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ABSTRACT

This study is part of a larger project whose overall
objective was to evaluate the possibilities for genetic
improvement of efficiency in Austrian dairy cattle. In
2014, a 1-yr data collection was carried out. Data from
6,519 cows kept on 161 farms were recorded. In addi-
tion to routinely recorded data (e.g., milk yield, fertil-
ity, disease data), data of novel traits [e.g., body weight
(BW), body condition score (BCS), lameness score,
body measurements] and individual feeding informa-
tion and feed quality were recorded on each test-day.
The specific objective of this study was to estimate
genetic parameters for efficiency (related) traits and
to investigate their relationships with BCS and lame-
ness in Austrian Fleckvieh, Brown Swiss, and Holstein
cows. The following efficiency (related) traits were con-
sidered: energy-corrected milk (ECM), BW, dry mat-
ter intake (DMI), energy intake (INEL), ratio of milk
output to metabolic BW (ECM/BW"™), ratio of milk
output to DMI (ECM/DMI), and ratio of milk energy
output to total energy intake (LE/INEL, LE = energy
in milk). For Fleckvieh, the heritability estimates of
the efficiency (related) traits ranged from 0.11 for LE/
INEL to 0.44 for BW. Heritabilities for BCS and lame-
ness were 0.19 and 0.07, respectively. Repeatabilities
were high and ranged from 0.30 for LE/INEL to 0.83
for BW. Heritability estimates were generally lower for
Brown Swiss and Holstein, but repeatabilities were in
the same range as for Fleckvieh. In all 3 breeds, more-
efficient cows were found to have a higher milk yield,
lower BW, slightly higher DMI, and lower BCS. Higher
efficiency was associated with slightly fewer lameness
problems, most likely due to the lower BW (especially
in Fleckvieh) and higher DMI of the more-efficient
cows. Body weight and BCS were positively correlated.
Therefore, when selecting for a lower BW, BCS is re-
quired as additional information because, otherwise, no
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distinction between large animals with low BCS and
smaller animals with normal BCS would be possible.
Key words: efficiency, body condition score, lameness,
genetic parameter

INTRODUCTION

The dairy industry is under constant pressure to
further improve production efficiency and a greater em-
phasis is being placed on reducing the negative effects
of dairy production on the environment. Emissions of
greenhouse gas and nutrient losses to the environment
should be reduced (Connor, 2015). Improving feed ef-
ficiency provides a way to tackle both challenges. The
focus is on how much milk is produced from a feed
unit and not the performance per animal (VandeHaar,
2014).

Feed efficiency is a complex trait, with many defini-
tions in lactating dairy cows. Efficiency can be expressed
as ratio-based traits (e.g., ratio of milk output to feed
input) or residual-based traits (e.g., residual feed in-
take; Berry and Crowley, 2013). However, the difficulty
of recording feed intake hinders direct selection for feed
efficiency. As an alternative, the use of moderately to
highly correlated indicator traits (e.g., milk yield, BW)
has been suggested (Berry and Crowley, 2013).

The Federation of Austrian Cattle Breeders initiated
the project “Efficient Cow” at the end of 2012 with a
1-yr data collection in 2014. In addition to routinely
recorded data (e.g., milk yield, fertility, disease data),
data of novel traits (e.g., BW, BCS, lameness score,
body measurements) and individual feeding informa-
tion and feed quality were recorded at each test-day.
Data were recorded in the Austrian central cattle
database following extensive plausibility checks. The
overall goal of this project was to develop and evalu-
ate efficiency traits in dairy cattle breeding considering
Austrian circumstances. Farms were selected to cover
diverse production environments in Austria, ranging
from mountainous regions to intensive farms in climati-
cally favorable regions. Despite this, the average herd
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size (32.6 cows) was approximately twice as high as the
Austrian average (Steininger et al., 2015).

Detailed phenotypic analysis results of the “Efficient
Cow” data are given by Gruber and Ledinek (2017) and
Ledinek et al. (2017). The objectives of this study were
to estimate genetic parameters for ECM, BW, DMI,
energy intake, and efficiency traits, and to investigate
their relationships with BCS and lameness based on
data from the “Efficient Cow” project.

