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SUMMARY

Two important traits of a productive beef heifer are early conception and 
easy calving. In this study of 401 heifers from a random selection herd, the 
relationships between the birth, weaning, yearling, 18-mo and 23-mo weights of 
heifers and their calving rate, calving date and calf birth weights were found 
to be of no practical value for selection or culling decisions. We concluded 
that in our range environment heifers did not express sufficient genetic 
variation to make practical any scheme of selection of sires of heifers or of 
heifers themselves for early calving dates or lighter birth weights. The ran
dom selection in this herd may be the cause of estimates of heritability to be 
smaller than expected. We formed a theory that a heifer's age and size may 
restrict direct or maternal genetic influences on the birth weight of her 
calf.

INTRODUCTION

Productivity of a herd of beef cattle depends on the growth and reproduc
tive efficiency of the individual animals in that herd. Both growth and 
reproductive characteristics can be manipulated by altering either the 
environment or genetic makeup of the herd. The environment can be changed, 
for example, by changing nutrition levels or breeding and weaning schedules. 
The genetic makeup can be changed by selection or culling.

Dziuk and Bellows (1983) noted that failure of cows to become pregnant 
ranked first and perinatal calf losses ranked second in their effects on net 
calf crop. A heifer that calves earlier in her first calving season has a 
higher probability of pregnancy throughout her lifetime (Lesmeister et al., 
1973). Dystocia is the most common cause of perinatal calf loss, and dystocia 
is most common in 2-yr-old dams (Laster et al., 1973), and heavy birth weight 
is the most important cause of dystocia (Bellows et al., 1971). Therefore, 
any method of identifying and selecting heifers that have a live calf and 
calve early in the season should be useful in improving herd productivity.

This study had two objectives: First, to examine the relationships
between heifer weights and subsequent calving rates and dates and the birth 
weights of their calves; and second, to determine if the calving date and 
birth weight of the calf of a heifer were heritable as characteristics of the 
heifer. The random selection aspect of this particular herd allowed us to 
assume that the direct sire component of each calf's birth weight was a random 
effect with a mean of zero.

MATERIALS AND METHODS

Data were collected on Hereford heifers raised in a random selection herd 
(Nelsen et al., 1984) at the USDA-ARS Fort Keogh Livestock and Range Research

* USDA-Agricultural Research Service, Fort Keogh Livestock and Range Research 
Station, Route 1, Box 2021, Miles City, Montana 59301.
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Station in Miles City, Montana. The heifers in this study were born in the 
years 1977 through 1983. All calves were born from mid-March to mid-May. 
Calves remained on range pastures with their dams until weaned at approxi
mately 185 d in late October. The heifers were then fed a growing ration to 
gain approximately .5 kg d-1 for 140 d. In mid-May, they were placed on 
range. On June 15, the heifers were mixed with cows in groups of 25 to 30 in 
single-sire breeding herds for 60 d. Heifers were then separated from the 
cows and kept on range until mid-December. Heifers were then fed hay plus a 
high quality grain supplement until they were moved to calving pastures in 
early March.

No culling other than for injury or disease was done on either heifers or 
bulls used. Any biases due to selection should be negligible in this data 
set.

Weights used in this analysis were birth (BW) and weaning weights (WW),
yearling weight (YW) and 18-mo weight (W18) adjusted by linear regression
methods to 365 and 545 d, respectively, and 23-mo weight (W23) taken before 
calving in March. The W23 was not adjusted to an age in days basis. Initial 
analysis of 401 heifers was by least-squares ANOVA (Harvey, 1979) in a model 
which contained the fixed effects of year, age of dam, and a 0 or 1 variable 
denoting whether the heifer did (1) or did not (0) give birth as a 2 yr old. 
A random effect was sire within year. Only those sire groups with three or 
more heifers were included. A linear covariate of day of birth of the heifer 
was also included.

A second data set was made up of the 334 heifers that gave birth. 
Deleted from the original data set were 57 heifers that did not calve plus 10 
pregnant heifers sold to relieve drought pressures. Analysis of this data set
included BW, WW, YW, W18 and W23 of the heifers plus the day of birth and the
birth weight of the calves of the heifers. The model included year, age of 
dam and sex of calf as fixed main effects and sire within year as a random 
effect. The objective of this analysis was to examine characteristics of the 
heifers so age of dam was actually age of granddam and sire was actually 
grandsire from the perspective of the calf.

Heritabilities and genetic correlations were calculated by the paternal 
half-sib (PHS) method of analysis.

RESULTS AND DISCUSSION
Analysis of Variance.

Year influenced (P<.01) a heifer's own birth weight (table 1) but did not 
influence the subsequent birth weight of her calf. Perhaps some of the dif
ference is due to age of dam factors. Of the 334 heifers that calved, 243 
were born to cows aged 3 yr or older. If the environment that a heifer pro
vides for her growing fetus is already restricted by her own size and age, the 
effects of outside environment (year effects) may not be able to influence the 
growth of the already restricted fetus.

