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INTRODUCTION
The length of productive life (from the first birth to culling) is a trait that has received
increasing attention in animal breeding (Yazdi, 2000). A long herd life of a cow substantially
decreases replacement costs and enables a cow to achieve her maximum capacity of
performance when attaining full maturity (Essl, 1998). In this respect, Ducrocq (1997) has
proposed a general strategy for the analysis of longevity in animal breeding and epidemiology
based on survival analysis as an adequate method for the genetic evaluation for longevity
measurements.

This methodology to analysing longevity has been applied to several farm species, although not
in beef breeding so far. In this sense, the current analysis of factors influencing productive
length in the Bruna dels Pirineus breed might be a representative example for the beef cattle
breeds present in the mountain areas of Europe. The purpose of our work is an attempt to
develop the first point of the Ducrocq’s scheme in order to detect the most important factors
influencing productive life in order to include them in future models for the estimation of
genetic parameters and genetic evaluation. 

MATERIAL AND METHODS
Data. The data were recorded between the years 1983 and 1998 in three breeding herds
participating in the Yield Recording Scheme of the Bruna dels Pirineus breed, and included
data from 848 beef cows having 3922 calvings. The length of the productive life of a cow was
estimated as the difference between the date of culling and the date of first birth, divided by
365.25 days. When the date of culling was unknown, we assumed that the cow was culled 180
days after the date of the last birth registered, and the record was declared censored. After
editing, our data-base included data of productive life from 779 cows, with 243 complete
records (31.2%) and 536 censored records (69.8%).

Factors analysed were calf birth weight (BW) and weight gain until weaning (WG), calving
interval (CI) and calving ease (CE) (0: birth without problems; 1: calving assisted by the
farmer; 2: calving assisted by the veterinary practitioner). For each of these variables, a least-
squares mean was estimated for each cow by means of a model including the effects of the
farm, year, month, age at calving and sex, birth type and birth weight as nuisance factors. All
computations were performed by means of the GLM procedure in SAS (1990).
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Proportional hazards models. To investigate the influence of the factors mentioned above
(X) on the length of the cow’s productive life (t), a stratified proportional hazards model (Cox,
1972) was used. The model which best fitted the data was:

This model allowed a different baseline function h0g(t) for each herd (g: 1 to 3). The effects of
birth weight (BW) and calving ease (CE) are continuous and quadratic, whereas the effect of
gain until weaning (GW), calving interval (CI) and age at the first calving (AFC) were
categorical. For these variables, data were grouped according to five arbitrary classes: very
small (10% of the data), small (23.3%), average (33.3%), large (23.3%) and very large (10%).
The inclusion of an interaction term between herd and year of the last calving (HY) would
permit a precise modelling of the changes in the culling policies in a farm through time
(Ducrocq, 1997). The analysis was carried out by using the PHREG procedure in SAS, which
implies that all analysed effects are assumed fixed and proportional.

The output from Cox's proportional-hazards model is in the form of hazard ratio (HR). HRs are
calculated by designating one group to be the reference category and measuring all other
hazard ratios (HR) in relation to it. However, HR can be difficult to interpret because the
change in mean or median days of productive life depends on the underlying survival function.
Due to this fact, our interest is to obtain the expected survival function of the subjects owing to
a particular characteristic. Such value was calculated from the empirical survival function of
the category of reference and then this survival function was raised to the power of the HR for
the subjects with that characteristic. 

Replacement rate. Similarly in dairy cattle, the economic value of longevity comes from a
lower cost of replacement females per day of production and a higher proportion of cows in the
more profitable lactations (Essl, 1998). The replacement rate has been computed as:

where RR is the replacement rate, n0 is the number of animals entering the herd, k the number
of intervals with cows, N the number of animals in the herd and S(ti.) is the probability of
survival in the interval dti. The deviation in the replacement rate is the difference between the
replacement rate of the animals with a particular characteristic and the replacement rate of the
category of reference.

RESULTS AND DISCUSSION
Effect of analysed factors on longevity. The estimates of the hazard ratios (HR) and
deviations of the replacement rate (DRR) for each of the categories are presented in Table 1.
The variation in the replacement rate depends upon the underlying survival function and thus is
different in each herd (Figure 1).

