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INTRODUCTION 

The estima te of all cattle in Oklahoma as of January 

1, 1961 is approximately three and a half million heado Of 

this total number it is estimated that the number of beef 

cows and heifers (two years old and older) is approximately 

1,4907000 heado 

In the past decade there has been a trend in the beer 

cattle business toward the marketing, slaughter, and con

sumption of fat cattle at considerable younger ageso As 

a result many steer operators have converted to a cow and 

calf operationo It is quite probable that there will be ad= 

ditional conversions to cow and calf operations in Oklahoma 

if the present market for younger fat cattle continues to 

existo 

In view of the number of beef cows in Oklahoma today 7 

plus the probability of their numbers being increased rapid

ly in the future 7 the knowledge of and the selection for 

maternal effects in beef cows may be the most important eco

nomic trait that the cow and calf operator will need to con

sidero 

Economists have estimated that about a thousand 

dollars are managed in each brood cow. This high capital 

invested in the beef cow could justify the spending of 

1 
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considerable time and effort by the cow and calf operator 

in selecting maternal effects. This is especially true if 

"the relative economic value of a trait'' is to be considered 

as the first step in setting up a breeding programo 

Data secured over a five-year period from :ive differ

ent herds in the northeastern section of Oklahoma are used 

in this study to estimate the heritability of maternal 

effects. 



REVIEW OF LITERATURE 

Approximately one hundred years ago Gregor Mendel, 

an Austrian monk, discovered that definite hereditary dif~ 

ferences between individuals of a species existo In further 

experiments he found that selected characteristics were 

transmitted by the parents to future generations in a defi

nite manner and that he could use this newly acquired 

knowledge of outcome to add precision to his selection 

methodso Today these basic principles are used by animal 

breeders to make permanent improvement in their herds for 

traits that are of economic importanceo 

The manner in which the characteristics develop, seg

regate, and are transmitted from generation to generatien 

is commonly called "Mendelian Inheritanceo" To be most 

meaningful, an animal breeder should have a real under

standing of its physical background, its interpretations, 

and its applicationo 

Bogart (1959), Lush (1945, 1948), and Snyder (1946) 

have discussed the physical background of Mendelian Inher

itance, which can be summarized as follows: (1) The 

characteristics of an individual are influenced by paired 

genes located at similar positions on homologous chromo

someso These paired genes are called allelic geneso 

3 
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(2) One member of a gene pair may dominate a situation 

more or less completely in the developed..-1.ndividual so that 

the other member of the pair is not outwardly expressede 

This feature of inher itance is called cominance. It is 

commonly observed but is not universal. (3) · The genes are 

organized into groups, each group forming a chromosome, 

which is visible in the nucleus of the cell. (4) · As a 

result of reduction division in germ cell formation one 

member of each homologous pair of chromosomes is found in 

each daughter cello (5) The distribution of the homologous 

chromosomes to the daughter cell is at random. (6) Previ

ous to reduction division equal interchanges of chromatin 

material may take place between homologous pairs of chromo

someso This is called a chromosome crossover. Genes that 

are located on the same chromosome are called linked geneso 

(7) The chromosomes are always organized in a definite 

manner; each gene has a definite fixed position @n the 

chromosome, and the genes are arranged in a linear series. 

(8) The genes may change (perhaps a chemical change) in 

such a way as to produce a different effect on the indi

vidual from its previous effecto These gene changes are 

called mutationso They represent a change in the structure 

of the gene. Mutations are rare occurrences (the mutation 

rate for most genes is something in the order of 1 per 

100,000 to 1 per 1,000,000). (9) Care should be taken 

not to oversimplify the matter of genes and their behavier 

in inheritance. The genes themselves are probably very 

complex in structure. They are closely associated with the 



cyt©plasm of the cells, and the full development of the 

individual is the result of the interaction between the 

5 

genes themselves, between the genes and the cytoplasm of the 

cells, and between the cells and their environmento The 

interaction, the interrelationship, between all of these 

forces causes the development of a new individual rather 

than the individual actions of separate genes. (10) Inher-

itance is the interaction between genes, cytoplasm, and 

environmento 

After this basic acceptance as to the theory of ge

netics some of the early workers turned their attention to 

how this inheritance could be identified in individualso 

Wright (1921) developed a system of path coefficientso 

Fisher et al. (1932) made a statistical interpretation of 

quantitative inheritanceo They found that the heritable 

variance observable among any group of organisms may be re-

garded as the sum of the variances due the individual fac-

tors. The porti on of the variance which is heritable may 

be easily estimated from th~ co-varia.rtces or mean products, 

of the measurements of related individuals, so that with

out being able to recognize any single factor there is a 

direct means of estimating their total contribution to the 

heritable variance. 

Lush (1935), summarizing different papers on inher-
' 

itance of productivity in f arm livestock, concluded that 

most of us would hold that all characteristics are develop

mental, dependi ng for t hei r full express i on upon the inter

action of the genes with each other and with the environment 
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as wello From this standpointj highly hereditary charac

teristics are those in which most of the variance that we 

ordinarily see is due to differences in the genes that 

different individuals haveo Slightly hereditary charac

teristics are those in which most of the variance ordinarily 

occurring is due to differences in the environment to which 

different individuals have been exposedo To aid in selection 

we must know, first, what portion of the observed variance 

is genetic in the narrow sense (this includes only those 

gene combination effects that can be expressed by some 

additive scheme), second, what portion of the variance is 

due to gene combination effects that cannot be expressed 

additively, and, third, what portion of the initial variance 

is purely environmental in origino Only the genetic variance 

that can be expressed additively is subject to simple mass 

selectiono Thus a definite numerical value for heritability 

is a description of the population from which it was derived 

and may not, without other knowledge, be safely applied to 

populations where the variations in environment or in he

redity may be quite differento Whatley (1942) in his study 

of Poland-China swine stated that the degree of heritability 

of a characteristic is a measure of the amount of observed 

variance that can be attributed to the additive effects of 

geneso All methods of estimating heritability depend in 

s~me manner on the degree to which related individuals 

resemble each other more than unrelated ones doo Dickerson 

and Hazel (1944) reported that annual improvement from se

lection in a closed herd or breed is a ratio of the average 
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genetic superiority of parents (compared with the unselected 

group from which they were chosen) to the average age of 

parents to which the offspring are borno 

These basic principles indicate that the animal breeder 

can make permanent improvement in his breeding herdo The 

rate of genetic improvement expected from applying a definite 

breeding plan to a particular population is mathematically 

predictable provided certain biological, economic, and ge~ 

netic constants are knowno The scientific application of 

animal breeding consists of obtaining estimates of these 

constants and integrating them into the ultimate plan possi

ble for each class of livestocko From this one can compute 

the improvement likely to result from various combinations 

of methods of selection and of mating systemso Then general 

plans having maximum effectiveness per unit of cost or per 

unit of time can be formulated and recommended for practical 

breeder so 

The important biological parameters 9 such as (1) repro

ductive rates and (2) generation intervals 9 can be estimated 

from vital statistics of farm animals (Lindley et alo 1958). 

