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1   |   INTRODUCTION

Locally derived breeds show adaptation to their native en-
vironments (McIntosh et  al.,  2023). Afrikaner is a Sanga 
type (Bos taurus africanus) breed of cattle indigenous to 
South Africa (Pienaar et al., 2018). They are small to me-
dium in size (mature cow weight: 476 kg) with moderate 

maintenance requirements and are adapted to the environ-
ment of South Africa. Some adaptations include parasite 
and heat resistance, docility and the ability to reproduce in 
harsh conditions (Makina et al., 2015). Indigenous breeds 
are valued because of their presumptive hardiness, calving 
ease, fertility, moderate maintenance requirements and car-
cass quality. Thus, the Afrikaner was once the most popular 
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Abstract
The Afrikaner breed of cattle is indigenous to South Africa and, due to their hardi-
ness, was once the most popular breed amongst South African farmers, although 
in recent years their numbers have decreased. The goal of this study was to assess 
factors affecting length of productive life, defined as the interval between produc-
tion of the first and last calf, in Afrikaner cattle using survival analysis. The data 
spanned 40 years with an observed measure of length of life for 29,379 cows from 
374 herds. Relative to similar analyses, few (n = 2964; 8.4%) cows had records that 
were right censored. The median length of productive life of an Afrikaner cow 
was just less than 6 years. Cows that were younger at their first parturition had 
longer productive lives than those that were older at their first calving. Cows that 
were born in the period from December to February had shorter productive lives 
than those born between March and November. The estimated animal genetic 
variance of 0.266 resulted in a heritability estimate for length of productive life 
in Afrikaner cattle of 0.225. Thus, there appeared to be sufficient additive genetic 
variance in Afrikaner cattle to enable genetic improvement in their length of pro-
ductive life.

K E Y W O R D S

age at first calving, genetic trend, heritability, length of life

www.wileyonlinelibrary.com/journal/jbg
mailto:
https://orcid.org/0000-0002-3051-7508
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:macneil.deltag@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjbg.12847&domain=pdf&date_stamp=2024-01-10


2  |      BOT STEFFL et al.

breed of cattle in South Africa and has been a popular choice 
to serve as a base for developing composite breeds (Pienaar 
et al., 2018; Scholtz et al., 2016). In the 1970s, the number 
of Afrikaner cattle began to decline due to breeder obser-
vations of decreased fertility, presumably from selection for 
show traits and lack of attention to performance and pro-
duction traits (Steenkamp & Tissier, 2016).

Longevity in beef cattle is an economically important 
trait (Forabosco et  al.,  2006). It is directly related to the 
amount of saleable product that is produced and production 
efficiency (Van Melis et al., 2007). Longer lived cows also 
necessitate retaining fewer replacement heifers (Brzáková 
et  al.,  2019; López de Maturana et  al.,  2007; Núñez-
Dominguez et al., 1985), increase the potential number of 
calves produced by each cow (Morales et al., 2017) and in-
crease the number of high producing mature cows (Rogers 
et  al.,  2004). Garcia et  al.  (2015) found that annual net 
present value of beef cow production turned negative be-
tween 11 years for the Indu-Brazil crosses to 15 years of age 
in Nellore crosses, with Angus and Brahman crosses being 
intermediate. These outcomes were strongly affected by the 
number of times a cow failed to wean a calf and suggested 
breed affects cow longevity. Culling for failure to maintain 
an annual calving interval can markedly reduce observed 
longevity but confounds reproductive success with true lon-
gevity (MacNeil & Vukasinovic, 2011; Wellnitz et al., 2022).

