian (1963). This summary indicates an overall average of 

heritability for type score to be about 32 per cent. 
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CHAPTER III 

EXPERIMENTAL PROCEDURE 

I. SOURCE OF DATA 

The data used in this study were collected from the Angus and 

Hereford herds of the Main Station of the Tennessee Agricultural Experi 

ment Station at Knoxville and six branch stations over a 7-year period 

(1957-63). Three branch stations (Alcoa, Greeneville and Oak Ridge) are 

located in East Tennessee, two (Columbia and Springfield) are located in 

Middle Tennessee and one (Ames Plantation) is located in West Tennessee. 

Included were the records of 1,272 Angus and 2,231 Hereford 

calves which were the progeny of 1,962 purebred and grade Hereford and 

Angus cows. They were sired by purebred bulls. Only records of cows 

that had weaned at least one calf were used. The distribution of calves 

by station, year and breed along with the means and standard deviations 

of average daily gain from birth to weaning and type score at weaning 

are shown in Tables XVI and XVII of the Appendix, pages 67 and 69, 

respectively. 

Most of the purebred herds used in this study were established in 

the early 1950's. Grade herds existed prior to that time. These grade 

cattle were gradually phased out of the herds during the early fifties 

and replaced by purebreds by the mid-fifties at several stations. During 

this period, dwarfism occurred in some herds. To eliminate dwarfism, a 

18 
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program was started whereby all animals producing dwarfs and their rela 

tives were gradually eliminated and replaced by animals that by pedigree 

analysis were believed to be free of dwarfism. In most herds this 

rebuilding program extended into the early 1960's. 

Although the number of bulls from an outside source has decreased 

in recent years, none of the herds was closed to outside breeding. 

Bulls used in a particular herd were either produced in that herd, 

produced at a different station, or purchased from an outside source. 

In cases where a bull was used in the herd in which he was produced. 

related matings were minimized. Most service bulls received a post-

weaning performance test at the Main Station in Knoxville. 

The cow herds were managed similarly at all stations. They had 

access to pasture the year round and were fed hay and protein supplement 

as required during the winter months. The grazing season in Tennessee 

was usually from mid-March to mid-December. Early culling of cows was 

based primarily on factors other than their performance records, in 

cluding dwarfism, non-pregnancy, sickness, injury and temperament. 

For breeding purposes the cows were striated on the basis of age 

and past performance record and then randomly assigned to sire groups. 

All cows were pasture bred in single sire herds. The cow herds at Middle 

Tennessee Experiment Station, Coliutibiaj Tobacco Experiment Station, 

Greeneville; UT-AEC Agricultural Research Laboratory, Oak Ridge; and 

Highland Rim Experiment Station, Springfield,were bred to calve in the 

spring only. The cows in herds at the Main Station, Knoxville; Alcoa 

Farms, Alcoa, and Ames Plantation, Grand Jtmction, calved primarily in 
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the spring; however, some fall calving was practiced. Those calves bom 

between December 1 and May 31 were considered spring calves, and those 

bom between June 1 and November 30 were classified as fall calves. 

The cows at a station were usually re-randomized into larger herds 

at the end of the breeding season and rotated among the various pastures. 

None of the cow herds were intentionally subjected to any type of 

treatment that would produce differences in the performance of their 

calves to weaning. During the period included in this study, these 

herds were used primarily to evaluate performance tested bulls. 

II. CLASSIFICATION OF DATA AND METHOD OF ANALYSIS 

Data recorded at birth included birth date, birth weight, sex. 

sire and dam of calf. Weaning data included weaning weight, weaning 

type score and weaning condition score. Weaning data on spring calves 

were usually recorded in September; however, it was usually October when 

the calves were actually weaned. This allowed time for an index based 

on rate of gain and type score to be computed in order that selection of 

bull calves to be performance tested could be made at weaning. 

All calves were graded by two or more staff members of the Animal 

Husbandry-Veterinary Science Department of The University of Tennessee. 

Each grader worked independently. Usually the same graders scored 

calves at all locations. Federal-State standards for grades of feeder 

cattle were used as a basis of the grading except that each grade was 

sub-divided into thirds. Each calf was classified as being in the upper, 

middle or lower third of the grade. The grades were coded by giving a 
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numerical value of 10 to middle Good and adding or subtracting one (l) 

for each one-third of a grade above or below. 

The coded scores of each grader were averaged to the nearest 0.1 

grade point (l/30th of a grade). The numerical codes were; fancy plus 

(17), fancy (I6), fancy minus (l3), choice plus (lli), choice (13), 

choice minus (12), good plus (ll), good (lO), good minus (9), medium 

plus (8), medium (7) and medium minus (6). 

Age of dam at calving was arbitrarily divided into discrete 

classes on the one-half year; therefore, the age of dam 3 would be an 

animal whose age was between 2-1/2 and 3-1/2 years. All animals 10-1/2 

years old or over were classified as age of dam 11, 

Each record was classified as to the reproductive status of the 

dam at time of calving. These classes were: (l) calving first at 2 

years of age, (2) calving first at 3, (3) calving first at 1;, (h) known 

to have calved previously but no record, (9) calving but not raising 

calf to weaning, (6) calving and raising calf to weaning and (7) not 

calving the previous year. 

Due to a linear dependency between year and age of dam, a unique 

estimate of these effects on an intra-cow basis was not possible, This 

dependency is brought about because the calving pattern for each cow 

fixes both the year she appeared as a dam and the ages at which she was 

a dam. 