The economic parameters~ such as relative economic 

values of several characteristics in which improvement may 

be desired, can be estimated from market summaries and cost 

accounting records of farm livestock enterprises. 

The genetic parameters 7 such as (1) heritability and 

(2) genetic correlation between characters, can be estimated 

from observed correlations between related individuals. 

Still others 9 such as (3) dominance and ep1stat1c variance 
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and (4) interaction between genotype and environment 7 can 

be estimated accurately by resorting to inbreedingj crossing 

inbred lines 7 comparing identical and fraternal twins or 

from any type of experiment designed expressly for the 

purpose in hand (Hazel 7 1949)0 

Heritability Estimates 

All methods of estimating heritability rest on the 

degree to which animals with similar genotypes resemble each 

other more than less closely related animals (Lushj 1940). 

Most heritability estimates are computed by the 

paternal hal!-sib correlation method and the intra-sire 

regression of offspring on dam methodo Lush (1948) presented 

a thorough discussion on the estimate of heritability by 

the paternal half-sib correlation methodo The sire com-

ponent of variance is needed to estimate the additive ge

netic portion of the varianceo Under conditions of random 

matingj genetic values of half- sibs have a correlation of 

o25o The probability of joint transmission of combinations 

of non-allelic genes leads to the expectation that an 

epistatic effect requiring n non-allelic genes will be 

ct0rrelated (l/4)n between half-sibso If' epistasis is negli

gible and environmental correlations among half-sibs have 

been adequately discounted 7 the expected value of the sire 

component of variance is l/4cm-under random matingo The 

expected value of the mean square within sires is 3/4Gfr +~ 
2 

An estimate of heritability is 4cs- o 
2 2 

Gs+~ 
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Heritability estimates computed from the intra-sire 

regression of daughter's performance on the dams' performance 

is made merely by doubling the intra-sire regression coef

ficient computed by the least squares methodo The intra

sire regression of daughter on dam is essentially a parent

offspring resemblance, but computing it on an intra-sire 

basis tends to automatically discount certain environmental 

contributions and any peculiarities of the mating system 

(Lush, 1940) o 

With the use of the two techniques for estimating 

heritability that were previously described, workers have 

reported heritability estimates for many traits in most 

classes of livestock. Some of the early studies reported 

in swine have been by Lush (1936), Whatley (1942), Hazel 

et al. (1943), and Nordskog et ll• (1944) •. Studies in sheep 

have been reported by Hazel and Terrill (1945) and in dairy 

cattle by Lush and Arnold (1937) and Lush and Norton (1941). 

In beef cattle Knapp and Nordskog (1946) made a study 

of records from 177 steer calves from 23 sires at the U. s. 
Range Experiment Station, Miles City, Montanao They esti

mated the relative effect of heredity on weights, gains, and 

efficiency of gains. Two methods were used, namely, the 

intra-class correlation obtained by analysis ef variance and 

the sire-progeny regression obtained by covariance analysis. 

Heritabilities obtained from intra-class correlation for 

the various weights and gains were: birth weight, 23 per 

cent; weaning weight, 12 per cent; final feed lot weight, 81 

per cent; gain in the feed lot, 99 per cent; and efficiency 



of gain, 75 per cento Heritabilities obtained from sire~ 

progeny regressions were: birth weight, 42 per cent; 

weaning weight, 0 per cent; final weight, 69 per cent; 
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daily gain, 46 per cent; and efficiency of gain, 54 per 

cento Where adjustments were made for differences in 

feeding of the sires each year, the heritabilities were 

found to be 34 per cent for birth weight, 30 per cent for 

weaning weight, and 94 per cent for final weight, 97 per 

cent for daily gain, and 48 per cent for efficiency of gaino 

Knapp and Nordskog stated that the estimates of heritability 

obtained from their work seemed to be a little higher than 

would be reasonable and that the cause or causes of these 

high estimates were not knowno 

Knapp and Clark (1950) reported revised heritability 

estimates based on the progeny of 64 to 110 Hereford sireso 

These studies were conducted at the U. s. Range Livestock 

Experiment Station, Miles City 9 Montana 9 in c~operation with 

the Bureau ef Animal Industry and the Montana Agricultural 

Experiment Stat1ono The following estimates were obtained 

by the half-sib correlation method: birth weight, 53 per 

cent; weaning weight, 28 per cent; final feed lot weight at 

fifteen months, 86 per cent; gain on feed, 65 per cent; 

weaning score, 28 per cent; slaughter steer grade, 45 per 

cent; carcass grade, 33 per cent; and area of eye muscle, 

68 per cent. The estimate based on sire-offspring regression 

for final feed lot weight at fifteen months was 92 per cent, 

and for rate of gain in the feed lot it was 77 per cent. 

They reported that these figures indicate the relatively 
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high influence of heredity in determing growth after weaningo 

Growth measures were more highly influenced by heredity than 

were measures of quality and conformationo 

Koch and Clark (1955a) reported heritability estimates 

of 35 per cent for birth weight 9 24 per cent for weaning 

weight 9 21 per cent for gain from birth to weaning 9 18 per 

cent for weaning score 9 47 per cent for yearly weight, 39 

per cent for gain from weaning to yearly age 9 and 26 per 

cent for yearling scoreo They further concluded that 

maternal environment had an important effect on birth weight, 

gain from birth to weaning, and weaning scoreo Maternal 

environment appeared to be of little importance for yearly 

gain and scoreo These estimates were based on the half-sib 

correlation techniqueo 

Koch and Clark (1955b) in a continuation of their study 

of genetic and environmental relationships among economic 

characters of beef cattle reported heritability estimates 

based on offspring-dam and offspring- sire correlationso 

These estimates were on records of 4j234 dam-offspring pairs 

and 85 sire~offspring groups which were used in estimating 

correlations among characters and correlations between parent 

and offspring f0r various economic traitso Heritability 

estimates calculated from the regression cf offspring ~n dam 

and progeny average on sire were 9 respectively: 44 and 35 

per cent for birth weights; 11 and 25 per cent for weaning 

weights; 7 and 17 per cent for gain from birth to weaning; 