( )HYCIGWCECEBWBWAFCexp)t(h)X;t(h ml4
2

32
2

1ng0 +++β+β+β+β+=

∑
=

==
k

1i
ii

0

)dt)t(S(

1
N
n

)k(RR



7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France

Session 02. Breeding ruminants for meat production Communication N° 02-64

Table 1. Effect of the age at first calving (AFC), birth weight (BW), calving ease (CA),
weight gain during lactation (WG), and calving interval (CI) measured as the hazard
ratio (HR) and the deviation in the replacement rate in three herds (DRR1, DRR2 and
DRR3) 

Variable Classes HR % DRR1 % DRR2 % DRR3
< 998 0.181*** -3.058 -2.854 -0.301

998-1058 0.562* -1.293 -1.476 -0.160
1058-1092 1 0 0 0
1092-1124 1.347 NS 0.861 1.114 0.125

Age at first
calving (days)

> 1124 0.718 NS -0.792 -0.940 -0.103
39.7 1.486 1.323 1.741 0.197
42.5 1.086 0.277 0.349 0.039
45.0 1 0 0 0
49.7 1.426 0.919 1.192 0.134

Birth weight
(kg)***

53.5 3.108 4.092 5.789 0.669
-0.23A 1.027 0.070 0.087 0.010
0.00 1 0 0 0
0.33 1.056 0.146 0.183 0.020
0.85 1.432 1.060 1.382 0.156

Calving
ease***

1.87 5.706 8.902 13.522 1.603
< 159.6 4.543*** 7.045 10.483 1.227

159.6-175.2 1.425 NS 1.045 1.362 0.154
175.2-189.0 1 0 0 0
189.0-202.6 1.878* 2.053 2.763 0.315

Weight gain
from birth to
weaning (kg)

> 202.6 1.639 NS 1.532 2.029 0.230
< 339 3.018** 4.339 6.170 0.714

339-377 2.886*** 4.087 5.782 0.668
377-399 1 0 0 0
399-426 0.934 NS -0.174 -0.215 -0.024

Calving
interval (days)

> 426 1.075 NS 0.193 0.243 0.027

A: negative values results from adjusting for birth weight and the other nuisance variables.
* p<0.05; ** p<0.01; *** p<0.001; NS non significant.

The category of reference contains the average values for age at first calving (1058-1092 days),
weight gain until weaning (175.2-189 kg) and calving interval (377-399 days) with a birth
weight of 45 kg and a calving ease of 0 units. The reference replacement rate in herds 1, 2 and
3 were 11.31 %, 13.55 % and 12.87 %. Herd productive life was equated to the number of
years with recorded data, which could have overestimated the replacement rates in herds 2 and
3. 

The replacement rates increased with birth weight and weight gain until weaning reaching
extreme values. That can be due to an elimination of both the cows with small progeny which
will be culled because of low production or, alternatively, to when the progeny is large or very
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large, because of the early ageing of the cow. The reference replacement also augments as
calvings are more complicated. Furthermore, the benefits of intensifying production, by
reducing calving intervals, might be offset by the increase of replacement rates. Long intervals,
probably caused by reproductive problems, however, did not affect replacement rate. There is
also a reduction in the replacement rates with younger ages at first calving. This would suggest
that the first calving should be advanced by about 4-5 months, in comparison with the breeding
practice currently developed in this breed. These data are comparable to the results observed in
dairy cows which showed a decreasing hazard ratio in cows having their first calving at an age
older than 30 months (Essl, 1998).

Survival curves. Figure 1 presents the empirical survival function for each of the three herds
(left), showing the existence of differences among herds. The figure on the right shows that the
data fit a Weibull distribution reasonably well, similar to previous observations in dairy cattle
(Ducroq, 1997) and pigs (Yazdi, 2000).   
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Figure 1. Survival plot in the three herds studied (left) and fitting the Weibull model for
the baseline survivor function (right)

CONCLUSION
Age at calving, birth weight, calving ease, weight gain until weaning and calving interval
clearly influence hazard ratios and replacement rates. Thus, these factors should be included in
future studies aimed at estimating survival parameters and the evaluation for longevity in beef
cattle assuming a Weibull distribution of the survival data.
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