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Carcass traits of young bulls in dual-purpose cattle: genetic
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The profitability of dual-purpose breeding farms can be increased through genetic improvement of carcass traits. To develop a
genetic evaluation of carcass traits of young bulls, breed-specific genetic parameters were estimated in three French dual-purpose
breeds. Genetic correlations between these traits and veal calf, type and milk production traits were also estimated. Slaughter
performances of 156 226 Montbeliarde, 160 361 Normande and 8691 Simmental young bulls were analyzed with a multitrait
animal model. In the three breeds, heritabilities were moderate for carcass weight (0.12 to 0.19 ± 0.01 to 0.04) and carcass
conformation (0.21 to 0.26 ± 0.01 to 0.04) and slightly lower for age at slaughter (0.08 to 0.17 ± 0.01 to 0.03). For all three
breeds, genetic correlations between carcass weight and carcass conformation were moderate and favorable (0.30 to 0.52 ± 0.03
to 0.13). They were strong and favorable (−0.49 to −0.71 ± 0.05 to 0.15) between carcass weight and age at slaughter. Between
age at slaughter and carcass conformation, they were low and unfavorable to moderate and favorable (−0.25 to 0.10 ± 0.06 to
0.18). Heavier young bulls tend to be better conformed and slaughtered earlier. Genetic correlations between corresponding
young bulls and veal production traits were moderate and favorable (0.32 to 0.70 ± 0.03 to 0.09), implying that selecting sires for
veal calf production leads to select sires producing better young bulls. Genetic correlations between young bull carcass weight
and cow size were moderately favorable (0.22 to 0.45 ± 0.04 to 0.10). Young bull carcass conformation had moderate and
favorable genetic correlations (0.11 to 0.24 ± 0.04 to 0.10) with cow width but moderate and unfavorable genetic correlations
(−0.21 to −0.36 ± 0.03 to 0.08) with cow height. Taller cows tended to produce heavier young bulls and thinner cows to produce
less conformed ones. Genetic correlations between carcass traits of young bulls and cow muscularity traits were low to moderate
and favorable. Finally, genetic correlations between carcass traits of young bulls and milk production traits were low and
unfavorable to moderate and favorable. These results indicate the existence for all three breeds of genetic variability for the
genetic improvement of carcass traits of young bulls as well as favorable genetic correlations for their simultaneous selection and
no strong unfavorable correlation with milk production traits.

Keywords: dual-purpose cattle, carcass traits, heritability, genetic correlations

Implications

French dual-purpose breeds globally represent 29% of the
French dairy livestock (Institut de l’Elevage (idele), 2015d).
They produce both meat and milk; however, they have until
now mainly been selected for milk production. Carcass traits
of young bulls can be improved by selection in the
Montbeliarde, Normande and Simmental breeds and their
selection should not lead to a substantial decrease of genetic
trends on milk production. The carcass traits of young bulls
will be included in the breeding goals of French dual-purpose

breeds after the study of their relative economic weights
compared with those of the other traits under selection.

Introduction

Farms breeding in dual-purpose cattle benefit from two main
sources of income: dairy and beef production. Their profit-
ability can be increased through genetic improvement of
animal performances. In France, genetic evaluations for milk
production traits have been routinely published for four
decades. However, evaluations for meat production of dual-
purpose breeds (Montbeliarde, Normande and Simmental
mainly) have until now exclusively relied on relatively indirect† E-mail: iola.croue@idele.fr
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traits such as muscularity collected on lactating cows at the
same time as dairy type traits. The development of genetic
evaluations for direct meat production traits for these breeds
recently began with an evaluation focusing on veal carcass
traits, first released in April 2015 (idele, 2015c).
Breeding objectives should include all traits having an

impact on breeders’ income. French dual-purpose breeds are
conducted mostly as dairy breeds as far as genetic selection is
concerned: they widely use genomic selection. The extra
genetic gain permitted by the implementation of genomic
selection gives the possibility of broadening the scope of
breeding goals without compromising existing genetic trends.
In order to update the breeding goals in French dual-purpose
breeds by including meat production traits, genetic para-
meters have to be estimated, along with their correlations
with other traits already under selection. In our case, the
relationship between carcass traits of young bulls and milk
production is very important. Previous studies on this topic
have been carried out (Suess et al., 1968; Colleau et al., 1982;
Gere et al., 1983; Syrstad, 1983; Van Veldhuizen et al., 1991;
Liinamo and Van Arendonk, 1999; Liinamo et al., 2001), but in
most part these studies were based on small datasets.
The objectives of the present study were to prepare the

implementation of an evaluation for carcass traits of young
bulls in the Normande, Montbeliarde and Simmental breeds.
This implied developing a proper evaluation model and
estimating the relevant genetic parameters for the available
traits (carcass weight (CW), age at slaughter (AS) and carcass
conformation (CC)) and estimating their correlations with
other traits already evaluated (milk production, type and veal
calf production traits).

Material and methods

Data
Slaughter information of young bulls were extracted from the
NORMABEV (French technical interprofessional association
for cattle and meat, defined by the Association nationale
INTER-professionnelle du BEtail et des Viandes (INTERBEV),
2015) database, gathering information for all cattle slaugh-
tered in France. Records contained performances such as
animal CW, AS, CC and carcass fatness. Descriptive and
technical information including birth herd, finishing herd,
slaughterhouse, age and parity of dam at calving and
existence of a twin were also available. Pedigree information
came from the French genetic national database.
From this data set, only data from young bulls were

extracted, that is, from males slaughtered between 12 and
24 months and whose commercial category were A (young
bull) on the Union scale for the classification of carcasses
(Regulation (EU) no. 1308/2013). Animals born between
2006 and 2012, with known sire, dam and CW were
selected. Records of twins or animals born after embryo
transfer were deleted. Animals with performances deviating
by more than 4 phenotypic standard deviations from the
overall mean were deleted.

Eventually, records of 156 226 Montbeliarde, 160 361
Normande and 8691 Simmental young bulls were used in the
study. Considering the limited amount of Simmental data
compared with the two other breeds, model choice was
essentially conducted on Montbeliarde and Normande data
and its conclusions were applied to the Simmental breed.

Data selection for the estimation of genetic correlations
A central component of the study was the estimation of
genetic correlations between carcass traits of young bulls and
traits currently included in total merit index of the breeds or
potentially included in the near future (veal calf production,
dairy production, cowmorphology). The traits considered were
measured on different animals (young bulls for young bull
production, veal calves for veal calf production and cows for
dairy production and morphology) and evaluated using very
different and sometimes complex models. In order to simplify
estimation, we chose a two-step approach as in Ducrocq et al.
(2001), based on the use of preadjusted performances instead
of raw performances (see below for details), to estimate
genetic correlations between these different sets of traits. In
general, an animal’s preadjusted performance for a particular
trait is a weighted average of its raw performances corrected
for all non-genetic effects in the evaluation model specific for
the trait. It can therefore be described as the sum of a genetic
value and a residual error. In the case of carcass traits, there is
only one performance per trait. Preadjusted performances for
other traits than carcass traits of young bulls were extracted
from by-product files produced at the end of each routine
genetic evaluation in France. The evaluation model for each
trait is described elsewhere by idele (2015a, 2015b and
2015c). The Simmental breed was not evaluated for veal calf
production. Therefore preadjusted performances for veal calf
production were unavailable for this breed.
Veal calves and cows were selected if they were paternal

half-sibs of young bulls with slaughter information. In order
to reduce computation time when needed (depending on
the breed and trait), we sampled a limited number of animals
per sire and we randomly kept animals born from a subset of
the farms.
Eventually, 115 214 Montbeliarde and 135 863 Normande

records were kept for the study of correlations between
young bull and veal calf production traits, 105 635
Montbeliarde, 192 963 Normande and 20 339 Simmental
records for correlations with cow morphological traits and
117 638 Montbeliarde, 119 104 Normande and 17 077
Simmental records for correlations with dairy production.

Traits considered
The young bull traits evaluated were CW, CC and AS. Carcass
performances were estimated using the SEUROP classifica-
tion system, although referred only to the five main classes E,
U, R, O and P in France.
CW is measured no later than 1 h after slaughter. It is

defined as 0.98 times the weight of the animal after removal of
its head, hide, feet, thoracic organs, some internal and external
fats, and abdominal organs (Cartier and Moevi, 2007).
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Under the SEUROP system, conformation is graded S, E, U,
R, O or P, from best to worst and grades are subdivided into
+ , = or – subclasses (Cartier and Moevi, 2007). These scores
were converted to numeric values, ranging from 1 (less
muscular) to 15 (more muscular) and considered continuous.
Carcass fatness (graded from 1 to 5 in the EUROP system,

see Cartier and Moevi, 2007) was not analyzed as there was
very little variability between animals: > 97% of the records
were graded 2 or 3 (74% graded 3) in Montbeliarde, 95%
(82%) in Normande. In addition, the fatness grade given to
an animal sometimes mainly depends on the market
needs rather than on the actual performance of the animal
(Fouilloux M.N., personal communication).
AS is measured in days. It is calculated as the difference

between slaughter date and birth date. In the literature, AS is
considered either as an explanatory variable of the two other
traits or as a trait by itself. For reasons which will be
presented later, we chose to include it as a trait in our
analysis, as historically done in French genetic evaluations
for carcass traits (idele, 2014 and 2015c).
To convince ourselves that this choice did not alter our

conclusions, we decided to compare the two approaches: the
three-trait model presented later in this paper and a two-trait
model (CW and CC), including a linear and quadratic
regression on AS. Mimicking a genomic validation study, we
estimated correlations, as measures of the accuracy of
evaluations, and regression coefficients, as estimates of the
evaluation bias, between preadjusted performances and
EBVs in a validation population consisting of sires with no
offspring performances (see Supplementary Material S1).
Carcass traits of veal calves, whose genetic correlations

with carcass traits of young bulls were estimated in this
paper, include another trait, specific to veal calves: meat
color. It is graded from 0 (white, best) to 5 (red, worst).
We estimated correlations between carcass traits of young

bulls and two types of morphological traits in cows: size and
muscularity traits. The size traits we focused on were height
at sacrum, chest width, chest depth, body depth, width at
pins and width at hips, depending on the breed. Height at
sacrum, chest width and body depth are measured as
recommended by the International Agreement of Recording
Practices (ICAR, 2014). Chest depth is the distance on a 1 to
9 scale between the top of the spine and the bottom of the
chest just behind limbs (Organisme de Selection de la race
Montbeliarde (OS Montbeliarde), 2015). Hip width is the
measure of the distance between the two extreme points at
the back of the cow (Simmental France, 2014). Width at pins
is the measure of the distance between pins (Amelis, 2015).
The muscularity traits analyzed were muscularity at withers,
thighs, loin, top line and global muscularity depending on
the breed. All are subjective scores on the muscularity of a
particular part of the body (Simmental France, 2014; Amelis,
2015; OS Montbeliarde, 2015).

Age at slaughter distribution
AS was not following a normal distribution: many animals
were slaughtered between 22 and 24 months.