Reports of other workers (Barker, 196k", Blackwell, Knox and Hurst, 

1958; Brinks et al., I96I; Brown, I96I; Clark et _al
/ 19^8; Koch et al.,9 

1959; Lehman et al., I96I; Loganathan, 1963; McCormick, Southwell and 
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Warwick, 1956] Marlowe, 1962] Marlowe and Gaines, 1958] and Taylor et al., 

i960) have indicated that calves out of 2-, 3- and ii-year-old cows had 

average daily gains at weaning of about 0.23, 0.lit and 0.08 poimd, re 

spectively, less than calves out of 5-year-old dams, Most of the reported 

work suggested that the effects of age of dam beyond 5-year-old cows were 

not significant] therefore, the average daily gain of all calves out of 

2-, 3- and i;-year-old dams was adjusted using the above factors. 

The work reported in the available literature indicates that age 

of dam has little, if any, effect on type score at weaning] therefore, 

no adjustment was made for this trait. The analysis, utilizing the data 

adjusted for age of dam in an attempt to eliminate the confounding of 

this factor with year, will be referred to throughout this study as 

Analysis I. 

In a second method of eliminating the confounding of year and age 

of dam, average daily gain and type score of each calf at weaning were 

expressed as deviations from his respective year, station and breed mean. 

These deviations were used in a second analysis in lieu of the observed 

performance values. This analysis will henceforth be referred to as 

Analysis II. 

Sire effects were so distributed that considerations of such 

effects in these analyses were deemed unnecessary, A study of the unad-

justed means indicated there were no significant interactions between 

the various classes of effects. 

The method of least squares for analysis of data with dispro 

portionate subclass numbers (Harvey, I96O) was used to estimate the 
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effect of these factors on the performance traits. 

In Analysis I, constants were fitted for sex of calf, year, 

reproductive status, season of birth, sex of previous calf and continu 

ous variables for weaning age, calving interval, average daily gain at 

weaning of the previous calf and the number of days between weaning one 

calf and the birth of the next. For Analysis II the constants fitted 

were identical to Analysis I except that age of dam was substituted for 

year. The assumed model considered appropriate for Analysis I was: 

+ s + se„ + sp^ijklmno ~ j ^k ^ Pi + bl^ijklmno +m n 

^2^ijklmno ^3-^^^iJklmno ^li^ijklmno ''' ®ijklmno. 

i = 1, 2 . . . 3503. m = 1, 2. 

j = 1, 2. n = 1, 2. 

k = 1, 2 . . . 7. 0 = 1, 2 . . . 3503. 

1 = 1, 2 . . . 7. 

Where: 

Yijklmno " observed value of the o"*^^ calf, in the n'*"^ sex of 
previous calf, bom in the m"*^^ season, out of a dam in 

the reproductive group, in the k'th year of the 

sex of the i"*^^ dam. 

a = the theoretical population mean with equal subclass 

frequencies when average daily gain and type score at 

weaning are equal to the value of zero (absorbed). The 

population mean with equal frequencies, when average 

daily gain and type score at weaning both are equal to 
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the average, is: 

ji = a + bjW + b2l + b^ADG + b^D. 

= effect of the dam (absorbed). 

Sj = effect of the jth sex. 

= effect of the year,yk 

P]^ = effect of the reproductive group. 

se = effect of the season of birth, 
m 

sp^ = effect of the sex of previous calf, 

b-j^ = partial regression of Y on weaning age. 

W. = weaning age for a given calf.ijklmno 

b2 = partial regression of Y on calving interval, 

lijkimno birth of one calf until the birth of the 
next calf for a given dam. 

b^ = partial regression of Y on ADG of previous calf. 

ADGi = average daily gain of previous calf,jkimno 

b^^ = partial regression of Y on dry days. 

Dijkimno ^ number of days between weaning of one calf and the 

birth of the next. 

®i0klmno = random errors. 

The mathematical model underlying Analysis II was: 

m 
+ spj^ + bjWj^jklmno ^2^ijklmno+ se^ijklmno = + Ci + sj + dj^ 

+blADGijklmno ^ii^ijklmno eijklmno. 

Where: 

^ijklmno ^ observed value of the o'th calf, in the nY^ sex of 
previous calf, born in the m"*^^ season, out of a dam in 
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the reproductive group, in the age of dam 

group of the sex and of the i^^ dam. 

= the theoretical population mean with equal subclass 

frequencies when average daily gain and type score at 

weaning are equal to the value of zero (absorbed). 

The population mean with equal frequencies when 

average daily gain and type score at weaning both are 

equal to the average, is: 

p = a + b]^W + b2l + b^ADG + b|jD. 

= effect of the i"*^^ dam (absorbed).'=i 

Sj = effect of the sex. 

dj^ = effect of the age of dam. 

p-]_ = effect of the 1"*^^ reproductive group. 

se m = effect of the m"*^^ season of birth, 

sp^ = effect of the n^^ sex of previous calf, 

b]^ = partial regression of Y on weaning age. 

^ijklmno "" weaning age for a given calf. 
b2 = partial regression of Y on calving interval, 

^ijklmno birth of one calf until the birth of the 

next for a given dam. 

b^ = partial regression of Y on ADG of previous calf. 

■^^*^iJklmno average daily gain of previous calf. 
b|^ = partial regression of Y on dry days, 

^ijklmno ^ number of days between weaning of one calf and the 
birth of the next. 
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^ijklinno = errors. 

In both analyses the data were analyzed on an intra-cow basis. 

This approach removed the breed and station differences. 

In Analysis II, expressing average daily gain and type score at 

weaning as deviations from the breed, station and year mean automati 

cally removed the year effect. 

In obtaining least squares estimates in both analyses for the 

effects of reproductive status and the other variables associated with 

that trait, all classifications could not make a contribution to the 

overall analysis since cows not calving the previous year or cows 

calving but failing to raise their calves would have a varying amo\mt of 

missing data. The discrete classes of reproductive status and the 

missing data associated with each are shown in Table V, 

In order to obtain unbiased least squares estimates for all the 

variables described in the mathematical models, three sets of sum of 

squares and crossproducts were calculated for each analysis. 