Measures of longevity are not normally distributed 
but are skewed, typically having many early events and 
relatively few late ones (Clark et al., 2003). Longevity or 
survival time is thought to be most appropriately analysed 
using survival analysis (Ducrocq, 1997; Garcia et al., 2017; 
Olechnowicz et al., 2016). Survival analysis combines in-
formation from dead (uncensored) as well as live (cen-
sored) animals to allow for proper statistical treatment of 
censored records by accounting for nonlinear characteris-
tics of the data (Vukasinovic, 1999). Studies of longevity 
for indigenous breeds are very limited, and integration 
of longevity as selection criteria into beef cattle breeding 
programs is scarce (Morales et al., 2017). The objective of 
this research was to conduct a genetic evaluation for the 
longevity of South African Afrikaner cattle based on re-
corded calving events. Coincident with the genetic eval-
uation was the opportunity to examine effects of age at 
first calving and season of birth, both of which are under 
a degree of managerial control, as well as providing some 
commentary on the quality of data that originates through 
self-reporting by breeders in a developing country.

2   |   MATERIALS AND METHODS

Records of the existence of 275,144 Afrikaner calves from 
75,625 dams recorded in the Integrated Registration and 

Genetic Information System (INTERGIS) (https://​www.​
gov.​za/​agric​ultur​e-​natio​nal-​anima​l-​recor​ding-​and-​impro​
vemen​t-​scheme) were obtained with the permission of the 
Afrikaner Breeders Society of South Africa for use in this 
research. The data that support the findings of this study 
are available from the corresponding author upon rea-
sonable request; subject to the approval of the Afrikaner 
Breeders' Society. As these data were produced by the in-
dividual breeders who were members of the society, ethi-
cal clearance for this research was deemed unnecessary.

To potentially be included in this study, each heifer 
calf must have produced at least one offspring. The data 
for each cow also included her birth date, the birth date(s) 
of the calves she produced and the herd in which she was 
resident. Length of productive life was defined as the time 
between the date a cow gave birth to her first calf and 
the most recent record of her having given birth to a calf. 
Cows were assumed to have reached the end of their pro-
ductive life when no calf was recorded for them during 
a period of 2.5 years following the birth of their most re-
cent calf. Censoring occurred when the animal remained 
alive and producing at the end of the observation period. 
The date used for censorship was March 24, 2020, 2 years 
prior to the last recorded date of birth in the original data-
set. Presumably, due to incomplete reporting, the sex of 
calves reported prior to 1981 was 92% female and 8% male. 
Because this incomplete reporting could bias the results 
of the genetic evaluation (Golden et al., 2009), all females 
born before 1980 were excluded from the data. After 1979, 
the sex ratio of the recorded calves was 50.9 to 49.1 males 
to females. The year was split into four seasons: season 1 
(December–February), season 2 (March–May), season 
3 (June–August), and season 4 (September–November). 
Females in herd–year–season contemporary groups of less 
than three animals were removed from the data as were 
those whose first calf was born outside the interval from 
640 to 1650 days of age. In addition, females that did not 
have five paternal half-sibs in the data were also excluded. 
The data spanned a 40-year period with an observed mea-
sure of length of life for 29,379 cows from 374 herds born in 
1980 or later. The average number of animals per herd was 
78.6. Age at first calving was defined categorically as: 640–
730, 731–820, 821–910, 911–1000, 1001–1090, 1091–1180, 
1181–1270, 1271–1360, 1361–1450 and 1451–1650 days.

By dividing the time interval of interest into many 
small periods, a Kaplan and Meier  (1958) survival func-
tion wherein the probability of survival (P) at time t is:

The surv and survfit functions of R (R Core Team, 2021) 
were used for the computations.