Animals slaughtered between 676 and 730 days had roughly
the same mean CW and CC as animals from the main
slaughter season (535 to 675 days) with higher variability. As
these two groups showed similar performances, it did not
seem plausible that they were raised according to very dif-
ferent systems or belonged to different commercial cate-
gories. All these animals were therefore kept in the study.
‘Younger’ animals were then defined as animals with only

one summer season during their lives and ‘older’ animals as
animals with two summer seasons. This allowed us to model
carcass traits for these two types of animals differently,
without choosing an arbitrary limit for AS.
A preliminary analysis considering performances of CW and

CC of younger and older animals as different traits was run.
Results showed very high genetic correlations between
younger and older traits (>0.98 for both CW and CC); it was
hence decided to consider younger and older performances as
identical traits. Consequently, two alternatives to model
differences between younger and older animals were studied.
One was to ignore differences between these animals, while
the other considered a residual variance heterogeneity
between younger and older animals for CW and CC.

Model
The GLM procedure in SAS software (Copyright© 2002 to
2012 by SAS Institute Inc., Cary, NC, USA) was used to
determine whether a particular factor other than the animal
genetic value had a significant effect on the traits.
After determination of the relevant fixed factors to be

included, two models were tested.

yijkl = μ + ci +pj + sk + al + εijkl (1)

Model (1) was a three-trait animal model, with yijkl the
observed performance for CW, AS and CC in respectively kg,
days and grade, μ the overall mean, ci the fixed effect of
the contemporary group defined as the interaction between
year of slaughter, season of slaughter (January to March,
April to June, July to September and October to December)
and finishing farm, pj the fixed effect of the interaction
between the dam parity and class of age at calving
(less than 24 months, 25 to 36 months, 37 to 48, 49 to 60, 61
to 72, 73 to 84, 85 and more), sk the season of birth
(February to July, August to October and November to
January), ai the animal’s random genetic value and εijkl a
random residual term.

yijkl = μ + ci +pj + sk + al + ξijkl (2)

Model (2) was the same model as model (1), with ξijkl a
random residual error, accounting for heterogeneous
residual variances for CW and CC. These heterogeneous
residual variances were included in model (2) in the form of
different weights given to performances of animals with one
or two summer seasons. The weights were determined using
the preliminary bivariate analysis assuming that perfor-
mances of younger and older animals were different traits;
the weight used for older animals was the ratio between the
residual variance of the trait for younger and older animals.
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A weight of 1 was applied to CW and CC residual variances
of younger animals in all breeds. The genetic variance used
was the younger animals’ one.

Correlations with other traits
As mentioned above, the two-step procedure described in
Ducrocq et al. (2001) was used to estimate correlations
between carcass traits of young bulls and other traits under
selection. In this procedure, preadjusted performances for
carcass traits of young bulls and other sets of traits were first
obtained using separate genetic evaluations. They were then
considered as phenotypes and analyzed together using a
simple multitrait model including the fixed effect of year of
birth and the random animal genetic value, in order to
estimate their genetic correlations. The variable amount of
information included in each preadjusted performance was
reflected by its associated weight and was accounted for by
considering heterogeneous residual variances inversely pro-
portional to their recorded weight (Ducrocq et al., 2001).
Lassen et al. (2007) showed that this two-step approach
gave estimates of genetic correlations very similar to those of
a full multitrait model. This method was also validated by
Pfeiffer et al. (2015).

Estimation of genetic parameters and breeding values
(Co)variance components were estimated using the Restricted
Maximum Likelihood methodology applied to the different
models described above with the WOMBAT software (Meyer,
2007). Records were selected such that each level of fixed
effects contained at least four animals and each sire had at
least five offspring. Eventually, 119 642 Montbeliarde,
112 843 Normande and 5456 Simmental records of slaughter
performances were used.
Estimated breeding values (EBVs) were calculated using

the BLUP methodology, with an in-house software
(GENEKIT). The purposes of this study were (1) observe
genetic trends over the 7 years of data, (2) compare EBVs and
reliabilities between models, (3) know whether sires could be
evaluated for carcass traits with the minimal reliability
suitable for release (0.50) and (4) determine preadjusted
performances for the study of genetic correlations with other
sets of traits. Reliabilities were calculated according to Harris
and Johnson (1998). Records were selected such that
each level of fixed effects contained at least three animals
and that each sire had at least five offspring. Eventually,
129 440 Montbeliarde, 128 456 Normande and 6175
Simmental records were used. In the Montbeliarde breed
young bulls were sired by 1499 sires, with a mean of 86
offspring (ranging from 5 to 6395); 55% had <20 offspring.
108 914 dams were represented. In the Normande breed,
young bulls were sired by 1130 sires, with a mean of 114
offspring (ranging from 5 to 5678); 62% had <20 offspring;
102 437 dams were represented. In the Simmental breed,
young bulls were sired by 177 sires, with a mean of 35
offspring (ranging from 5 to 553); 61% had <20 offspring;
4923 dams were represented.

Results

Phenotypic means
Young bulls from the two main breeds had very similar
performance means (Table 1). The Simmental breed had a
better conformation than the two others and a slightly higher
variation for AS (Table 1).

Model choice
In the two main breeds, the fixed effect of the contemporary
group was highly significant (P< 0.001) for all three traits.
The fixed effect of the interaction between parity and age of
the dam was significant to highly significant (P< 0.01 to
<0.001) and the fixed effect of the season of birth had low to
high significance (P< 0.05 to<0.001) depending on the trait
and breed.

Accounting for heterogeneous residual variances: comparison
between models (1) and (2). In the two main breeds,
correlations between EBVs estimated using models (1) and (2)
were very high (between 0.991 and 0.997). The two
models can be considered as nearly equivalent in ranking
animals.
Mean reliabilities for sires obtained using model (1) or (2)

were almost identical and variances of EBVs were similar.
Genetic trends were very similar between the two models
(results not shown).
Taking into account weights in the genetic evaluation did

not significantly increase computing time and memory.
Hence, it was decided to keep model (2) for the evaluation,
as it better accounts for the higher variability of records of
older animals.

Genetic parameters
In the three breeds, estimates of the three traits heritabilities
were low to moderate (Table 2). Among the three, CC was the
most heritable and AS the least heritable. The three breeds
had similar genetic parameters, the Normande breed having
the highest heritabilities for AS and CC and the lowest one for
CW. Lower values of AS are beneficial (earlier slaughter),
therefore any negative correlation with AS is favorable. Low to
moderate favorable correlations between each two-by-two
combination (except for the correlations between CC and
AS in the Normande and Simmental breeds, which were
close to zero) of the three traits were obtained (Table 2).

Table 1 Phenotypic means (standard deviations) of carcass traits of
young bulls

Breed

Trait Montbeliarde Normande Simmental

Carcass weight (kg) 382.92 (51.38) 381.87 (49.93) 387.74 (54.16)

Age at slaughter (days) 621.90 (67.45) 633.51 (63.12) 615.20 (78.78)

Carcass conformation

(score)

6.51 (1.20) 6.05 (1.14) 7.37 (1.22)
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The Montbeliarde breed had stronger genetic correlations
between carcass traits of young bulls than the Normande. As
the Simmental analyses showed higher residual errors,
henceforth we will focus on the analyses of the two other
breeds for comparison.

Reliabilities and genetic trends
Mean reliabilities for young bull sires were between 0.55 and
0.70 depending on the breed and trait considered (Table 3).
In total 958 sires (out of 1499) in Montbeliarde, 950 sires
(out of 1130) in Normande and 82 (out of 177) in Simmental
had reliabilities above 0.50 for the three traits.
A genetic gain between animals born in 2006 and in

2012 of 0.22 genetic standard deviation for CW and 0.02
for CC, as well as a favorable decrease of 0.55 genetic
standard deviation for AS were observed in Montbeliarde.
In Normande, the corresponding values were 0.10, −0.17
and 0.67.

Genetic correlations with other traits
Genetic correlations between each two-by-two combination
of carcass traits of young bulls and veal calves were low to
high (0.01 to 0.70, Table 4). These values were consistent
between the Normande and the Montbeliarde breeds. The
Normande breed had slightly stronger correlations between
CW, AS and CC of veal calves and CW and CC of young
bulls than the Montbeliarde breed. It had slightly lower
correlations between CW, AS and CC of veal calves and
AS of young bulls than the Montbeliarde breed. Genetic
correlations between carcass traits of young bulls and the
corresponding traits for veal calf production were quite high
(0.43 to 0.44 for CW, 0.32 to 0.40 for AS and 0.54 to 0.70 for
CC, Table 4).
Between young bull production and muscularity traits of

lactating cows collected at the same time as other type traits,
genetic correlations were medium to high (0.35 to 0.59,
Table 5) for CC, low to medium (0.12 to 0.28, Table 5) for CW

and null to low and favorable (0.00 to −0.17, Table 5) for AS,
except in the Simmental breed where the latter correlation
was high and favorable (−0.43, Table 5). The Normande
breed had slightly higher correlations than the Montbeliarde
breed between these two sets of traits.

Table 3 Mean sire reliabilities (standard deviation)

Breed
Carcass
weight Age at slaughter

Carcass
conformation

Montbeliarde 0.65 (0.15) 0.55 (0.16) 0.66 (0.15)
Normande 0.63 (0.15) 0.63 (0.15) 0.70 (0.14)
Simmental 0.59 (0.17) 0.52 (0.17) 0.58 (0.17)

Table 4 Genetic correlations between carcass traits of young bulls and
veal calves

Veal calf traits

Young bull

traits CW AS CC Color1

Montbeliarde

CW 0.43 (0.05) −0.21 (0.07) 0.19 (0.05) −0.26 (0.07)

AS −0.55 (0.06) 0.40 (0.08) −0.32 (0.07) 0.08 (0.09)

CC 0.19 (0.05) −0.19 (0.07) 0.54 (0.04) −0.24 (0.07)

Normande

CW 0.44 (0.06) −0.35 (0.08) 0.33 (0.06) −0.12 (0.08)

AS −0.29 (0.07) 0.32 (0.09) 0.05 (0.07) 0.01 (0.09)

CC 0.19 (0.05) −0.15 (0.07) 0.70 (0.03) 0.13 (0.07)

CW = carcass weight; AS = age at slaughter; CC = carcass conformation.
1Meat color, graded from 0 (best, white) to 5 (worst, red).

Table 2 Genetic parameters (standard errors) on the young bull
population studied

CW AS CC

Montbeliarde
CW 0.19 (0.01) −0.58 (0.05) 0.52 (0.03)
AS 0.27 (0.01) 0.09 (0.01) −0.25 (0.06)
CC 0.55 (0.01) 0.08 (0.01) 0.23 (0.01)

Normande
CW 0.12 (0.01) −0.49 (0.06) 0.47 (0.04)
AS 0.27 (0.01) 0.17 (0.01) −0.02 (0.05)
CC 0.60 (0.01) 0.04 (0.01) 0.26 (0.02)

Simmental
CW 0.17 (0.04) −0.71 (0.15) 0.30 (0.13)
AS 0.31 (0.03) 0.08 (0.03) 0.11 (0.18)
CC 0.53 (0.02) 0.07 (0.03) 0.21 (0.04)

CW = carcass weight; AS = age at slaughter; CC = carcass conformation.
Values are bolded to highlight heritabilities (on diagonals). Heritabilities are on
the diagonal, genetic correlations above, residual correlations below.