16 and 15 per cent for weaning score; 43 per cent (offspring 

on dam) for fall yearling weight; 18 per cent for gain from 
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weaning to fall yearling age; and 14 per cent for fall year

ling scoreo 

Shelby et ala (1955) studied data collected during ten 

years (1942-1951) of record of performance testing at the 

Uo So Range Experiment Station, Miles City, Montanao The 

data consisted of records on 635 steers from grade cows mated 

to 88 sires from nine lineso From the paternal half~sib 

correlation they reported the following heritability esti

mates: birth weight, 72 per cent; weaning weight, 23 per 

cent; and gain in the feed lotj 60 per cento 

Rollins and Wagnon (1956) made a genetic analysis of 

weaning weights in two experimental range herds of similar 

breedingo The herds were managed alike except that in cme 

herd the cows were given supplementary feed during the fall 

and winter when the range was nutritionally deficient but 

that the cows in the ~ther herd were not given any supple~ 

mentary feedo 

They reported a heritability estimate of 30 per cent 

for weaning weighto The experimental evidence indicated 

that the difference in the nutritional level of the two herds 

did not significantly influence the inheritance of weaning 

weigh to 

Anderson and Chambers (1957) used a total of 2,613 

grade and purebred Hereford cattle to study (1) the re-

lationship between the amount of pigmentation in the skin 

of the eyelids and the occurrence of cancer eye lesion, 

(2) the inheritance of the amount of lid pigmentation, and 

(3) the inheritance of susceptibility to cancer eyeo 
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The amount of lid pigmentation was found to be highly 

heritable, and selection for an increased amount of pigmen

tation would be expected to reduce the incidence of lid 

lesionso This heritability estimate was 044 by the re

gression of offspring on damo They reperted further that 

because of the high heritability of this trait a breeder 

could select directly for lid pigmentation and decrease the 

amount of cancer of the eye lido 

Lindley et alo (1958) studied the reproductive per

formance of a purebred herd for the period from 1935 through 

19520 They reported heritability estimates of reproductive 

performance as determined by the paternal half~sib intra 

class correlation method, the correlation between daughters 

and dams records, and the regression of daughters' records 

on dams' recordso They reported that most of these herit

ability estimates were essentially Oo C0ws more than ten 

years old declined rapidly in performanceo All correlations 

and regressions of performance on age of cow were positive 

and significanto A rapid decline at the older ages caused 

the regressions to be curvilinearo 

Maternal Effects 

It is generally accepted that a cow influences birth 

weight, gain from birth to weaning, and weaning score by 

the genes she transmits and the maternal environment that 

she provideso This influence of maternal effect appears in 

two periods of the calf's life, first, during the prenatal 

period (conception to birth) and 9 second, during the peried 
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from birth to weaningo These maternal effects may be de

scribed as follows: (1) the amount of nutrients provided for 

the developing fetus, (2) the quantity of milk provided the 

calf during the preweani ng periodj (3) the amount of pro

tection and desirable environment provided from birth to 

weaning by the offspring' s damo 

Lush and Arnold (1937) studied 676 daughter and dam 

production records of the Iowa Cow Testing Association t~ 

find what share of the difference between single records was 

really due to permanent differences between the individual 

cows and what share of these permanent differences was 

transmitted to their daughterso Te measure the degree to 

which variation in single records are inherited, the authors 

divided the dams of the daughters mated to each sire into a 

high half and a low half according to the amount of fat each 

produced in the first l actationso Then the records of the 

daughters of the high cows and of the low cows were averaged 

separately. When the difference between the average records 

of the two groups of daughter s was doubled and divided by 

the average difference be t ween the first records of their 

dams 1 a heritability estimate of 28 per cent was obtainedo 

Gregory et ala (1950) studied some of the factors tha t 

influenced the birth and weaning weights of beef calves. 

They reported that the weight of the dam had a significant 

influence on the birth weight of her offspring. The corre

lation between the weaning weight of the calf and the weight 

of the cow a t weaning was s i gnificant a t the .05 level for 

data obtained at the North Pl a tte station1 but nega tive and 
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not significant for data from the Valentine stationo Also, 

cows making the smallest gains during the nursing period 

tended to produce calves making the largest gains from birth 

to weaningo This probably was a result of increased milk 

flow among these cows. They reported that calves heavier 

at birth tended to maintain this advantage and thus were 

heavier at weaningo 

Cows tended to repeat their previous performance for 

gain of their calves from birth to weaning and the weaning 

weight of their calves to a higher degree than for birth 

weight. Gain from birth to weaning and weaning weight seem 

to be influenced to a great extent by such environmental 

factors as milk flow of the dam, and the repeatability of 

mothering ability. The influence of these environmental 

factors, probably is quite high in beef cows. 

Dawson .!11 al. (1954) studied the six-month weaning 

weights of 446 calves produced in a Brahman-Angus population 

during the years 1945-19500 Rather than actual weights, the 

weaning weights in this study were expressed as deviations 

from the mean of calves of the same sex, born in the same 

year and out of dams of comparable ages. By regressing the 

six-month weight of offspring on the six-month weight of dam 

(within sire of the dam) a heritability estimate of 15 per 

cent was obtained. Paternal half-sib correlations among 

daughters of the sires used for this study and based on the 

weights of calves raised by the daughters yielded a herit

ability estimate of 19 per cent for maternal abilities. 

These workers concluded that because of the importance of 
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maternal effects in a population the following selection 

procedures should be followed: (1) retain a high percentage 

of heifers for one or two calf crops and select those which 

demonstrate their ability to wean heavy calves for further 

use in the herd; (2) select sires from among the sons of cows 

that have repeatedly demonstrated their ability to wean heavy 

calves and that are grands@ns of those whose daughters have 

on the average produced heavy calves at weaning; (3) where 

possible, use sires whose daughters have proved to have good 

maternal abilitieso 

Rollins and Guilbert (1954) made a study of the relation 

between the calf's rate of growth from birth to four months 

of age and its 240-day weaning weight. The data_analyzed 

were from eight monthly weights of each of 159 purebred 

Hereford bulls and heifer calves out of 57 cowso 

Correction factors were estimated for the effects of 

sex, age of dam, year, and season of birth for growth and 

weaning weight. A second degree regression curve described 

adequately the effect of age of dam on both growth rate and 

weaning weight. Dams in the age range from seven to ten 

years produced calves that grew fastest up to four months 

of age and were heaviest at weaning. From four to eight 

months, however, the calves from first-calf heifers and to 

a lesser extent from second-calf cows grew faster than those 

from cows in the optimum age range. 

Differences between cows accounted for 34 per cent and 

48 per cent of the variances of growth and weaning weightj 

respectively. The following correlations between growth and 



weaning weight were found: within dams 062; between dams 

.91; between dams based on the single record o73o 
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They concluded that the lactating ability of the cow 

makes a major contribution to the growth of the calf through

out the entire suckling periodo 

Koch and Clarke (1955c) compared the theoretical 

composition of paternal and maternal half-sib correlations, 

the correlati~ns between offspring and dam, and offspring 

and sire with observed values to estimate the influence of 

maternal environmento These comparisons suggest that 

maternal environment from conception to birth and from 

birth to weaning had a large influence on birth weight, gain 

from birth to weaning, and weaning score, but a small influ

ence on yearly gain and yearly scoreo The results further 

suggest that a negative correlation exists between maternal 

environment from birth to weaning and weaning score and gaino 

The consequences of selecting for various traits were ex

amined particularly as to the effect on maternal environmento 

Selecting for weaning gain will increase genetic value for 

growth response and to a slight extent increase genetic value 

for maternal environmento All of the gain, however, could 

be nullified by the negative genetic correlation between 

maternal environment and growth response. Selecting cows 

that produce heavy calves would place greater emphasis on 

milking ability than on growth response so far as genetic 

value of the cow is concernedo After taking maternal 

environment into account, they estimated heritabilities of 

.42 for birth weight, 019 for weaning weight, 012 for 
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weaning gain, 040 for yearly gain, and 027 for yearly score. 