In computing the first set of sum of squares and crossproducts, 

all of the observations were used and all of the variables in the model 

were included. However, the sums of squares and crossproducts for 

variables with missing data, i,e., those associated with reproductive 

status 1, 2, 3, ii and 7, were meaningless. In order to maintain symme 

try in the sums of squares and crossproduct matrix, a model containing 

all variables but using only the observations associated with repro 

ductive status 3 and 6 were computed. The third group of calculations, 
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TABLE V 

REPRODUCTIVE STATUS AND OTHER CLASSES OF EFFECTS 

ASSOCIATED WITH THAT CLASSIFICATION 

Reproductive 
Status® 

Calvin
?bInterval

ADG of 

Previous 
Calfb 

Sex of 

Previous 

Calf® 
Dry Days 
of Dani“ 

1 

2 

3 
k 
5 
6 

7 

c 

xxx*^ 
XXX XXX 

XXX 

XXX XXX 

®DisCrete variable. 

^Continuous variables. 

"^Missing observations. 

'^Observations present. 
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again using all variables, was restricted to those observations associ 

ated with reproductive status 6. 

All rows and columns in the first group of computations associated 

with sex of previous calf and calving interval were discarded and 

replaced with the comparable rows and columns from the second pass since 

only cows in the second pass had comparable information for these traits. 

The sums of squares involving average daily gain of the previous calf 

and the number of dry days of the dam from the third pass replaced their 

comparable rows and columns in the first matrix, since again, these were 

the only records contributing complete information of these traits. 

The composite matrix of sxims of squares and crossproducts was used 

to obtain least squares estimates of the effects as described by the 

mathematical models. 

These data were adjusted using the estimates obtained from the 

least squares analyses for the fixed environmental effects, Each record 

also was corrected to a standard weaning age of 210 days, a 365-day 

calving interval, an average daily gain of previous calf to 1.75 pounds 

and the number of dry days of the dam to l55 days. 

Intra-class correlations among calves out of the same cow were 

used to determine repeatability of average gain from birth to weaning 

and type score at weaning. Repeatability was expressed as: Zbc 
VbC +% 

Where V was the variance between cows within stations and VBC W 

was the within cow variance. The method of Hazel and Terrill (l9i;5) was 

used to obtain the approximate standard errors of the repeatability 

estimates. Tests of significance among individual least squares 
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estimates were made with Kramer's (19^7) modification of Duncan's range 

test. Descriptions of symbols and analyses of variance procedure are 

shown in Table VI. 

Estimates of heritability were calculated for average daily gain 

from birth of weaning and type score at weaning from paternal half-sib 

comparisons according to the method of Hazel and Terrill (I9ii5). This 

method assumes the dams to be unrelated and the sires to be a random 

sample from an unselected population, The limits are based on the 

assumption that the ratio of two mean squares is distributed as F. 

Description of symbols and the analyses of variance procedure are shown 

in Table VII. 
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TABI£ VI 

STATISTICAL AND BIOLOGICAL EXPECTATION OF NEAN SQUARES 
FOR REPEATABILITY 

Source d.f.® Expectation of Mean Square 

A (Herd-Breed) h(b-l) %C ^2^-QC/k * 

B (Between Cows/A) hb(d-l) ^WC + ̂ i^BC/A 

C (Within Cows/A) hbd(c-I) \c/B 

Biological Components of Variance^ 
(Random mating) 

%C/B ’'^TE 

VBC/a = Vq + VpE 

Vq = V^ + Vp + Vj 

Vt = Vq + VpE 

ah - Kpj b - K2j d - , 

= Variation due to dominance deviations,
D 

Vq = Total genetic variance. 

Vj = Variation due to epistatic deviation, 

V;ji = Total variance, 

V = Between cow variance.BC 

V- = Permanent environmental variance between cows,PE 

Vjp = Temporary environmental variance, 

%C Within cow variance. 
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TABIH VII 

STATISTICAL AND BIOLOGICAL EXPECTATION OF MEAN SQUARES 
FOR HALF-SIBS 

Source d,f. Expectation of Mean Square 

A (Herd-Breed) h(b-l) VBC ^5^BS/A 
B (Between Sires/A) hb(s-l) V 

BC ^2^BD/B ^ Vbs/a 
C (Between Dam/B) hbs(d-l) Vbc + ̂ l^BB/B 

D (Between Calves/C) hbsd(c-l) VBC/C 

Biological Components of Variance® 

^BC/C = 0- \ 

= 0.25V^ + V^G + Vjjg + 0.25Vd + 0.lQ7$\VBD/B 

Vbs/a = 0,25Va + 0.0625\ 
V
G = Va + Vd + Vj 

Vm = ’^MG ^ME 

Vt = Vq + Ve + Vj^ 

® Va = Additive genetic variance, 
Vg = Environmental variance within full sibs, 

Vmg = Variance due to genetic variation in direct maternal 
effects, 

%= Permanent environmental difference between groups of full 
sibs, 

Vg = Variation due to dominance deviation effects, 
Vq = Total genetic variance, 
Vj = Variation due to epistatic deviation, 
V^ = Total variance, 

^These constants are only approximations. 



CHAPTER IV 

RESULTS AND DISCUSSION 

The least squares estimates of the environmental effects for 

average daily gain from birth to weaning and type score at weaning, for 

Analyses I and II are presented in Tables VIII and IX, respectively. The 

analyses of variance for average daily gain from birth to weaning and 

type score at weaning for Analyses I and II are presented in Tables X and 

XI, respectively. 

I. SEX EFFECTS 

Sex of calf in both analyses had a significant effect (P<,01) on 

average daily gain from birth to weaning but had little influence on type 

score. 