Table 5 Genetic correlations between carcass traits of young bulls and
muscularity traits of lactating cows

Young bull traits Muscularity type traits

Montbeliarde
Muscularity at

withers
Muscularity at

thighs

Carcass weight 0.16 (0.05) 0.17 (0.05)
Age at slaughter −0.13 (0.07) −0.17 (0.07)
Carcass conformation 0.37 (0.04) 0.45 (0.04)

Normande
Muscularity at

top line
Muscularity at

loin
Muscularity at

thighs

Carcass weight 0.17 (0.04) 0.12 (0.05) 0.28 (0.04)
Age at slaughter 0.00 (0.05) −0.07 (0.05) −0.10 (0.05)
Carcass conformation 0.51 (0.03) 0.35 (0.04) 0.59 (0.03)

Simmental Muscularity

Carcass weight 0.26 (0.09)
Age at slaughter −0.43 (0.11)
Carcass conformation 0.36 (0.09)
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All maternal size traits had moderate correlations with CW
(0.22 to 0.45) and AS (−0.48 to −0.29). In all breeds, CC was
positively genetically correlated with traits measuring cow
width (at pins, at hips and chest) and negatively correlated
with cow size (height at sacrum, chest depth, body depth)
(Table 6). The three breeds had similar genetic correlations
between these two sets of traits, the correlations between CC
and size traits being slightly stronger in the Normande breed
than in the Montbeliarde breed.
Milk, protein and fat yield had a low to moderate and

favorable (−0.15 to −0.41) genetic correlation with AS in all
breeds (Table 7). Correlations between CW and these three
traits were low to moderate (0.13 to 0.22) for the Montbeliarde
breed, low (0.08 to 0.11) for the Normande breed and
moderate (0.24 to 0.32) for the Simmental breed (Table 7).
Correlations between these traits and CC were null in
Montbeliarde and Simmental and slightly negative in
Normande (Table 7). The Simmental breed showed the

strongest correlations between carcass traits of young bulls and
milk production traits, followed by the Montbeliarde and then
the Normande breed.
In the three breeds and for all young bull traits, correla-

tions with protein and fat percentage were close to zero
(except in Simmental, for AS and fat percentage).

Discussion

The objectives of the present study were to estimate the
genetic parameters of carcass traits of young bulls in French
dual-purpose breeds and their genetic correlations with
production traits of veal calves, lactating cow morphology and
milk production traits. Meat production traits have received
little attention in French dual-purpose breeds until now.
Integrating them in breeding objectives could decrease genetic
trends on milk production as the breeding goal becomes
broader. Therefore it was important to know their correlations

Table 6 Genetic correlations between carcass traits of young bulls and size traits of lactating cows

Young bull traits Cow size traits

Montbeliarde Height at sacrum Chest width Chest depth Body depth

Carcass weight 0.28 (0.04) 0.29 (0.05) 0.23 (0.04) 0.22 (0.04)
Age at slaughter −0.31 (0.06) −0.35 (0.07) −0.34 (0.06) −0.36 (0.06)
Carcass conformation −0.35 (0.03) 0.21 (0.05) −0.25 (0.04) −0.19 (0.04)

Normande Height at sacrum Chest width Chest depth Width at pins

Carcass weight 0.36 (0.04) 0.45 (0.04) 0.31 (0.04) 0.43 (0.04)
Age at slaughter −0.40 (0.04) −0.43 (0.05) −0.48 (0.04) −0.29 (0.05)
Carcass conformation −0.36 (0.03) 0.24 (0.04) −0.29 (0.03) 0.11 (0.03)

Simmental Height at sacrum Chest width Width at hips

Carcass weight 0.44 (0.08) 0.38 (0.10) 0.35 (0.09)
Age at slaughter −0.44 (0.11) −0.38 (0.13) −0.32 (0.12)
Carcass conformation −0.21 (0.08) 0.11 (0.10) −0.03 (0.09)

Table 7 Genetic correlations between young bull carcass traits and dairy production traits

Dairy production traits

Young bull traits Milk yield Fat yield Protein yield Fat (%) Protein (%)

Montbeliarde
CW 0.18 (0.04) 0.13 (0.04) 0.22 (0.04) −0.05 (0.04) 0.03 (0.04)
AS −0.21 (0.06) −0.20 (0.06) −0.28 (0.06) 0.01 (0.06) −0.09 (0.06)
CC −0.02 (0.04) −0.01 (0.04) −0.00 (0.05) 0.02 (0.04) 0.00 (0.04)

Normande
CW 0.08 (0.05) 0.10 (0.05) 0.11 (0.05) 0.04 (0.04) 0.08 (0.04)
AS −0.21 (0.05) −0.24 (0.06) −0.24 (0.05) −0.04 (0.05) −0.05 (0.05)
CC −0.13 (0.04) −0.12 (0.04) −0.12 (0.04) 0.02 (0.04) 0.05 (0.04)

Simmental
CW 0.26 (0.09) 0.24 (0.09) 0.32 (0.09) −0.05 (0.02) 0.10 (0.09)
AS −0.36 (0.14) −0.15 (0.13) −0.41 (0.13) 0.39 (0.12) −0.05 (0.13)
CC −0.01 (0.09) 0.04 (0.09) 0.05 (0.09) 0.04 (0.09) 0.11 (0.08)

CW = carcass weight; AS = age at slaughter; CC = carcass conformation.
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with milk production traits in order to know whether their
inclusion in breeding goals could be reasonable or not.
We chose to treat AS as a trait rather than as a covariate

because we consider that it is not just a management trait: it
also measures the precocity of animals, as young bulls
reaching sooner a minimal finishing status are sold earlier
than those reaching it later. As such, it is a trait breeders are
interested in improving. Statistically, the complex nature of
the relationship between CW or CC and AS is better
described using a multivariate analysis than by correcting
CW and CC fitting AS as a covariate. Such a correction
assumes that the relationship between AS and other carcass
traits is strictly the same in the whole population. However,
growth rate is known to vary depending on management but
also on individual characteristics of genetic and non-genetic
origin. This is confirmed by our results, with heritability
estimates of AS between 8% and 17%, and genetic
correlations between AS and CW which are relatively high
(−0.49 to −0.71) and more importantly, which are opposite
to residual correlations (+0.27 to +0.31). In such cases,
multivariate analyses are known to better correct for biases
and to lead to a higher accuracy of genetic evaluations
(Thompson and Meyer, 1986). A multivariate analysis leads
to a data-driven weighting of genetic and non-genetic com-
ponents of AS. Treating AS or age at selling for veal calves as
traits is not new (Sbarra et al., 2013; Bittante et al., 2011;
Penasa et al., 2012), in particular in France where is has been
successfully evaluated routinely in beef cattle for many years
(idele, 2014). As mentioned earlier, we compared the three-
trait model presented in this paper and a two-trait model
(CW and CC), including a linear and quadratic regression on
AS. The latest led to slightly larger, possibly overestimated
heritabilities of CW, as in Sbarra et al. (2013). For the two
main breeds, we observed very similar accuracies
(correlations between preadjusted performances and EBVs)
and regression coefficients (of preadjusted performances
on EBVs) on a validation population between the two
approaches for CC. For CW, we observed very similar
accuracies between the two methods and slightly better
regression coefficients when treating AS as a trait (see
Supplementary Material S1). To conclude, in our data sets,
the two methods are somewhat equivalent in terms of
accuracy, but considering AS as a trait appears more logical
and slightly limits the risk of bias in the evaluation of CW.
A residual heterogeneous variance between animals with

one or two summer seasons was taken into account for CW
and CC. The final model (model 2) is a compromise between
complexity and unbiasedness, so that it can easily be
implemented in routine evaluations.
Estimates of genetic correlations between carcass traits of

young bulls obtained using the two-step approach described
by Ducrocq et al. (2001) were compared with those from
model (1) to check whether this approach could be used to
estimate genetic correlations with other sets of traits in our
study. In the two main breeds, genetic correlations between
carcass traits of young bulls estimated using both methods
varied by a maximum of 0.14 (roughly twice the standard

error). The stability of genetic correlations observed using the
two-step approach compared with a regular multitrait model
was consistent with other studies (e.g. Lassen et al., 2007).
Therefore it was used to estimate genetic correlations
between carcass traits of young bulls and other sets of traits.
Trait means and distributions were similar (CC mean and

AS variability being slightly higher in the Simmental breed)
for the three breeds. Heritabilities were low to moderate in
the three carcass traits: they can hence be improved by
selection. Similar heritabilities were observed in the three
breeds, except for the relatively higher heritability of AS in
the Normande breed. There are many reported estimations of
genetic parameters of carcass traits, varying widely
depending on the breed, the considered population and the
study: heritability estimates for carcass traits of beef bulls of
dairy or dual-purpose breeds range from 0.08 to 0.54 for CW
and from 0.10 to 0.49 for CC (Dijkstra et al., 1990; Van
Veldhuizen et al., 1991; Van der Werf et al., 1998; Parkkonen
et al., 2000; Eriksson et al., 2003; Hickey et al., 2007; Kause
et al., 2015). However the highest values often have high
residual errors. Our estimates (from 0.12 to 0.19 for CW and
0.21 to 0.26 for CC) fit in these intervals.
Eriksson et al. (2003), found heritability estimates of 0.42

for CW and 0.26 for CC on Simmental young bulls. Our
estimates for CC fit these results. However our estimates for
CW heritability were much lower, maybe because their
model included a random contemporary group effect (fixed
effect in our model) and Eriksson et al. (2003) used AS as a
fixed effect (instead of a separate trait in our study). Sbarra
et al. (2013) found higher CW heritability estimates when
using AS as a covariate than when it was absent from the
evaluation model for CW. Their estimates of CW heritability
on young bulls of Italian beef breeds varied from 0.13 to 0.24
(without considering AS as a covariate) and estimates for AS
heritability ranged from 0.28 to 0.39, with variability of AS
similar to ours. Our CW heritability estimates agree
closely with those. In contrast, our estimates for AS herit-
ability are much lower, mainly because of a smaller genetic
variance of AS. This might be due to breed differences: beef
breeds, especially the ones considered by Sbarra et al.
(2013), are usually characterized by later maturity than
dual-purpose breeds.
Genetic correlations between each pair of carcass traits of

young bulls were similar in the two mains breeds. Genetic
correlations in Simmental deviated slightly from those, but
had higher standard errors, due to the smaller sample. In
general, genetic correlations were low to moderate and
favorable; hence the studied traits can easily be improved
simultaneously.
Our estimates of genetic correlations between CW and CC

ranged from 0.30 to 0.52, which showed a genetic tendency
for heavier animals to also be more muscular. Correlations
between CC and CW reported in the literature vary widely,
from low and negative (−0.10) to high and positive (0.62)
(Dijkstra et al., 1990; Van der Werf et al., 1998; Parkkonen
et al., 2000; Eriksson et al., 2003; Hickey et al., 2007; Kause
et al., 2015). For Simmental beef bulls, Kause et al. (2015)
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found a correlation of 0.46 between CW and CC, which is
very close to our estimates.
Our genetic correlations between AS and CC (from −0.25

to 0.11) are consistent with those found elsewhere (idele,
2014 and 2015c).
Genetic correlations between AS and CW estimated in our