Age of dam affected all of the heifer weights (table 1) but did not 
affect the birth weight of the calves of the heifers. Heifers born to 
2-yr-old dams had a BW of 88% of that of heifers born to 5-yr-old cows. At 
WW, this ratio was 82% after which it climbed to 89% at YW and W18 and was 
still at 94% at W23. Least-squares means (±s.e.) for BW, WW, YW, W18 and W23 
were 32.4±.4, 165.6±1.5, 259±2, 385±3, and 350±3 kg, respectively. Although
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heifers born to 2-yr-old dams were lighter throughout the period of the study, 
a chi-square analysis of differences in calving rates of heifers born to the 
different ages of dams was interpreted as an indication of no (P>.50) age of 
dam effect on heifer pregnancy rates.

The BW and WW of the heifers that became pregnant were not any different 
(P>.10) from the weights of those that did not become pregnant. At YW, the 
heifers that would have calves were 8 kg heavier than the heifers that would 
not give birth. At W18, the pregnant heifers were 10 kg heavier than the 
others. At W23, when the weight of the gravid uterus would be a factor, the 
pregnant heifers were 34 kg heavier. Overall, 33 of the heifers that did not 
give birth were below average YW (measured within year) and 24 were above 
average YW, a nonsignificant difference. Therefore, selection or culling of 
heifers based on YW would have had no significant effect on calving rate.

The day of the year that the heifer was born did not (P>.10) influence 
her BW but did (P<.01) influence her WW (table 1).

TABLE 1. MEANS SQUARES FROM THE LEAST-SQUARES ANOVA OF HEIFER CHARACTERISTICS

Heifer weights_______________  Calves of heifers

Source df
Birth
(BW)

Weaning
(WW)

Yearling
(YW)

18-mo 
(W18)

2 3-mo 
(W23)

Day of 
birth

Birth
weight

Year 6 94.7** 4038** 5038** 10227** 28357** 241 39.7
Sire/year 53 21.8* 3 971 645* 1533* 1130* 230 21.8
Age of dam 3 340.3** 20603** 19225** 42590** 11899** 268 14.6
Calving3 1 19.3 427 2308* 4914* 47945*
Sex of calf'5 1 0 303.1**
Day of birthc 1 37.1 54313** 3693** 7610** 27808** 61 .5
Error 336 14.7 302 471 1069 786 224d 17.7d

** P<.01; * P< .05; t P<.10
3 Variable denotes whether the heifer did (1) or did not (0) give birth, 
k Sex of the calf of the heifer. 
c Linear covariate, day of birth of the heifer. 
d df = 269.

Because heifers were weaned on a common calendar date, day of birth was a 
measure of age at weaning. The partial regression coefficient of WW on day of 
birth was -.859 kg/day. The YW and W18 measures were adjusted for age so the 
partial regression coefficients of the day of birth covariate (-.224 kg d-1 
for YW and -.322 kg d_1 for W18) were indications that earlier-born heifers 
were heavier than their later-born herdmates up through 18 mo even when 
adjusted to a common age. An earlier-born heifer and her dam would have a 
longer time to take advantage of the spring and early summer growing season of 
the cool-season range grasses.

None of the possible sources of variations used in the model had an 
influence (P>.10) on the day of the year that the calves of the heifers were 
born. We concluded that although the calves of the heifers were born later in 
the year (day 106.0±.8 for calves of heifers vs 103.8±.7 for heifers, P<.05 by 
t-test) than the heifers themselves, the difference of 2.2 d was not enough to 
indicate that the heifers had either not reached puberty before the breeding 
season or had lower first-service conception rates.
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Heritabilities.

The heritability of BW estimated in this study (.28±.16) is lower than 
the overall average of .45 reported by Woldehawariat et al. (1977) or even the 
.36 reported by Nelsen et al. (1984) in a larger sample (which included bull 
calves) from this same herd. The heritability of WW was estimated as .18±.15 
in this study. The estimates for YW, W18 and W23 (.22, .25 and .25, respec
tively, all ±.15) are lower than the average of .44 for yearling pasture 
weight reported by Woldehawariat et al. (1977) or the .41 for YW and .50 for 
W18 as reported by Brinks et al. (1964) from 3584 Hereford females at this 
same station in 1934 through 1959. Two possible sources of differences are 
the random selection aspect of this herd and the difference in breeding age, 
i.e., in the older study by Brinks et al. (1984), the heifers were bred to 
calve first when 3 yr old. Also, the heifers in the older data set weighed 40 
and 53 kg less at YW and W18, respectively. The sires in the study by Brinks 
et al. (1964) were selected for increased growth rates while the sires of the 
heifers in the present study were selected at random. This difference in 
heritabilities may indicate that the heritability of a characteristic can be 
increased by selecting parents from the upper end of the distribution of that 
characteristic. Nelsen et al. (1984) found that assortative mating increased 
estimates of heritability for birth weights.

