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Abstract:

The objective of this study was to predict months in production at 84 mo of age (MIP84) to
include information from still-living animals in the genetic evaluation of longevity based on
productive and reproductive information to establish complete longevity as MIP84. The
records were obtained from animals born between 1986 and 2020 from the Holstein
Association of Mexico. To predict MIP84, a linear regression model was fitted for 1st, 2nd,
3rd, 4th, and 5th calving before 84 mo of age. The model included information from cows
with complete longevity, such as milk production in kilograms adjusted to 305 d ME (SP) at
current calving, cumulative months in production before current calving (MACL), months in
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production at current calving (MLCC), pregnancy index at current calving (PRI), lactation
status index at current calving (LAS), and age at first calving in months (AFC) in its linear
and quadratic effects (AFC?). The model explained 44 to 98 % of the variation observed in
MIP84. Most regression coefficients for expanding longevity were significant and positive
(P<0.01). The mean coefficient for PRI was negative in all calving’s (-0.7159 + 0.0171 and
-2.0632 + 0.0732). The proposed model allowed the inclusion of cows that have not yet
finished their productive life, being of interest in genetic longevity assessments.
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Introduction

Longevity in dairy cattle is an important economic characteristic that presents genetic
variability, generally low but sufficient for genetic progress in subsequent generations*?),
Countries that evaluate longevity in dairy cattle have measured it as herd life®, productive
life®4), functional longevity®®), true longevity®®, productive lifespan”), longevity at 84 mo
of age®, longevity before culling or censorship®, permanence™?, life expectancy®**?, and
milking life*®). The low heritability estimates (0.02 to 0.11)“* are the result of relatively
high residual variability, which can be explained by the complexity of the trait and the
considerable influence of environmental factors such as management. The productive life of
dairy cows is difficult to improve genetically because, among other factors, complete data
are available too late for the animals of interest, so an early selection of longevity, which
would be appropriate, is impossible. Different authors have mentioned that improving
longevity by identifying superior animals early is possible using correlated traits, as is the
case of Maugan et al*®, who included, in their model, characteristics correlated with each
other and with functional longevity, such as udder composition, fertility, somatic cell index,
and incidence of mastitis, in order to include young animals in the early genetic evaluation
of longevity in Holstein cattle; on the other hand, 13 type characteristics have been studied
in Italian Montbeliarde cows, which were correlated with survival, allowing their early
prediction®®):; other researchers used correlations of 15 type characteristics with herd life at
48 mo of age in Guernsey cattle®. Early selection can also be achieved with a nonlinear
evaluation of censored data®®® or using predicted longevity for live cows in addition to
complete longevity data®'?. The latter methodology is used in the United States of
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America® to evaluate the longevity of dairy cattle measured as months in production at 84
mo of age (MIP84) because it allows the use of incomplete records from cows that are still
alive at the time of evaluation, commonly called censored records. The process is based on
the phenotypic prediction of MIP84 of animals not yet discarded based on population
regressors to extend the productive lifespan and their subsequent adjustment to homologate
variances, a process similar to that applied to the extension of incomplete lactations for the
milk production trait!®. In addition, since MIP84 is a continuous variable, it better represents
the lifespan of a cow and brings the distribution of the variable closer to the normal
distribution, allowing to have both complete data until the disposal of very old cows and
censored data from younger cows®. In Mexico, the evaluation of longevity in Holstein cattle
is done only for males using a survival model®?; this is a limitation because early life
indicators are needed to help farmers in the selection of animals that are more likely to reach
their full potential; therefore, the use of MIP84 and a linear model will not only allow the
evaluation of females to be carried out directly but will also allow genomic information to be
included shortly. The first step to implement the evaluation of MIP84 in the Holstein
population of Mexico is the prediction of the variable in animals that are still active or those
whose true longevity is unknown for any reason; therefore, the objective of this study was to
predict the months in production at 84 mo of age based on complementary productive and
reproductive information in records of Holstein cows from Mexico, using the simple linear
regression model developed by VanRaden and Klaaskate® and evaluating the fit of this
model.