study varied from−0.71 to−0.49, meaning that animals with
high genetic value for CW tend to be slaughtered earlier than
animals with lower genetic values for CW. Estimates of this
correlation in the literature vary from −0.39 to 0.05 (Sbarra
et al., 2013; idele, 2014 and 2015c). Our estimated correla-
tions are negative, as in Sbarra et al. (2013) who reported
values from −0.29 and −0.08, but are larger in absolute
value. Once again, this might be due to breed differences.
The genetic correlations between carcass traits of young

bulls and other traits were consistent among the three breeds.
Estimated correlations between carcass traits of young

bulls and milk production traits were low and negative to
moderate and favorable. Hence, including young bull
production traits in breeding goals is possible without
decreasing genetic trends on milk production more than
what just a lower weight in the breeding goal will cause.
These estimates were in accordance with most studies
estimating correlations between beef bull production and
milk traits (Suess et al., 1968; Gere et al., 1983; Syrstad,
1983; Liinamo et al., 2001). The latter authors reported
genetic correlations between first lactation milk production
traits (milk, fat and protein yield) and bull and heifer carcass
traits of 0.05 to 0.08 for CC and of 0.29 to 0.32 for CW on
Finnish Ayrshire. Our estimates in the Simmental breed agree
closely with those results. Differences with the Normande
and Montbeliarde breeds might be due to the breed.
Genetic trends observed over 6 years of data on the two

main breeds were consistent with the genetic correlations
found between carcass traits and milk production. AS was the
trait most correlated with dairy production traits and
showed the largest favorable trend. CW had low correlations
with dairy production in Normande and slightly higher
ones in Montbeliarde and showed small positive trends in the
two breeds. CC was not correlated with dairy traits in
Montbeliarde and had low and negative genetic relationship
with milk production traits in Normande and showed
no trend in Montbeliarde and a small and negative trend in
Normande.
These results are also consistent with a recent study of

selection responses on the Normande breed (Cadet A.,
personal communication), where a selection on the current
French total merit index was simulated and responses to
selection observed for all available traits. AS was the carcass
trait showing the largest (favorable) response, when CC and
CW both had negative responses.
Correlations estimated between young bull production

and cow morphology showed that selecting for more
muscular cows leads to the production of better beef bulls.
Moreover, selecting for taller and wider cows leads to faster-
growing offspring (better CW and AS), while selecting for
wider cows allows to select for better conformed young bulls.

Estimated genetic correlations between carcass traits of
young bulls and veal calves showed that sires producing
better veal calves for slaughter purposes are also the ones
producing better young beef bulls. Our estimates were
similar to those reported in the literature (Dijkstra et al.,
1990; Oldenbroek et al., 1987; Van der Werf et al., 1998)
and in particular very close to those of Van der Werf et al.
(1998) on dairy and dual-purpose breeds, ranging from 0.42
to 0.63 between young bull and veal calf corresponding
traits. These correlations were high and positive, but
different from one, which confirms that evaluating young
bull production and veal calf production separately is more
efficient.
In general, genetic correlation results were favorable for all

three breeds: carcass traits of young bulls were mainly
favorably correlated to traits already under selection. These
correlations were usually more favorable in the Normande
breed than in the Montbeliarde breed with meat and
conformation traits and more favorable in the Montbeliarde
and the Simmental breed than in the Normande breed with
milk production traits.

Conclusion

Heritability and correlation estimates obtained for carcass
traits of young bulls indicate that CW and CC can easily be
improved by selection in French dual-purpose breeds.
Furthermore, genetic correlations estimated between carcass
traits of young bulls and dairy production (low and
unfavorable to moderate and favorable) show there is a real
potential for evaluations of carcass traits of young bulls:
selecting on young bull production is not antagonistic with an
improvement of milk production genetic level. Except
for AS, genetic correlations between carcass traits and dairy
traits are low. Therefore, selecting only on dairy traits might
not be enough to obtain a genetic progress on carcass traits.
In order to improve carcass traits, this set of traits should be
included in breeding goals. Of course, including new traits in
breeding goals may reduce the rate of improvement of
other traits already included. Economic studies are necessary
to determine the optimal relative weights of traits in breeding
goals. Such a study recently started in the Normande breed
(Cadet, 2015).
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Summary

Genetic evaluations for carcass traits of young bulls in Normande and Montbe-

liarde breeds are currently being developed in France. In order to determine a

suitable genomic evaluation for three carcass traits of young bulls, genomic breed-

ing values were estimated for young candidates to selection using different

approaches. Records of 111,789 Normande and 118,183 Montbeliarde were used.

Average progeny pre-adjusted performances (DYD) were calculated for sires.

Evaluation approaches were compared based on an assessment of their accuracy

(correlation between DYD and estimated breeding values [EBVs]) and bias (re-

gression coefficient of DYD on EBVs) on the 20% youngest AI sires. All geno-

mic approaches were generally more accurate than BLUP (+.045 to +.116

correlation points), except for age at slaughter where single-step GBLUP

(SSGBLUP) was the only genomic method leading to a greater accuracy (+.038

to +.126 points). The best setting of the SSGBLUP relationship matrix was char-

acterized by a weight of 30% for pedigree information in the genomic relationship

matrix. SSGBLUP was the most valuable evaluation approach for the evaluation

of carcass traits of Normande and Montbeliarde young bulls.
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1 | INTRODUCTION

French genetic evaluations for carcass traits of young bulls

in dual-purpose breeds are currently being developed (Croue,

Fouilloux, Saintilan, & Ducrocq, 2016). In the current breed-

ing programmes of the two main dual-purpose breeds (Mont-

beliarde and Normande) in France, selection of candidates is

based on genomic evaluation for most of the traits under

selection (Institut de l’Elevage 2015a,b), with the exception

of carcass traits, for which evaluations are still under devel-

opment. As a consequence, waiting for a bull to get a poly-

genic estimated breeding value (EBV) on its offspring

performances for carcass traits takes too long: there is a clear

need for the development of a genomic evaluation of young

bull carcass traits of these dual-purpose breeds.

Different genomic evaluation methods exist, usually

allowing for greater accuracy than animal model BLUP,

for reduction of generation interval and, therefore, for

higher genetic gain (Schaeffer, 2006). However, traditional

genomic approaches currently produce breeding values for

genotyped animals only, and rely on multistep approaches.

They involve first the estimation of pre-adjusted perfor-

mances (i.e., corrected for all non-genetic effects), later

used as pseudo-phenotypes in a genomic evaluation. Their

accuracy relies on the number of offspring per genotyped

animal. These genomic approaches are limited to only

genotyped animals and their progeny, with a potential loss

of other useful performances. They may also be biased due

to preselection of the genotyped animals (Patry & Ducrocq,

2011). In contrast, a single-step GBLUP (SSGBLUP)

approach (Christensen & Lund, 2010; Misztal, Legarra, &

Aguilar, 2009) relying on phenotypic data allows to take

into account all animals (genotyped or not) and their per-

formances in a same evaluation, hence avoiding any loss of
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information and accounting for preselection bias (Legarra,

Christensen, Aguilar, & Misztal, 2014). However, in dairy

cattle and depending on the trait considered, SSGBLUP

does not necessarily perform better, in terms of accuracy

and control of bias, than standard genomic evaluation such

as GBLUP (Legarra, Christensen, Aguilar, & Misztal,

2014). To our knowledge, no genomic study has yet

assessed its efficiency on carcass traits in cattle. Moreover,

there are different ways to set up a single-step evaluation

(e.g., Gao et al., 2012; Lourenco et al., 2014), with no

well-defined criterion to choose an optimal setting.

The aim of this study was to compare the efficiency of two-

step genomic approaches (GBLUP and BayesCp) and

SSGBLUP for the evaluation of three carcass traits in the

Montbeliarde and Normande breeds and to determine what set-

ting of a single-step evaluation would be optimal in this case.

2 | MATERIAL AND METHODS

2.1 | Phenotypes

The phenotypes considered were commercial slaughterhouse

performances: carcass weight (CW), age at slaughter (AS)

and carcass conformation (CC) of young bulls (males

slaughtered between 1 and 2 years old) of two French dual-

purpose breeds: Montbeliarde and Normande. CC is a visual

score, on the SEUROP classification system; it is graded S,

E, U, R, O or P, (only E, U, R, O and P classes are used in

France) from best to worst and grades are subdivided into +,

= or ! subclasses; scores were converted into a linear scale

from 1 for P- to 15 for E+ (Cartier & Moevi, 2007). AS was

considered as a trait in order to simultaneously correct CW

and CC for both their genetic and environmental relation-

ships with AS (see Croue et al., 2016; for a justification).

Data were extracted from the NORMABEV (French techni-

cal interprofessional association for cattle and meat, defined

by the association nationale INTER-professionnelle du

BEtail et des Viandes (INTERBEV), 2015) database, gather-

ing information for all cattle slaughtered in France. Details

about data selection are described in Croue et al., 2016.

Pedigree information came from the French national genetic

evaluation and was traced over three generations. Animals

raised in contemporary groups of less than four animals or

offspring of sires with less than five young bulls with pheno-

types were eliminated, resulting in 118,183 phenotype

records (284,350 animals in the pedigree file) in the Montbe-

liarde breed and 111,789 phenotype records (257,855 ani-

mals in the pedigree file) in the Normande breed.

2.2 | Genotypes

Genotypes were extracted from the French genomic

database. Animals were genotyped or imputed from LD

genotypes on the Illumina Bovine SNP50 BeadChip. Quality

control was performed within breed. Genotyped animals with

a call rate below .95 were removed from the analysis. SNP

showing departure from Hardy–Weinberg equilibrium

(p < .0001) or with more than 10% missing genotypes were

removed. Parent–progeny compatibility was verified and

incompatible animals were eliminated. In the end, 43,801

SNP were used for 5,089 (including 1,467 slaughtered young

bulls) Montbeliarde and 4,492 (including 967 slaughtered

young bulls) Normande genotyped animals in the pedigree.

When using GBLUP and BayesCp approaches, only geno-

typed sires of young bulls and their parents were considered,

representing 1,438 genotyped animals in the Montbeliarde

breed and 1,166 genotyped animals in the Normande breed.

Allelic frequencies used were the ones in the observed geno-

typed population of each study.

2.3 | Evaluation methods

Four different evaluation methods were compared: a con-

ventional BLUP, two two-step genomic methods: GBLUP

(VanRaden, 2008) and BayesCp (Habier, Fernando, Kizilk-

aya, & Garrick, 2011) and SSGBLUP, as described by

Christensen and Lund (2010) and Misztal et al. (2009),

which allows for combination of pedigree and genomic

information.

The BLUP and SSGBLUP had the following model:

yijkl ¼ lþ ci þ pj þ sk þ al þ eijkl

with yijkl the observation for CW, AS and CC in kg, days

and grade respectively, l the overall mean, ci the fixed

effect of the contemporary group defined as the interaction

between year of slaughter, season of slaughter (January–

March, April–June, July–September and October–Decem-

ber) and finishing farm, pj the fixed effect of the interaction

between the dam parity number and class of age at calving

(<24 months, 25–36 months, 37–48, 49–60, 61–72, 73–84,

85 and more), sk the season of birth (February to July,

August to October and November to January), ai the ani-

mal’s additive genetic value treated as a random effect with

a corresponding relationship matrix depending on the

approach and eijkl a random residual term.