The heritability of day of birth of the calves of heifers was low enough 
(.02±.15) to indicate that genetic influences as measured here had little 
influence on that measurement. We probably cannot expect any resolution in 
genetic differences in this characteristic when we manage heifers such that 
all reach puberty before a set breeding season of short duration.

The heritability of birth weight of the calves (.17±.17) was on the 
border of where we would consider it important. More estimates from different 
populations are needed before we can decide if we can place selection pressure 
on birth weight through the sire of the heifers giving birth. A significant 
heritability would allow the possibility of selecting a bull for his 
daughters' calving characteristics much the same as a dairy bull is selected 
for his daughters' milking ability.

Offspring-dam regressions were also analyzed on day of birth and birth 
weight as second estimates of heritability. Because the estimate by regres
sion contains a portion of the influences due to any possible interactions 
between direct genetic and maternal effects, some of the difference between 
the PHS estimate and the regression estimate can be attributed to a possible 
maternal by direct effect interaction. The regression estimate for day of 
birth was .04, which was similar to the PHS estimate of .02 and reinforces the 
conclusion of little genetic influence on this measurement. The regression 
estimate for birth weight was .26, which was similar to the PHS estimate of 
.28. Several studies have shown a significant negative maternal by direct 
effect interaction on birth weight, including Nelsen et al. (1984) with data 
from this same herd. The lack of evidence here of such an interaction may be 
due to the use of heifers only in this data set. A 2-yr-old heifer may not be 
able to exert her maternal influence to the same degree as an older dam.

Genetic Correlations.

The genetic correlations among the weights of the heifers (table 2) are 
all high (>.60) which indicates that selection for heavier weight at any one 
age will be selection for heavier weight at all ages. The variances of the
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estimates of genetic correlations with day of birth of the calves of the 
heifers are so large that no attempts were made to interpret the correlations 
biologically. The variances of the genetic correlations with the birth 
weights of the calves of the heifers are not as large but still are substan
tial enough to be considered in discussions about the correlations. The gene
tic correlation between the BW of a heifer and the birth weight of her first 
calf was high (1.061.71) and was opposite in sign to the genetic correlation 
between her WW and the birth weight of her calf (-.581.1.26). This difference 
may be an indication of a maternal vs direct genetic antagonism but the biolo
gical mechanism of such a relationship is difficult to envision.

TABLE 2. GENETIC AND PHENOTYPIC CORRELATIONS3 FOR THE HEIFER CHARACTERISTICS

Heifer weights
Calves of 

Day of
heifers

Birth
Character BWb WW YW W18 W23 birth weight

Heifers
BW^ .63±.42 .88±.32 .821.31 .861.30 1.2H5.46 1.061.71
WW .28c •97±.10 1.031.10 1.0H.24 -2.64112.24 -.5811.26
YW .39 .85 .991.01 .831.16 -.0312.22 .181.77
W18 .39 .85 .99 .771.19 -.3712.74 .071.70
W23 .40 .61 .80 .79 .1312.76 .301.87

Calves 
Day of 

birth -.11 -.16 -.17 .17 -.14 2.0818.38
Birth

weight .16 .06 .14 .12 .23 .08

3 Genetic correlations are above the diagonal, phenotypic are below, 
b See table 1 for abbreviations.
c Phenotypic correlations -lCj are significant (P<.05).

The relatively low genetic correlations between the influence a heifer 
has on the birth weight of her calf and her own YW (rg = .181.177) and W18 (rg 
= .07±.70) may be an indication that the genes influencing her own growth rate 
are not related to the genes influencing her ability to nourish her fetus or 
it may simply be another indication of the environmental influences 
overwhelming the measured genetic influences on these heifers and their 
calves. The genetic correlation between W23 and birth weight of the calf (rg 
= .301.87) may be a measure of the growth of the gravid uterus.

CONCLUSIONS

Overall, we found that under our present management in the range environ
ment, we could not select or cull on the basis of BW, WW, YW or W18 of a group 
of heifers in order to influence calving rates or dates or the birth weights 
of the calves of the heifers. Selection for any of these characteristics 
could not be expected to produce a significant response. In order to elicit a 
genetic response in these characteristics, we will have to either alter the 
management to allow more expression of genetic differences or alter our 
measurements (or the model in which we analyze them) in a manner which allows 
more of the environmental variation to be explained.
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Potential genetic variation in direct and maternal effects on a growing 
fetus may be restricted in their expression when that fetus is growing in a 
younger, smaller dam.
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