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ABSTRACT

This study aimed to determine the effect of breeding programs on the functional longevity of
Iranian Holstein cows. For this purpose, records of 538,873 animals collected by the Animal Breeding
Center of Iran from 1990 to 2013 were used. Functional longevity was calculated from the difference
between the first calving date and the last recording date. Animals that were alive in the herd or
their culling date was unavailable, and less than one year had passed from their last recording
were considered censored data, accounting for 34.23% of the records. The effect of milk production,
herd size, interaction between lactation period and stage, herd-year-season of calving, Holstein
gene percentage, and age at first calving were evaluated, and significant effects were included in
the maternal grandsire model on genetic evaluation of longevity. The survival probability in
different levels of effects was calculated by cmprsk package, and genetic evaluation of longevity
was performed using Survival kit software. All effects were significant on the functional longevity,
and thus the culling risk had a decreasing trend with increasing herd size changes and age at first
calving, which increases with the increment of Holstein gene percentage. The culling risk decreased
with increasing lactation, and animals were more likely to be culled in the first lactation. Direct
heritability of longevity was estimated at 0.15, indicating good genetic diversity for breeding this
trait. The effect of breeding programs with estimated breeding values for milk, fat, and protein
production showed that the culling risk for higher genetic production potential tended to increase.
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INTRODUCTION

Functional longevity is one of the essential
objects in the dairy cattle industry. The number
of calving for each animal increases with the
increment of longevity, and more heifers will be
produced for sale while providing replacement
animals (Byun, 2012). In addition, it increases
average herd production due to a higher
production of adult rather than young animals
(Sewalem et al., 2004). Therefore, increasing the
functional longevity will significantly increase
the net profit of herds. The final goal of selection
programs in dairy cows is to maximize genetic
gain for productive traits. The selection of
animals only for milk production has caused
unfavorable genetic responses for traits related
to health, longevity, fertility, and environmental
sensitivity (Brito et al., 2021). Therefore, it is
necessary to include functional longevity and
physical body traits in the selection criteria
(Brito et al., 2021). The replacement of dairy cows
is essential to dairy cattle farm management.
Replacement decisions include culling low-
performance dairy cows and their replacement
with suitable heifers (Nor et al., 2014). A large
part of the replacements involves voluntary
culling of productive cows for slaughter, which
is defined as the culling of productive cows
from the herd due to the decision of farmers
(Fetrow et al., 2006). It has been reported that
culling for the individual slaughter of cows is
associated with older calving age, high age at
first calving, complications of calving and long
calving interval, low production level, and
health indicators such as high somatic cell count
in milk, very high or low fat-protein ratios in the
first lactation (Pritchard et al., 2013; Rilanto et
al., 2020). These factors can be considered risk
factors associated with animal culling (Kulkarani
et al., 2021).

A common method for analyzing longevity
data is survival analysis (Forabosco et al., 2009),
which is due to a more accurate time scale (day
instead of month, year, or lactation period),
the ability to deal with live cows as censored,
and effectively study time-dependent variables
(Smith and Quaas, 1984). Analysis of longevity
is typically performed based on the sire and
maternal grandsire models (Forabosco et al,
2009). However, the heritability of this trait
is very low (Van Pelt et al., 2015) and leads to
incorrect phenotypic predictions of individual
survival based on parental information alone.
Survival analysis is a set of statistical methods for
analyzing data in which an event variable such
as death and disease occurs (Clark et al., 2003).
The trait used in this analysis is time, which can

be the year, month, week, or day. Survival time
is defined in a specific known period. Censoring
occurs when information about the survival
time of an animal is incomplete (Kleinbaum and
Klein, 2012).

It was reported that longevity decreased
from 1980 to 2000 in dairy cows in 38 states
east of the Mississippi River, and thus annual
survival rates decreased by 4 and 6.3% in the
second and third lactation, respectively (Pinedo
et al., 2010). In the study of hazard risk for the
survival of Dutch dairy cows, it was reported
that production level, calving period, high fat-
protein ratio, and average insemination for all
calving were directly related to survival time,
while the number of somatic cell count and low
fat-protein ratio were negatively associated with
survival (Kulkarani et al., 2021).