Dinkel and Musson (1956) analyzed data from eleven 

ranches that contained the weaning weights on 646 calves by 

62 bullso From this study they reported that in addition 

to selecting on the basis of the individual's weaning weight, 

selections can also be practiced on the mothering ability of 

the cow herdo 

They concluded that some of the variation apparent 

in the data presented is no doubt due to differences in the 

milking ability of the cowso Selecting for milking ability 

in the cow herd should also result in heavier calves at 

weaning. Estimates of heritability of milk production in 

dairy breeds indicate that the amount of milk produced is 

inherited to about the same extent as weaning weight in 

calveso 

Nelms and Bogart (1956) analyzed the data from 103 

purebred Hereford and Angus calves. The data were analyzed, 

using the least squares methodo They reported time of birth 

and birth weight both affected rate of gain during the 

suckling periodo There was a difference of 0.115 pounds 

per day in rate of suckling gain associated with each 

difference of ten pounds in birth weighto There was little 

or no effect of age of dam even though large differences 

appeared to exist between two-year~old and older cows. 

There was apparently no direct effect of sex on rate 

of suckling gain. This would indicate tha t, no removal 

of the birth weight effect~ the females approach the males 

in suckling gain. 
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Guilbert and Har t (1957) 9 summarizing their work in 

California 9 reported that one can greatly improve milking 

ability by selecting bulls on the same basis recommended for 

dairy cattlea Some bulls transmitj with reasonable uni= 

fcrmity, superior milking yields to their daughterso The 

best method is to seek a bull whose dam and sire have both 

produced good milking daughtersa True transmitting ability 

of the parent is the best recommendation for the prospective 

sirea They concluded also that~ if there is no opportunity 

to observe or to secure information on the daughters of the 

parent animals, then the milking ability of the mother and 

of the sire's mother is the next best criteriono 

Chambers et .!lo (1958) regressed the production of 

daughters on their dams and estimated the heritability of 

mothering ability to be o28a They made this estimate by 

dividing the dams of the heifers by each sire into a high

producing group and a low-producing group and then by com

paring the production of their unselected daughters with 

that of their selected damso They concluded that selection 

of heifers based on two or more records of their dams should 

be more effective than on one record of dam or on one record 

of daughter (by same sire)a Their study indicates the 

importance of the sire influence upon productivity of his 

daughtersa Initial selection of sires can be made on average 

lifetime production of his dam and on his unselected sisters 9 

but the real proof is on the production of his own daughters. 

Stonaker (1958) in his work in Colorado concluded 

that cattlemen can make improvement by (1) selection of 
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heifer replacements from better producing cows and (2) se

lection of bull calves from cows known to be heavy producers 

and by sires known to have sired heavy producing daughters. 

Drewry et alo (1959) on very limited data studied the 

relationship among certain factors related to mothering 

ability in beer cattleo Their data indicated that older 

cows were more protective and were heavier milk producerso 

Heavier calves were from older cows and were born later in 

the calving season. Calves suckling heavy producing cows 

made larger total gains from birth to six months but required 

more milk per pound of live weight gainedo Older calves 

suckling lighter producing dams spent more time suckling and 

suckled more frequently in early lactation (about one month)o 

There was, however, a tendency for calves suckling heavier 

producing dams to spend more time suckling and to suckle more 

frequently in late lactationo Multiple correlations and 

standard partial regression coefficients would indicate that 

factors other than milk production may contribute to 

mothering ability, as measured by the total gain of the calf. 

Lactation number, mothering score, average daily milk 

production of the darn, birth weight, age, and suckling time 

of the calf accounted for 75 per cent, 77 per cent, and 60 

per cent or the variability associated with total gain of 

the calf up to 1, 3, and 6 months of age, respectively. 

Kieffer (1959) estimated the inheritance of maternal 

effects for birth weight, weaning weight, and weaning score 

by regressing the performance of the daughters' calves on 

the performance of the darns' calves and from the intra-class 
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correlations of the average performance of calves produced 

by paternal half sisterso 

Of the different record combinations used to estimate 

heritabilities of maternal effects for birth weight, weaning 

weightj and weaning score, the estimates obtained from the 

regression of the average record of the daughter on the 

average record of the dam were considered to be the most 

reliableo 

Estimate of heritability computed from the sums of 

squares and the sums of the cross products of average records 

pooled over all herds were 040, 042, and a -009 for birth 

weight, weaning weightj and weaning score, respectivelyo 

The records of calves produced by a total of 498 

paternal half sisters were utilized for the heritability 

estimates of maternal effects obtained by the paternal half

sib correlation method. Heritability estimates obtained 

from the sums of squares pooled over all herds were 060 9 

039, and 004 9 for birth weight, weaning weight, and weaning 

score, respectivelyo 

Repeatability of Production 

The measure of repeatability is the coefficient of 

correlation between several records made by the same dam in 

the same herdo If a dam tends to produce almost exactly the 

same for a particular trait each year, the trait is con= 

sidered highly repeatable, and the first record is a re

liable measure of future production (Lush, 1945)0 Koger and 

Knox (1947) investigated the repeatability of weaning weights 
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and grades of calves from range cowso The average corre

lation of the weight of all adjacent calves was .49. The 

correlation of the weight of the first calf with the second 

was .66. They concluded that considerable progress can be 

made in selecting range cows on the basis of the first calf 

crop record. Koch (1951) noted that differences between cows 

accounted for 52 per cent of the variance in the calves' 

corrected weaning weights. He therefore concluded that the 

extent to which weaning weight of calves is a permanent 

characteristic of range Hereford cows is Oo52. Botkin and 

Whatley (1953) estimated repeatability of weaning weight 

.43, birth weight .18, and gain from birth to weaning .38. 

They indicated that considerable progress could be made in 

selecting cows on the basis of their first records, par

ticularly by using weaning weights. Koch and Clark (1955a) 

reported repeatability estimates for birth weight, Oo26; 

weaning weight, Oo34; gain from birth to weaning, Oo34; 

weaning score, 0.22; yearling weight, Oo20; and gain from 

weaning to yearling age, 0.09. Chambers et al. (1956) used 

two methods to estimate the repeatability of weights of 

calves by the same cow at approximately 0.30 for 112 and 210 

day weights. Chambers et al. (1957) studied the re

peatability of 2 measures of reproduction efficiency of range 

cowso The calving intervals were analyzed by an analysis of 

variance, and the intra class correlation was obtainedo The 

repeatability of calving interval derived in this manner was 

-.09. This estimate indicates that, under conditions of a 

limited breeding season, calving interval is not likely to 
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be of any use to breeders as a measure of reproductive per

formance for which they may effectively select brood cow 

replacementsa The successful exposures were analyzed by 

an analysis of variance, and the intra class correlation 

was obtained from the pooled sums of squares of the four 

herds. The repeatability of successful exposure derived 

from intra class correlation uncorrected for temporary 

environmental variance was 014; when the data were corrected 

for temporary environmental variance~ an esti~ate of .25 

was obtained; when the data were corrected for temporary 

environmental variance, omitting the first record, an esti

mate of 038 was obtained. 



