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INDIVIDUAL AND MATERNAL ADDITIVE AND HETEROTIC EFFECTS ON 
205-DAY WEIGHT IN BEEF CATTLE 1 

M. D. MacNeil 2 , C. A. Dinkel and L. D. VanVleck 3 

South Dakota  State University a , Brookings 57007 

Summary 

Weaning weight records on 47,652 calves in 371 
contemporary groups were obtained from the 
South Dakota Beef Cattle Improvement Associ- 
ation and used to estimate breed individual and 
maternal additive effects and heterotic effects 
on 205-d weight. A mixed model  was used. 
Individual additive effects were - 2 2 . 6  + 1.3 kg 
for Red Angus, --19.0 -+ 1.1 for Hereford, 
--12.2 + .9 for Angus, - 1 1 . 5  + 3.1 for Polled 
Hereford, - 1 0 . 1  + 2.2 for Shorthorn, - 7 . 5  -+ 
4.9 for Tarentaise~ 5.3 + 1.6 for Gelbvieh, 
9.5 + 1.8 for Limousin, 11.4 + 3.1 for Chianina, 
12.4-+ 1.2 for Charolais, 14.6 + 1.2 for Simmen- 
tal, and 29.7 +- 3.1 for Maine Anjou. Maternal 
additive effects were - 1 8 . 9  + 2.9 kg for Polled 

�9 Hereford, - 9 . 2  + 2.6 for Shorthorn, - 6 . 4  -+ 
1.0 for Hereford, .3 +- .9 for Angus, 6.3 +- 
1.3 for Charolais, 11.0 -+ 2.0 for Red Angus, 
and 16.9 + 2.0 for Simmental. Pooled estimates 
of individual and maternal heterosis were 4.4 
+ ,4 and 6.8 -+ .4 kg, respectively. 
(Key Words: Individual And Maternal Additive 
Effects, Heterosis, Weaning Weight, Beef Cattle.) 

Introduction 

Weaning weight is the salable product  of  
cow-calf operators.  Within certain constraints 
imposed by financial and managerial considera- 

1Published with the approval of the Director of 
the South Dakota Agr. Exp. Sta. as Pub. No. 1779 of 
the Journal Series. Cooperative with and a contribu- 
tion from Regional Project NC-1. Appreciation is 
expressed to the South Dakota Beef Cattle Improve- 
ment Assoc.; to F. W. Crandall, association secretary 
and Dr. L. M. Anderson, former association secretary 
for providing the data, and to Peggy Green for secre- 
tarial assistance. 

:Present address: Roman L. Hruska U. S. Meat 
Animal Research Center, USDA, SEA-AR, P. O. 
Box 166, Clay Center, NE 68933. 

3Anita. Sci. Dept., Corneil Univ., Ithaca, NY 
14853. 

tions, many producers would seek to maximize 
weaning weight. Currently, genetic methods to 
increase weaning weight involve the choice of  
replacement animals. The low to moderate 
heri tabil i ty of  weaning weight (Preston and 
Willis, 1974; Woldehawariat et al., 1977), low 
reproductive rate of  cattle, long generation 
interval and the relatively low selection dif- 
ferentials make  tradit ional intrabreed pheno- 
typic selection for higher weaning weights a 
slow and tedious method of improvement 
(Chapman et al., 1969; Koch et al., 1974; 
Nwakalor et al. 1976) .  A more viable opt ion 
may be to choose among breeds in a way that  
permits utilization of breed differences in 
individual and maternal additive effects and 
heterosis to increase weaning weight. 

The primary objective of  this s tudy was to 
estimate, from breed combinations produced 
by members of  South Dakota Beef Cattle Im- 
provement Association, individual and maternal 
additive effects and heterotic effects on 205-d 
weight. The secondary objective was to obtain 
estimates of  the within and between contem- 
porary group variance components  for 205-d 
weight. 

Materials and Methods 

Description of  Data. The 47,652 calf weaning 
weight records used in this s tudy were furnished 
by the South Dakota Beef Cattle Improvement 
Association. Calves born between July 1 and 
December 31 of each year  were excluded and 
weaning age was confined to the range of 160 
to 250 d. Only records on calves with uniquely 
identified sire and dam breed groups were used. 
Contemporary groups consisted of  calves weaned 
on the same ranch in any 1 yr  and subjected to 
similar creep feeding management procedures. 
Calf crops weaned from 371 contemporary  
groups between 1970 and 1978 were used. Cross- 
bred calves were present in all contemporary  
groups. Each contemporary  group contained at  
least two calf breed groups. All sire and dam 

4 Dept. of Anita. Sci., P.O. Box 2170. breed groups were represented in three or more 
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contemporary groups. The degree of cross- 
classification of sire and dam breed groups is 
presented in table 1. 