In both analyses, male calves had an average daily gain from birth 

to weaning of 0,l6 pound greater than females, These estimates are well 

within the range of the findings of other workers: 0.12 pound by Marlowe 

and Gaines (1958), 0.11 pound by Koch _et £l. (1959), 0,2\x pound by 

Taylor^al. (196O), 0.12 poiind by Marlowe (1962) and 0.1? pound by 

Loganathan (1962). Other estimates of sex of calf effects reported are 

either larger and smaller than those calculated from these data, These 

discrepancies between estimates of the sex effects may be attributable 

to the range in weaning age (l80-2ij.0 days) in various studies. 

32 
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TABLE VIII 

NUMBER OF CALVES, LEAST-SQUARES ESTIMATES AND STANDARD ERRORS 
FOR TYPE SCORE AND AVERAGE DAILY GAIN AT WEANING 

(ANALYSIS I) 

Variable 

Sex 

Males 

Females 

Year 

1957 
1958 
1959 
i960 
1961 
1962 
1963 

Reproductive status^ 
1 

2 

3 
h 
5 
6 

7 

Niimber 

of 

Calves 

lyiit 
1789 

370 
1;58 
kl9 
li75 
555 
636 
590 

li60 
392 
l6k 
li35 
20li 

1687 
161 

Average 
Daily 
Gain 

0.08±.00^ 
08± 00t> 

0.091.02d 
0.08±.Old 
-.02± OlbjC 
06±.Oia 

0.00± Oic 
Oli±.01^ 

-.Oli±.Oiajb 

-.02I.01^ 
-.Oil.oi^jc 
-.Oil.OOl^jCjd 
-.061.02a 
0,05^.02® 
0.Oil.loe 
0.031.01® 

T2£e 

0.Oii±.03® 
Oii±,03® 

0.03±.Olbj'^jd 
0.05i.02c,d 

22±.02® 
-.121.06^,h 
0.191.05d 
-.081,06a»bjC 
0,16±.O^d 

-.51-.08® 
-,17i.09^ 
0,261 07d>e 
0.liOl.10® 
0.061,oic,d 
0.lOl.05d 
-.llil,09^’® 

https://0.031.01
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TABLE VIII (continued) 

Number Average 
of Daily-

Variable Calves Gain 

Season of birth 

Spring 32i;l 02® Ihi.12® 
Fall 262 0,05-.01^ 0.ll;±.07® 

Sex of previous calf 
Male 9h2 0.02±.01® 0.09-.Oli® 
Female 9h9 -.02i.Olb -.09^.Oh^ 

Regression of Y on: 
Weaning age 0005^.OOOO^b; 0,006l±.OOIO^HS-
Calving interval 0.0001±.0000 -.OOllt 0010 
ADG of previous calf 2267-.OOlh^H^ 7138^.2050^-
Number of dry days 0.0006i.OOOO^h; -.00123-,0000 

a,b,CjdjeTj^Qgg estimates followed by the same letter within a 
column within subclass do not differ significantly at the 0.05 level of 
probability. 

.p
•^1 - Calving first at 2 years of age. 5 - Calving but not 
2 - Calving first at 3 years of age. raising it to weaning. 
3 - Calving first at years of age. 6 - Cal-vlng and raising 
i; - Known to have calves previously it to weaning. 

but no record. 7 - Not cal-ving the 
pre-vlous year. 

^<.01. 
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TABLE IX 

NUMBER OF CALVES, LEAST-SQUARES ESTIMATES AND STANDARD ERRORS 
FOR TYPE SCORE AND AVERAGE DAILY GAIN AT WEANING 

(ANALYSIS II) 

Variable 

Sex 

Males 

Females 

Age of dam 
2 

3 
k 
5 
6 

7 
8 

9 
10 

11 

Reproductive status^ 
1 

2 

3 

Number 

of 

Calves 

' 1711; 
1789 

502 
61;2 
B6h 
1;37 
361 
320 

299 
153 
111 

185 

i;60 
392 
16U 

1; U35 
5 201; 
6 1687 
7 161 

Average 
Daily-
Gain 

0.08±.00® 
08i.00^ 

081.02® 
-.031.01^ 
-.01±.00® 
0.Oil.01®5 
0.02I.OlCjd 
0.Oi;l,01^^ 
0.03I.Old 
0.Oil.oiCjd 
0.02±.0ic,d 
-.Oil.oobjC 

-.02I.01® 
-.O3I.01® 
-.021.ooa 
0.Oil.01® 
0.OUl.02® 
0.02±.OlbjC 
-.OOi.00®jb 

Type 

0.OUi.02® 
-.Oi;i,02® 

-.13^. 
0.15-.09®’^ 
0.23^.08^ 
0.23^.07^ 
0.181 07^ 
0.12±.07®’^ 
0,OUl.08'=>® 
-.231.10^ 
ml.12b 

-,1;6±,08a 

-.Oi;l.02® 
-.171.08a 
0.131.11;® 
0.19I.lOa 
0.Ol;l.lOa 
0.051.05® 
-.221.08® 

https://0.051.05
https://0.131.11
https://0.15-.09
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TABLE IX (continued) 

Number Average 
of Daily-

Variable Calves Gain 

Season of birth 

Spring 32U -.02^,OOa 06±.11® 
Fall 262 0.02±.01^ 0.06i 02® 

Sex of pre-vious calf 
Male 9ii2 0.02±,OOa 0.03 01® 
Female 9h9 -.02±.01^ 03^.01^ 

Regression of Y on: 
Weaning age 0003-.0000 0.006ii^,0000^ 
Cal-vLng interval 0.0002 0000 -.0008i 0000 
ADG of previous calf 2080±.0312^^ -.5963^.208^-)h^
Number of dry days 0000±.0000 0012i.0000 

a^b^Cjdjejfipj^Qgg estimates followed by the same letter within a 
column within subclass do not differ significantly at the 0.0^ level of 
probability. 