Pt =
N alive at the begining −N died in the interval

N alive at the beginning
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Data were analysed using the Survival Kit V.6.1 
(Mészáros, Sölkner, & Ducrocq, 2013) interface for R (R 
Core Team,  2021). Computational feasibility of the an-
imal model for estimation of breeding values for cows 
using the Survival Kit V.6.1 was confirmed in the study 
of Mészáros, Kadlečík, et al. (2013). Risk ratios were esti-
mated as the exponential of the estimate of the regression 
coefficient using the Weibull model (Mészáros, Sölkner, & 
Ducrocq, 2013). The Weibull model is based on the pro-
portional hazard concept that defines the hazard function 
of individuals as the probability an animal dies or is culled 
given that it is still alive at the immediately previous time 
(t) (Mészáros, Kadlečík, et  al.,  2013; Mészáros, Sölkner, 
& Ducrocq,  2013). The dependent variable was length 
of productive life in days, measured as the difference be-
tween the date when a cow gave birth to her first calf and 
the date of birth for her last calf. The model used was ex-
pressed as the hazard function of an individual at time t:

where �(t) is the risk of death (or culling) for an animal as-
sociated with the ith fixed age at first calving class, the jth 
fixed herd–year–season in which the animal was born and 
the random estimated breeding value of the kth individual 
(ak); �0(t) is the Weibull baseline hazard function. The pro-
gram automatically imposes constraints for each of the fixed 
effects such that the level of the effect with the largest num-
ber of uncensored failures has an estimate of zero and hence 
a risk ratio of 1. Estimates for the effects of year and season 
were the marginal unweighted means of the corresponding 
herd–year–season effects. The (co)variance among animal 
genetic effects was estimated based on a three-generation 
pedigree containing all animals in the edited data set. The 
pedigree contained 41,087 animals, descendants of 3078 
sires and 24,083 distinct dams.

The heritability (h2) of longevity was estimated for the 
Afrikaner breed using the estimated genetic variance (�2a) 
and the proportion of uncensored records (p):

(Mészáros, Kadlečík, et al., 2013; Mészáros, Sölkner, & 
Ducrocq, 2013; Yazdi et al., 2002).

3   |   RESULTS AND DISCUSSION

In the Afrikaner data, 8.34% (2449) of the cows had right-
censored records, meaning that they had not been culled or 
otherwise disposed of at the time the data set was created. 
The per cent of right-censored animals was lower than in 

many previous studies. For example, Rogers et al. (2004) 
analysed 1379 composite cows born between 1982 and 
1999 and about 33% of them were right censored. This 
level of censoring can be explained, in part, by the transfer 
of cows to other research projects at 5 years of age. Szabó 
and Dákay (2009) analysed data from 1800 cows from six 
different breeds and found that 40% of the animals re-
mained in the herd at the time of analysis and thus were 
treated as right censored. MacNeil and Vukasinovic (2011) 
analysed 36,866 Hereford females born between 2001 and 
2007, and 38.4% were right censored. In MacNeil and 
Vukasinovic  (2011), females that were transferred be-
tween herds and those that became embryo donors were 
treated as censored. In analysing the longevity of 77,353 
Nellore females born over a 15-year period, 21.0% of the 
cows were found to have right-censored records (Garcia 
et al., 2017). In an analysis of herd book data for Slovak 
Pinzgaurer cows spanning a period of 18.5 years, animals 
alive at the time of data collection, intentionally with-
drawn from the milk recording and those from herds that 
decreased in size by more than 50% between consecutive 
years constituted 19.9% of the data and were considered 
right censored (Mészáros, Kadlečík, et al., 2013; Mészáros, 
Sölkner, & Ducrocq, 2013). This study included cows born 
between 1980 and 2019 (40 years), which is longer than 
the studies cited above. Thus, it may be concluded that 
the degree of censoring is to some degree inversely related 
to the length of time horizon over which the data were 
produced.

In this study, most of the cows (>80%) were predicted 
to remain in the herd until at least three and a half years of 
age (1277 days; Figure 1). However, by 6 years (2190 days) 
of age, the probability of remaining in the herd drops 
to just less than 50%. Only about 25% of dams were ex-
pected to remain productive until 9 years of age. Culling 
cows that fail to calve annually would be expected to shift 
the age distribution further towards younger females and 