Actual calf weaning weights were adjusted 
to an age-constant basis by the Beef Improve- 
ment Federation (BIF, 1976) recommended 
procedure. Because birth weights frequently 
were not recorded, a constant birth weight of 
31.8 kg was assumed for all calves. With calves 
younger than 205 d at weaning, the use of a 
constgnt birth weight tends to increase the 205 
d weight of calves having lower actual birth 
weights over those of calves having greater 
birth weights. Records on calves older than 205 
d a t  weaning display the opposite bias after 
adjustment. 

Statistical Methodology. Estimates for indi- 
vidual, maternal additive and heterotic effects 
(Dickerson, 1969) were obtained from the solu- 
tion t o  mixed model equations (Henderson, 
1973). The model was: 

y = X 3 + Z u + e ,  
where 

y is a vector of age adjusted calf weaning 
weights, 

X is a known matrix relating elements of 
y to the unknown fixed effects to be 
estimated, 

/~ is a vector of unknown fixed effects. 
Included were a common mean, age of 
dam effects (2, 3, 4 and 5+ yr), sex of 
calf effects (bull, steer and heifer), 
individual breed additive effects, maternal 
breed additive effects and pooled indi- 
vidual and maternal heterosis effects, 

Z is a known design matrix relating an 
element of y to an unknown random 
effect, 

u is a vector of unknown random contem- 
porary group effects, assumed to have 
null mean and variance-covariance struc- 
ture IOc 2 , and 

e is a vector of unknown random residual 
effects, assumed to have null mean and 
variance-covariance s t r u c t u r e  Ioe 2. The 
covariance of e and u was assumed null. 

As formulated, the mixed model equations are 
not independent and no unique solution exists. 
Therefore, constraints were imposed on the 
equations such that estimates of age of dam, 
sex of calf and individual and maternal additive 
effects each summed to zero. The true under- 
lying biological model would undoubtedly 
also contain random effects for sire and dam of 
calf. However, in these data sires and dams 

were frequently not uniquely and consistently 
identified. As the analytical model may not 
truly reflect the underlying biological model, 
tests of significance should be considered 
approximate. Duncan's multiple range test, 
as modified by Kramer (1957), was used for 
individual and maternal breed additive effect 
comparisons. 

Robison et al. (1981) have presented in 
greater detail similar methodology for the 
estimation of genetic parameters from cross- 
breeding data for the fixed model. For the 
present study, grand maternal additive effects 
and individual recombination effects were 
assumed to be null. Differences among various 
breed combinations in individual and maternal 
heterosis were neither estimated nor tested. 

To obtain the approximate mixed model 
equations, an estimate of the ratio of residual 
variance to contemporary group variance was 
required. Method I procedures (Henderson, 
1953) were used to obtain initial estimates of 
the necessary variance components. Random 
effects of contemporary group, calf breed 
group, age of dam and sex of calf were included 
in the model as main effects. Interactions of the 
main effects were assumed unimportant. For 
these data, the ratio (Oe2/ac 2) was approxi- 
mately 1.4. Method I estimators of variance 
components are biased when fixed effects are 
assumed random (Henderson, 1953) a condi- 
tion present with these data. However, esti- 
mates of the elements of/3 may be relatively 
insensitive to small errors in the ratio Oe2/Oc 2 
(Henderson, 1977). 

The contemporary group and residual 
variance component estimators were obtained 
in the mixed model analysis after iteration by 
the method of Searle (1971) for mixed models 
with one random factor. Iteration ceased when 
the change in Oe2/Oc 2 between successive 
rounds was less than 1. 

Results and Discussion 

Best linear unbiased estimates for breed 
individual and maternal effects on 205-d 
weight are presented in table 2. These estimates 
are the generalized least-square estimates if the 
ratio Oe 2/oc 2 is assumed known. Methodology 
used to arrive at these estimates differs from 
that used in most previous studies. The usual 
procedure has been to estimate parameters of 
interest through specific linear contrasts. How- 
ever, specific linear contrasts may not utilize 
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TABLE 2. INDIVIDUAL AND MATERNAL 
EFFECTS ON 205-DAY WEIGHT (KG) 