Si - Calving first at 2 years of age. 5 - Calving but not
2 - Calving first at 3 years of age. raising to,weaning.
3 - Calving first at i; years of age. 6 - Calving and raising it 
It - Known to have calved previously to weaning. 

but no record. 7 - Not cal-vLng the 
previous year. 

■*^<. 01. 
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TABLE X 

ANALYSIS OF VARIANCE OF PERFORMANCE TRAITS STUDIED 

(ANALYSIS I) 

Degrees 
of Mean Squares 

Source Freedom Avg. Daily Gain Type Score 

Sex 1 10.6ii7** 2.621 

Year 6 0. 7.292** 

Reproductive performance 6 0.no** 13.7lil** 

Season of birth 1 0.210** 1.763 

Sex of previous calf 1 0.258** 6.8U7* 

Regression of Y on: 

Weaning age 1 0.212** 37.873** 

Calving interval 1 0.002 1.m7 

ADG of previous calf 1 1.Ii07** 13.9k3^ 

Number of dry days 1 0.2lil** 1.035 

Error 19li2 0.029 1.i51i 

*P<.05. 

^<.01. 
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TABLE XI 

ANALYSIS OF VARIANCE OF PERFORMANCE TRAITS STUDIED 

(ANALYSIS II) 

Degrees 
of ffean Squares 

Soiirce Freedom Avg. Daily Gain Type Score 

Sex 1 12.l57-»* 2.650 

Age of dam 9 0.072** 3.UBI^hs-

Reproductive status 6 0.056* 1.U29 

Season of birth 1 O.OUO 0.326 

Sex of previous calf I 1.296** I1.529* 

Regression of Y on: 

Weaning age 1 0.071 U3.755^ 

Calving interval I 0.038 0.660 

ADO of previous calf 1 1.079^ 8.870** 

Number of dry days 1 0.000 1.087 

Error 0.0251939 1.088 

■*^<. 05. 

P<.01, 
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Separate estimates for bulls and steers were not calculated 

because it was not possible to separate the physiological effects of 

castration from the effects of selection. In most of the work reported 

in the literature, workers did not separate data from steers and bulls 

in calculating the effect of sex on the performance traits studied. 

However, Brinks^^l. (196I) reported that heifer calves gained 5 per 

cent less than steers and 6 per cent less than bulls from birth to 

weaning. 

The value of 0.Oi; for the sex of calf effect on type score at 

weaning in both analyses was non-significant, A limited number of 

studies on the effect of sex of calf on t3^e score at weaning indicate 

that this effect is negligible. Barker (1961;) reported that bull calves 

typed slightly higher than steers, and steers higher than heifers. 

Marlowe and Gaines (1958), at the Virginia Station, reported that bull 

calves graded 0.6 \mit higher than heifers and steers 0,5 unit higher 

than heifers. 

The fact that male calves graded higher than females may possibly 

reflect the earlier sexual development of bulls or a preference of the 

grader for male calves. 

II. YEAR EFFECTS 

The year effects estimated in Analysis I for both average daily 

gain and type score were highly significant, However, no definite trend 

could be observed from the estimate. Calves born in 195? and 1958 had 

higher average daily gains from birth to weaning than did calves born in 

other years. 
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The fixed environmental effects of years per se have little if 

any meaning. They are perhaps a measure of the variation in grazing 

conditions which in turn are affected to a considerable extent by the 

amount of rainfall during the grazing season. 

III. AGE OF DAM 

Age of dam constants were obtained only from Analysis II of this 

study. Age of dam was considered a discrete variable in Analysis II 

since it was thought (Swiger, I961) that neither a straight line nor a 

quadratic curve would describe biologically the aging process. 

The effects of age of dam on growth rate from birth to weaning 

were highly significant. These data show that a cow's individual 

performance was lowest at 2, 3, h and 11 years of age. These estimates 

were in general agreement with those of Marlowe and Gaines (19^8), 

Rollins and Guilbert (l9$h), Blackwell, Knox and Hurt (1958) and Roger 

and Knox (195U), who found that cows within a 6-10 year age range weaned 

calves with higher average daily gains, In addition, their estimates 

compare favorably with the adjustments of 0.23, 0.lU and 0.08 used to 

adjust for age of dam in Analysis I. 

The estimates of age of dam effects on type score indicate that 

the maximum type score of a cow's calves were obtained when she was 

within the age range of 3-7 years, and decreased as she became older. 

The largest improvement in a cow's performance as measured by tsqje score 

of her calves occurred between the ages of 2 and 3 years. The findings 

are in agreement with the work reported by Marlowe and Gaines (1958), 
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Lehmann^ (I96I) and Barker (1961;) when age of dam differences were 

determined on a between-cow basis. Loganathan (1962) concluded that 

calves of 2- and 3-year-old dams graded 1.0 and 0.8 grade point lower. 

respectively, than those from older cows. He observed a linear associ 

ation between calf grade and age of dam as age of dam increased from 2 

to 7 years. 

Lush and Shrode (1950) pointed out that a comparison of averages 

of all records made at each age of dam would tend to bias the estimates 

upward from the true age effects because some cows were culled at each 

age; thus, each succeeding age would contain a larger share of the high-

producing cows than the preceding age. Estimates based on an intra-cow 

analysis would eliminate this bias entirely if the production pattern of 

high-producing and low-producing cows were similar. 

IV. REPRODUCTIVE STATUS 

Reproductive status in these analyses was considered a discrete 

variable. An attempt was made to describe the sample with reference to 

all possible reproductive conditions (page 21). 

In Analyses I and II, significant effects of reproductive status 

of the dam on growth rate of her calf from birth to weaning were found. 

Cows that calved the previous season, but did not raise their calves, 

weaned calves with the highest average daily gain. In Analysis I, there 

were no significant differences among reproductive classes 5j 6 and 7. 

From a knowledge of the biology involved, it would appear reasonable to 

postulate that a cow not calving the previous year would have more 
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reserve body stores and thereby provide the present calf with a larger 

supply of milk. This would have an effect on growth rate from birth to 

weaning. 