MATERIALS AND METHODS 

The data used in this study were the weaning weights 

and weaning scores of 680 calves produced by cows located 

in 5 different herdso Two of the herds were registered 

horned Hereford herds, two were registered Angus herds, and 

one was a registered Polled Hereford herdo These herds are 

located in northeastern Oklahoma, but because of herd 

differences in management the analysis was made on an intra= 

herd basiso The correction of data for known variables and 

the statisticial procedures were the same for all herds, but 

because of differences in location and management the data 

are described separately. 

Description of the Data 

MCSPADDEN RANCH 

The Mcspadden Ranch is located in the northern part 

of Rogers County and consists of approximately 2500 acreso 

The pasture forage is predominantly native grass, but 

bermuda, overseeded with Korean lespedeza, has been es

tablished in old fieldso This ranch has about 225 tc 250 

Hereford cows, of which about 125 are registeredo The data 

used in this study were secured from the registered herd 

over a 5-year periodo Most of the calves were born during 

2~ 
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the winter months of November, Decemberj January, and 

February. Calves were not creep-fed, and the cows were 

wintered on dead grass and cotton seed cake supplemented with 

alfalfa hay and prairie hay as neededo 

DIEM ANGUS RANCH 

The Diem Angus Ranch is located in the southern part 

of Rogers County and Mayes Countyo It consists of ap

proximately 3000 acres, of which 300 acres are in farm land 

(part of which is irrigated), 1200 acres in native grass, 

and approximately 1500 acres in improved pasture consisting 

of bermuda, Korean lespedeza, yellow hop clover, and rye 

grass. The winter pasture consists of wheat, oats, rye, 

brome, and vetch. 

The ranch maintains approximately 200 head of regis

tered Angus brood cows and about the same number of com

mercial Angus cows. The data for this study were secured 

from the registered herd over a 4-year periodo The cow herd 

calves mostly from October to February, and the calves are 

creep-fed during the winter monthso The registered cow herd 

is wintered on the temporary and permanent pastures with 

supplementary feed of 32 per cent protein cubes, sargo 

silage, and prairie hayo 

BLACK KETTLE FARMS 

Black Kettle Farms is located in the eastern part of 

Mayes CGunty. It consists of approximately 1100 acres of 

native and improved pastureso Approximately 100 head of 
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registered Angus brood cows are maintained in this unito 

The cows calve mostly during October to Februaryo The herd 

is wintered on the permanent pasturesj supplemented during 

this period with protein cake and prairie and oat hayo The 

calves are not creep-fedo The data obtained from this herd 

were secured over a 4-year period. 

R KL RANCH 

R KL Ranch is located in the southern part of Rogers 

County and consists of approximately 700 acreso Approxi

mately 120 head of registered Polled Hereford cows are main= 

tained on 213 acres of improved pastureso These improved 

pastures have a bermuda grass base, overseeded with rye 

grass, fescue, southland brome, Balbo rye, vetch, big and 

little hop, ladino, white Dutch clovers, and Korean 

lespedezao The ranch has approximately 300 acres of culti

vated land, of which 200 acres are irrigatedo Fall-planted 

small grains provide winter pasture for the cow herdo A 

complete fertilizing program is used at this ranch for 

maximum production per acreo The cow herd is supplemented 

with protein, hay, or silage, depending on pasture and 

weather conditionso 

through Februaryo 

The cows calve mostly during October 

The calves are creep-fed whole oatso The 

data used in this study were obtained over a 5-year periodo 

PHILSON FARMS 

Philson Farms is located in the southern part of 

Washington County and extends into Nowata County and Rogers 



c~unty on the easto The ranch consists of approximately 

4400 acres~ of which all but 600 acres are in the native 

climax grasseso The 600 acres are old fields that have 
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been planted to bermuda grassj overseeded with Korean 

lespedeza and cloverso Approximately 450 head of registered 

and commercial Hereford brood cows are maintained on the 

rancho The data used in this study were secured from the 

100 head of registered cows on the ranch over a 3-year 

periodo The cows calve mostly during late fall and early 

wintero The feed for this cow herd is supplemented with 32 

per cent protein cake during the winter periodo The calves 

have access to a creep feed during the nursing periodo The 

herd receives hay only when the grass is covered with snow 

or in early springj when the dead grass has weathered and 

matured to the point where its feed value is not adequate 

to meet the cows' requirementso This of course varies from 

year to yearo 

Correction of the Data for known Variables 

The data secured from all ranches within the respective 

years were weaning weights and weaning scores of calveso 

All data have been corrected for age of calfj age of damj 

and sex of calfo 

Age of calf 

The method used to adjust the age of calf to 205 days 

was the nomograph chart (T~ble I) developed by Koger and 

Knox (1945b)o Their regression of weight on age estimates 
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160 

165 

170 

175 

180 

185 

190 

195 

200 ~ 
"' "O 

205 .. 

210 

215 

220 

225 

230 

235 

240 

245 

250 

TABLE I 

NOMOGRAPH 

620 

610 

600 

590 

580 

570 

560 

550 

540 

530 

520 

510 

500 

490 

480 

470 

460 

450 

440 

430 

420 

410 

400 

390 

380 

370 

360 

350 

340 

330 

320 

310 

300 

290 

• 28Q 
A mean• of eatlmatlnr tha welrht, of calve• at a conatant 205 daya or are. t:,e a ·atrahcht tdll't 

to connect actqal ara In day1 at left with actual weanlnr welrht at rlrht and read off the eatlmated welrht at 205 
dan on the center ecale. (Journal or Animal Science, 19'5, Vol. 4, p. 287.) 
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what the weight would have been if birth date had been 205 

days previous to the date of weighingo Burgess et alo (1954) 

reported that there was a deviation of lo67 pounds in weaning 

weight for each day of deviation in ageo Marlowe et al. 