The heritability of longevity has been
reported to be 0.038 to 0.210 in different studies
(Mészaros et al., 2008; Potocnik et al., 2011; Jenko
et al.,, 2013; Musingi, 2019); in the range of 0.002-
0.031 using random regression for Dutch dairy
cattle (Van Pelt et al., 2015); in the range 0.06-
0.09 using the linear model and 0.05-0.18 using
the threshold model for Brazilian Holstein cows
(Kern et al., 2014). The objective of the present
study was to evaluate the active strategies
in breeding programs of Holstein cattle and
their impact on maintaining or increasing the
functional longevity of Iranian Holstein cows.

MATERIALS AND METHODS

The present study used data of 538,873 Holstein
cows collected by the Animal Breeding Center of
Iran from 1990 to 2013. Data included production
records (milk, fat, and protein), reproduction
(herd information, year and season of calving,
birth data, calving date, parity), and pedigree file.
Firstly, data were edited using Visual FoxPro 9.0
software (Karyono, 2007). The pedigree structure
of the data is presented in Table 1.

The studied trait in this study included
functional longevity. Functional longevity was
calculated from the difference between the first
calving date and the last recording date. The
time interval was defined in two different ways:
(i) animals whose last recording date was the
culling date, which was considered as a complete
record; and (ii) animals whose last recording
was unknown, which was considered as an
incomplete record (right censoring data, 36.5%
of the total data). Table 2 shows the descriptive
statistics of functional longevity data.

The following model was used to evaluate
breeding programs on functional longevity
(Rokouei et al., 2010):
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Table 1. Pedigree structure used for Iranian Holstein cows.

Animals Number of animals
Individuals 749,992
Dams 655,170
Sires 673,729
Individuals with offspring 444,244
Individuals with no offspring 305,748
Sire founders 2,130
Dam founders 57,601

Table2. Descriptive statistics of functional longevity data for Iranian Holstein cows.

Parameter Average Minimum  Maximum
Longevity of the culled animals (d) 1,458 126 5,497
Longevity of the censored animals (d) 1,077 84 5,465

hijklmnop (t) = ho(t) exp[hysi (t) + hvarj(t) + pk(tl: tz) + m (t) + .BlAFCm + ﬁZHFn'i'Go + Sp]:

where A;jximnop(t) is the hazard function for a
given cow at time t; h(t) is the Weibull baseline
hazard function with scale parameter A and
shape parameter p;hy = Ap(At)P~L; hys;(t)is
the time-dependent random effect of herd-year-
season, which is assumed to have an independent
distribution, following a log-gamma distribution
(four seasons were considered for each year);
hyar j(t) is the fixed time-dependent effect of
the herd size change classes (changes< -5%, -5%<
changes <5%, 5%< changes <15%, 15% < changes
<35% and changes >35%); Pk (t1,t2) is a time-
dependent combined effect of lactation number
and stage of lactation (Lactation stage includes
less than 90 days, between 90 to 150 days, between
150 to 270 days, between 270 to 365 days and
more than 365 days); t, days after first calving and
t, days after current calving with changes at 270
and 380 days per parity. The m;(t)is the time-
dependent fixed effect related to 305-d mature-
equivalent milk production within herd-year,
which was included to account for voluntary
culling based on milk production. Cows were
classified into five groups based on milk
production (groups 1 to 5 are cows with a milk
production of < -1.5 SD, between -1.5 and < -0.5
SD, between -0.5 and < 0.5 SD, between 0.5 and <
1.5 SD, and > 1.5 SD than the average of the herd-
year of calving production, respectively). #, and 3,
are the time-independent regression of age at first
calving (AFC) and Holstein gene proportion in %
(HF); G, is the genetic group for breeding values
of milk production traits and age at first calving;

SP is a time-independent random effect of sire,
assuming multivariate normal distribution with
mean vector 0 and covariance matrix AJSZ, where
A is the additive genetic relationship matrix, and
¢ is an additive genetic variance of sire.

Heritability (h*) was estimated for the longevity
trait as follows:

, 4o}
g2 +1

where 6¢ is the variance between sires.