Cows calving first as either a 2-, 3- or It-year-old, weaned calves 

that had higher type scores than calves out of cows in any other repro 

ductive group. Calves out of cows that did not calve the previous season 

or did calve, but did not wean their previous calves, had no apparent 

advantage in type score over calves of cows that weaned a calf the 

previous season. 

V, SEASON OF BIRTH 

Season of birth had no significant effect on type score in either 

analysis or on growth rate to weaning in Analysis II. In Analysis I fall-

born calves had significantly (P<.05) higher average daily gains that did 

spring-born calves. 

These findings are not in agreement with those of Barker (1961;) 

and Marlowe and Gaines (1958), who reported that calves born in January, 

February and March had a significantly higher average daily gain from 

birth to weaning than calves born in other months. 

In this study, estimates of the effects of season of birth were 

obtained with all other sources of variation included in the mathematical 

model held constant. Also, the number of fall calves represented only 

about 7 per cent of the total number of calves in the analyses. 
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VI. SEX OF PREVIOUS CALF 

In both analyses, the sex of the previous calf significantly 

affected type score (P<.05) and growth rate to weaning (P<.01) of the 

present calf. Cows that had female calves the previous season weaned 

calves that had lower type scores and lower average daily gains than 

cows that had male calves the previous year. The biological implications 

involved in these results are not clear. 

VII. WEANING AGE 

Differences in weaning ages are perhaps one of the many factors 

concealing the outward expression of genotype and one that should be 

taken into account when selection is based on performance at weaning. 

Previous work has indicated that growth from birth to about 150 days of 

age is essentially linear after which average daily gain tends to 

decrease. 

The effect of weaning age on type score at weaning was highly 

significant in Analyses I and II; whereas, the effect of weaning age on 

average daily gain from birth to weaning was significant (P<.01) only in 

Analysis I. These data indicated that older calves graded higher and 

gained less. However, the differences were so small as to be of no 

practical importance within the range of weaning age represented in 

these data. Barker (l96ii) pointed out that calves 120 through 179 days 

of age at weaning had a higher average daily gain and a lower type score 

than those from 180 to 300 days of age at weaning. 
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VIII, CALVING INTERVAL 

In both analyses a non-significant positive relationship existed 

when growth rate of the calf was regressed on calving interval of the 

dam and a negative relationship existed for type score, From these data 

one could conclude, within the range of calving interval represented in 

this study, that the time interval between the birth of the previous 

calf and the birth of the present calf was a relatively unimportant 

source of variation for the production traits studied. 

K. AVERAGE DAILY GAIN OF PREVIOUS CALF 

The effect of average daily gain from birth to weaning of the 

previous calf was highly significant in both analyses, Rapid growth of 

the previous calf within the range represented in these data, depressed 

both type score at weaning and growth rate from birth to weaning of the 

present calf. If growth rate of the calf is influenced by the amount of 

milk given by the dam, and her reserve is low as a result of rapid 

growth of the previous calf, one could conclude that these findings 

possibly are biologically feasible. 

X. DRY DAYS OF THE DAM 

A non-significant relationship existed when type score was 

regressed on the number of dry days of the dam in both analyses, How-

ever, in Analysis I when average daily gain was regressed on the number 

of dry days of the dam, within the limits of these data, a significant 



(P<.01) relationship existed. These data indicated that, on the average, 

as the number of dry days increased growth rate from birth to weaning 

would increase 0.0006 units per day. These findings are in agreement 

with the work of Swanson (196^) at the University of Tennessee which 

indicated that dairy animals not having 60-day dry period would not 

produce as much milk the following lactation. 

XI. ESTIMATION OF REPEATABILITY 

The repeatability estimates for average daily gain were 0. ± .02 

and 0.39 - .02 for Analyses I and II, respectively. The analysis of 

variance and variance components of the performance traits studies 
are 

shown in Tables XII and XIII for Analyses I and II, respectively. 

Some of the other estimates reported for average daily gain from 

birth to weaning are: Taylor al. (196O), 0.26 to 0.$^; Gregory et al. 

(1950), 0.50; Koch and Clark (i960), 0.3h; and Botkin and Whatley (1955), 
0.38. Several other investigators reported estimates of weaning weight 

which are adjusted to a standard age, usually 210 days (Koch and Clark, 

1955, 0.31^; Botkin and Whatley, 1953, 0.i;3; Koger and Knox, 19ii7, 0.i;9 
to 0.59; McCormick et al., 1956, 0.38 to 0.68; and Hoover et al., 1956, 

0.32). 

Repeatability estimates for type score at weaning were 0.26 ~ .02 
and 0.25 - .02 for Analyses I and II, respectively. These estimates are 

in general agreement with 0.23 reported by Loganathan (I963) and 0.23 to 

0.27 by Taylor et (I96O). Koger and Knox (195W and Koch and Clark 

(1955b) reported estimates of 0.2i; and 0.22, respectively. 
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TABI£ XII 

ANALYSIS OF VARIANCE AND VARIANCE COMPONENTS OF PERFORMANCE 
TRAITS STUDIED FOR REPEATABILITY ESTIMATES 

(ANALYSIS I) 

Source 

Degrees 
of 

Freedom 

Avg. Da
M,S, 

ily Gain 
Components M.S, Components 

A (Herd-Breed) 9 1.11688 0,00323 37.76399 0.01125 

B (Between Cows/A) 1532 0.081|919 0.02ii387 2.11711 O.Oiil76 

C (Within Cows/A) I96O 0.02963U 0,029631; 1.17051 1.17051 
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TABLE XIII 

ANALYSIS OF VARIANCE AND VARIANCE COMPONENTS OF PERFORMANCE 

TRAITS STUDIED FOR REPEATABILITY ESTIMATES 

(ANALYSIS II) 