�(t)ijk = �0(t) exp
[

Ci +HYSj + ak
]

h2 =
�
2
a

1

p
+ �2a

F I G U R E  1   Kaplan–Meier survivor curve of Afrikaner cows 
from their date of first calving to the end of their productive life.
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may not be sustainable for Afrikaner cattle raised in harsh 
environments. In the present study, length of productive 
life of the 2449 censored dams ranged from the birth of 
their first calf to a maximum of 5385 days (14.75 years) 
and the median was 1072 days (2.94 years). A total of 
26,930 dams were uncensored. Their minimum length 
of productive life was at the birth of their first calf, the 
maximum was 5887 days (16.13 years) and the median 
was 953 days (2.61 years). Relative to reports for longevity 
for other breeds, Szabó and Dákay  (2009) observed that 
Blonde Aquitaine had a 50% probability of survival at less 
than 4 years of age, with Charolais and Limousin also hav-
ing a 50% probability of survival at younger ages than the 
Afrikaner cows studied herein. However, in Szabó and 
Dákay (2009), Simmental, Angus and Hereford achieved a 
50% probability of survival at older ages than the Afrikaner 
benchmark from this study. Dákay et al. (2006) observed 
Simmental × Hereford F1 crossbred cows as being the lon-
gest lived (10.8 years), followed by Hereford (9.1 years), 
Hungarian Grey (9.0 years) and Angus (8.3 years) which 
had similar lifespans. They also observed that Charolais 
and Limousin had lifespans approaching 8 years, whereas 
Simmental × Limousin F1 crossbred cows had the short-
est lifespan (5.6 years). In general, the effects of hetero-
sis on longevity have been shown to extend the length of 

productive life (Basarab et  al.,  2018; Núñez-Dominguez 
et al., 1985; Rohrer et al., 1988). Obviously, these compar-
isons among breeds are confounded by differences in en-
vironments, both between studies and within the studies 
conducted in Hungary. In addition, populations differ not 
only due to their inherent genetic make-up, but at as a re-
sult of differences in selection intensities, breeding objec-
tives and selection histories among other factors. Thus, it 
is challenging to interpret breed differences without their 
being raised in a common environment under a uniform 
system of management, and even then, these differences 
may be biased by genotype-by-environment interaction.

While the breeders were encouraged to report every 
calf that was born, there is some concern that incom-
plete reporting may have affected the results for age 
at first calving. If a calf was deemed unworthy by the 
breeder, there was no obligation to report its existence to 
the central database. The relationship of length of pro-
ductive life to age at first calving that was observed in 
this study corresponded with the observation of Rogers 
et al. (2004) wherein there was a trend for beef cows that 
were younger at their first parturition to have less risk 
of being culled than those that were older at their first 
calving (Figure 2). Likewise, Cushman et al. (2013) in-
dicated that heifers that conceive earlier are more likely 

F I G U R E  2   Effects of age at first calving on the risk ratio indicative of longevity in Afrikaner beef cows; greater risk ratios indicate a 
greater likelihood of being culled and hence reduced length of productive life.
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to remain in the productive herd longer. However, these 
studies and others like them from developed countries 
did not contemplate breeding heifers to calve first at 2 
versus 3 years of age. It is also a mathematical certainty 
that, all other things being equal, heifers that have their 
first calf at a younger age will have greater length of 
productive life while their true longevity would be un-
changed. Physical and nutritional stresses associated 
with calving, milk production and growth challenge the 
2-year-old cow. Priorities for nutrient utilization (Short 
et al., 1990) indicate that reproduction is relatively un-
important for heifers calving at 2 years of age (Smith 
& Perry, 2015). Hence, heifers that calved at 2 years of 
age may be less likely to rebreed to calve as 3-year-olds 
due to nutrient deprivation, particularly in harsh envi-
ronments. Likewise, Grobler et al. (2023) indicated that 
the calving percentage of Bonsmara heifers mated at 
26 months was significantly higher than that of heifers 
mated at 14 months under extensive conditions in South 
Africa. Tarrés et al. (2004) observed that the optimal age 
for first calving to promote a long productive life was 
between 30 and 33 months in the Bruna dels Pirineus 
beef breed. Some beef producers may also choose to 
delay the breeding of young heifers because of the an-
ecdotal perception that there is a higher risk of calving 
difficulty and potential negative consequences on life-
time performance of cows that calve at a younger age 
(Twomey & Cromie, 2023). They observed that cows that 
calved at younger ages were more likely to require assis-
tance at their first parturition. However, Twomey and 
Cromie  (2023) claimed that this negative consequence 
could be negated by good management and breeding 
decisions. They also found that younger calving cows 
weaned lighter calves for their first three lactations and 
themselves weighed less for their first four lactations. 