For genetic grouping of animals based on
estimated breeding values of milk, fat, protein,
and age at first calving traits, firstly, the (Co)
variance components and genetic parameters of
traits were estimated by ASReml software based
on the next single trait model:

yjk =H,+HYSJ +,81AFCk +ak+e]‘k

where Yie the record of animal k; u: mean of trait;
HYS;: the effect of herd-year-season of calving; :
regression of age at first calving. 4, and ¢, are the
random effects of the direct genetic and residual,
respectively. Then, the breeding values of milk,
fat, protein, and age at first calving traits were
calculated at first calving and grouped based
on breeding values. The grouping was done in
such a way that the breeding values of the cows
in each herd were considered, and the animals
were divided into five groups. The packages of
Survival (Therneau, 2018) and Cmprsk (Fine and
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Gray, 1999) were used to determine the effect of
factors on longevity and calculate the culling risk
of animals at different times of various levels of
factors. Estimation of the variance component of
longevity and the culling risk for different groups
of breeding values was performed by Survival kit
software (Meszaros et al., 2013).

RESULTS AND DISCUSSION

Analysis of factors affecting functional
longevity showed that all the studied factors,
including changes in herd size, lactation stage,
milk production, interaction between lactation
period and stage, Holstein gene percentage, age
at first calving, and estimated breeding value for
milk, fat, protein, and age at first had a significant
effect on longevity. Fig. 1 shows the changes in
the functional longevity of animals based on the
longevity function of all animals. The functional
longevity change function can be divided into
three periods, which are related to the population
up to 500 days, between 500 to 3,000 days, and
after 3,000 days of age, respectively. High data
density is related to the period up to 500 days of
age, and many animals had been culled from the
herds in the third stage. Curve changes after 3,000
days showed slight decreasing changes, with a

more decreasing slope before 3,000 days of age.

In the study of risk factors for the longevity of
Dutch dairy cows under changes in agricultural
policies (milk quota period, post-milk quota
period, and phosphate regulation period), the
average longevity for all breeding cows was 3,087
days. The median predicted longevity for these
three policies was 1,911; 1,897 and 1,792 days,
respectively (Kulkarani et al., 2021).

The heritability of functional longevity for
Iranian Holstein cows was calculated to be 0.15
using of Weibull model. In addition, estimated
sire variance and herd-year-season variance were
0.04 and 0.091, respectively. The heritability of
functional longevity: 0.085 for the United States
(Ducrocq et al., 1988); between 0.022 to 0.023 for
the Netherlands (Vollema and Groen, 1998); 0.092
for Canada (Diirr et al., 1999); 0.069 for Sweden
(Strandberg and Roxstrom, 2000), and 0.116 for
Germany (Buenger et al., 2001) were estimated
using of the same model (Weibull model).

Sewalem et al. (2004) estimated the heritability
of longevity for Canadian Holstein cows using
the Weibull model, and reported a range of 0.03-
0.05, which was lower than our findings in the
present study. A value of 0.14 was reported for
Slovenian Holstein cows (Potonik et al., 2011),
while M’hamdi et al. (2014) reported a heritability
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Fig. 1. Longevity changes of Iranian Holstein cows.
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of functional longevity of 0.19 for Tunisian
Holstein cows. Furthermore, Strapakova et al.
(2014) estimated a heritability of longevity 0.13
for Slovakian Holstein cows using the sire model.
A comparison of the results shows that the
estimated heritability (0.15) corresponds to the
range of the recent studies. In some populations
(Strapakova et al., 2014), the variance between
sires (0.05) and herd-year-season (0.3) was higher
than our findings.

In a study of survival for the crossbreed calves,
the range of heritability for survival from 1 to
30 and 30 to 200 days of age was reported to
be 0.045 to 0.075 (Davis et al., 2019). Estimated
heritability monthly survival using a random
regression model varied from 0.002 to 0.031 (Van
Pelt and Veerkamp, 2014; Van Pelt et al., 2015).
Survival was also studied for female Holstein
calves from birth to first calving, birth up to 305
days, birth to culling, and first calving to culling,
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and heritability for these traits were reported at
0.009, 0.007, 0.141, and 0.162, respectively (Weller
et al., 2020). In a study conducted in Kenya, the
functional longevity of Sahiwal herds was studied
as the time between birth or the first calving to the
last lactation record, number of lactation periods,
total lactation days, total milk production periods,
survival from birth to 44, 56, 80, 92, 104 and 128
months and from the first calving to 12, 36, 60,
84 and 96 months. Heritability was reported to be
higher for longevity-related survival (0.084-0.119)
than for longevity related to productive life (0.038-
0.097). Also, the heritability of survival from the
first calving to the defined ages (0.090-0.119) was
found to be higher than the survival from birth
to the desired ages (0.084-0.104) (Musingi, 2019).
The relative culling risk for different lactation
at different stages of lactation is shown in Fig.
2. Although the comparison of lactation stages
should be made within each period, the effect

Fourth L. -—@=—Fifth L.