Breed direct effect Individual Maternal 

Red Angus - 2 2 . 6  + 1.3 11.0 • 2.0 
Hereford - 1 9 . 0  • 1.1 - 6 . 4  • 1.0 
Angus - 1 2 . 2  • .9 .3 -+ .9 
Polled Hereford - 1 1 . 5  • 3.1 - 1 8 . 9  -+ 2.9 
Shorthorn - 1 0 . 1  • 2.2 - 9 . 2  • 2.6 
Tarentaise - 7 . 5  • 4.9 
Gelbvieh 5.3 • 1.6 
Limousin 9,5 • 1.8 
Chianina 11.4 • 3.1 
Charoi t is  12.4 • 1.2 6.3 • 1.3 
Simmental  14.6 • 1.2 16.9 • 2.0 
Maine Anjou 29.7 • 3.1 

Avg heterotic effect 4.4 • .4 6.8 • .4 

all the information available, particularly that 
from survey type data bases. The procedures 
employed in this study made use of all the data 
and were particularly useful for data not ob- 
tained from planned crossbreeding experiments. 

The individual additive effect of the Maine 
Anjou breed was greater (P<.01) than that of 
any other breed. In contrast, Notter et al. 
(1978) reported that Maine Anjou sired calves 
out of 3-yr-old Hereford and Angus cows were 
significantly lighter than Chianina-sired calves 
and were similar in weight to Gelvbieh-, Here- 
ford- and Angus-sired calves. Gregory et al. 
(1978b) found that weaning weights of Maine 
Anjou-sired calves were similar to those of 
Gelbvieh- and Chianina-sired calves. Simmental, 
Charolais and Chianina individual additive 
effects for 205-d weight were similar and were 
smaller than that of Maine Anjou. The indivi- 
dual direct effect of the Limousin was less 
(P<.01) than that of the Simmental, but similar 
to those of the Charolais and the Chianina. 
Smith et al. (1976) found that Limousin- 
sired calves weighed significantly less at 200 d 
than Charolais- and Simmental-sired calves, 
which were similar. The individual additive 
effect of the Gelbvieh was significantly less 
than those of the previously mentioned breeds 
and was greater (P<.01) than those of the 
Tarentaise, Shorthorn, Polled Hereford and 
Angus breeds, which were similar. Gelbvieh- 
sired calves have been reported as having 200-d 
weights similar to those of Chianina and Maine 
Anjou sired calves and significantly greater than 
those of Hereford- and Angus-sired calves 

(Gregory et al., 1978a; Notter et al. 1978). 
Gregory et al. (1979) found Tarentaise-sired 
calves to be heavier at 200 d than Hereford- 
and Angus-sired contemporaries. In the present 
study, the Hereford individual additive effect 
was greater (P<.01) than that of Red Angus, 
and both the Hereford and Red Angus additive 
effects were less (P<.01) than those of the 
Tarentaise, Polled Hereford and Angus breeds. 

Among the calves studied, the maternal 
additive effect of the Simmental breed was 
greater (P<.01) than that of any other breed 
appearing on the maternal side of the pedigree. 
Notter et al. (1978) found that Simmental-sired 
cows produced calves with greater 200-d 
weights than Charolais-, Hereford-, and Angus- 
sired cows; the maternal additive effects on 
200-d weight as deviations from the Hereford 
and Angus mean were 29.4 and 3.7 kg for 
Simmental and Charolais, respectively. Com- 
parable estimates from this study were 20.0 and 
9.4 kg for the respective breeds. The Red Angus 
maternal additive direct effect was less than 
that of the Simmental and greater (P<.01) than 
that of the Charolais. The maternal additive ef- 
fect of the Angus breed was less (P<.01) than 
that of the Charolais and greater (P<.01) than 
that of Shorthorn and Hereford, which were 
similar. The Polled Hereford maternal additive 
effect was less (P<.01) than that of the Short- 
horn and Hereford. Numerous reports have doc- 
umented the maternal superiority of the Angus 
over the Hereford breed of dam (Gregory et 
al., 1965, 1978a, 1979; Smith et al., 1976). 
Notter et al. (1978) observed no significant 
differences in weaning weights of calves out of 
Hereford-Charolais and Angus-Charolais cross 
cows. Knapp et al. (1980) suggested that 
Charolais maternal additive effects are greater 
than Angus maternal additive effects for 205-d 
weight. Marshall et al. (1976) found no signifi- 
cant differences in weaning weight between 
calves from Angus, Charolais and reciprocal 
c ros s  COWS, 

Crossbred calves with maximum individual 
heterosis were 4.4 +- .4 kg heavier at 205 d than 
straightbred calves. This estimate agrees with 
the 4.3 kg advantage in weaning weight reported 
by Peacock et al. (1978) for FI Angus and 
Charolais calves over their straightbred contem- 
poraries. Somewhat smaller estimates of indi- 
vidual heterosis for weaning weight were 
reported by Damon et al. (1959). However, 
most of the estimates of individual heterosis 
reported for British breed crosses have been 
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greater than that observed in this study (Gregory 
et al., 1965, 1978a; Rollins et al., 1969; Long 
and Gregory, 1974; Smith et al., 1976;Gray et 
al., 1978). 