Hickson et  al.  (2010) also claimed that a considerable 
gain in profitability could be made by calving heifers for 
the first time at 2 instead of 3 years of age. In contrast, 
Scholtz et al. (1991) observed that Nguni heifers mated 
at 13–15 months of age compared to 25–27 months, 
weaned lighter calves throughout their productive life-
time. Finally, Núñez-Dominguez et  al.  (1991) found 
that components of lifetime productivity and economic 
efficiency could be improved by managing heifers to 
calve first at 2 years of age. Greer et  al.  (1980) found 
the probability of heifers calving first at 3 years of age 
being removed from the herd through 10 years of age 
due to physical impairment was 0.12, whereas the 
heifers calved first as 2-year-olds were similarly culled 
with a probability of 0.20. Despite evidence such as the 
aforementioned studies, the vast majority of Afrikaner 
cows in this study were calved first at around 3 years of 
age. This may be the result of the relatively advanced 
age at puberty in Afrikaner (du Plessis et  al.,  2006). 
Nkadimeng et  al.  (2022) conducted a survey of small-
holder farmers in South Africa and reported that 87% 
do not utilize heifer selection by age or lineage, and 60% 
reported replacement heifers as open from first service 
after breeding season. The survey also indicated that 
53% of the farmers do not cull non-productive females, 
and 80% do not cull old cows based on their age. Culling 
decisions may be based, in part, on subjective factors de-
termined by each breeder.

While fixed breeding seasons are not universally uti-
lized in South Africa, it is recommended that cows be first 
exposed to bulls starting about 1.5 months after the first 
effective rainfall (Bergh, 2004). This is anticipated to re-
sult in females being in good body condition, and their 
calves being born starting about 2 months before the start 
of the rainy season. In these data, the vast majority of 

F I G U R E  3   Effects of season of birth 
on the risk ratio indicative of longevity in 
Afrikaner beef cows; greater risk ratios 
indicate a greater likelihood of being 
culled and hence reduced longevity.
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cows were born in the months of September–November 
(season 4; N = 14,533) and December–February (season 
1; N = 8929). The observation that females born in season 
1 have the least length of productive life, whereas those 
born in the other seasons had significantly longer pro-
ductive lives suggests some asynchrony between the time 
of calving and fitness of the cow or her adaptation to the 
environment (Figure  3). It is plausible that cows whose 
nutritional requirements were asynchronous with the 
production environment are those that were born later 
(Funston et al., 2016), thus exposing them to greater risk 
of being culled. Further, cows that conceive earlier in the 
breeding season also calve earlier and have more time for 
uterine involution and to resume cycling before the next 
breeding season commences (Damiran et al., 2018). This 
resulted in heifers that calved from conception during the 
initial 21-day period of their first breeding season wean-
ing approximately one more calf during their lifetime 
compared with heifers that conceived later (Cushman 
et al., 2013; Damiran et al., 2018). In addition, Afrikaner 
cows are noted to exhibit lactation anoestrus, causing 
them to have low conception rates during relatively short 
breeding seasons (Wells et al., 1985). Results of this study 
might be interpreted to suggest that shifting the breeding 
season earlier in the year so as to provide the cows with a 
better nutritional environment at the time of breeding or 
limiting the length of the breeding season. This change in 
management would provide a longer post-partum inter-
val and could promote increased longevity of cows in the 
Afrikaner cattle population.