0,000 T

Lactation stage

Fig. 2. The effect of lactation period (L: lactation) and stage (Lactation stage includes less than 90
days, between 90 to 150 days, between 150 to 270 days, between 270 to 365 days and more than
365 days) on the culling of Iranian Holstein cows.
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of lactation on culling in the first lactation was
significant, suggesting a decision to cull heifers
after the first lactation. In general, culling risk
was high in the first stage of all periods, which
can indicate that the decision of breeders to cull
is mostly based on milk production during the
first four months of lactation and health problems
associated with calving. In addition, culling in the
first stage of lactation may be due to high stress
on the animal to reach peak milk production,
making a negative balance of energy, and as a
result, the occurrence of metabolic diseases such
as acidosis and mastitis. As shown in Fig. 2, the
highest culling risk was related to the first stage
(1 to 90 days) and decreased in the following
stages. Therefore, the culling risk in the first stage
is about ten times higher than in the third stage.
These results are consistent with those reported
by Dadpsand Taromsari (2006). Culling in the late
stages of lactation is likely to indicate a decision
to cull after the cow has dried up and faced issues
such as infertility and mastitis.

The effect of milk production on the relative
culling risk is shown in Fig. 3. Animals with
incomplete or non-standard milk production
were considered as a basis, and other groups
were compared. Groups with a production of 1.5
standard deviations less than the average herd

had a lower culling risk than the other groups.
However, compared to other groups, a higher
culling risk was observed in the fourth group,
which was opposite to the results of Dadpsand
Taromsari et al. (2006).

The culling risk of cows in the first group was
about 18% lower than that of the fifth group.
In general, the culling risk has increased with
the increment in milk production. High milk
production due to the mismatch between energy
needs and energy intake creates a negative
energy balance in cows, which causes weight
loss and a decrease in the body condition score
at the beginning of lactation (Lucy, 2001). Raguz
et al. (2011) reported a slight reduction in the
culling risk with increasing milk production. The
culling risk of the high-producing cows in the
herd is higher than low-producing cows due to
sensitivity to environmental conditions (Weigel
et al, 2003). These results highlight the effect
of milk production on the selection of Holstein
herds because most of the selections made in the
last decades have been based on milk production.

The effect of herd size changes on the relative
culling risk is shown in Fig. 4. The annual change
in herd size significantly affects the relative
culling risk. In other words, the herd factor, which
depends on factors such as feeding method,
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Fig. 3. The effect of milk production (groups 1 to 5 are cows with a milk production of < -1.5 SD,
between -1.5 and < -0.5 SD, between -0.5 and < 0.5 SD, between 0.5 and < 1.5 SD, and > 1.5 SD
than the average of the herd-year of calving production, respectively) on the relative culling

risk.
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Fig. 4. Effect of herd size changes (1 to5 shows changes< -5%, -5%< changes <5%, 5%< changes <15%,
15% < changes <35% and changes >35%, respectively) on the relative culling risk.

management program, and weather conditions,
directly affects animal culling. The culling risk
was significantly reduced in a change of more
than 35% compared to last year. The culling risk
in the first group (<-5%) was higher than in the
other groups. In line with the policy of increasing
the herd population during the year, efforts
are made to preserve animals, and animals are
removed from the herd only by voluntary culling.

Weigel et al. (2003) reported similar results
and stated that low-producing cows were 4.2
times more likely to be culled than the average
risk in the group with minor changes, while high-
producing cows were only 0.5 times more likely
to be culled. After increasing herd changes, the
culling risk of the low-producing cows decreases
the relative risk to 2.6 times, and the culling risk
of the high-producing cow increases the average
to 0.7 times. Culling criteria, such as disease
prevalence, price changes, and milk rations, also
change over time (Potocnik et al., 2011).

Reduced culling by increasing the number of
cows has alsobeen mentioned by other researchers
(Meszaros et al., 2008; Bonetti et al., 2009). Raguz
et al. (2011) studied Croatian dairy cows and
reported that animals, especially the Simmental
breed, had a higher culling risk in larger herds
than in smaller herds. However, a slight increase
was observed in Holstein cows. Potocnik et al.
(2011) also considered herd dynamics as one
of the factors affecting the relative culling risk.