Degrees 
of Avg. Daily Gain Type 

Source Freedom M,S. Components M,S. Components 

A (Herd-Breed) 9 0.220U8 0.000li2 1.27151 0.00000 

B (Between Cows/A) 1532 0.07218 0.01901 1.96OI42 0.37272 

C (Within Cows/A) i960 0.02913 0.02913 1.11620 1.11620 
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In theory, repeatability represents the upper limits of herit-

ability because its numerator contains all types of genetic as well as 

permanent environmental influences which contribute to differences among 

animals. This is true when the traits londer study can be measured on 

the animal and not on the animal's progeny, The fraction of the genetic 

variance involved would approach one-half as the number of repeat matings 

increased. The expectation of the numerator for repeatability of cow 

performance would include both genetic and environmental maternal effects 

of the dam and permanent environmental effects, but only one-fourth to 

one-half of the additive genetic differences, Therefore, repeatability 

estimates from these data could hardly be considered the upper limits of 

heritability. 

The phenotype of a record may be partitioned into a genetic 

component which includes additive, dominance and epistatic effects; a 

component due to environmental effects, which are permanent in the sense 

that they are common to all records on the same cow; and a component due 

to temporary environmental effects. 

In the case of average daily gain from birth to weaning and type 

score at weaning, the phenotype in question is a function of the cow, 

expressed through her calf. It is, in fact, a measure of the cow's 

milking ability without regard to the calf's genotjTpe. The genetic 

component includes the genetic maternal ability of the cow and the 

effects common to calves of the same cow; these genetic effects common 

to calves of the same cow include a sample one-half of the dam's own 
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additive genotype for average daily gain from birth to weaning and type 

score at weaning. 

The phenotype is: P = G + PE + TE. 

Where: G + PE are the dam effects and TE includes variation of 

sires and random errors. If these three components are not correlated, 

the variance is: Vp - Vq + Vpg + VpE- Therefore, repeatability of the 

traits is: 

Vq + VpE 
r = 

Vp 

XII. ESTIMTES OF HERITABILITY 

Estimates of heritability for average daily gain from birth to 

weaning and type score at weaning were obtained by paternal half-sib 

correlations according to the following formula: 

h Vpsh2 = 
^BS %C 

Where: Vps = between sire variance component. 

V^Q = within cow variance component. 

Description of the analysis of variance procedures and symbols 

are shown in Table VII on page 31. 

Estimates of heritability for average daily gain were 0.60 ̂ .13 

and 0.39 - .12 for Analyses I and II, respectively. The analysis of 

variance and variance components of the performance traits studied are 

shown in Tables XIV and XV for Analyses I and II, respectively. Herit 

ability estimates based on paternal half-sib correlations ranging from 



 

 

 

50 

TABLE XIV 

ANALYSIS OF VARIANCE AND VARIANCE COMPONENTS OF PERFORMANCE 

TRAITS STUDIED FOR HERITABILITY ESTIMATES 

^ (ANALYSIS I) 

Degrees 
of Avg. Daily Gain Tz£e 

Source Freedom M.S. Components M,S. Components 

A (Herd-Breed) 9 1.0975 0.0026 37.5007 0,lOlii 

B (Between Sires/A) I96 0,l80ii 0.0082 i;.0861 0.1629 

C (Between Dams/B) 2991 0,Oii78 0.0171 l.ii657 0.3718 

D (Between Calves/C) 266 0.0293 0.0293 1.O62U 1.062i| 

= 1.085 16.162 
= 

k2 = 1.051 28.091"5 = 
k3 = 1.175 k5 = 209.792 
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TABLE XV 

ANALYSIS OF VARIANCE AND VARIANCE COMPONENTS OF PERFORMANCE 
TRAITS STUDIED FOR HERITABILITY ESTIMATES 

(ANALYSIS II) 

Degrees 
of Avg. Daily Gain IZEe 

Source Freedom M.S, Components M,S. Components 

A (Herd-Breed) 9 0.23lii 0.0002 1.3101 0,0000 

B (Between Sires/A) 196 0.1191 0.00li6 3.1il20 0,1253 

C (Between Dams/B) 2991 0.0iiii3 0.0095 1.3988 0.3065 

D (Between Calves/C) 266 0.03UI 0.03iil 1.0662 1.0662 

ki = 1,085 ki^ = 16.162 

k2 = 1,051 28.091^5 = 
k3 = 1,175 k5 = 309.792 
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0.11 to 1,00 and averaging about 0,31 have been reported by 
various 

workers (Kidwell, 195ii; McCormick, Southwell and Warwick, 1956; Lindholiti 

and Stonaker, 1957; Carter and Kincaid, 1959a; Parrish^al,, I96I; and 

Loganathan, 1962), 

Type score at weaning had heritability estimates of 0.Ul ± .I3 and 

0,3U - .09 for Analyses I and II, respectively, These estimates are in 

general agreement with those obtained by the paternal half-sib correlation 

methods reported by Koger and Knox(1952), Carter and Kincaid (1959), 

Meyerhoeffer^ (I96I), Christian (I963) and Mahmud and Cobb (1963). 

Assuming that the genetic and environmental effects are linear 

and not correlated, the total phenotypic or observed variation can be 

written: 

Vt = Vq + Vj + Vp + Vg. 

Where: Vijn = total variance. 

Vq = additive genetic variance. 

Vj = variance due to epistatic deviations, 

Vp = variance due to dominance deviations, 

Vp = environmental variance. 

The Vp consists of all environmental effect, including both 

permanent Vpp and temporary V-iip environmental effects. Although Vp and 

Vj are genetic in the sense that they are variations caused by combi 

nations of genes, such variations are not transmissible from 
one gener-

ation to the next, except for a small portion of Vj. 