(1958) reported that age of calf appeared to have little 

influence on pre-weaning growth rateo The average daily gain 

of non-creep-fed nursing calves from birth to weaning was 

about the same regardless of when the weight was taken within 

the 90 to 240 days range of ageo 

Age of dam 

Burgess et alo (1954), in a study of the variables 

affecting weaning weight, reported that the age of the dam 

had a significant effect on weaning weighto Koch and Clark 

(1955d) reported that t he age of the dam had a marked influ

ence on all traits studied except fall yearling weight and 

scoreo The cow's productivity with regard to birth weight 9 

weaning weight, and weaning score of calves increased 

steadily f r om three to six years of age and then declinedo 

Nelms and Bogart (1956)j howeverj on limited data reported 

no effect of age of dam on suckling gain of beef calveso 

Lindley et alo (1958) reported that cows more than ten years 

old declined rapidly in reproductive performanceo All 

correlations and regressions of performance on age of cow 

were positive and significant, but the rapid decline at the 

older ages caused the regression to be curvilinearo Marlowe 

et alo (1958) found that age of dam was the most important 

source of variation in their study of growth rate to weaning 
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weighto After growth rate had been adjusted for sex, age, 

and season of birth of the calf, the average values were, 

lo44, lo57, 1063, 1066, 1.70, lo74, 1068, lo73, and lo67 

pounds per day for two, three, four, five, six, seven, eight, 

nine, and ten year old and older cows, respectivelyo 

Stonaker (1958) rep0rted that age of darn had an appreciable 

effect on percentage calf crop, on calving difficulty, and 

weight of calf at weaning. Drewry ,!U. al. (1959) found that 

older cows were more protective and were heavier milk pro

ducers than younger cowso They also found that heavier 

calves at birth were from older cows and were born later in 

the calving season. 

The data used in this study were secured from dams 

of all ages. Since age of dam is a major source of vari

ation in the calf's weight, an age adjustment factor was 

made for all dams to a mature equivalent of 6-7 years of 

ageo Table II lists how the adjustment was madeo The 

correction factors in this table have been modified and 

extended from data published by Knox and Koger (1945)0 The 

2-year~old and 13-year-old and older dams received the 

largest adjustmento 

Sex of calf 

Koger and Knox (1945a) determined that the mean 

weights of the two sexes corrected for differences in 

weaning age were 443 pounds for 419 steers and 411 pounds 

for 444 heifersa The difference of 32 pounds in favor of 

steers was hightly significanto Gregory et al. (1950) noted 



Year 
2 

1 

4-

5 
6 

* 

Month 
0-1 
2-1 
'+=~ 
6-7 
8-Q 

10-11 
0-1 
2-1 
'+-5 
b-7 
ts-9 

10- 11 
0-1 
2-5 
6-11 
0-11 
0 

I 

TABLE II 

* AGE OF DAM ADJUSTMENT 

Factor Year Month 
lolO 7 11 
lol5 ts 0- 11 
1.14- 9 0~5 
1.11 6-11 
lol2 10 0-1 
loll '+-7 
lolO 8-11 
1.09 11 0.2 
l.Ots io5 
1.07 6-8 
1.06 9"."11 
lo OJ 12 0- 1 
1.04- 2-· 
1.01 4--' 
1.02 6-7 
1.01 8- 0 
1.00 10-11 

11 I;. older 

Factor 
1.00 
1.01 
1.02 
1.01 
1.04-
1.05 
1.06 
1.0" 
1.011 
loOq 
1.10 
loll 
1.12 
1.11 
1.14-
1.15 
L16 
1.16 

The correction factors in this table have been 

modified and extended from data published by Knox 

and Koger (1945). 
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significant differences in birth weight in favor of male 

calveso Chambers et alo (1953) adjusted for sex difference 

by adding or substracting the average difference between 

sexes to adjust to steer or heifer equivalento Burgess 

et alo (1954) observed significant sex differences in 

weaning weight in a Hereford herdo Rollins and Guilbert 

(1954) reported that heifer calves weighed 68 pounds less 

than bull calves at weaningo Koch and Clark (1955d) found 

that male calves were 506 pounds heavier at birth than 

heifers and 2602 pounds heavier at weaningo Sex differences 

in weaning score were negligibleo Marlowe et ala (1958) 

reported that sex of calf had a significant effect on growth 

rate. Bull calves grew 4 per cent faster than steer calves, 

and steer calves about 8 per cent faster than heifer calveso 

Koch !.t .!lo (1959) found that bull calves averaged 10067 

times heavier at birth than heifers and that from birth to 

weaning they gained 1.037 times faster than heifers. 

Stonaker (1958) reported sex correction factors for heifers, 

steers, and bulls. These correction factors are a modi

fication of data reported by Burgess~ Al• (19;4). 

The differences due to sex were standardized by adding 

50 pounds to all heifer calves' and 25 pounds to all steer 

calves' weaning weight. The sex adjustment used is an 

adjustment based on the very limited data available. A 

more dependable comparison of sex effects of steer calves 

vso bull calves is neededo For the purposes of this study 

all calves were adjusted to a bull equivalent basiso 
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Weaning score 

When the calves were weighed to secure weaning weightsj 

they were also given a weaning scoreo Table III gives the 

numerical classification that was worked out for scoring 

calves for type 9 conformationj and breed characteristicso 

This classification is a modification of a system developed 

by Albaugh et al. (1956)0 The scoring is done independently 

of the individual weightj and separate analyses were made 

for weaning scoreo 

Statistical Procedures 

Paternal half-sib correlations were calculated for 

the daughters of the various siresj using the weaning 

weights and weaning scores of their calves as the criteria 

of maternal effectso In the hierarchical design, data were 

analyzed on an intra-yearj intra-herd basis; this elimi

nated the differences between years and between ranches that 

occurred over the 5-year period during which these measure

ments were obtained. In the cross-classification design 9 

year and ranch variances were partitioned in the analysis 

of varianceo Sires of the individual calves were treated 

as random environmental effects. Eighteen analyses of 

variances were computedj using the method described by 

Snedecor (1956) for a hierarchical classification. The 

sums of squares for the analysis of variance for each 

ranch were pooled within years and then pooled over the 5 

years. The intra class correlation was computed from the 



Score 

96-100 

91-95 

86-90 

81-85 

76-80 

* 

TABLE III 

* SCORING SYSTEM 

Description 

Breeding Cattle 

The top of the grade represents outstanding 
animalso The middle and lower end of the 
grade represents excellent breeding animals 
from standpoint of type, conformation, 
quality, and breed characteristicso 

Cows in this grade are good enough to retain 
for breeding test in purebred herdso 
This is a practical top for commercial herd 
sires. The top of this grade represents 
the lower end of herd bulls acceptable for 
use in a registered herdo Cattle in this 
grade are not of show caliber. 

Cows usually should be culled from purebred 
herds; good commercial cattle; bulls rarely 
capable of making much improvement except 
on very plain cattleo 

This classification is a modification of a system 

developed by Albaugh et al. (1956). 
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peeled sums of squareso Since the data contained unequal 

numbers of observations from dams by the various sires, the 

average number of daughters per sire was calculated as 

suggested by Snedecor (1956)0 

The mathematical model that was considered adequate 

for the hierarachical design was as follows: 

y = M + D + E ' where 
ij i ij 

th 
y is the observed phenotypic value fc,r the j 
ij 

th 
daughter sired by the i sire .. 

