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Summary

Temperament and milkability are important traits for dairy cows in automatic milking systems
(AMS). To make sure the system works without interruptions it is important with calm cows that
stands still during milking and are more efficient in the AMS. The cows meet new challenges in
AMS compared with a traditional milking system; mainly because the milking process is
individually and dependent of the cow voluntary visiting the milking unit. The amount of data
available from AMS can contribute with objective and repeated information on different
milkability traits, but also provide information on possible new ways to describe temperament
under milking. Our aim was to estimate genetic parameters and correlations for milkability and
behavioral traits on Norwegian Red dairy cows with data from AMS. We used information from
78 herds, with a total of 1 006 480 daily observations from 4 877 cows with records on yield-
time (YT), milking frequency (MF), box-time (BT), handling-time (HT), rejected visits (RV) in
the robot, milkings with teats not found (TNF), milkings with kick-offs (KO) and incomplete
milkings (IM). Heritability of RV, TNF and IM were low (0.01). YT and BT gave highest
heritability on 0.20 and 0.25, and estimated heritability for KO, HT and MF were 0.06, 0.05 and
0.04. Genetic correlations between the traits ranged from -0.88 to 0.52.
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Introduction

Since the first Norwegian farm installed milking robot in 2000, the popularity of
automatic milking systems (AMS) has increased and today more than one third of the
Norwegian cows are milked by AMS. The AMS contributes with vast amounts of data, and
many daily records on each animal. For every visit, useful information about the milking process
is stored for each cow, and also information on cows that are trying to enter without milking
permission.

Cows that are easy to fetch, not anxious but remains calm during milking appears to be
some of the most important behavioral traits in free stall systems. In AMS the cow’s willingness
to visit regularly on a voluntary basis is important in reducing farmers’ labor time. Cows that are
spending time in an efficient way in the milking robot is likely to reduce problems of congestion.
Milkability, not only high flow rate alone, but milk yield in addition to the total occupation time
during each visit therefore remains important. Anxious animals that kicks or in general are
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agitated by the robot-arm will prolong preparation time spent in AMS, or prevent one or more of
the udder quarters to be completely milked. This are some examples on information registered
during each milking which can be utilized to find the best “robot-cow”.

Our aim was to use these records for definition and evaluation of new temperament and
milkability traits. Hereby estimate genetic parameters for yield-time, box-time, handling-time,
milking frequency, number of rejected visits, milkings registered with kick-off, incomplete
milkings and milkings where the AMS was unable to milk every teat properly.

Material and methods

Data was collected from 78 Norwegian herds with DeLaval milking robot between January and
June 2017. Herds with both free and controlled “cow-traffic” were included. The controlled
system prevent animals to access the robot unless a certain time-interval from previous to next
milking has passed. The data provided from AMS contained information from each visit, both
when they have permission for milking and not. Records were summarized to one daily record
per cow.

Data edits

Observations from AMS included in the analyses were edited after these criteria’s:

 < 10 daily milkings and < 25 visits without milking permission for each animal

 Records from 6 to 305 days after calving

 Calving year from 2015 – 2017

 Minimum 10 days with consecutive records

The final dataset had a total of 1 006 480 daily records from 4 877 cows. The data editing was
done with the software SAS (2013). Additional information such as calving dates and pedigree
for all animals with data was collected from the Norwegian dairy herd recording system. The
pedigree file included information on 43 458 animals, and was traced back 8 generations.

Trait definitions:

 Yield-time (YT) is kg milk per minute boxtime, daily average

 Box-time (BT) the total occupation time per visit, daily average

 Handling-time (HT) in minutes; calculated as box-time minus milking-time. Time spent

in AMS before first teat cup is attached, included time after last teat cup is removed until

the cow leaves the milking unit.

 Milking frequency (MF) the number of milkings per day.

 Rejected visits (RV) the number of visits rejected by the AMS per day (too short interval

since previous milking).

 Kick-off (KO) as number of daily milkings with minimum one recorded teat cup kick-

off.

 Incomplete milking (IM): as number of daily milkings, when at least one teat yields’ less

than 50 % of the expectation, the milking session is recorded as an incomplete milking.
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 Number of daily milkings were the AMS are unable to identify at least one of the teats,

which remains unmilked. The event is recorded as teat not found (TNF).

Genetic parameters

Variance components were estimated with univariate linear animal models with repeated
measurements for all eight traits by using DMU (Madsen and Jensen, 2012). Fixed effects
included in the models were: calving age x lactation number, calving year x month and days in
milk (DIM). DIM was not included for KO, and for RV, IM and TNF the effect of DIM-period
was included instead. Random effects of animal both genetic and permanent environment, and
residual was included for all traits. Also random effect of herd x test day was included, except
for IM and TNF were random effect of herd was included instead. The significance of different
effects in each model was tested using the GLM procedure in SAS (2013). Genetic correlations
were estimated between BT, YT, HT, KO and MF with bivariate linear animal models.

Results

Estimated variance components are shown in table 1. BT and YT had high heritability on 0.25
and 0.20. Heritability of KO, HT and MF ranged from 0.06 to 0.04, while RV, IM and TNF had
the lowest heritability on 0.01. Repeatability varied from 0.24 to 0.64, YT and BT with highest
repeatability.