Material and methods

Information from the production control system of the Holstein Association of Mexico was
used. The information included corresponded to the observed productive life of a total of
70,314 cows with 1 to 5 calving’s because there were no cows that started their sixth lactation
before 84 mo. The dependent variable was established as the months in production at 84 mo
of age, establishing a maximum of 10 mo in production for each lactation so as not to
indirectly favor cows with extended lactations®. In order to predict MIP84, the independent
variables included in Van Raden and Klaasklate’s® statistical model and those available at
the end of each calving from 1 to 5 were used, which consisted of the accumulated months
in production (MACL), months in production at the last calving (MLCC), the lactation status
at the time of culling or termination of lactation (LAS), the pregnancy index at the time of
culling or termination of lactation (PRI), the interaction of the herd-year and season of first
calving and the age at first calving, and milk production measured in kilograms adjusted to
305 d mature equivalent (SP). Although this model® included the variable of dry days, these
were not included in the model because they showed significant unexplained variations
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(analysis not presented in this study). The PRI was equal to 1 if the cow was pregnant; the
cow was considered pregnant if it was more than 70 d after being artificially inseminated, it
had a diagnosis of pregnancy, or it had a subsequent calving to the one analyzed, or zero in
any other case. The lactation status index (LAS) was coded as zero when the cow was dry or
in milking for more than 305 d and as one if the cow was in milking within 305 d. Age at
first calving in months was also considered in its linear and quadratic effects.

Five scenarios were considered for the calculations, which represented the amount of
information that the cow had for its prediction and depended on the number of complete
lactations it had. That is, if it had finished its first or second lactation and so on until its fifth
lactation. The number of cows that presented a complete calving was 26,704, two complete
calvings 18,351, three complete calvings 10,496, four complete calvings 5,115, and up to
five complete calvings 3,065. This differentiates the MIP84 calculated in this study from that
obtained in the population of the United States of America, where the information they
considered was obtained from different age groups®. In other words, separate models were
fitted for animals removed during their second, third, fourth, or fifth lactation, using the
information generated up to the previous calving. Current calving was considered to be
lactation during which the cow was removed.

The statistical model used for the prediction of MIP84 was as follows:

MEP84ijkimnopg= M + hyfci + Bimacl; + Bamlcck + Bapriz + Balasm + Bsspn + Beafco + Brafc?y

+ Eijkimnopq

Where,

hyfc is the herd-year of first calving,

macl are the months in production accumulated until the previous calving,

mlcc are the months in production at the current calving,

pri is the pregnancy index at the current calving,

las is the lactation status at the current calving,

sp is the standardized milk production at 305 days ME at the current calving,

afc is the age at first calving,

afc? is the quadratic effect of age at first calving.

€ijkimnopq 1S the random error,

B1i, B2, B3, Bar Bs, Be, and [, are the coefficients of linear regressions for the variables
described above. The GLM procedure of the SAS statistical software?) was used to perform
the analyses.
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Results and discussion

Table 1 shows the regression coefficients, their probability value, and the coefficients of
determination obtained from the model to predict MIP84 based on information from the first,
second, third, fourth, and fifth calving. The model explained 98, 96, 92, 79, and 44 % of the
variation from the effects included for MIP84 for the first to fifth calving, respectively.

Table 1: Coefficients of determination, regression coefficients, and P-value of the variables
used in the prediction model for MIP84 in the first five calvings

MIP84
First Second Third Fourth Fifth
calving calving calving calving calving
Variable _ __
Regression coefficient

MACL, m  0.8951***  (.8188*** 0.6669***  0.4123***  (0.1414***
MLCC, m  0.0034Ns 0.0265*** 0.0714***  0.1329***  0.1348***
LAS (0,1)  -0.0579**  0.0166NS 0.1330NS 0.1801NS 0.1781NS
PRI (0,1) -0.7159***  -1.1221*** -1.7292%**  -2.0632***  -1.4743%**
SP, kg 0.0001***  0.0001*** 0.0001***  0.0002***  0.0002**
R? % 98 96 92 79 44

MACL= months in production accumulated until the current calving, MLCC= months in production at the
current calving, LAS= lactation status index (0= milking, 1= dry), PRI= pregnancy index (0= empty, 1=
pregnant), SP= milk production in kg adjusted to 305 d ME at the current calving, R?= coefficient of
determination.