MATERIALS AND METHODS

Data

Data of routinely recorded milk yield, as well as data
of novel traits (BW, BCS, and lameness) and indi-
vidual feeding information and feed quality recorded by
trained staff from the milk recording organizations on
each test-day (approximately every 5 wk), was available
from the “Efficient Cow” project from January 2014 to
December 2014. Further information about recording
diet information, handling of forage analyses, nutrient
content of concentrate, and calculation of energy con-
tent of forage is given in Ledinek et al. (2016, 2017).
In total 45,944 records from 6,519 cows from 161 herds
were available.

Traits

ECM. Milk yield was standardized to ECM at each
test-day according to the recommendations of GfE
(2001) as follows:

ECM = (0.38 x fat percentage + 0.21
X protein percentage + 0.95)/3.2 x milk yield.

BW. In Austria, standard housing systems for dairy
cows lack equipment for routine weighing. During the
observation period of the project, all cows were weighed
on each test-day. If no scale was available on-farm, a
mobile device was used.

DMI. As individual feed intake was impossible to
measure on-farm, DMI at each test-day had to be esti-
mated. For this purpose, the prediction model no. 1 of
Gruber et al. (2004) was used:

DMI = 3.878 + Country x Breed + Parity
+ DIM 4+ bBW x BW + bMilk yield x Milk yield
+ bConcentrate amount x Concentrate amount

+ 0.858 x NE;, Forage.
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The model considers the fixed effects of country and
breed, parity, DIM, and the regression coefficient for
the energy content of forage (NE; Forage). Depending
on the DIM, the regression coefficients (b) for BW,
milk yield, and amount of concentrate have to be cal-
culated. Feeding information was recorded for each cow
on each test-day. Dairy cow rations and forage analyses
were recorded and included in the prediction as well. A
more detailed description of the model and calculation
is given by Ledinek et al. (2016). Jensen et al. (2015)
evaluated the up-to-date feed intake models of NRC
(2001), Volden et al. (2011), TDMI-Index (Huhtanen et
al., 2011), Wageningen-DCM (Zom et al., 2012a,b), and
Gruber model no. 5 (Gruber et al., 2004) and found the
Gruber model to be the most accurate. In this study,
Gruber model no. 1 was chosen to take advantage of
the high coefficient of determination (R* = 86.7%) and
the low residual standard deviation (RSD = 1.32 kg
of DM) compared with prediction model no. 5 (R* =
83.5%, RSD = 1.46 kg of DM; Gruber et al., 2004).

Energy Intake. For each cow and test-day, energy
intake (INEL) was calculated as follows, whereas DMI
was estimated according to the model of Gruber et al.
(2004):

INEL = DMI x energy concentration
(MJ of NE; /kg of DM).

Efficiency Traits. Calculation of efficiency param-
eters was based on the description of Berry and Pryce
(2014). As feed intake had to be estimated, residual
feed intake could not be considered; therefore, only ra-
tio-based efficiency traits were investigated. Efficiency
at each test-day was defined as ratio of milk output to
metabolic BW (ECM/BW’™ BW efficiency), ratio of
milk output to DMI (ECM/DMI, feed efficiency), and
ratio of milk energy output to total energy intake (LE/
INEL, where LE = energy in milk; energy efficiency).

BCS. Body condition score was recorded at each
test-day on a scale from 1 (severe underconditioning)
to 5 (severe overconditioning) in increments of 0.25
(Edmonson et al., 1989).

Lameness. Lameness was recorded at each test-day
using the scoring system by Sprecher et al. (1997),
where 1 = normal, 2 = mildly lame, 3 = moderately
lame, 4 = lame, and 5 = severely lame.