Mis the effect common to all daughters .. It is the 

mean if all other effects are zero. 

D is the effect common to all daughters sired 
i 

th 
by the i sire. 

th 
E is the effect common to the j daughter and 
ij 

th 
sired by the i sire. 

The mathematical model assumed ror the cross 

classification design is given below: 

y = M + A + B, + C + D + E where 
ijkm i j jk jkm ijkm 

y is the observed phenoptypic value for the 
ijkm 

th th 
m dam, who was sired by the k sire on 

th th 
the j ranch, in the i year .. 

Mis the effect common to all dams .. It is the 

population mean if all other effects are zero. 



A is the effect common to all dams whose calves were 
i 

th 
weaned in the i yearo 

B is the effect common to all dams who weaned 
j 

th 
calves on the j rancho 

th 
C is the effect common to the k 

jk 

D 
jkm 

rancho 

th 
is the effect common to them 

th 
sire on the j 

dam who was 

th 
sired by the k 

th 
sire on the j rancho 

E is the composite interaction of years with 
ijkm 

ranch-sire-dam combinationso 

Two statistical designs were set up to obtain herit

ability estimates of maternal effects by the paternal half

sib correlation method described by Lush (1948)0 

One design partitioned the variance into that between 

sires and the variance of dams within sireso The latter 

is the error term that is the remainder when variance between 

sires is substracted from total varianceo These data were 

analyzed on an intra-yearj intra-herd basiso The respective 

variance terms were then pooled for the ranches within 

years, since some of the data were not avairable. on some of 

the ranches during the entire period of this studyo The 

sums of squares of the respective variances of the pooled 

ranches were then pooled over the five yearso From these 

pooled sums of squares the expected component for sires and 

dams within sires was computedo The heritability estimate 
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of maternal effect was then computed by intra class corre

lationo This was multiplied by 4 since the correlation 

between genetic values of half-sibs is 025 under conditions 

of random matingo 

The other design was set up to partition the variance 

between sires, using the average of three records of the 

various daughters by the different sireso 

Since unequal number of observations per sire is 

present in this design alsc, the method described by 

Snedecor (1956) for samples of unequal size was used to 

estimate the average number of observations per sire. The 

differences between sires, computed on a within-ranch basis 

and then pooled over ranches, were partitioned from the 

ranch-sire-dam combinations, after the variances between 

ranches had been subtracted. The remainder was the variance 

between dams within sires within rancheso The estimate of 

heritability for maternal effects was then computed, using 

the same method described for the first designo 

The second design permitted an estimate of re

peatability for weaning weight and weaning score, as each 

dam's performance, on the different ranches, was measured 

for three consecutive years. The intra class correlation 

as described by Snedecor (1956) was used for this estimate. 



RESULTS AND DISCUSSION 

Heritability estimates for maternal effects were 

computed from intra class correlations of calves by paternal 

half-sisterso It is recognized that these intra class corre

lations could also include a transmitted influence of genes 

for growth transmitted from the sire through his daughters 

to their offspringo To this extent an estimate of herit

ability from the above intra class correlation would be an 

overestimate of maternal effectso Maternal effects embrace 

that part of the offspring's life from conception to weaningo 

These effects influence the offspring's development by the 

amount of nutrients provided for the developing fetus, the 

amount of desirable milk provided from birth to weaning, 

the amount of protection, and desirable environment provided 

from birth to weaning by the offspring's damo 

The heritability estimates of maternal effects derived 

from the pooled sums of squares in the hierarchical class~ 

ification are shown in Table IVo These estimates are 019 

and 030 for weaning weight and weaning score, respectivelyo 

The heritability estimates derived from the pooled 

sums of squares in the cross classification are shown in 

Table Vo These estimates are 022 and 040 for weaning weight 

and weaning score, respectivelyo In other studies 
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TABLE IV 

ANALYSIS OF VARIANCE AND HERITABILITY ESTIMATES OF MATERNAL EFFECTS FOR PATERNAL 
HALF-SISTERS USING A HIERARCHICAL CLASSIFICATION (POOLED FROM ALL HERDS)o 

Sources 
of 

variation 

Between sires 

Dams in sires 

Sources 
of 

variation 

Between sires 

Dams in sires 

(W .rnning weight) 

Mean Expected Expected 
D/F square mean square component 

2 2 
112 4,732098 cre-+.s.14c;- 186.19 

2 
550 3,775.92 Ck-- 3,775.92 

(Weaning score) 

Mean Expected Expected 
D/F square mean square component 

2 2 
112 9.93 ~5-14~ • .566 

2 
550 7.02 

~ 
7.02 

Intra
class 

r 

.0469 

Intra-
class 

r 

.0746 

Heritability 
estimate 

.1876 

Heritability 
estimate 

.2984 

w 

'° 



TABLE V 

ANALYSIS OF VARIANCE AND HERITABILITY ESTIMATES OF MATERNAL EFFECTS FOR PATERNAL 
HALF-SISTERS USI NG A CROSS-CLASSIFICATION (POOLED FROM ALL HERDS)o 

Sources 
of 

variation 

Sires in ranches 

Dams in sires 
in ranches 

Sources 
of 

variation 

Sires in ranches 

Dams in sires 
in ranches 

tWe!:!rrt.ng weightJ 

Mean Expected Expected 
D/F square mean square.. component 

2 2 
13 8ll88_5.71 (1 --t- 10.41r 329017 

2 
46 5,459.00 

~ 
.5ll4.59.oo 

(Weaning 1:J.QQ.I~.e~ 

Mean Expected Expected 
D/F square mean square component 

2 2 
13 20.06 o;--+-10 .41c;- 1.04 

2 
46 9.10 

Oe 
9.10 

Intra
c l ass 

r 

.o.56 

Intra
class 

r 

.102 

Heri tability 
estimate 

.22 

Heritability 
estimate 

.408 

~ 
0 
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Dawson et alo (1954) reported an estimate of 019 for weaning 

weight from intra class correlationo Koch and Clark (1955c) 

reported estimates of total genetic value 9 which took into 

account the genetic value for direct response in the calf 

and the gene value for maternal environmento Heritability 

estimates of total genetic value were 019 9 and 016 for 

weaning weight and weaning score 9 respectivelyo These 

estimates were obtained indirectly from parent-offspring 

correlationso Chambers et alo (1958) used 159 daughters 

from 46 different dams to estimate the heritability of beef 

cow productivityo They reported a heritability estimate of 

028 for weaning weight. Kieffer (1959) reported a herit

ability estimate of .39 and .04 for weaning weight and 

weaning score, respectivelye These estimates were computed 

from the pooled sums of squares of several herds using the 

intra class correlation methodo 

The repeatability of production was estimated to be 

029 and 012 for weaning weight and weaning score, re

spectivelyo This estimate was computed by the intra class 

correlation method as shown in Table VIo Koger and Knox 

(1947), in their investigation of repeatability of weaning 

weights and grades of calves from range cows, found the 

average correlation between the weights of adjacent calves 

to be o49o Koch (1951) noted that differences between cows 

accounted for 52 per cent of the variance in the calves' 

corrected weaning weightso Botkin and Whatley (1953) 

reported estimates of repeatability for weaning weight as 

043 9 for birth weight as 018 9 and for gain from birth to 



TABLE VI 

REPEATABILITY ESTIMlrES FOR WEANING WEIGHT AND WEANING SCORE BY 
INTRA-CLASS CORRELATION IN A CROSS-CLASSIFICATION DESIGN 

