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INTRODUCTION 
Herd life and lifetime cow production, measured as the total weight of calves weaned during a 
cow’s lifetime, are two of the most important components of efficiency in beef production. 
These traits are a function of fertility, maternal ability and survival of the cows as well as of 
prenatal and postnatal survival and preweaning growth of their offspring. The benefits from 
herd life come mainly from reduced costs of replacements and from increased income as a 
result of a higher proportion of cows producing at mature ages (Rendel and Robertson, 1950). 
For a herd to be profitable, the cows should remain in the herd long enough to pay for their 
maintenance cost. The number of cows remaining in production past this breakeven age must 
compensate for those cows that are culled before that age (Snelling et al., 1995). Greater 
longevity also allows producers to be more selective when choosing replacement females ; 
although, this may increase generation interval. 
The objective of this study was to evaluate herd life, lifetime productivity and reasons for 
disposal of Brahman and F1 crossbred Angus, Hereford, Charolais and Brown Swiss x Zebu 
cows. 
 
MATERIAL AND METHODS 
Data were collected at Las Margaritas Experiment Station, located at latitude 19°, 20'N and 
longitude 97°, 20'W and is 450-500 above sea level in the state of Puebla, México. The 
environment is subtropical with average daily temperature of 21° C and average annual rainfall 
of 3000 mm. The herd was composed of Brahman (B; 46) and F1 Angus x Zebu (AZ ; 26), 
Brown Swiss x Zebu (BSZ ; 26), Charolais x Zebu (CZ ; 42) and Hereford x Zebu (HZ ; 54) 
cows that were born from 1984 to 1988. Sixteen Brahman, 12 Angus, 10 Charolais, 14 
Hereford and 12 Brown Swiss bulls were used. Brahman cows were mated to bulls of their 
own breed and the F1 cows to Bos indicus bulls from 1986 to 1989 and to Bos taurus bulls 
from 1990 to 1994. Breeding seasons began on March 21, in the spring, and September 21 in 
the fall. They included 41-d artificial insemination followed by 21-d natural service period, for 
a total of 63 d. Pregnancy was diagnosed by rectal palpation 45 days after the end of the 
breeding season. Cows were given two consecutive breeding seasons, and heifers three, to 
become pregnant before being culled. Other reasons for disposal included unsound udders, 
poor maternal instincts and death. The cow herd was maintained on native pastures (Axonopus 
and Paspalum sp.), and supplemented during the last three months of lactation with 2 kg of 
commercial feed (18% crude protein). Calves were weaned at seven months. Traits studied 
were herd life, defined as the numbers of days from the initiation of the first breeding season 
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of the cow to the date of disposal or end of the experiment, lifetime cow production (CWW), 
defined as cumulative 205-d weight of calves weaned per cow exposed and reasons for 
disposal. 
 
Statistical analyses. Herd life was considered to be censored for those cows that were sold or 
were alive at the end of the experiment. Survival analysis was performed using a Weibull 
regression model utilizing a modified version of MATVEC (Kachman, 1999). Conditional on 
the fixed and random effects, h ssumed to follow a Weibull distribution with 
hazard function equal to : 

η
, where : 

i
 is the hazard 

function of an individual at time, t, with risk factor η ;  rate parameter, is the vector 
of risk factors ; a linear combination of fixed and random effects η , where 

is the vector of fixed effects including the effects of breed group of the cow, birth year and 
birth season with age of cow in days at the beginning of her first breeding season as a 
covariate.; s is the vector of effects of random sires within breed of sire, and X and Z are 
known design matrices. To estimate the probability that an individual with a given risk factor 

 will survive until t, the survival function was computed as : 
ηρ

. The estimates of the hazard function, survival function, and 
solutions for fixed and sire effects were based on maximum-likelihood techniques using the 
average information matrix to estimate the variance components. To test for significance of the 
effects included in the model, a Likelihood-ratio test was used.  

erd life was a
)( ) i

i eρρτητλ 1; −=

i ρ
( ητλ ;