Expanding herd size changes reduce the culling
risk, and change decrement decreases the culling
risk.

In the present study, the Holstein gene
percentage and age at first calving were
considered as covariates. Due to the negative
coefficient (-0.001589), an inverse relationship
was observed between Holstein gene percentage
and functional longevity. The culling risk has also
increased with adding Holstein gene percentage.
Increasing the age of the first calving reduced
functional longevity (regression coefficient,
-0.006854), which is consistent with the results
of many other researchers. Zavadilova et al.
(2011) reported a high effect of age at first calving
on reducing functional longevity. Conversely,
Raguz et al. (2011) found a weak effect of age at
first calving on functional longevity. Decreasing
calving age increases the number of calves,
and consequently increases the amount of milk
produced during functional longevity and makes
the herd more profitable.

The functional longevity curve trend for five
groups of milk breeding values is shown in Fig.
5. In the initial part of the graph, up to the age
of 1,800 days, animals with low breeding values
had a high culling risk. In general, animals with
low genetic potential were voluntarily removed
in this section. However, this trend changes after
1,800 days, and animals with higher breeding
values do not last well in the herd and are forced
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Fig. 5. Functional longevity curve for five groups of milk breeding values (BV 1 to BW 5 indicates

low to high breeding value).

to be culled. As a result, animals with lower
breeding values are more durable in the herd.

Fig. 6 shows the functional longevity curve
for the five groups of fat breeding values. As can
be seen, in the initial part of the graph, i.e., up to
1,400 days, animals with low breeding values are
more likely to be culled. In general, animals with
low genetic potential were voluntarily culling in
this section. However, this trend changes after
1,400 days and livestock with higher breeding
value does not last well in the herd and are forced
to be culled.

The functional longevity curve for five groups
of breeding values of protein was shown in Fig. 7.
Animals with low breeding values have a higher
culling up to the age of 1,200 days. However,
this trend changes after 1,200 days, and animals
with higher breeding values do not have good
durability in the herd and are forced to be culled.
Since breeding programs focus on milk and fat
production and the correlation of milk protein
content with milk and fat production, the trend
of protein changes is similar to Figs. 5 and 6.

Fig. 8 shows the functional longevity curve for
five groups of age at first calving breeding values.
As can be seen, the curve has two parts. In the
first part, cows of an older age at first calving
have a lower culling risk due to the development
of physical dimensions and physical structure

of the animal, and more tolerance for the first
calving and stress of milk production. In the
second part, the animal that gave calving at
a younger age than the average calving age
had more durability and less culling risk, but
these animals did not have much durability in
the herd. It can be observed that the functional
longevity of the animal increases with decreasing
age at first calving. Decreased age at first calving
positively affects milk production throughout life
(Zavadilova et al., 2011). Nilforooshan and Edriss
(2004) reported a slight positive phenotypic
correlation (0.052) between age at first calving
and longevity. M'hamdi et al. (2014) observed a
linear increase in the culling risk with increasing
age at first calving and reported a low risk for
animals that give calving at a younger age.

Gill and Allaire (1976) stated that the ideal age
at first calving to maximize performance was 22.5
to 23.5 months. Increased culling risk at older
ages is related to fertility and calving problems.
Nilforooshan and Edriss (2004) reported a
negative correlation (-0.093) between age at first
calving and functional longevity. Age at first
calving is an important and influential factor in
milk production and its composition. Estimated
heritability is low for age at first calving, which
indicates that this trait is more affected by
environmental conditions such as management
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and nutrition. Excessive reduction of age at first
calving has a negative effect on milk, fat, and
protein production traits, while the decrease of
the age at first calving to less than 22 months
should be avoided.

Table 3 shows the culling risk for the five
groups of breeding values of production traits
and age at first calving. Culling risk increased as
animal breeding values were higher in the second
to fifth groups of milk breeding values. Therefore,
the culling risk for the second to fifth groups has
increased by 4, 9, 12.8, and 17.3%, respectively.
Compared to the first group, the second to fifth
groups of fat and protein breeding values also
had an increasing trend. The range of increase
based on the fat and protein breeding values in
the second to fifth groups varied from 0.7 to 4.5%
compared to the first group. The culling risk for
breeding value age groups at first delivery did
not show a regular trend. Animals in the second
group had the lowest culling risk, whereas the
fourth, second, fifth, and first groups had the
highest culling risk.