Table 1. Estimated variance components (SE), calculated heritability and repeatability
for traits recorded daily in automatic milking systems.

Trait1

BT YT KO HT MF RV IM TNF

0.95
(0.11)

0.03
(0.005)

0.02
(0.005)

0.06
(0.02)

0.03
(0.006)

0.02
(0.009)

0.002
(<0.001)

0.0012
(0.0011)

1.5
(0.09)

0.08
(0.004)

0.12
(0.005)

0.48
(0.02)

0.12
(0.005)

0.44
(0.01)

0.05
(0.001)

0.06
(0.002)

- - - - - - 0.003
(<0.001)

0.003
(<0.001)

0.12
(0.001)

0.005
(<0.001)

0.003
(<0.001)

0.03
(<0.001)

0.06
(<0.001)

0.38
(0.004)

- -

1.22
(0.002)

0.06
(<0.001)

0.18
(<0.001)

0.6
(<0.001)

0.4
(<0.001)

0.83
(0.001)

0.17
(<0.001)

0.14
(<0.001)

h2 0.25 0.20 0.06 0.05 0.04 0.01 0.01 0.01

r2 0.64 0.64 0.43 0.46 0.25 0.27 0.24 0.31
1BT=box-time in minutes, YT=yield-time in kg milk per minute box-time,
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KO=Number of milkings with minimum one kick-off, HT=handling-time in minutes, MF=milking frequency,
RV=number of rejected visits, IM=Number of incompletely milkings, TNF=number of milkings were at least one
teat are not found and remains unmilked. =additive genetic, =permanent environment, =herd, =herd x test
day,=residual, h2=heritability, r2=repeatability.

Estimated genetic correlations between BT, YT, KO, HT and MF can be found in table 2, and
the estimates varied from -0.88 to 0.52.

Table 2. Genetic correlations (SE) for traits recorded daily
in automatic milking systems.

Trait1

BT YT KO

YT -0.88 (0.03)

KO 0.27 (0.12) -0.44 (0.12)

HT 0.52 (0.09) -0.53 (0.11) 0.46 (0.16)

MF -0.16 (0.11) 0.14 (0.12) 0.28 (0.15)

1BT=box-time in minutes, YT=yield-time in kg milk per minute box-time,
KO = Number of milkings with minimum one kick-off, HT=handling-time
in minutes, MF=milking frequency.

Discussion

The heritability for HT as daily observations throughout the lactation (0.04) and BT (0.25) was
in agreement with Carlström et al. (2016). For RV and TNF no other studies were found to
compare the results with. Low heritability reflects the low mean frequency of TNF, RV, IM and
KO. Machine errors or problematic udder conformation can be some of the reasons for AMS to
record TNF and IM, and can be one reason for the low heritability. For the traits with low
occurrence and low variation we are interested in the “problem-cows”, the few animals with a
very high occurrence of KO, TNF, RV and IM over time. One option for these traits could be to
take an average value for the whole period. Rinell (2013) showed that KO measured as number
of milkings with kick-off have low heritability (0.06) compared to when the trait is defined as
proportion for the whole lactation (0.31). One possibility could be to use the proportion of TNF
and RV for periods of the lactation, or the whole lactation.

Heritability of MF in this study was low compared to another study with test day
information for milking frequency (König et al. 2006). One reason may be that we included
daily records for 305 DIM while König et al. (2006) found heritabilities for MF varying from
0.16 to 0.22 dependent on DIM period, with only three test days in each period.

Compared with the results showed by Heringstad and Bugten (2014), YT for daily
records was higher, 0.19 compared to 0.11. They estimated heritability for kg milk per minute
boxtime as daily mean, mean of 30-60 days and lactation mean where the two latter traits
showed higher heritability compared to the daily trait.

Repeatability was highest for YT and BT (table 1) on 0.64, and is correlated with the
higher heritability for those traits. TNF, RV, IM and MF did have lowest repeatability, especially
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for TNF, RV and IM the frequency of the traits were low (average frequency less than one) and
can be one of the reasons for low heritability and repeatability.

Genetic correlations ranged from -0.88 to 0.52 (table 2), and the high correlation between
YT and BT on -0.88 is because box-time is a part of the definition of YT, meaning longer BT
gives less kg milk per minute boxtime. Compared with milkability measured as flow rate, high
yield and high milking speed alone is not enough for the cow to be a fast milker in AMS. By
using long time in or out of the robot, or being restless before milking starts, interrupting the
attachment process will reduce YT. High correlation between KO and HT is a result of
prolonged teat-cup attachment time for cows that have high frequency of KO. Breeding for
lower HT will also reduce KO. We found the same favorable relationship for HT with YT and
BT, shorter HT in the AMS will increase YT and reduce BT (correlations on -0.53 and 0.52).
Further we recommend to estimate correlations with traditional milkability and temperament
traits.

Conclusion

Our results confirms that the analyzed traits are heritable and provides genetic information on
cows in AMS. We found genetic correlations among BT, HT, KO, MF and YT.
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