η
X += β

=
Zs

β

iη
S ( )η et

i et −=;

Lifetime cow production was analyzed by age of the dam. Although some cows were 11 yr of 
age at the termination of this project, only records on cows up to 9 yr were included because 
all cows remaining in the herd had attained 9 yr of age. Adjusted weaning weighs were 
accumulated for each female exposed to breeding including, those that fail to wean a calf. 
When a cow failed to wean a calf in a particular year, the accumulated weaning weight from 
the previous year was used for the cumulative totals. A model with sire effects random and no 
relationships among the sires was assumed, the model equation was : , 
where : y is the vector of observations,  is the vector of fixed effects, including breed group 
of the cow, birth year and birth season of cow, with age of cow at the beginning of her first 
breeding season as a covariate, s is the vector of random effects of sires within breed of sire, 

 are known incidence matrices relating the observations to the respective vectors of 
fixed and random effects, and e is the vector of random residual effects. Solutions for fixed 
and sire effects were based on restricted maximum likelihood techniques after using the 
Newton-Raphson algorithm to obtain the REML estimates of the variance components. To test 
for significance of effects included in the model, a general Wald-type test was used. Chi-
square statistics were used to determine if reasons for disposal were randomly associated with 
breed groups. 
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RESULTS AND DISCUSSION 
Breed group and age of the cow at the beginning of the first breeding season were significant 
(P < 0.05) effects in the model for herd life. Estimates of breed-group means and standard 
errors for the Weibull survival function for herd life are presented in table 1. The estimate of 
the Weibull parameter, ρ, was 3.27 ± 0.19 which indicates that the risk of being culled 
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increases as cows gets older. The estimated Weibull parameter is greater in magnitude than in 
results of Ducrocq (1994) of 1.75 and Ducrocq et al. (1988). Estimates of the median herd life 
were 8.11 ± 0.92a, 2.92 ± 0.74c, 6.23 ± 0.74b, 6.90 ± 0.71b and 6.64 ± 0.95b for AZ, B, CZ, HZ 
and BSZ, respectively. AZ crosses has larger herd life (P < 0.05), CZ, HZ and BSZ 
intermediate and B the lowest. The fraction of cows that survived at 9 yr of age ranged from 
0.08 (HZ, CZ and BSZ) to 0.00 (B). B cows had higher risk of being culled (P < .05) than AZ, 
HZ, CZ and BSZ, the risk ratios were 3.67, 1, 0.89, 0.92, y 0.9 for B, AZ, HZ, CZ y BSZ, 
respectively. 
 
Table 1. Estimates of breed-group means and standard errors for the survival function. 
 
Breed Age of dam, yr 
Grou  3   4   5   6   7   8   9  

B 0.98 ± 0.01 0.84 ± 0.06 0.53 ± 0.13 0.19 ± 0.06 0.03 ± 0.04 0.00 ± 0.06 0.00 ± 0.0
AZ 0.95 ± 0.00 0.95 ± 0.02 0.84 ± 0.08 0.64 ± 0.02 0.39 ± 0.18 0.18 ± 0.02 0.06 ± 0.0
HZ 0.95 ± 0.00 0.96 ± 0.02 0.86 ± 0.05 0.67 ± 0.02 0.44 ± 0.12 0.22 ± 0.02 0.08 ± 0.0
CZ 0.95 ± 0.00 0.96 ± 0.02 0.85 ± 0.05 0.66 ± 0.02 0.42 ± 0.14 0.21 ± 0.02 0.08 ± 0.0