Data Edits

Analyses were carried out for Fleckvieh, Brown
Swiss, and Holstein cows with a maximum foreign gene
proportion of 25% from all parities; only data from 5
to 365 DIM were considered. Dry cows were excluded
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Table 1. Summary statistics for analyzed traits [ECM, BW, DMI, energy intake (INEL), body weight efficiency
(ECM/BW®™), feed efficiency (ECM/DMI), energy efficiency (LE/INEL, LE = energy in milk), BCS, and

lameness] in Fleckvieh, Brown Swiss, and Holstein

Ttem N Mean SD oV, %
Fleckvieh
ECM, kg/d 20,945 274 8.1 30
BW, kg 20,945 731 85 12
DMI, kg/d 20,945 19.4 2.6 14
INEL, MJ of NE;/d 20,945 127.6 21.5 17
ECM/BW"™ 20,945 0.196 0.057 29
ECM/DMI 20,945 1.39 0.29 21
LE/INEL 20,945 0.680 0.139 20
BCS 20,882 3.29 0.55 17
Lameness 20,813 1.29 0.66 51
Brown Swiss
ECM, kg/d 9,749 26.6 8.2 31
BW, kg 9,749 652 76 12
DMI, kg/d 9,749 18.9 2.6 14
INEL, MJ of NE;/d 9,749 124.2 21.3 17
ECM/BW"™ 9,749 0.207 0.062 30
ECM/DMI 9,749 1.39 0.30 22
LE/INEL 9,749 0.679 0.145 21
BCS 9,459 3.06 0.51 17
Lameness 9,739 1.24 0.62 50
Holstein
ECM, kg/d 7,037 31.8 9.3 29
BW, kg 7,037 662 7 12
DMI, kg/d 7,037 20.9 3.1 15
INEL, MJ of NE;/d 7,037 140.3 24.3 17
ECM/BW"™ 7,037 0.245 0.070 29
ECM/DMI 7,037 1.50 0.31 21
LE/INEL 7,037 0.717 0.146 20
BCS 6,929 2.85 0.64 22
Lameness 6,973 1.44 0.75 52

from the analyses. After edits, in total, 37,525 records
from 5,942 cows (3,312 Fleckvieh, 1,478 Brown Swiss,
and 1,152 Holstein) were used for analyses. A summary
of statistics of the analyzed data sets is given in Table
1. Animal pedigree files were generated for each breed
by tracing back as many generations as possible for
cows with records. The number of animals within each
pedigree was 34,842, 15,598, and 15,525 for Fleckvieh,
Brown Swiss, and Holstein, respectively.

Models

Data were analyzed with univariate and bivariate
linear animal models using the average information
(AT)-REML procedure in the DMU package (Madsen
and Jensen, 2008). Breeding values were obtained from
univariate analyses. The following model was applied
to all traits:

y=XB+Zh +Z,pe + Z,a + e,
where y is a vector of observations; B is a vector of

systematic effects, including fixed effects of herd, year-
season of calving, parity-age at calving, parity-lactation

stage, parity-pregnancy stage, and classifier (for BCS
and lameness); h is a vector of random herd-test-day
effects; pe is a vector of random permanent environ-
mental effects; a is a vector of random animal additive
genetic effects; e is a vector of random residuals; and
X, Z, Z,., and Z, are the corresponding incidence
matrices.

Seasons were formed by combining 3 consecutive
months (January—March, April-June, July—September,
and October—December). Parity had 3 classes: 1, 2, and
3+. Calving age classes were formed for each of the
first 2 parities. Age at first calving had 6 classes, in
which <26 and >34 mo were the first and last classes,
respectively, and other classes were 2-mo classes. Age
at second calving was grouped into 6 classes, in which
<39 mo was the first class, >47 mo was the last class,
and other classes were 2-mo classes. For older cows,
age-parity classes were parity 3. Lactation stage was
defined in classes, with each month after calving repre-
senting a single class (1 = 5-30 DIM, 2 = 31-60 DIM,

, 11 = 301-330, 12 = 331-365 DIM). Pregnancy
stage was defined in 8 classes as 1 = not pregnant, 2 =
1-90d, 3=91-120d, 4 = 121-150, 5 = 151-180 d, 6 =
181-210 d, 7 = 211-240 d, 8 = >241 d.

pes
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Figure 1. Mean ECM, BW, DMI, energy intake (INEL), BW efficiency (ECM/BW*™), feed efficiency (ECM/DMI), energy efficiency (LE/
INEL, LE = energy in milk), and BCS during lactation of Fleckvieh, Brown Swiss and Holstein cows.
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Table 2. Proportions (%) of different lameness score records for Fleckvieh, Brown Swiss, and Holstein