The BLUP and SSGBLUP evaluations were run for

genotyped and non-genotyped animals, on phenotypic

observations, in a multivariate context. Pre-adjusted perfor-

mances were calculated using the BLUP evaluation, and

after correction for the dam’s genetic value, they were sum-

marized into average progeny pre-adjusted performances

(DYD) later used as sire pseudo-phenotypes. Both GBLUP

and BayesCp were run for genotyped animals (young bull

sires and their ancestors) only. They used DYD, weighted

by their reliability (number of phenotypes contributing to

the DYD), as phenotypic records, in univariate analyses.
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The GBLUP approach was tested with two different

definitions: the first one (GBLUP0) included only genomic

information, and the second one considered that 30% of the

genetic total variance was not explained by SNP but by a

residual polygenic effect (GBLUPpoly). The BayesCp

approach also considered part of the genetic total variance

as a residual polygenic effect; this part was estimated dur-

ing the analysis.

BLUP, SSGBLUP and GBLUP0 were performed using

the BLUPF90 software (Misztal, 2008) and GBLUPpoly
and BayesCp using the GS3 software (Legarra, Ricard, &

Filangi, 2014).

Single-step GBLUP is similar to a pedigree-based evalu-

ation, with a relationship matrix combining pedigree and

genomic information. The resulting inverse of the relation-

ship matrix, H!1, is defined as (Aguilar et al., 2010):

H!1
¼ A!1

þ
0 0

0 G!1
! A!1

22

! "

where A!1 is the inverse of the pedigree relationship

matrix, A22
!1 the inverse of the pedigree relationship

matrix among genotyped animals and G!1 the inverse

of the genomic relationship matrix G, constructed as in

VanRaden (2008) and scaled to A22, such that the means of

the diagonal and off-diagonal elements of G equal the

means of the diagonal and off-diagonal elements of A22,

respectively.

Several ways of modifying H
!1 so that SSGBLUP per-

forms better in terms of accuracy and control of bias have

been suggested in the literature, such as introducing a scal-

ing factor for A22
!1 (e.g., Lourenco et al., 2014; Misztal,

Aguilar, Legarra, & Lawlor, 2010) or accounting for the

proportion of polygenic variance not explained by SNP by

weighting polygenic and genomic information in the geno-

mic relationship matrix G (e.g., Aguilar et al., 2010; Chris-

tensen, Madsen, Nielsen, Ostersen, & Su, 2012; Gao et al.,

2012). We tested various alternatives for the construction

of H of the form:

H!1
¼ A!1

þ
0 0

0 G$!1
! xA!1

22

! "

with G* = (1-a)G + aA22. Decreasing x gives more

weight to pedigree relationships. Increasing a specifies that

more of the polygenic variance is not explained by SNP.

The single step presented below as default was set up

with x = 1 and a = .3.

2.4 | Comparison of methods

The validation population on which evaluation methods

were compared was defined as the 20% sires with the

youngest offspring, based on a breed-specific date after

which offspring of all validation sires were born. Records

of all young bulls born after this date and having a geno-

typed sire were omitted, so that validation sires were evalu-

ated based on their pedigree and/or genomic information

only. The sires in such a validation population mimic new

candidates to selection for the breeding scheme. There were

225 sires in the Montbeliarde validation population and

185 sires in the Normande one.

The response variable to assess differences between

evaluation methods was the sire DYD calculated using the

multivariate BLUP evaluation when all phenotypes from

the whole population were included.

The accuracy of the evaluation methods was assessed as

the correlation between EBVs (EBV for BLUP, GEBV0 for

GBLUP0, GEBVpoly for GBLUPpoly, GEBVbayes for

BayesCp and SSGEBV for SSGBLUP) and DYD on the

validation population, weighted by the number of perfor-

mances contributing to each DYD. The bias of each evalu-

ation method was considered through the regression

coefficient of the DYD on the EBVs of the validation pop-

ulation, weighted by the number of performances contribut-

ing to the DYD. The closer to one the regression

coefficient, the less biased the evaluation.

Standard errors of bias and accuracy were estimated

using bootstrap with 1,000 samples.

Other aspects influencing selection efficiency were also

scrutinized such as the correlations between evaluation

methods or the apparent selection intensity of the top third

of the candidates. The impact of various parameters influ-

encing SSGBLUP results such as the tuning of the A22 and

G matrices or the number of generations traced back in the

pedigree were also investigated. In this study, only the

Montbeliarde breed data were taken into account.

3 | RESULTS

3.1 | Comparison between evaluation
methods

For CW and CC, all genomic evaluations led to greater accu-

racy than a standard multivariate BLUP evaluation (+.042 to

+.116 points in correlation, Table 1). For AS, however, the

two GBLUP and the BayesCp evaluations performed worse

than BLUP whereas SSGBLUP led to a higher accuracy

(+.038 to +.126 points, Table 1). Regression coefficients

varied widely, depending on the trait, breed and method,

with generally regression coefficients lower than one (indi-

cating an overestimation of the differences between candi-

dates). They were greater with genomic methods than with

BLUP, except again for AS in the Montbeliarde breed when

using a GBLUP or BayesCp method and in the Normande

breed when using a GBLUP0.

For CW and CC, SSGBLUP had regression coefficients

and accuracies similar to two-step genomic evaluation

302 | CROU!E AND DUCROCQ



methods (Table 1). For AS however, SSGBLUP performed

much better than GBLUP and BayesCp, in terms of both

accuracy and unbiasedness in both breeds.

The correlations between EBVs in the validation popu-

lation using the different methods were lower between

BLUP and any of the genomic evaluation methods than

among the genomic evaluation methods. SSGBLUP solu-

tions had the highest correlations with BLUP solutions

(+.013 to +.074 points of correlation compared to two-

step genomic methods, Table 2). Between BayesCp,

GBLUPpoly, GBLUP0 and SSGBLUP methods, the average

correlations over the three traits were all above .870

(Table 2). The highest correlations were between BayesCp

and GBLUPpoly and the lowest between SSGBLUP and

two-step genomic methods. This was coherent with the fact

that the SSGBLUP evaluation was the one with the highest

correlations with the BLUP evaluation.

When simulating a selection on genetic value of carcass

traits of the candidates, we selected the top third of valida-

tion animals based on a raw mean of the EBVs for the

three traits. Given the relatively small interest on carcass

traits compared to milk production traits in dual-purpose

breeds in France, the selection pressure on carcass traits

would probably not be higher than 33%. 68%–81% of the

top third animals were common between BLUP and any

genomic evaluation (72%–81% between BLUP and

SSGBLUP). Between SSGBLUP and two-step genomic

methods, 76%–80% of the top third animals were common,

whereas for BayesCp, GBLUP0 and GBLUPpoly, more than

93% of the animals were common. The mean breeding val-

ues of the top third candidates were similar whether they

were selected with GBLUP0, GBLUPpoly or BayesCp.

Selecting the top third candidates on SSGEBV led to

slightly lower mean GEBV0, GEBVpoly and GEBVBayes

(!.031 to !.067 genetic standard deviations) and slightly

higher EBV (+.019 to +.044 genetic standard deviations).

Once again, SSGBLUP was the method allowing for the

highest similarity with BLUP; two-step genomic methods

all performed rather equivalently to one another.

3.2 | Determination of the optimal H matrix

When studying the impact of modifying the scaling factor

x of the SSGBLUP relationship matrix H, the proportion

of polygenic information a in the genomic relationship

matrix G* was set to .05. Variations in the scaling factor x

had a low impact on the accuracy of the evaluation

TABLE 1 Correlations between DYD and estimated breeding values and regression coefficient (b1) of the regression of DYD on estimated

breeding values using either a BLUP, a single-step GBLUP (SSGBLUP), a GBLUP with no polygenic effect (GBLUP0), a GBLUP with a

polygenic effect (GBLUPpoly) or a BayesCp evaluation (standard errors in parentheses)

Approach

Carcass weight Age at slaughter Carcass conformation

Correlation b1 Correlation b1 Correlation b1

Montbeliarde BLUP .376 (.053) .806 (.127) .276 (.062) 1.056 (.245) .429 (.055) .940 (.133)

GBLUP0 .456 (.053) .834 (.108) .215 (.066) .739 (.233) .516 (.051) .986 (.108)

GBLUPpoly .467 (.049) .848 (.104) .211 (.067) .759 (.247) .514 (.050) .945 (.102)

BayesCp .466 (.050) .812 (.099) .205 (.067) .716 (.235) .515 (.050) .950 (.102)

SSGBLUP .451 (.047) .842 (.100) .314 (.058) .969 (.195) .508 (.053) .966 (.109)

Normande BLUP .287 (.073) .777 (.220) .253 (.071) .647 (.229) .345 (.068) .835 (.176)

GBLUP0 .346 (.068) .885 (.183) .223 (.081) .637 (.231) .446 (.069) .983 (.154)

GBLUPpoly .329 (.069) .801 (.180) .223 (.076) .708 (.247) .449 (.068) .997 (.155)

BayesCp .332 (.069) .795 (.178) .224 (.076) .694 (.240) .461 (.066) 1.017 (.152)

SSGBLUP .366 (.069) .835 (.174) .379 (.071) .776 (.181) .444 (.070) .957 (.165)

TABLE 2 Mean correlations (among carcass weight, age at

slaughter and carcass conformation) between breeding values of the

validation population estimated with a BLUP, a single-step GBLUP

(SSGBLUP), a GBLUP with no polygenic effect (GBLUP0), a

GBLUP with a polygenic effect (GBLUPpoly) or a BayesCp

evaluation

SSGBLUP GBLUP0 GBLUP BayesCp

Montbeliarde

BLUP .831 .758 .818 .809

SSGBLUP .888 .896 .896

GBLUP0 .988 .987

GBLUPpoly .998

Normande

BLUP .838 .767 .768 .816

SSGBLUP .872 .878 .878

GBLUP0 .983 .983

GBLUPpoly .998
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(Figure 1); accuracies decreased only slightly when x

decreased (+.001 to !.034, !.011 on average on the two

breeds and three traits when decreasing x from 1 to 0.7).

However, x had a strong impact on the bias measure (Fig-

ure 2), as a decrease of x led to a substantial increase of

regression coefficients, bringing them closer to one in gen-

eral (+.082 to +.279, +.158 on average on the two breeds

and three traits when decreasing x from 1 to .7).

When studying the impact of modifying the proportion

of residual polygenic information a in the genomic rela-

tionship matrix G*, the scaling factor x of the SSGBLUP

relationship matrix H was set to 1. Granting more weight

to polygenic information in the genomic matrix had almost

no impact on the reliability of the evaluation (Figure 3): on

average, reliabilities were only slightly higher for values of

a of .2 or .3 than for more extreme values (+.002 on aver-

age on the two breeds and three traits compared to

a = .05). However, modifying a had an impact on bias

(Figure 4), as an increase of a led to an increase of regres-

sion coefficients, bringing them closer to one in general

(+.004 to +.160, +.087 on average on the two breeds and

three traits when increasing a from .05 to .40).

Between all settings of H!1 that were tested, the ones

allowing for the highest average reliability were a = .2 or

a = .3, with x = 1, a = .3 allowing for a mean regression

coefficient closer to one.