Heritability of length of productive life, as estimated from 
the South African Afrikaner data using the animal model, 
was 0.225. This estimate was similar to the value for the 
heritability of longevity (0.18) that was reported by Garcia 
et al.  (2017) for Nellore cows. In these studies, culling for 
reproductive failure, as is the general practice in developed 
countries, was not evident and to some degree changes the 
definition of the trait being evaluated in the present study 

compared with much of the literature. In studies of human 
beings, where reproductive failure is also not a confound-
ing factor in recording the relevant phenotype, longevity 
has been estimated to be between 12% and 30% heritable 
(Kaplanis et al., 2018; van den Berg et al., 2019). Lower es-
timates of the heritability for length of productive life or 
longevity are more frequently reported in studies where 
culling for reproductive failure was more commonplace: 
0.08 (Larracharte et  al.,  2021), 0.11 (Mészáros, Kadlečík, 
et  al.,  2013), 0.05 (MacNeil & Vukasinovic,  2011), 0.14 
(Rogers et al., 2004) and 0.037 (Brzáková et al., 2019). Price 
and Schluter (1991) postulated that the low heritability of 
life-history traits, including longevity, resulted from them 
being subjected to greater environmental variation than 
metric traits with higher heritability rather than a lack of 
additive genetic variance. Supporting this line of reason-
ing, Brzáková et  al.  (2019) concluded that heritability for 
longevity appears to be low, but additive genetic variance is 
likely to be sufficient to identify animals with high genetic 
merit. In the present data, the genetic standard deviation of 
the risk ratio was approximately 0.52. In addition, approxi-
mately 25% of the sires recorded in the original data set had 
records that were not censored from two or fewer daughters. 
This would seemly reflect either very low cow-to-bull ratios 
being used in practice or errors in the recorded parentage. 
South African stud breeders were previously found to mis-
identify 10.0% and 17.2% of sire-progeny pairs in Bonsmara 
and Drakensberger respectively (Sanarana,  2022). Thus, it 
was hypothesized that removing the small paternal half-sib 
families from the data set would reduce the frequency of 
misidentified sires. Misidentification of sires has been pre-
viously reported to severely bias estimates of genetic param-
eters towards zero (Charmantier & Réale,  2005; Senneke 
et al., 2004). Bot Steffl (2023) analysed longevity, defined as 
the difference between the birth date of a cow and the date 
at which she gave birth to her last reported calf, with these 
data but without restricting the size of paternal half-sib fam-
ilies and an estimate of heritability of 0.083 was obtained.

Percentile Risk ratio EBV
N uncensored 
daughters Accuracy

Projected length 
of productive life

100 1.216 94 0.92 1715

99 1.159 66 0.89 1839

95 1.093 39 0.84 1984

90 1.072 31 0.81 2030

75 1.036 20 0.74 2108

50 1.008 12 0.65 2187

25 0.975 8 0.57 2243

10 0.945 6 0.51 2314

5 0.922 6 0.51 2372

1 0.871 2 0.32 2511

T A B L E  1   Distribution of survival 
analysis results for Afrikaner sires 
producing daughters from 1980 to 2019.
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Presented in Table  1 are summary statistics charac-
terizing the pool of Afrikaner sires for their EBV, the 
distribution of number of uncensored daughters in the 
data, the accuracy of the sire breeding values and the ex-
pected length of productive life for the daughters of the 
sires. Risk ratios for the 5th and 95th percentiles ranged 
from 0.922 to 1.093, indicating that the risk of culling 
daughters from the best sires was approximately 84% of 
the risk of culling daughters from the worst sires. The 
inter-quartile range of 135 days in projected length of 
productive life provides some reflection on the opportu-
nities available to breeders from selection for this trait. 
Selection pressure will need to be sustained across sev-
eral generations in order to make meaningful progress in 
increasing the length of productive life. Implementation 
of a selection program to improve longevity will be 
challenging. First, generating uncensored observations 
requires animals to live their full life, which prolongs 
the generation interval. Most, if not all, selection deci-
sions will be made before the trait can be observed on 
any candidate for selection. Second, the heritability of 
length of productive life implies the accuracy of an EBV 
for a candidate for selection based on its own phenotype 
will have limited accuracy. Increasing the accuracy of an 
EBV to a reasonable level will require the production of 
many progeny or a reasonably accurate genomic breed-
ing value. Developing a useful genomic EBV is likely to 
be challenging but should be investigated.