Calves with crossbred dams were 6.8 • .4 kg 
heavier than their counterparts with straight- 
bred dams. This estimate is within the range of 
previously published estimates for Bos taurus 
breeds. Cundiff et al. (1974) reported that 
weaning weights of calves with Hereford, Angus 
and Shorthorn Fl dams exceeded those of calves 
with straightbred dams of these breeds by 8.4. 
kg. As F2 calves contribute to estimated mater- 
nal heterosis under the assumption made for 
this study, any negative individual recombina- 
tion effects could bias downward the estimated 
maternal heterosis. However, the 7.2 kg average 
maternal heterosis reported by Gaines et al. 
(1966) is in close agreement with the estimate 
obtained in this study. Ellis et al. (1979) 
reported a maternal heterotic effect of 4.5 kg 
for Hereford, Angus and Charolais cross dams. 
Knapp et al., (1980) found no significant 
maternal heterosis for weaning weight in 
crosses of the Hereford, Angus and Charolais 
breeds. 

The genetic components estimated in this 
study should be useful for the prediction of 
205-d weight when production strategies are 
planned. Choosing among breeds for maximum 
weaning weight production depends on the 
mating system to be used. Given the genetic 
model used in the present study, heterotic ef- 
fects would be involved only in the choice 
among mating systems. Within a mating system, 
breeds can be chosen by simultaneous consider- 
ation of individual and maternal additive effects. 
However, for the selection of the particular 
breed combination that will yield maximum 
weaning weight for each calf weaned, simul- 
taneous consideration of individual and mater- 
hal additive effects and heterotic effects is es- 
sential. Dickerson (1969) has presented the 
appropriate genetic expectations of individuals 
from various mating systems currently used in 
beef production. Results of this study indicate 
sufficient divergence among breed resources for 
application. Those breeds with high estimated 
individual additive effect components would be 
most suitable as sire breeds in production sys- 
tems designed to maximize 205-d weight. 
Breeds with high estimated maternal additive 
effect components would be most useful as 
female parents in crossing. 

Interpretation of results from studies con- 

ducted with field data may be hampered by 
certain deficiencies inherent in the data. Hen- 
derson (1973) has indicated potential biases in 
the prediction of random effects. Some addi- 
tional problems may be associated with estima- 
tion of or comparisons among fixed effects. 
First, some producers may not distinguish 
between levels of fixed effects. For example, 
some individuals might identify all Herefords, 
homed and polled, simply as being of the 
Hereford breed. A second problem can arise if 
differential selection affecting the dependent 
variable within levels of a fixed effect results 
in biased comparisons among the levels. For 
example, the Simmental by virtue of its high 
level of productivity may be subject to less 
intense selection for weaning weight than the 
Hereford, especially when both breeds are 
found in the same contemporary groups. In 
an examination of Record of Performance data 
from 1971 to 1978, Schaeffer et al. (1981) 
observed genetic trends in weaning weight that 
were positive for the Angus, Hereford and 
Shorthorn breeds, and negative for the Charo- 
lais, Limousin, Maine Anjou and Simmental 
breeds. A second example of selection bias is 
observed when heavier calves are left intact 
and lower weighing counterparts are castrated. 
The difference in weight between bull and steer 
calves then overstates the true sex effect. By 
including sex in the statistical model as a fixed 
effect, each sex class is given equal weight in 
estimates of other fixed effects. The magnitude 
of these sources of error and any resulting bias 
in the results for studies conducted with field 
data are difficult to quantify. Typically, it is 
necessary to assume that these sources of bias 
are either not present or randomly associated 
with the effects of interest. 

After one round of iteration, the estimated 
between contemporary group variance com- 
ponent (Oc 2 ) was 255.3 kg 2 , and the estimated 
residual variance component (Oe 2) was 385.9 
kg 2. The ratio, 1.51, is in close agreement with 
the preliminary estimate used for these analyses. 
Therefore, additional cycles of iteration were 
deemed unwarranted. Wilson et al. (1972) 
reported that 36 and 62% of the total weaning 
weight variance among Angus cattle was due to 
between-herds-within-year and residual com- 
ponents, respectively, in general agreement with 
the results of this study. Wilson et al. (1972) 
also found that, among Herefords, 60 and 37% 
of the variance, respectively, was attributable to 
these two sources. 
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