BSZ 0.95 ± 0.00 0.96 ± 0.02 0.85 ± 0.06 0.67 ± 0.02 0.43 ± 0.16 0.22 ± 0.02 0.08 ± 0.0
 
Differences in herd life between breed groups can be explained by differences in proportions 
of cows culled for various reasons. The proportion of cows culled for various reasons (table 2) 
differed among breed groups (P < .001; X2 = 51.5). Removal of cows for infertility (open two 
consecutive breeding seasons) accounted for 36.55% of all cows included in the study. Among 
breed groups, culling for infertility ranged from 2.03% for AZ to 15.23% for B. Mortality 
accounted for 17.77% of the total number of cows that were removed from the herd. The range 
was from 7.11% (HZ) to 2.03% (AZ). The percentage of cows that died during the study was 
less than the 29.7% reported by Rohrer et al. (1988), and similar to the 15% reported by 
Nuñez-Dominguez (1985). Removal for maternal ability accounted for 7.11% of the total 
number of cows removed from the herd ; these removals ranged from 0.0% for BSZ to 3.55% 
for HZ cows. Percentage of censoring (cows alive at the end of the experiment) was 8.63 for 
all records analyzed and ranged from 1.02% for AZ and CZ cows to 3.05% for BSZ cows. 
 
Table 2. Percentages of cows by removal code and alive at the end of the experiment. 
 

 Reason for disposal    
Breed group Infertility Mortality Maternal ability Others Alive 

B 15.23 4.06 1.02 1.02 2.03 
AZ 2.03 2.03 2.03 6.07 1.02 
CZ 7.61 2.54 0.51 10.14 1.02 
HZ 6.60 7.11 3.55 9.15 1.52 

BSZ 5.08 2.03 0.00 3.55 3.05 
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Cumulative 205-d weight of calves weaned is a function of survival and reproductive 
performance of cows and of survival and growth rate of their offspring, and can be used as a 
primary indicator of cow productivity. Breed group and age of the cow at the beginning of the 
first breeding season were significant (P < 0.05) effects in the models for CWW. Estimates of 
breed-group means and standard errors for CWW are presented in table 3. Crossbred cows had 
greater (P < 0.05) cumulative 200-d weight of calves weaned by all ages than B cows. The 
difference in cumulative weaning weight increased from 101.2 kg by 3 yr of age to 242.9 kg 
(46.6%) by 9 yr of age. Sacco et al. (1989) reported that crossbred cows weaned 53 kg more 
(P < 0.05) calf weight by 4 yr of age and 397 kg more (P < 0.01) weight by 12 yr of age than 
purebreds Spelbring et al. (1977) reported that crossbred cows exceeded (P < 0.01) purebreds 
for 3-yr total of adjusted calf weaning weight by 102.8 kg. At 9 yr of age, AZ and CZ cows 
accumulated significantly more (P < 0.05) kg of calves weaned than BSZ and B. 
 
Table 3. Least squares means and standard error for CWW (kg). 
 
Breed Age of dam, yr 
Grou

p  3   4   5   6   7   8   9  

B 10.6 ± 13.6 117.3 ± 18.9 180.3 ± 34.6 207.1 ± 39.2 368.4 ± 56.3 415.7 ± 52.2 521.1 ± 75.8 
AZ 146.9 ± 15.9 224.1 ± 28.3 433.6 ± 36.8 566.1 ± 38.4 685.2 ± 62.0 784.6 ± 52.5 871.8 ± 65.3 
HZ 120.1 ± 12.2 242.5 ± 17.0 395.6 ± 28.2 422.1 ± 29.3 548.2 ± 39.3 651.1 ± 40.8 738.8 ± 51.7 
CZ 81.7 ± 11.6 252.0 ± 19.4 427.2 ± 39.8 465.1 ± 30.3 635.3 ± 45.6 637.1 ± 46.8 777.3 ± 54.9 

BSZ 99.0 ± 16.0 206.3 ± 22.9 381.1 ± 37.4 386.3 ± 40.2 538.4 ± 53.0 620.6 ± 49.3 667.9 ± 61.7 
 
CONCLUSION 
There were significant breed group differences in herd life and lifetime productivity of cows, 
therefore large economic advantages are associated with use of crossbred cows in the tropics 
based on these data. Crossbred cows lived longer and had higher productivity than did B cows. 
The measures analyzed in this study are intended to provide additional information on the 
breeds and crosses used. Such information is important especially for systems analysis 
research. 
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