In order for the sire component of variance to contain one-fourth 

of the additive genetic variance, it is necessary that the sires within 
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a herd be unrelated and mated to a random sample of unrelated dams in 

that herd. On the other hand, if the sires are related within a herd, 

the sire component will contain less than one-fourth of the additive 

genetic variance; but if the dams to which each sire is mated are 

related, the sire component will contain more than one-fourth of the 

genetic variance. 

The appropriateness of the analyses. If the adjustments for age 

of dam from an outside source completely accounted for the effect, this 

method of eliminating the confounding of age of dam and year would be 

appropriate. On the other hand, expressing each record on the basis of 

deviations from the mean on a within breed, station and year basis would 

eliminate the confounding and the estimates obtained for the other 

associated variable would be without bias. This would be particularly 

true with a large sample. 

After data in both analyses were adjusted, using least square 

estimates, and estimates of heritability were obtained, some differences 

were noted. In Analysis I, the sire component of variance was larger 

than the comparable component in Analysis II for average daily gain. 

This indicated that the adjustment used from an outside source increased 

the between sire, within station and breed variance. One possible 

©explanation is that the outside adjustments for age of dam were not 

completely appropriate. Thus, some variation due to the effects of age 

of dam remained in the estimates for year effects. It appears that year 

and sire are not completely independent. Therefore, when year effects 



were removed, a portion of the sire effects was also removed. 

From these data, one could predict that the true heritability 

estimates for average daily gain and type score lie somewhere between 

the estimates of the two analyses. 



CHAPTER V 

SUMMARY 

The performance records of 1,272 Angus and 2,231 Hereford calves 

which were progeny of 1,962 purebred and grade Angus and Hereford cows 

were utilized in this study. These data were collected from the herds 

of the Main Station of the Tennessee Agricultural Experiment Station and 

six branch stations over a 7-year period (1957-63). Two important 

economic traits including average growth rate from birth to weaning and 

type score at weaning were used in the analyses of the data, The 

objectives of this study were; 

1, To obtain estimates on an intra-cow basis of the influence of 

sex of calf, year of birth, age of dam, reproductive status of the dam, 

season of birth, sex of the previous calf, weaning age, calving interval 

of the dam, average daily gain of the previous calf and the number of dry 

days of the dam on the average daily gain from birth to weaning and on 

the type score at weaning of her calf. 

2. To develop appropriate correction factors to adjust average 

daily gain and type score for environmental and developmental influences. 

3. To calculate heritability and repeatability estimates for 

average daily gain and tjTpe score. 

Due to a linear dependency between year and age of dam, a unique 

estimate of these effects on an intra-cow basis was not possible. Two 

different analyses were used in an attempt to remove the linear -

55 
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dependency existing between age of dam and year. 

In Analysis I, daily gain from birth to weaning of all calves out 

of 2-, 3- and i;-year-old cows was adjusted by adding 0.23, 0.ll; and 0.08 

pound, respectively. Type scores of calves were not adjusted since the 

work reported in the literature indicated that age of dam had little, if 

any, effect on type score at weaning. 

In Analysis II, average daily gain and type score of each calf at 

weaning were expressed as deviations from his respective year, station 

and breed mean, These deviations were used in the analysis in lieu of 

the observed performance. 

In both analyses, sex of calf had a highly significant effect 
on 

average daily gain from birth to weaning but had little influence on type 

score. Male calves had an average daily gain from birth to weaning of 

0.16 pound greater than females. 

Estimates of year effects for average daily gain and type score 

were significant (P<,01). However, no definite trend could be observed 

from these estimates. 

The effects of age of dam on growth rate from birth to weaning 

were highly significant. A cow's individual performance was lowest at 

2, 3, and 11 years of age. The largest improvement in a cow's per-

formance, as measured by type score of her calves, occurred between the 

ages of 2 and 3 years. 

These data show that cows that calved the previous season, but 

did not raise their calves, weaned calves with the highest average daily 

gain. Cows that calved the previous season, but did not wean their 
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calves, produced calves which had no apparent advantage in type score 

over calves oi cows that weaned a calf the previous season. 

Season of birth had no significant effect on type score. The 

effect of season of birth on growth rate from birth to weaning was not 

significant in Analysis II. However, in Analysis I where outside 

adjustments were used for age of dam, this effect was significant, 
These 

results were calculated on the basis that all other sources of variation 

included in the mathematical model were held constant or removed. 

When growth rate and type score were regressed on weaning age. 

regression coefficients indicated that as the calves became older they 

had a higher type score. However, growth rate decreased with age. 

No significant relationships were found when type score and 

growth rate were regressed on calving interval. In Analysis I, the 

regression of average daily gain on the number of dry days of the dam 

was significant. 

These data indicate that, on the average, if the previous calf 

had a fast growth rate to weaning, average daily gain and type score of 

the succeeding calf would be lower. 

The repeatability estimates for average daily gain were O.hS and 

0.39 for Analyses I and II, respectively, These estimates are of suf-

ficient magnitude that a cow raising a first calf with a low 
average 

daily gain could be culled with relatively little chance of 
culling a 

cow that might be a high producer in later years. 

Repeatability estimates for type score at weaning were 0.26 and 

0.23 for Analyses I and II, respectively. These estimates for type score 
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indicate that this trait is less repeatable than average daily gain and 

a cow cannot be culled on the basis of the type score of her first calf 

with as much reliability as the daily gain. 

Heritability estimates for average daily gain were 0.60 and 0.39 

for Analyses I and II, respectively. The estimates for type score were 

0.iil and 0.3U for Analyses I and II, respectively. These estimates 

suggest that selection based on individuality will be highly effective 

since there apparently is a high linear association between genotype and 

phenotype. 

The results of this study indicate that, in order to maximize 

expected genetic progress in the improvement of growth rate and type 

score at weaning, individual records of calves should be adjusted for 

age of dam, sex and average daily gain of previous calf. 
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