3.3 | Consequences of an increase of the
number of generations traced back in the
pedigree

For the study on the impact of the number of generations

traced back in the pedigree of phenotyped animals in

SSGBLUP, x was set to 1 and a to .05. The number of

generations traced back had a low effect on the accuracy of

the evaluation, leading to a slight increase in average

accuracy when moving from two to three generations

traced back then to a slight decrease with each additional

generation (Figure 5). The number of generations traced
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back also had a low effect on the mean bias, with the same

trend: tracing three generations back rather than two led to

a slightly lower average risk of bias but then the bias

increased with the number of generations (Figure 6).

Hence, the optimal number of generations traced back

when performing a SSGBLUP evaluation was three for our

data set.

4 | DISCUSSION

We found that for both breeds considered, all genomic

methods were more accurate than BLUP for the evaluation

of CW and CC, but only SSGBLUP achieved higher accu-

racy and lower bias for AS. Few studies have assessed the

potential of genomic evaluation methods compared with

polygenic evaluation methods for meat traits in cattle, as

they are traits of interest mainly for beef breeds, in which

genomic selection is not as developed as in dairy breeds.

Most of these studies also found that genomic evaluation

methods do not perform necessarily better than polygenic

methods for all traits, although for some of them, genomic

evaluations led to substantial gains in accuracy (e.g., Gunia

et al., 2014; Lourenco et al., 2015; Saatchi, Schnabel, Rolf,

Taylor, & Garrick, 2012). The difference of bias between

genomic and polygenic evaluations was also found to be

very trait dependent (Gunia et al., 2014).

For all traits in both breeds, SSGBLUP performed better

than BLUP in terms of accuracy and control of bias. It had

accuracies similar to those of two-step methods for CW

and CC in both breeds but led to substantially higher accu-

racies and smaller bias for AS in both breeds. Hence, for

the traits considered, SSGBLUP was the best evaluation

method. Similar results were observed by other authors.

For example, on milk production traits of Israeli Holstein,

with validation and training populations of size similar to

ours, Lourenco et al. (2014) found SSGBLUP to be consis-

tently more accurate than a polygenic evaluation, but to be

slightly less accurate than two-step genomic methods for

milk yield. They also found trait-dependent bias, with

SSGBLUP sometimes strongly biased, even when includ-

ing a scaling factor for A22. On milk production and func-

tional traits in Nordic Holstein, Gao et al. (2012) found

SSGBLUP to be generally slightly more accurate than

GBLUP, except for some traits on which SSGBLUP per-

formed much better, particularly for longevity. On milk

production traits and mastitis in Nordic Red Dairy Cattle,

Koivula, Strand!en, Su, and M€antysaari (2012) found

SSGBLUP to be at least as accurate as two-step genomic

methods for the evaluation of milk production traits but to

be sometimes slightly less accurate for the particular evalu-

ation of mastitis, depending on the (co)variance compo-

nents estimates.

Single-step GBLUP outperformed two-step genomic

methods in terms of both accuracy and bias for AS. This

might be due to the fact that AS is the trait showing the

highest genetic trend among the three traits studied in both

breeds (results not shown). This trend can be explained by

a high correlated response on precocity (e.g., age at first

AI of heifers, with a genetic decrease of 3 months over

10 years; Vallee and Minery, personal communication) as

a result of selection on production traits in dairy breeds.

Carcass traits were analysed independently from production

and fertility traits so DYD on AS for genotyped sires did

not reflect the existing trend on AS. The resulting bias in

genomic evaluation is more moderate with SSGBLUP

because the evolution of the AS performances of the whole

population is considered. On the opposite, CW and CC

show almost no genetic trend over the years and for those

traits GBLUP and BayesCp had somewhat equivalent accu-

racies and bias as SSGBLUP.

Accuracy was more robust to changes in SSGBLUP

parameters than regression coefficients. The larger the

importance given to polygenic information (either by
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decreasing x to increase the importance of pedigree rela-

tionships or by changing a to increase the proportion of

genetic variance explained by a residual polygenic effect),

the higher and closer to one were the regression coeffi-

cients used to assess bias. Similar trends were observed

elsewhere. In US Holstein, Tsuruta, Misztal, Aguilar, and

Lawlor (2011) concluded that decreasing x to .7 or .5 led

to the maximum reduction of bias without decreasing much

the accuracy. In Nordic Holstein, Gao et al. (2012) found

that increasing a had a small impact (but more important

than in our study) on accuracy, with an optimum a value

equal to .15 or .20. They also reported that increasing a

led to a reduction of bias. In Nordic Red Dairy cattle, on

test-day data, Koivula, Strand!en, P€os€o, Aamand, and

M€antysaari (2015) tried various settings for the SSGBLUP

relationship matrix and also found accuracies to be more

robust to setting changes than regression coefficients, with

an optimal a value of .20. They achieved better accuracies

and regression coefficients by using scaling factors for

genomic and pedigree relationship than by varying a. They

used a scaling factor for genomic relationship (reducing the

importance of genomic relationships), which we did not try

here. These studies agree on the fact that adjusting the

weight of pedigree information creates smaller bias, and

sometimes small gains in accuracy. However, optimums

differed from one study to another and from one trait to

another. Most often, the accuracy was the criterion

favoured: authors chose the parameter granting the highest

average accuracy and then, with no or very small losses of

accuracy, the best opportunity to reduce bias. This is also

the approach we followed. These results indicate that

before developing a SSGBLUP evaluation, a step of fine-

tuning of the relationship matrix is very important, and that

the optimal value is population and trait specific. In our

case, we found that running a BayesCp with a residual

polygenic effect explaining part of the genetic variance

seemed to provide a good predictor of the optimal a

parameter (weight of pedigree information in the G*

matrix, reflecting the percentage of genetic variance not

explained by SNP): optimal BayesCp runs converged to a

polygenic effect explaining 25%–32% of the polygenic

variance, when the optimal a value was of .30.

GBLUP0, GBLUPpoly and BayesCp had the highest

correlations between their EBVs and a larger number of

top animals in common, confirming the fact that those

genomic methods performed very similarly. SSGBLUP

showed small differences with two-step genomic methods

but closer results to BLUP, which is consistent with the

fact that this method uses the same pedigree and pheno-

typic information as in BLUP for all non-genotyped ani-

mals. Mean genetic level was similar when using any

two-step genomic method to select the top third candidates

and selection with SSGBLUP led to only small differences.

Hence, even if the top animals selected are not all in com-

mon and are not ranked the same way, the impact of the

genomic approach chosen is low on the mean genetic level

of selected candidates.

Results were similar for the two breeds considered. On

the particular case of carcass traits, the Montbeliarde and

Normande showed an intermediate situation between beef

and dairy cattle in terms of population structure and geno-

typing. These two breeds are mainly conducted as dairy

breeds as far as genetic selection is concerned and sires are

typically all genotyped AI sires. As a consequence, little

information is lost for genomic evaluation when gathering

all information in the form of DYD, as most slaughtered

young bulls have a genotyped sire. However, some sires

have a relatively small number of young bull offspring

with records for carcass traits. DYD have extremely vari-

able accuracies: in both breeds, around 20% of validation

sires have fewer than 15 recorded sons. Finally, the amount

of data and of genotypes is relatively small compared with

what can be found on dairy production traits. These obser-

vations make carcass traits of young bulls particularly fit

for the use of a SSGBLUP approach, as SSGBLUP in its

original form (Christensen & Lund, 2010 and Misztal

et al., 2009) is not yet performed on very large number of

genotyped animals (Legarra, Christensen, Aguilar, & Misz-

tal, 2014). However, some recent developments propose

potential ways of dealing with huge numbers of genotyped

animals in SSGBLUP approaches (Misztal, 2016).

Beyond its satisfactory accuracy for genotyped animals,

the SSGBLUP approach is also expected to allow for a

gain in accuracy compared with BLUP for non-genotyped

animals, as they benefit from the genomic information of

their genotyped relatives (Legarra, Christensen, Aguilar, &

Misztal, 2014). This was not considered in the present

study, but could be done by considering a validation popu-

lation of non-genotyped animals (as in Christensen et al.,

2012).

5 | CONCLUSION

Carcass traits of young bulls (CW, AS and CC) are better

evaluated using a single-step approach than GBLUP (with

or without a polygenic component) or BayesCp, mainly

due to a higher accuracy and a lower bias in the evaluation

of AS. There are many ways to set up the single-step rela-

tionship matrix H. In our study, changes in parameters of

this matrix mainly influenced the bias but had a low effect

on the accuracy of the evaluation. Including a residual

polygenic component explaining 30% of the total genetic

variance in the genomic relationship matrix G* for the

genotyped animals led to the highest accuracy and the

lowest bias.
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ABSTRACT

Claw lesions are one of the most important health 
issues in dairy cattle. Although the frequency of claw 
lesions depends greatly on herd management, the fre-
quency can be lowered through genetic selection. A 
genetic evaluation could be developed based on trim-
ming records collected by claw trimmers; however, not 
all cows present in a herd are usually selected by the 
breeder to be trimmed. The objectives of this study 
were to investigate the importance of the preselection 
of cows for trimming, to account for this preselection, 
and to estimate genetic parameters of claw health 
traits. The final data set contained 25,511 trimming 
records of French Holstein cows. Analyzed claw lesion 
traits were digital dermatitis, heel horn erosion, inter-
digital hyperplasia, sole hemorrhage circumscribed, 
sole hemorrhage diffused, sole ulcer, and white line 
fissure. All traits were analyzed as binary traits in a 
multitrait linear animal model. Three scenarios were 
considered: including only trimmed cows in a 7-trait 
model (scenario 1); or trimmed cows and contemporary 
cows not trimmed but present at the time of a visit 
(considering that nontrimmed cows were healthy) in a 
7-trait model (scenario 2); or trimmed cows and con-
temporary cows not trimmed but present at the time 
of a visit (considering lesion records for trimmed cows 
only), in an 8-trait model, including a 0/1 trimming 
status trait (scenario 3). For scenario 3, heritability es-
timates ranged from 0.02 to 0.09 on the observed scale. 
Genetic correlations clearly revealed 2 groups of traits 
(digital dermatitis, heel horn erosion, and interdigital 
hyperplasia on the one hand, and sole hemorrhage cir-
cumscribed, sole hemorrhage diffused, sole ulcer, and 
white line fissure on the other hand). Heritabilities on 

the underlying scale did not vary much depending on 
the scenario: the effect of the preselection of cows for 
trimming on the estimation of heritabilities appeared 
to be negligible. However, including untrimmed cows 
as healthy caused bias in the estimation of genetic cor-
relations. The use of a trimming status trait to account 
for preselection appears promising, as it allows consid-
eration of the exhaustive population of cows present at 
the time a trimmer visited a farm without causing bias 
in genetic parameters.
Key words: claw lesion, genetic parameter, dairy 
cattle

INTRODUCTION

Claw lesions are one of the most important health 
issues in dairy cattle. They are quite frequent: in some 
studies more than 50% of cows show at least one lesion 
(e.g., Manske et al., 2002; Van der Linde et al., 2010; 
Van der Spek et al., 2013). Claw lesions have impor-
tant consequences, both in terms of animal welfare 
and profitability of herds (Enting et al., 1997; Van der 
Waaij et al., 2005; Charfeddine and Pérez-Cabal, 2017). 
Reducing the prevalence of claw lesions is therefore of 
major interest in dairy farms. Claw health traits have 
a low but nonzero heritability, indicating a possibil-
ity of improvement through genetic selection, but also 
that the frequencies of claw disorders can mainly be 
reduced through proper herd management. Only a few 
countries have developed a national genetic evaluation 
for claw health traits (the Netherlands, Stoop et al., 
2010; Denmark, Finland, and Sweden, Johansson et 
al., 2011; with a first evaluation in Sweden in 2006, 
Eriksson, 2006), and among these countries claw health 
phenotypes are often available only on a subset of cows: 
those scored by trimmers when they visit herds. As a 
consequence, a possible preselection effect of cows for 
trimming may affect genetic evaluations, particularly 
when the recording of claw health information is only 
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recent and hence when the subset of phenotyped cows 
is small. However, the percentage of trimmed cows usu-
ally varies from one herd to another. Selecting only 
herds with high trimming proportions to ensure that al-
most all cows have been scored by a trimmer may allow 
for a reduction of the preselection but might also cause 
biases (van der Spek et al., 2013) because only herds 
with a specific herd management would be selected.
The objectives of the present study were to inves-

tigate the importance of the preselection of cows for 
trimming in Holstein herds in France, to compare the 
ways of accounting for this preselection and to assess 
their effect on the estimation of genetic parameters of 
claw health traits.