Sources 
of 

variation 

Dams in sires 
in ranches 

Calves in dams 
in sires in 
ranches 

Sources 
of 

variation 

Dams in sires 
in ranches 

Calves in dams 
in sires in 
ranches 

(Weaning weight) 

Mean Expected Expected 
D/F square mean square component 

2 2 
46 5,459.00 Ue-t- 30d 1,002.89 

2 
124 2,450.33 c,;- 2.,450.33 

(Weaning score) 

Mean Expected Expected 
D/F square mean square component 

2 2 
46 9.10 03~ .90 

2 
124 6.39 ~ 6.39 

Intra
class 

r 

029 

Intra.
class 

r 

.12 

Repeatability 
estimate 

.29 

Repeatability 
estimate 

.12 

-F 
I\) 
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weaning as o58o Koch and Clark (1955a) reported re~ 

peatability estimates for birth weightj Oo26; weaning weight, 

0.34; gain from birth to weaningj 0.34; for weaning score, 

0.22. Chambers et al. (1956) estimated the repeatability 

of weights of calves by the same cow as approximately 0.30 

by two methods for 112 and 210 day weights. 



SUMMARY AND CONCLUSIONS 

The data for this study consisted of weaning weights 

and weaning scores of calves from 5 different herds located 

in northeastern Oklahomao All analyses were made on an 

intra-herd basis. The data were corrected for age of dam 7 

age of calfj and sex of calfo Three ranches creep-fed the 

calves and two ranches did notj but the calves on each ranch 

were treated alike. On the hierarchical design all analyses 

were made on an intra-herd basis. On the cross classi

ficati©n the variances between ranches were partitioned 

from the ranch-sire-dam combinations, and thus there was no 

need to adjust for creep feeding or other treatment differ-

ences. 

The inheritance of maternal effect on weaning weight 

and weaning score was estimated from the intra class corre

lations of the average performance of calves produced by 

paternal half-sisters. Estimates of repeatability of pro

duction for weaning weight and weaning score were made from 

intra class correlation by using 3 production records of 

each dam. 

The records of calves produced by a total of 680 

paternal half-sisters were utilized for the heritability 

estimates of maternal effects obtained by the paternal 
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half-sib correlation methodo The 680 paternal half-sisters 

were sired by 130 different bullso Estimates of herit

ability obtained from the sums of squares pooled mver all 

herds and years were 019 for weaning weight and .30 for 

weaning score from the hierarchical design with a single 

classification. Estimates of heritability obtained from 

the cross classification design using 3 records by the same 

cow, and where the sums of squares of sire differences 

were pooled over all herds was .22 for weaning weight and 

.40 for weaning score. Estimates of repeatability of 

production by daughters of the different sires was .29 for 

weaning weight and .12 for weaning score. 
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A P P E N D I X 



APPENDIX A 

METHOD OF COMPUTING N VALUES 
Q 

The value of N8 is the corrected number of off

spring per sire. This formula given by Snedecor 

(1956) is needed to correct averages for samples of 

unequal size. 

N 
0 

~- 2 \ 
- :.-ni ). 

no, 

A= the number of sires 

N. = the total number of observati~ns. 

ni = the number of observations per sireo 

The N values computed in the hierarchical and 
• 

cress-classification designs are given belowo 

Hierarchical 

1 f 680 - 8~~4)= 5. 14 
130-1 ~ 0 

Cross-Classification 

_L (189 - 41~2) = 10.41 
17-1 ~ 1 9 
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APPENDIX B 

The sums of squares pooled within ranches for 

years, for weaning weight from the hierarchial designo 

Sources of 
Variation 

Between Sires 

Dams in Sires 

Between Sires 

Dams in Sires 

Between Sires 

Dams in Sires 

Between Sires 

Dams in Sires 

Between Sires 

Dams in Sires 

The sums 
Sources or 
Variaticm 

Between Sires 

Dams in Sires 

of 

Year 1955 

df 

5 

35 

Year 1956 

21 

83 

Year 1957 

37 

153 

Year 1958 

39 

191 

Year 1959 

10 

88 

squares pooled over 

df ss 

112 530,09405 

550 2,076,760.0 

ss 

4,626.4 

179,19204 

71,61806 

253,16007 

230,456.6 

717,37306 

190,24700 

6809849 .. 7 

33,14509 

246, 184.o 

year§ 

ms 

4,732.98 

3,775°92 



APPENDIX C 

The sums of squares pooled within ranches for 

years, for weaning score from the hierarchial designo 

Sources of 
Variation 

Between Sires 

Dams in Sires 

Between Sires 

Dams in Sires 

Between Sires 

Dams in Sires 

Between Sires 

Year 1955 

df 

5 

35 
Year 1956 

21 

83 

Year 1957 

37 

153 
Year 1958 

ss 

32208 

71+6 0 8 

343.0 

1, 367 .. 5 

39 31602 

=D=am=s~~i=n~· ~S=i=r~e=s~~~~~~l~9~1---~~~~~~~~-2~2..c..6~ 

Year 1959 

Between Sires 

Dams in Sires 

10 

88 

The sums er squares pooled over years 
SG>urces of 
Variation df ss ms 

Between Sires 

Dams in Sires 

112 

550 

1,11204 

3,86408 



APPENDIX D 

Analysis of variance of paternal half-sibs, as 

measured by weaning weight of calves, in a cross-

classification., 

Sources of 
Va.riatiom 

Totals 

Years 

Ranch-sire
dam 
combinations 

Ranches 

Sires in 

3 

ranches 13 

Dams in 
sires in 
ranches 46 

Calves in dams 
in sires in 
ranches 

(Weaning weight) 

df 

188 

2 

62 

ss 

899,282.11 

5,480.,61 

589,960.,11 

223,331.65 

(interacti~n) 124 303,841.,39 

55 

ms 

8,885.71 

5,459000 

2,450033 
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APPENDIX E 

Analysis of variance of paternal half-sibsj as 

measured by weaning score of calves, in a cross~ 

classificationo 

Sources of 
Variaticm 

Totals 

Years 

Ranch-sire
dam 
combinations 

Ranches 3 

Sires in 
ranches 13 

Dams in 
sires in 
ranches 46 

Calves in dams 
in sires in 
ranches 

df 

(Weaning score) 

188 

2 

62 

ss 

1 j 355063 

675078 

260085 

(interaction) 124 

ms 

20006 

9ol0 
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