No. of Mildly Moderately Severely
Breed records Normal lame lame Lame lame
Fleckvieh 20,813 79.3 14.3 4.2 1.9 0.3
Brown Swiss 9,739 83.0 11.4 3.9 1.4 0.3
Holstein 6,973 68.4 22.2 6.9 2.1 0.4

Random effects were assumed normally distributed,
with means equal to zero, and covariance structure in
the bivariate analyses was equal to

h H ®I 0 0 0
a G, ®A 0 0

Var| | = PE,®1 0 |
e symm. R ®I

0

where Hj is the (co)variance (2 x 2) matrix for herd-
test-day effects; Gy is the genetic (co)variance (2 x
2) matrix; PE, is the permanent environmental (co)
variance (2 x 2) matrix, Ry is the residual (co)variance
(2 x 2) matrix, I and A are identity and additive rela-
tionship matrices, respectively, and ® is the Kronecker
product.

RESULTS AND DISCUSSION
Phenotypic Description

Figure 1 shows the mean values for ECM, BW, DMI,
INEL, ECM/BW"™ ECM/DMI, LE/INEL, and BCS
during the lactation for the 3 Austrian breeds. Hol-
stein cows had the highest milk yield, DMI, INEL, and
efficiency and the lowest BCS during lactation. Body
weight and BCS were highest in Fleckvieh, and Brown
Swiss had the lowest frequency of lame cows (Table 2).
Figure 2 shows the percentage of normal and lame cows
at each stage of lactation. The percentage of lame cows
was consistent over the lactation.

Genetic Parameters

Heritabilities and repeatabilities for the analyzed
traits for Fleckvieh, Brown Swiss, and Holstein are
shown in Table 3. For Fleckvieh, the heritability es-
timates of the efficiency (related) traits ranged from
0.11 for LE/INEL to 0.44 for BW. Heritabilities for
BCS and lameness were 0.19 and 0.07, respectively.
High repeatabilities in the range of 0.30 for LE/INEL
to 0.83 for BW were obtained. For Brown Swiss and
Holstein, heritabilities were generally lower, except
for BCS. However, as fewer records were available for
these breeds, standard errors were slightly higher, and

therefore heritabilities were estimated with greater un-
certainty. Repeatabilities were in the same range as for
Fleckvieh. The low heritability estimates for ECM of
0.12, 0.08, and 0.09 for Fleckvieh, Brown Swiss, and
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Figure 2. Percentage (%) of Fleckvieh, Brown Swiss, and Holstein
cows recorded as being not lame (normal), mildly lame, moderately
lame, lame, and severely lame during lactation.
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Table 3. Heritabilities (h? SE in parentheses) and repeatabilities (R) for ECM, BW, DMI, energy intake (INEL), BW efficiency (ECM/BW"™),
feed efficiency (ECM/DMI), energy efficiency (LE/INEL, LE = energy in milk), BCS, and lameness

Fleckvieh Brown Swiss Holstein

Item I’ R h? R h? R

ECM 0.12 (0.02) 0.39 0.08 (0.03) 0.41 0.09 (0.04) 0.48
BW 0.44 (0.05) 0.83 0.38 (0.07) 0.79 0.31 (0.07) 0.80
DMI 0.18 (0.03) 0.45 0.10 (0.03) 0.48 0.08 (0.04) 0.51
INEL 0.13 (0.02) 0.36 0.07 (0.03) 0.40 0.07 (0.03) 0.42
ECM/BW’™ 0.17 (0.03) 0.44 0.12 (0.03) 0.43 0.14 (0.05) 0.51
ECM/DMI 0.18 (0.03) 0.45 0.10 (0.03) 0.34 0.12 (0.04) 0.41
LE/INEL 0.11 (0.02) 0.30 0.09 (0.03) 0.30 0.11 (0.04) 0.36
BCS 0.19 (0.03) 0.56 0.23 (0.05) 0.60 0.28 (0.06) 0.65
Lameness 0.07 (0.02) 0.34 0.04 (0.02) 0.35 0.05 (0.03) 0.34