The results showed that the impact of active
breeding programs in recent decades has caused
changes in the functional longevity of Iranian
Holstein cows. The effect of these programs on

production traits showed a fixed and declining
trend. Animals with more significant genetic
potential for production traits showed an
increasing culling risk trend. Although the
functional longevity curves of these animals
have a lower culling risk than groups with lower
genetic potential before 1,000 days, the culling
risk of these animals has increased over time. This
indicates a more unfavorable status compared to
low genetics potential group, and thus the best
group for the breeding value of milk trait has
a culling risk 20% higher than the low genetics
potential group.

CONCLUSIONS

The results showed that the culling risk
increased with the increment of the breeding
values (genetic potential) of productive traits.
Therefore, considering the importance of
animal longevity and its relationship with farm
economics, more attention should be paid to this
trait in breeding programs for Iranian Holstein
cows. In addition, the estimated heritability
of 0.15 for functional longevity shows genetic
diversity, while this trait can be improved
through breeding programs.
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Table 3. Culling risk based on five groups of breeding values of milk, fat, protein, and age at first

calving

Breeding value’s group 1 2 3 4 5

Milk 1 1.041 1.091 1.128 1.173

Fat 1 1.015 1.030 1.031 1.045

Protein 1 1.037 1.043 1.035 1.007

Age at first calving 1.005 1 1.007 1.010 1.005
ACKNOWLEDGEMENTS Diirr, J. W., H. G. Monardes, and R. I. Cue. 1999.

The authors thank the Animal Breeding Center
of Iran for providing the records.

LITERATURE CITED

Bonetti, O., A. Rossoni, and C. H. Nicoletti. 2009.
Genetic parameters estimation and genetic
evaluation for longevity in Italian Brown
Swiss bulls. Italian J. Anim. Sci. 8 (Suppl
2):30-32. doi: 10.4081/ijas.2009.s2.30

Brito, L. F., N. Bedere, F. Douhard, H. R. Oliveira,
M. Arnal, F. Penagaricano, A. P. Schinckel,
C. F. Baes, and F. Miglior. 2021. Genetic
selection of high-yielding dairy cattle toward
sustainable farming systems in a rapidly
changing world. Anim. 15 (1): 100292. doi:
10.1016/j.animal.2021.100292

Buenger, A., V. Ducrocq, and H. H. Swelve. 2001.
Analysis of survival in dairy cows with
supplementary data on type scores and
housing systems from a region of Northwest
Germany. J. Dairy Sci. 84: 1531-1541. doi:
10.3168/jds.S0022-0302(01)70187-7

Byun, S. 2012. Genes associated with variation
in longevity and fecundity in sheep. Ph. D.
Thesis, Lincoln University, New Zealand.

Clark, T. G., M. ]. Bradburn, S. B. Love, and D. G.
Altman. 2003. Survival analysis part I: basic
concepts and first analyses. Br. J. Cancer.
89(2): 232-238. doi: 10.1038/sj.bjc.6601118

Dadpasand Taromsari, M., S.R. Miraei-Ashtiani,
M. MoradiShahrebabak, and R. Vaez Torshizi.
2006. Genetic evaluation of productive life
in Iranian Holstein using survival analysis.
Iranian J. Agr. Sci. 37(4):734-744.

Davis, R. B., E. Norberg, and A. Fogh. 2020.
Estimation of genetic parameters for young
stock survival in beef x dairy crossbred
calves. Anim. 14(3):445-451. doi: 10.1017/
51751731119002386

Ducrocq, V., R.L.Quass, E.]. Pollak, and G. Casella.
1988. Length of productive life of dairy cows.
2. Variance component estimation and sire
evaluation. ]. Dairy Sci. 71: 3071-3079. doi:
10.3168/jds.S0022-0302(88)79907-5.

Genetic analysis of Holstein life in Quebec
Holsteins using Weibull models. ]J. Dairy
Sci. 82: 2503-2513. doi: 10.3168/jds.S0022-
0302(99)75502-5

Fetrow, J., K. Nordlund, and H. Norman. 2006.
Invited review: culling: nomenclature,
definitions, and recommendations. J. Dairy
Sci. 89: 1896-1905. doi: 10.3168/jds.50022-
0302(06)72257-3

Fine, J. P., and R. J. Gray. 1999. A proportional
hazards model for the sub-distribution
of a competing risk. J. Am. Stat. Assoc. 94
446):496-509. doi:10.2307/2670170

Forabosco F, J. H. Jakobsen, and W.F. Fikse. 2009.
International genetic evaluation for direct
longevity in dairy bulls. J. Dairy Sci. 92: 2338-
2347. doi: 10.3168/jds.2008-1214.