***= less than 0.001, **= between 0.001 and 0.01, *= between 0.011 and 0.05, NS= above 0.05

To explain the effect of the independent variables used in the model to predict MIP84 through
the five calvings, MIP84 are shown directly since they are months in production already
completed, and this is reflected in an increase in the MIP84 forecast. One-month increases
were reported for the same variable®. The MLCC were significant from the second calving
to the fifth and indicated that when increasing one month in milk in the current calving, the
MIP84 increased by 0.026 for the second calving, by 0.071 for the third calving, by 0.133 for
the fourth calving, and by 0.135 for the fifth calving; it may be due to two factors: one is the
relationship between days in production and total milk production, since the higher the milk
production, the lower the probability of discarding; and the other is that a cow with more
months in production in the last lactation is closer to reaching the end of it and the possibility
of starting a new lactation increases, and with this, the expectation of a higher MIP84
increases, in addition to the fact that, in general, these cows have a lower probability of
having locomotion or health problems, they become pregnant more easily and have higher
milk productions, which is consistent with what Dallago et al@? stated.
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Figure 1: Effect of the months in production accumulated until the current calving
(MACL) on MIP84
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Figure 2: Effect of months in production at current calving (MLCC) on MIP84
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The MLCC was not significant at first calving probably because of the distance in time
between the MLCC of the first lactation and the date of discarding the cow. As the cow
approaches the end of its productive life, MLCC tends to be important in predicting MIP84
because having more months of production in the previous lactation would predict that the
cow stayed longer in the productive herd because it had a high production or greater fertility
or better health; on the contrary, when there is a cow with a short previous lactation, in
principle, it should have lower MIP84; this could be because the productive or reproductive
conditions within the herd were not the best for the cow and caused it to have fewer months
in production with a greater probability of being culled in the subsequent lactation. Although
lactation status (LAS) regression coefficients were similar in magnitude to those of other
characteristics, such as MLCC for calvings 2 to 5, they were only significant for the first
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calving. In the case of the first calving, when the cow is in milking, the prediction of MIP84
decreases by 0.06 months compared to when the cow is in the dry period (Figure 3). This
could be because when the cow is primiparous and finishes its lactation without drying off,
it is at a disadvantage against cows that end their cycle and become dry because they are less
prepared to start a new productive cycle and thus decrease their expectation of MIP84.
Contradictorily, when the cow finished its third lactation without drying off, the MIP84
prediction increased by 0.13 mo (P<0.05), probably because the cow is already close to
reaching its actual MIP84 measurement, and the fact that it does not have information on the
date of dry-off at this time is not as critical in the prediction of MIP84. On the other hand,
when the cow was not pregnant (PRI) at the end of the previous lactation, the prediction of
MIP84 was negative in the five calvings (P<0.0001), with a trend that indicates that it
decreases as the number of calvings increases until it decreases by 2.06 mo at the fourth
calving (Figure 4), which suggests that the fact that the cow has not ensured an upcoming
calving at the time of prediction drastically decreases the predicted MIP84, which is
consistent with what has been reported by several authors®224, Finally, the effect of SP on
MIP84 was significant in the five calvings, indicating that when milk production increases
by one kilogram, the predicted MIP84 increases by 0.0001 mo for the first three calvings and
0.0002 mo for the fourth and fifth calvings (Figure 5). This may reflect the fact that when
cows have higher milk production, farmers tend to give them more opportunities to stay in
the cowshed, increasing their MIP84?%. However, the large variation that exists in this
variable makes the effect small compared to those of the other variables in the study. Age at
first calving in its linear and quadratic effect was not significant in any calving.

Figure 3: Effect of lactation status (LAS) on MIP84
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Figure 4: Effect of pregnancy index (PRI) on MIP84
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Figure 5: Effect of milk production at 305 days of ME (SP) on MIP84
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Conclusions and implications

According to the results obtained in this study, it is possible to predict with high accuracy
MIP84 in Holstein dairy cows, with at least one lactation completed, based on the milk
production in kilograms adjusted to 305 days ME, the accumulated months in production,
the months in production of the last lactation, whether the cow is in production or dry and
whether it is pregnant or not, common variables in milk production controls. On the other
hand, the predicted MIP84 was higher for cows with more months in production at their last
recorded full lactation, cows that were in production at their last record (except second-
lactation cows), or cows that were pregnant at the end of the last lactation. The prediction of
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MIP84 will allow animals that have not finished their productive life to be included in the
genetic evaluation of this population, information that will help producers in the genetic
improvement of longevity in their herds.
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