Holstein, respectively, could be because larger and bet-
ter farms with regard to milk production participated
in the project, which might have decreased genetic
variability. Manzanilla-Pech et al. (2014) estimated a
similar heritability for BW (0.38) for first-parity Dutch
Holstein cows but significantly higher estimates for fat-
and protein-corrected milk (0.46) and DMI (0.46) over
the whole lactation based on a multivariate random
regression model. Li et al. (2016) reported heritability
estimates for DMI in the range of 0.20 to 0.40 in Hol-
steins, 0.25 to 0.41 in Nordic Red, and 0.17 to 0.42 in
Jerseys within the first 24 wk of lactation. Hurley et al.
(2017) investigated several ratio-based efficiency traits
and found heritabilities in the range of 0.06 to 0.33.
Heritabilities for BCS were in the range of literature
values with estimates ranging from 0.15 to 0.64 (Dal
Zotto et al., 2007; Vallimont et al., 2010; Kougioumtzis
et al., 2014). Weber et al. (2013) defined lameness as a
binary trait (0 = lameness score of 1 or 2, 1 = lameness
score of >3) and found a heritability of 0.08 based on
a linear model.

Genetic Correlations

Genetic correlations between traits are given in
Tables 4, 5, and 6 for Fleckvieh, Brown Swiss, and Hol-
stein, respectively.

Efficiency (Related) Traits. For the 3 Austrian
breeds, weak negative genetic correlations were obtained
between ECM and BW. Genetic correlations close to
zero between BW at different stages of lactation and
total lactation milk production were also reported by
Berry et al. (2003). In a more recent study, Manzanilla-
Pech et al. (2014) reported slightly negative genetic
correlations between fat- and protein-corrected milk
and BW in early lactation and at the end of lactation.

Genetic correlations near unity were found between
DMI and INEL. Also, ECM/BW"™ ECM/DMI, and
LE/INEL were strongly correlated, with genetic cor-
relation estimates >0.92. Moderate genetic correlations

Journal of Dairy Science Vol. 101 No. 1, 2018

were found between DMI and ECM as well as BW in
the range of 0.35 to 0.66. Manzanilla-Pech et al. (2014)
obtained similar genetic correlations over the whole
lactation based on experimental research data, with
estimates of 0.86 between DMI and fat- and protein-
corrected milk yield and 0.45 between DMI and BW.

The 3 efficiency traits, ECM/BW"™ ECM/DMI, and
LE/INEL, were strongly positively correlated with milk
yield, negatively correlated with BW, and positively
correlated with DMI and INEL, which confirmed the
results obtained by Vallimont et al. (2011). Selection
for higher milk yield and lower BW will increase feed
efficiency.

BCS. Negative genetic correlations were found for
BCS with ECM, ECM/BW"” ECM/DMI, and LE/
INEL in the 3 Austrian breeds, which highlights that
more-efficient cows have a lower BCS during lactation.
In a preliminary study in Austrian Fleckvieh, a low
BCS during lactation was associated with a longer
calving interval and higher disease rates of metabolic
diseases, fertility diseases, mastitis, and claw diseases
(Kock et al., 2017). Numerous previous studies showed
the link between low BCS during lactation and in-
creased fertility and health problems in Brown Swiss
(Dal Zotto et al., 2007) and Holstein (Dechow et al.,
2004; Koeck et al., 2012) cows. High negative genetic
correlations between BCS and efficiency traits in the
range of —0.64 to —0.70 were also reported by Val-
limont et al. (2011). Those authors expressed concern
that failure to account for body tissue mobilization
would identify as efficient cows that lose more BCS at
the beginning of the lactation. Such selection would
not improve efficiency because cow health and fertil-
ity would be compromised. Therefore, the additional
information of BCS, fertility, and health is needed when
selecting for higher efficiency.

Body condition score was moderately correlated with
BW, with estimates of 0.46, 0.56, and 0.51 for Fleck-
vieh, Brown Swiss, and Holstein, respectively, which
is in agreement with previous studies. Vallimont et al.
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INEL ECM/BW"™ ECM/DMI LE/INEL

Table 6. Genetic correlations (SE in parentheses) between ECM, BW, DMI, energy intake (INEL), BW efficiency (ECM/ BW"™), feed efficiency (ECM/DMI), energy efficiency
DMI

(LE/INEL, LE = energy in milk), BCS, and lameness for Holstein
BW
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(2010) reported a genetic correlation of 0.50 between
BCS and BW in Holstein cows.