Gill, G. S., and F. R. Allaire. 1976. Relationship of
age at first calving, days open, days dry, and
herd life to a profit function for dairy cattle.
J. Dairy Sci. 59:1131-1139. doi: 10.3168/jds.
50022-0302(76)84333-0.

Jenko, J., G. Gorjanc, M. Kova¢, and V. Ducrocq.
2013. Comparison between sire-maternal
grandsire and animal models for genetic
evaluation of longevity in a dairy cattle
population with small herds. J. Dairy Sci.
96(12):8002-8013. doi: 10.3168/jds.2013-6830

Karyono, H. 2007. Microsoft Visual FoxPro 9.0.
Elex Media Komputindo, Jakarta, Indonesian.
Available at https://www.pdfdrive.com/
microsoft-visual-foxpro-90-e47969179.html.
(Accessed 1 January 2012)

Kern, E.L., J.A. Cobuci, C.N. Costa, J.B. Neto,
T.P. Campos, R. V. Campos, et al. 2014.
Genetic parameters for longevity measures
in Brazilian Holstein cattle using linear
and threshold models. Arch. Anim. Breed.
57(33):1-12. doi: 10.7482/0003-9438-57-033

Kleinbaum, D. G., and M. Klein. 2012. Survival
Analysis A Self-Learning Text. 3" ed. New
York: springer press Inc



154 s: Chilean J. Agric. Anim. Sci., ex Agro-Ciencia (2023) 39(2):143-155.

Kulkarni, P., M. Mourits, M. Nielen, J. van den
Broek, and W. Steeneveld. 2021. Survival
analysis of dairy cows in the Netherlands
under altering agricultural policy. Preven.
Vet. Med. 193:105398. doi: 10.1016/;.
prevetmed.2021.105398

Lucy, M.C. 2001. Reproductive loss in high-
producing dairy cattle: where will it end?
J. Dairy Sci. 84:1277-1293 doi: 10.3168/jds.
50022-0302(01)70158-0

M’hamdi, N., C. Darej M. Ben Larbi, M.
Ben Hamouda, and S. Kaur Brar. 2014.
Genetic parameters estimates for length of
productive life for Tunisian Holstein cattle
using Survival kit. Appl. Sci. Rep. 1(2):42-46.
doi: 10.15192/PSCP.ASR.2014.1.2.4246

Mészaros, G., C. Fuerst, B. Fuerst-Waltl, O. Kadle,
R. Kasarda, and J. Solkner. 2008. Genetic
evaluation for length of productive life in
Slovak Pinzgau cattle. Arch. Anim. Breed.
51:438-448. doi:10.5194/aab-51-438-2008.

Mészaros, G., J. Solkner, and V. Ducrocq. 2013.
The Survival Kit: Software to analyze
survival data including possibly correlated
random  effects. =~ Comput.  Methods
Programs Bio. 110(3): 503-510. doi: 10.1016/;.
cmpb.2013.01.010

Musingi, B.M. 2019. Genetic analysis of longevity
and performance traits of Sahiwal cattle in
Kenya. Ph. D. Thesis, Egerton University,
Kenya.

Nilforooshan, M.A., and M.A. Edriss. 2004. Effect
of age at first calving on some productive
and longevity traits in Iranian Holsteins of
the Isfahan Province. J. Dairy Sci. 87:2130-
2135. doi: 10.3168/jds.S0022-0302(04)70032-6.