Environmental trends in longevity of Afrikaner cattle 
indicate large inter-annual fluctuations. These effects may 
be explained, in part, by the reduced number of herds over 
the period of years covered by this research. There were 
215 distinct herds identified in the first 3 years of data 
that were used in this study, as compared to there being 
only 30 distinct herds identified in the last 3 years of data. 
These liquidations would disproportionately affect young 
animals. The lack of recording of reasons for disposal, as 
recommended by the International Committee for Animal 
Recording (2018), negated the opportunity to classify the 
animals in these herds as being at either the end of their 
productive life or as being censored.

Genetic trend in the risk ratio for length of produc-
tive life was essentially flat for cows born from 1980 until 
approximately 2008 (Figure  4). Cows born after 2008 
appeared to have increasing risk for genetically reduced 
length of productive life. The relatively recent observed 
trend in length of productive life may be the result of an 
increased propensity of breeders of cull open cows and/or 
recent herd dispersions. In the only other report for genetic 
trend for longevity in beef cattle, Larracharte et al. (2021) 
found the breeding value for length of productive life in-
creased by 0.0004 days/year for Uruguayan Angus. These 
estimates of genetic trend may be ramifications of both 

the heritability of longevity and the lack of any meaning-
ful selection differential having been achieved in a genetic 
improvement program, despite longevity being an eco-
nomically relevant trait.

Use of time-dependent covariates to model changes in 
herd composition and environment over time would also 
potentially be valuable (Gröhn et al., 1997). MacNeil and 
Vukasinovic  (2011), among others, made effective use 
of time-dependent covariates in conducting a prototype 
genetic evaluation for sustained reproductive success in 
data where breeding seasons and culling of non-pregnant 
cows occurred on an annual basis. However, in the pres-
ent data, at least in some of the herds, Afrikaner breed-
ers allowed the bulls to remain with the cows year-round 
and there was very limited culling of cows based on any 
defined criterion or at a fixed point in time. A random 
time-dependent covariate could be arbitrarily defined at a 
cost of greatly increasing the number of elemental records 
(Jovanovac et al., 2013). It should further be noted that the 
statistical methodology that was used in this study proved 
to be computationally demanding. Van Melis et al. (2010) 
made a similar observation relative to including survival 
in proportional hazard models. Given the economic value 
of longevity, more attention should focus on issues in com-
putation of breeding values for this trait and early-in-life 
predictors of it (Forabosco et al., 2006); a recommendation 
with which we concur.

4   |   CONCLUSIONS

These data suggest cows that are older when they first 
calve have a shorter length of productive life. Shifting 
the breeding season to start slightly earlier in the year to 
provide the cows with a better nutritional environment at 
the time of breeding or limiting the length of the breeding 

F I G U R E  4   Genetic trend in the risk ratios indicative of length 
of productive life of Afrikaner beef cows; greater risk ratios indicate 
a shorter interval between the first and last calves born to a cow.

 14390388, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jbg.12847 by M

ichael M
acN

eil , W
iley O

nline L
ibrary on [29/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



8  |      BOT STEFFL et al.

season so as to provide a longer post-partum interval 
might promote increased longevity. The moderate esti-
mate of heritability for length of productive life indicates 
the potential to make genetic improvement in this trait. In 
these data, genetic potential for length of productive life 
has been compromised in more recent years relative to 
what it was in years prior.
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