Lameness. Genetic correlations between lameness
and other traits revealed moderate positive genetic cor-
relations between BW and lameness, indicating that
heavier animals are more prone to lameness. Interest-
ingly, genetic correlations between lameness and the
efficiency traits ECM/BW’™ ECM/DMI, and LE/
INEL were favorable in Fleckvieh and Brown Swiss,
suggesting that more-efficient cows have fewer lameness
problems. The genetic correlation estimates between
BCS and lameness were not significantly different from
zero. Genetic correlation estimates involving lameness
were associated with large standard errors. Therefore,
EBV were estimated for ECM, BW, DMI, LE/INEL,
and BCS, and the distribution of the lameness scores
was compared from the top and bottom 10% cows
ranked by their respective EBV (Table 7). A low EBV
for BW was associated with fewer mildly lame cases,
especially in Fleckvieh. In contrast, Brown Swiss and
Holstein cows with a low EBV for BW had an increased
incidence of moderately lame and lame cases, which
was not visible in the genetic correlation estimates.
The reason for this finding seems to be the positive
correlation between BW and BCS. By selecting for a
lower BW, BCS is also decreasing, which is especially
undesirable in breeds with a lower BCS. Frigo et al.
(2010) found that greater BW and less BW change in
Holsteins during the first 120 DIM were associated with
lower incidences of ketosis, metabolic diseases, infec-
tious diseases, and other diseases.

A high EBV for DMI was associated with a lower
incidence of lame cows. Norring et al. (2014) observed
that cows with more severe lameness spent less time
feeding per day. Worsening of gait was associated with
lower silage intake and less time spent feeding, even
before severe lameness was scored.

Confirming the genetic correlation estimates, more-
efficient animals had slightly fewer lameness problems
in all 3 breeds. Possible reasons could be the lower BW
(especially in Fleckvieh) and higher DMI of the more-
efficient cows. A low EBV for BCS was associated with
a higher frequency of lameness. Also, Kougioumtzis et
al. (2014) found statistically significant genetic corre-
lations for first-lactation weekly locomotion score and
BCS, ranging from —0.31 to —0.65, suggesting that
cows genetically predisposed for high BCS have fewer
locomotion problems.

Final Remarks

BW. Recent studies from Austria have shown that
the highest efficiency of a population is achieved with
medium BW (Gruber and Ledinek, 2017). In the cur-
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Table 7. Distribution of lameness scores from the top and bottom 10% cows ranked by their EBV for ECM, BW, DMI, energy efficiency (LE/
INEL, LE = energy in milk, INEL = energy intake) and BCS for Fleckvieh, Brown Swiss, and Holstein

Fleckvieh Brown Swiss Holstein

Ttem Low ECM High ECM Low ECM High ECM Low ECM High ECM
Normal, % 72.2 81.4 78.6 88.2 64.1 71.3
Mildly lame, % 17.7 13.4 13.9 8.6 23.5 23.0
Moderately lame, % 6.2 3.9 5.5 1.9 9.0 4.6
Lame, % 3.6 1.1 1.8 1.0 3.2 1.0
Severely lame, % 0.3 0.2 0.2 0.3 0.2 0.1

Low BW High BW Low BW High BW Low BW High BW
Normal, % 79.5 73.8 78.6 82.5 65.1 68.7
Mildly lame, % 13.0 19.3 12.5 14.6 23.2 23.7
Moderately lame, % 5.3 4.6 6.0 2.4 7.5 5.0
Lame, % 2.0 2.0 2.2 0.5 3.5 1.9
Severely lame, % 0.2 0.3 0.7 0.0 0.7 0.7

Low DMI High DMI Low DMI High DMI Low DMI High DMI
Normal, % 73.8 80.3 74.1 83.9 60.9 71.9
Mildly lame, % 14.4 15.7 14.7 11.9 23.4 23.9
Moderately lame, % 7.5 3.1 7.8 2.5 11.3 3.5
Lame, % 3.8 0.8 2.5 1.3 4.1 0.6
Severely lame, % 0.5 0.1 0.9 0.4 0.3 0.1