Nor, N.M., W. Steeneveld, and H. Hogeveen.
2014. The average culling rate of Dutch
dairy herds over the years 2007 to 2010
and its association with herd reproduction,
performance and health. J. Dairy Res. 81: 1-8.
doi: 10.1017/50022029913000460

Pinedo, P. J., A. De Vries, and D.W. Webb. 2010.
Dynamics of culling risk with disposal
codes reported by Dairy Herd Improvement
dairy herds. . J. Dairy Sci. 93:2250-2261. doi:
10.3168/jds.2009-2572

Potocnik, K., V. Gantner, J. Krsnik, M. gtepec, B.
Logar, and G. Gorjanc, G. 2011. Analysis of
longevity in Slovenian Holstein cattle. Acta.
Agric. Slov. 98:93-100. doi: 10.2478/v10014-
011-0025-5

Pritchard, T., M. Coffey, R. Mrode, and E. Wall.
2013. Genetic parameters for production,
health, fertility and longevity traits in
dairy cows. Anim. 7:34-46. doi: 10.1017/
51751731112001401

Raguz, N., S. Jovanovac, V. Gantner, G.
MEszAros, and J. Solkner, J. 2011. Analysis
of factors affecting the length of productive
life in Croatian dairy cows. Bulg. J. Agric. Sci.
17(2):232-240.

Rilanto, T., K. Reimus, T. Orro, U. Emanuelson, A.
Viltrop, and K. Otus. 2020. Culling reasons
and risk factors in Estonian dairy cows. BMC
Vet. Res. 16:1-16. doi:10.1186/s12917-020-
02384-6

Rokouei, M., R. Vaez Torshizi, M. Moradi
Shahrbabak, M. Sargolzaei, and A. C.
Serensen. 2010. Monitoring inbreeding
trends and inbreeding depression for
economically important traits of Holstein
cattle in Iran. J. Dairy Sci. 93:3294-3302. doi:
10.3168/jds.2009-2748

Sewalem, A., G. ]. Kistemaker, F. Miglior, and
B. J. Van Doormaal. 2004. Analysis of
the relationship between type traits and
functional survival in Canadian Holsteins
using a Weibull proportional hazards model.
J. Dairy Sci. 87:3938-3946. doi:10.3168/jds.
50022-0302(04)73533-X

Smith, S.P., and R.L. Quaas. 1984. Productive
life span of bull progeny groups: Failure
time analysis. J. Dairy Sci. 67:2999-3007. doi:
10.3168/jds.50022-0302(84)81665-3

Strandberg, E., and A. Roxstrom. 2000. Genetic
parameters of functional and fertility
determined length of productive life in
Swedish dairy cattle. Anim. Sci. 70: 383-389.
doi: 10.1017/51357729800051729

Strapakovd, E., P. Strapak, and J. Candrak. 2014.
Estimation of breeding values for functional
productive life in the Slovak Holstein
population. Czech J. Anim. Sci. 59(2):54-60.
doi:10.17221/7229-cjas

Therneau, T. and, M. 2018. Package ‘survival’.
Available at https://cran.rproject.org/web/
packages/survival/survival.pdf. (Accessed 1
December 2018)

Van Pelt, M. L., and R. F. Veerkamp. 2014. Genetic
analysis of longevity in Dutch Dairy Cattle
using Random Regression. Proceeding of the
10" World Congress of Genetics Applied to
Livestock Production, Canada.

Van Pelt, M. L., T. H. E. Meuwissen, G. de Jong,
and R. F. Veerkamp. 2015. Genetic analysis of
longevity in Dutch dairy cattle using random
regression. J. Dairy Sci. 98(6): 4117-4130. doi:
10.3168/ds.2014-9090.

Vollema, AR, and A. F. Groen. 1998. A
comparison of breeding value predictors for
longevity using a linear model and survival
analysis. J. Dairy Sci. 81: 3315-3320. doi:
10.3168/jds.50022-0302(98)75897-7



Breeding programs and functional longevity 155

Weigel, K. A, R. W. Palmer, and D. Z. Caraviello.

2003. Investigation of factors affecting
voluntary and involuntary culling in
expanding dairy herds in Wisconsin using
survival analysis. J. Dairy Sci. 86(4): 1482-
1486. doi: 10.3168/jds.50022-0302(03)73733-3.

Weller, J. I, M. Gershoni, and E. Ezra. 2021.

Genetic and environmental analysis of
female calf survival in the Israel Holstein
cattle population. J. Dairy Sci. 104(3): 3278-
3291. doi: 10.3168/jds.2020-19434

Zavadilova, L., E. Nemcova, and M. Stipkova.

2011. Effect of type traits on functional
longevity of Czech Holstein cows estimated
from a Cox proportional hazards model.
J. Dairy Sci. 94(8): 4090- 4099. doi: 10.3168/
jds.2010-3684.