MATERIALS AND METHODS

Data

The phenotypes used were trimming information re-
corded from April 2014 to August 2016 on French Hol-
stein cows by professional trimmers who followed the 
same training. The trimmers visited farms when called 
by farmers to trim their cows; the data recording itself 
was free of charge for the farmers. Trimming records 
from a cow were eliminated if the cow was not of the 
Holstein breed, was in lactation 4 or higher, had one or 
both parents unknown, was over 550 DIM at trimming, 
or was not registered for official milk recording. Only 
hind claw information was kept because front hooves 
were not often trimmed and showed fewer lesions than 
hind hooves. If for a given cow one of the hind claws 
was not scored, the cow record was eliminated. As most 
of the cows (84%) had only one trimming information, 
only the first trimming record of each cow was kept. 
Records were also eliminated if the trimmer recorded 
information for less than 5 cows during a given visit.
In some parts of the study nontrimmed cows were 

also included; these were cows present in the herd when 
the trimmer came but not scored by the trimmer; the 
nontrimmed cows were edited using the same rules as 
the trimmed cows (lactation stage, parity…). As for 
the trimmed cows, only the first information was kept 
for nontrimmed cows (i.e., only one observation for the 
whole productive life, not per lactation), mainly be-
cause the number of repeated records was too low for a 
proper estimation of repeatability. The trimming date 
associated with nontrimmed cows was the date of the 
first trimming in the herd on which they were present.
The final data sets contained 25,511 cows when con-

sidering trimmed cows only and 57,399 cows when in-
cluding also nontrimmed cows. The pedigree of the cows 
was traced back for 4 generations, leading to pedigree 
files of 85,040 animals when including only trimmed 

cows as phenotyped animals and 164,836 animals when 
including trimmed and nontrimmed cows.

Traits

The lesion traits considered were those defined ac-
cording to the International Committee for Animal 
Recording (ICAR) claw health atlas (ICAR, 2015), 
with minor differences: sole hemorrhage circumscribed 
(SHC) was only recorded by the trimmers if it was 
present on the specific spot of the sole where a sole 
ulcer (SU) usually appears; SU was only recorded by 
the trimmers if it was present at its usual spot on the 
sole, whereas it can be recorded on any spot of the 
sole according to the ICAR atlas; and white line fissure 
(WLF) was recorded jointly with white line abscess 
(see Institut de l’Elevage, 2015 for details), whereas 
WLF are recorded as 2 different lesions in the ICAR 
atlas. Only traits with a prevalence of at least 5% in 
the data set were kept in this study: digital dermatitis 
(DD), heel horn erosion (HHE), interdigital hyper-
plasia (IH), SHC, sole hemorrhage diffused (SHD), 
SU, WLF, in which double sole was also included. The 
traits DD, HHE, and IH can be classified as infectious 
traits and SHC, SHD, SU, and WLF as noninfectious 
traits. A cow was given a score of 1 for a lesion if the 
lesion was observed by the trimmer, 0 if it was not. 
When nontrimmed cows were considered as healthy for 
all lesion traits, they were assigned a score of 0 for all 
lesions.
To assess the effect of the preselection of cows for 

trimming, a trimming status trait was created (see be-
low). A cow’s value for trimming status was 1 if she was 
trimmed and 0 otherwise.

Statistical Analysis

Genetic parameters for claw health traits were esti-
mated fitting a multitrait linear animal model, using 
the restricted maximum likelihood methodology with 
the WOMBAT software (Meyer, 2007). The linear 
model was

 y hv p s aijkl i j k l ijkl= + + + + +µ ε , 

where yijkl is the observed performance for DD, HHE, 
IH, SHC, SHD, SU, or WLF; µ is the general mean; hvi 
is the herd-date of visit contemporary group; pj is the 
parity of the cow; sk is the lactation stage of the cow 
(1–50 d, 51–100 d, 101–150 d, 151–200 d, 201–250 d, 
251–300 d, 301–350 d, 351–400 d, and 401–550 d); al is 
the animal’s additive genetic value treated as a random 
effect with a variance-covariance matrix proportional 
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to the pedigree-based relationship matrix; and εijkl is 
the random residual.

Investigation of the Effect of Preselection

To investigate the influence of cow preselection for 
trimming, 3 different scenarios were conducted using 
the same model: scenario 1 was a 7-trait (one per le-
sion) analysis of a data set containing trimmed cows 
only, scenario 2 was a 7-trait (one per lesion) analysis 
of a data set containing both trimmed and nontrimmed 
cows, with nontrimmed cows considered healthy for all 
the lesion traits, scenario 3 was an 8-trait (1 per lesion 
plus trimming status) analysis of a data set where only 
trimmed cows had records for the lesion traits. To com-
pare heritability estimates between scenarios indepen-
dent of disease prevalence, heritabilities were converted 
to an underlying scale, as described by Dempster and 
Lerner (1950).
To further investigate the effect of considering non-

trimmed cows as healthy for all lesion traits, herds were 
randomly split into 2 groups. In group 1, only trimmed 
cows were considered (as in scenario 1); in group 2, 
nontrimmed cows were included and considered healthy 
(as in scenario 2). Group 1 included 11,441 cows from 
445 herds, and group 2 included 30,603 cows (14,070 of 
which were trimmed cows) from 502 herds. The same 
lesions in the herds in groups 1 and 2 were considered 
as different traits (e.g., DD group 1 and DD group 2) 
and analyzed jointly in a bivariate analysis to know if 
considering nontrimmed cows as healthy led to evaluat-
ing genetically different traits.
A wide variety of trimming practices (proportions) 

was detected in the data set: some herds trimmed only 
a low proportion of their cows (below 10%) and others 
trimmed almost all their cows (more than 90%). To 
assess the effect of such heterogeneity, herds were split 
into 3 groups: low trimming (trimming less than 30% 
of the cows present), moderate trimming (trimming 31 
to 60% of the cows), or high trimming (trimming more 
than 60% of the cows). The low-trimming group con-

sisted of 21,341 cows (including 4,043 trimmed cows), 
from 358 herds, the moderate-trimming group 19,653 
cows (including 8,312 trimmed) from 325 herds, and 
the high-trimming group 16,405 cows (including 13,156 
trimmed) from 264 herds.
Lesions in low-trimming and high-trimming herds 

were considered as different traits (e.g., DD low-trim-
ming and DD high-trimming) and analyzed along with 
trimming status in trivariate analyses.

RESULTS

Prevalences

In the whole population of trimmed cows, 82% of the 
cows had at least one lesion (Table 1). The HHE and 
SHD were the most frequent lesions, with prevalences of 
53 and 43%, respectively. The least frequent lesion was 
SU, with a prevalence of 7%. In high-trimming herds, a 
higher proportion of cows had at least one lesion than 
in low-trimming herds. Most lesions were more frequent 
in high-trimming herds than in low-trimming herds, 
except for DD, IH, and SU.

Genetic Parameters

In scenario 1 (trimmed cows only), heritability esti-
mates were generally low (between 0.02 and 0.08; Table 
2); they were the highest for DD and IH and the lowest 
for SHC and SHD. Genetic correlations varied widely 
depending on the traits considered, from −0.37 (be-
tween SHC and DD) to 0.79 (between SHC and SU). 
In general, genetic correlations among lesions of the 
same group were moderate to high and positive (except 
for the correlation between SHD and WLF, which was 
close to 0); they ranged from 0.07 to 0.79 among non-
infectious traits and from 0.60 to 0.74 among infectious 
traits. In general, genetic correlations between lesions 
of the 2 different groups were not significantly different 
from zero, due to large standard errors; they ranged 
from −0.37 to 0.20.

Table 1. Prevalence (%) of claw lesions on the whole population of trimmed cows and in low-trimming (less than 30% of cows trimmed), 
moderate-trimming (31 to 60%), and high-trimming (more than 60%) herds

Lesion Whole population Low-trimming herds Moderate-trimming herds High-trimming herds

Digital dermatitis (DD) 29 33 33 26
Heel horn erosion (HHE) 53 42 46 61
Interdigital hyperplasia (IH) 8 10 9 7
Sole hemorrhage circumscribed (SHC) 16 13 14 19
Sole hemorrhage diffused (SHD) 43 33 35 51
Sole ulcer (SU) 7 10 8 6
White line fissure (WLF) 14 14 14 14
At least one lesion 82 77 77 87
Proportion of lame cows 6 14 7 4



8200 CROUÉ ET AL.

Journal of Dairy Science Vol. 100 No. 10, 2017

When including nontrimmed cows considered as 
healthy for all lesion traits (scenario 2) in the data set, 
heritability estimates were lower (0.01 to 0.05, Table 3). 
Genetic correlations were all identical or higher than 
those estimated in scenario 1, particularly for correla-
tions between noninfectious traits and infectious traits 
(+0.15 to +0.74 in scenario 2 compared with scenario 
1). The highest difference was observed for the correla-
tion between HHE and SHD.
When including nontrimmed cows in the analysis 

together with a trimming status and only considering 
lesion records for trimmed cows (scenario 3), herita-
bilities of the 7 lesion traits were very similar to those 
estimated with scenario 1 (slightly higher for infectious 
traits; Table 4). Trimming status had a low but nonzero 
heritability. Genetic correlations were in the same range 
(identical to slightly higher) than those estimated in 
scenario 1. The highest difference was observed for the 
correlation between HHE and SHD (+0.22 in scenario 
3 compared with scenario 1). The genetic correlations 
were closer to those obtained with scenario 1 than sce-
nario 2. Genetic correlations between lesion traits and 
trimming status varied from close to zero to moderate 
except for HHE, which had a strong genetic correlation 

with trimming status. Genetic correlations were higher 
for infectious than noninfectious traits.
Despite low heritabilities, claw lesion traits showed 

genetic variability as their coefficients of genetic varia-
tion varied from 0.13 (SHD) to 0.95 (IH) and their 
genetic standard deviations from 0.05 (SHC and SHD) 
to 0.12 (DD; Table 5).