Low LE/INEL  High LE/INEL

Low LE/INEL

High LE/INEL Low LE/INEL  High LE/INEL

Normal, % 71.1 83.7 79.8 86.6 64.2 2.7
Mildly lame, % 19.1 11.4 13.9 9.5 23.9 20.2
Moderately lame, % 5.8 3.8 4.7 3.1 7.9 5.3
Lame, % 3.6 1.0 1.5 0.8 3.8 1.5
Severely lame, % 0.4 0.1 0.1 0.0 0.2 0.3
Low BCS High BCS Low BCS High BCS Low BCS High BCS
Normal, % 68.5 80.0 64.6 83.4 51.5 69.3
Mildly lame, % 17.7 14.5 21.2 13.0 30.0 22.3
Moderately lame, % 8.7 3.8 9.7 24 13.3 6.3
Lame, % 44 1.6 3.5 1.0 4.5 1.5
Severely lame, % 0.7 0.1 1.0 0.2 0.7 0.6

rent breeding program, BW is not included. However, if
BW were included in future dairy cattle breeding pro-
grams, the positive correlation between BW and BCS
has to be considered. Figure 3 shows the mean BCS
from the top and bottom 10% cows ranked by their
EBYV for BW for Fleckvieh, Brown Swiss, and Holstein.
As illustrated, selection for a lower BW results in an
undesirable decrease in BCS. For this reason, BCS is
required as additional information when selecting for a
lower BW; otherwise, no distinction can be made be-
tween large animals with low BCS and smaller animals
with normal BCS.

DMI. Dry matter intake is not recorded in commer-
cial herds on a large scale. Therefore, in most published
studies, the number of DMI records is small and esti-
mates of genetic parameters have large standard errors.
In the study of Manzanilla-Pech et al. (2014), data
from historical nutritional experiments from Holstein

cows calving between 1990 and 2011 in the Netherlands
was combined and a large data set was created. This
resulted in a data set consisting of 30,483 records for
DMI on 1,297 first-parity cows. In the present study, a
different approach was chosen. To obtain information
on feed intake on a relatively large number of cows,
DMI was estimated according to the model of Gru-
ber et al. (2004). Compared with recorded DMI data
from experimental herds, heritabilities for DMI were
generally lower; however, genetic correlation estimates
between DMI and other traits were similar, which high-
lights the usefulness of this data.

Overall Efficiency. Efficiency is understood as a
combination of already existing traits of milk, beef, and
functional traits and traits aiming at feed efficiency
and health. In the current study, efficiency was defined
as ECM/BW"™ ECM/DMI, and LE/INEL. For the
whole assessment of efficiency, longevity, fertility, and
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Figure 3. Mean BCS from the top and bottom 10% of cows ranked by their EBV for BW for Fleckvieh, Brown Swiss, and Holstein.

health are also important. In a preliminary study in
Austrian Fleckvieh, cows with higher efficiency had a
longer calving interval and higher frequencies of fertil-
ity disorders (cystic ovaries and silent heat). Higher
efficiency was associated with a slightly lower incidence
of claw diseases, which was confirmed in the present
study with a lower incidence of lameness. More-efficient
animals had the lowest culling rates. Overall, cows with
moderate efficiency combine high milk performance
with good fertility and health (Kock et al., 2017). Val-
limont et al. (2013) reported that Holstein cows with
higher feed efficiency had greater days open but re-
mained longer in the herd.

CONCLUSIONS

The results from the study showed sufficient genetic
variation of the efficiency traits based on field data.
As expected, more-efficient animals have a higher milk
yield. Because the additional energy requirement can-
not be fully covered by the increased feed intake, more-
efficient animals mobilize more body reserves. Partly
due to the lower BW (especially in Fleckvieh) and
higher DMI, more-efficient animals have slightly fewer
lameness problems. When selecting for lower BW, it is
important to note that BCS is required as additional
information; otherwise, no distinction can be made be-

Journal of Dairy Science Vol. 101 No. 1, 2018

tween large animals with low BCS and smaller animals
with normal BCS.
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