Genetic Correlations for the Same Trait  

in Scenario 1 and 2

The genetic correlation between lesions from bivari-
ate analysis of 2 groups of herds, where nontrimmed 
cows were included and considered healthy in just one 
group, were close or equal to 1, with the exception of 
SHD (Table 6). For SHD it was lower (0.74), but with 
a high standard error (0.32).

Genetic Correlations for the Same Trait  

The genetic correlations between lesions analyzed 
together with trimming status from trivariate analysis 
of 2 groups of herds, where one group consisted of low-

Table 2. Genetic parameters in the whole population from scenario 1 (with only trimmed cows)1

Lesion2

Infectious trait

 

Noninfectious trait

DD HHE IH SHC SHD SU WLF

DD 0.08 (0.01) 0.66 (0.10) 0.74 (0.06) −0.37 (0.13) −0.23 (0.15) 0.06 (0.11) −0.14 (0.11)
HHE  0.04 (0.01) 0.60 (0.11) −0.20 (0.17) −0.19 (0.18) 0.20 (0.13) −0.07 (0.13)
IH   0.08 (0.01) −0.16 (0.14) −0.26 (0.15) −0.01 (0.11) −0.07 (0.11)
SHC    0.02 (0.01) 0.54 (0.18) 0.79 (0.12) 0.44 (0.15)
SHD     0.02 (0.01) 0.22 (0.17) 0.07 (0.17)
SU      0.05 (0.01) 0.58 (0.11)
WLF       0.06 (0.01)

1Heritabilities are on the diagonal, genetic correlations above, SE in parentheses.
2DD = digital dermatitis; HHE = heel horn erosion; IH = interdigital hyperplasia; SHC = sole hemorrhage circumscribed; SHD = sole hemor-
rhage diffused; SU = sole ulcer; WLF = white line fissure.

Table 3. Genetic parameters in the whole population from scenario 2 (with trimmed and nontrimmed cows, nontrimmed cows considered 
healthy)1

Lesion2

Infectious trait

 

Noninfectious trait

DD HHE IH SHC SHD SU WLF

DD 0.05 (0.01) 0.75 (0.06) 0.79 (0.05) 0.10 (0.12) 0.30 (0.12) 0.33 (0.09) 0.04 (0.10)
HHE  0.03 (0.01) 0.67 (0.07) 0.32 (0.12) 0.55 (0.11) 0.46 (0.09) 0.15 (0.11)
IH   0.05 (0.01) 0.15 (0.12) 0.19 (0.12) 0.19 (0.10) 0.08 (0.10)
SHC    0.01 (0.00) 0.67 (0.13) 0.88 (0.08) 0.44 (0.13)
SHD     0.01 (0.00) 0.52 (0.12) 0.17 (0.14)
SU      0.03 (0.00) 0.60 (0.09)
WLF       0.03 (0.01)

1Heritabilities are on the diagonal, genetic correlations above, SE in parentheses. 
2DD = digital dermatitis; HHE = heel horn erosion; IH = interdigital hyperplasia; SHC = sole hemorrhage circumscribed; SHD = sole hemor-
rhage diffused; SU = sole ulcer; WLF = white line fissure.



Journal of Dairy Science Vol. 100 No. 10, 2017

GENETIC EVALUATION OF CLAW HEALTH TRAITS 8201

trimming herds and the other of high-trimmings herds, 
were close or equal to 1, with the exception of SHD and 
DD (Table 7). For SHD and DD, genetic correlations 
were lower (equal to 0.54 and 0.68, respectively), with 
SHD showing a large standard error (0.62).

DISCUSSION

Prevalences

Lesion prevalences were quite high, and in the whole 
population, only 18% of trimmed cows did not show 
any lesions. Although not unusual, these values were 
in the high range of what has been reported in similar 
studies: for Swedish dairy cows, Manske et al. (2002) 
reported that 63% of the cows showed at least one le-
sion on hind hooves, with similar prevalences as ours 
for some of the most severe lesions (DD, SU, and 
WLF) but much lower for others (hemorrhages, IH). 
For Dutch dairy cows, van der Waaij et al. (2005) re-
ported that more than 70% of the cows had at least one 
claw disorder. For Holstein cows, van der Spek et al. 
(2013) reported that 55% of the cows had at least one 
claw disorder, with again some lesion prevalences quite 
similar to ours (for WLF, IH, and SU) and some very 

different (combined DD-HHE trait, sole hemorrhages). 
Cows in our study had more lesions than in most of 
the other studies, maybe due to a difference in claw 
trimmer training, lesion definition, or exposure to risk 
factors. It may also be linked to the quite recent start 
of data collection: data might not yet be representative 
of the whole French population.
High-trimming herds had a lower proportion of 

healthy cows than low-trimming herds. This may in-
dicate that high-trimming herds experience more risk 
factors for claw lesions and that their high trimming 
proportion is a necessity. It could also reflect a general 
poor level of claw health in the population, if these 
herds practice preventive trimming. Either way, it 
seems very unlikely that all nontrimmed cows (55% of 
the population) can safely be considered to be free from 
any claw lesion. Moreover, this clearly highlights that 
high-trimming herds are not necessarily representative 
of the whole population: they can reflect specific man-
agements or environments.
Because high-trimming herds contained fewer 

trimmed cows without lesions, they generally showed 
higher lesion prevalences than low-trimming herds, 
except for DD, IH, and SU. These lesions can develop 
into more visible disorders (lameness notably) than 

Table 4. Genetic parameters in the whole population from scenario 3 [with trimmed and nontrimmed cows, using trimming status (trim)]1

Lesion2

Infectious trait

 

Noninfectious trait

TrimDD HHE IH SHC SHD SU WLF

DD 0.09 (0.01) 0.69 (0.08) 0.76 (0.06) −0.29 (0.13) −0.11 (0.14) 0.12 (0.11) −0.12 (0.11) 0.47 (0.09)
HHE  0.05 (0.01) 0.64 (0.09) −0.09 (0.16) 0.03 (0.16) 0.28 (0.12) −0.05 (0.12) 0.77 (0.08)
IH   0.09 (0.01) −0.08 (0.14) −0.12 (0.15) 0.05 (0.11) −0.08 (0.11) 0.48 (0.09)
SHC    0.02 (0.01) 0.55 (0.18) 0.81 (0.12) 0.44 (0.15) 0.23 (0.14)
SHD     0.02 (0.01) 0.31 (0.16) 0.08 (0.16) 0.34 (0.14)
SU      0.05 (0.01) 0.58 (0.10) 0.40 (0.10)
WLF       0.06 (0.01) 0.03 (0.11)
Trim        0.04 (0.01)

1Heritabilities are on the diagonal, genetic correlations above, SE in parentheses. 
2DD = digital dermatitis; HHE = heel horn erosion; IH = interdigital hyperplasia; SHC = sole hemorrhage circumscribed; SHD = sole hemor-
rhage diffused; SU = sole ulcer; WLF = white line fissure.

Table 5. Genetic SD and coefficients of genetic variation in the whole 
population from scenario 3 (with trimmed and nontrimmed cows, 
using trimming status)

Lesion1 Genetic SD Coefficient of genetic variation

DD 0.12 0.41
HHE 0.08 0.15
IH 0.08 0.95
SHC 0.05 0.32
SHD 0.05 0.13
SU 0.06 0.78
WLF 0.08 0.56

1DD = digital dermatitis; HHE = heel horn erosion; IH = interdigital 
hyperplasia; SHC = sole hemorrhage circumscribed; SHD = sole hem-
orrhage diffused; SU = sole ulcer; WLF = white line fissure.

Table 6. Genetic correlations between equivalent lesion traits in 
scenario 1 (trimmed cows only) and scenario 2 (nontrimmed cows 
considered healthy), SE in parentheses

Lesion1 Genetic correlation

DD 0.93 (0.06)
HHE 0.99 (0.11)
IH 0.99 (0.10)
SHC 0.98 (0.20)
SHD 0.74 (0.32)
SU 1.00 (0.11)
WLF 1.00 (0.10)

1DD = digital dermatitis; HHE = heel horn erosion; IH = interdigital 
hyperplasia; SHC = sole hemorrhage circumscribed; SHD = sole hem-
orrhage diffused; SU = sole ulcer; WLF = white line fissure.
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the others (except WLF at severe stages), which could 
explain their higher prevalences in low-trimming herds: 
cows with more severe issues are given priority for trim-
ming when only a low proportion of cows are trimmed. 
This was consistent with the observation that a larger 
proportion of lame cows was reported in low-trimming 
than in high-trimming herds.

Preselection of Cows for Trimming

Scenarios 1 and 3 led to almost identical heritabil-
ity estimates. In contrast, scenario 2 resulted in lower 
heritability estimates. However, as heritability esti-
mates are frequency-dependent when analyzing binary 
variables with a linear model, the lower heritability in 
scenario 2 is related to a lower frequency of claw lesions 
when considering all nontrimmed cows healthy for all 
lesions. Heritabilities on the underlying scale, which 
measure heritabilities independently from frequency, 
did not vary much between all analyses (results not 
shown). Thus, the effect of the preselection of cows for 
trimming on the estimation of heritabilities appeared to 
be negligible. The results of van der Spek et al. (2013) 
and Malchiodi et al. (2015) are in agreement with these 
findings.
In scenario 3, trimming status had a low but nonzero 

heritability: there is a genetic background for cows to 
be trimmed. Genetic correlations between lesion traits 
and trimming status varied widely and were generally 
moderate: this suggests that jointly evaluating lesion 
traits and trimming status is beneficial. It also suggests 
that there is no systematic association between the 
presence of a lesion and the fact that a cow is trimmed. 
Van der Spek et al. (2013) also found a low but different 
from zero (higher than our estimate, on the observed 
and underlying scale) heritability for trimming status 
(0.09). Their genetic correlation estimates between 
lesion traits and trimming status were generally also 

moderate. However, they were quite different for some 
traits (sole hemorrhages mainly), which might be due 
to differences in lesion definitions and the fact that 
we used a full multitrait model, with all lesions and 
trimming status, rather than multiple bivariate models 
analyzing one lesion trait and trimming status.
Genetic correlations among traits were either identi-

cal or slightly higher (mainly between infectious and 
noninfectious traits) in scenario 3 compared with 1: in-
cluding contemporary nontrimmed cows using trimming 
status did not change genetic correlation estimates. In 
scenario 2, however, genetic correlations among nonin-
fectious traits and among infectious traits were similar 
to those of scenario 1 but genetic correlations between 
noninfectious and infectious traits were much higher, 
leading to no clear distinction between the 2 trait 
groups. These results were expected as in scenario 2 all 
nontrimmed cows had the same phenotype (no lesion) 
for all traits. Hence, considering nontrimmed cows as 
healthy for the evaluation of claw health traits may 
have caused a bias in the estimation of genetic correla-
tions. It would be interesting to see similar comparisons 
on larger data sets. Machioldi et al. (2017) conducted 
a similar study and did not observe large differences in 
genetic correlations among lesion traits between sce-
narios without nontrimmed cows and with nontrimmed 
cows considered healthy. This difference may partly be 
due to the fact that they had a higher proportion of 
trimmed cows (76% of trimmed cows, 44% in our case).
Our results indicate that the influence of the prese-

lection of cows for trimming on the estimation of heri-
tabilities is negligible, in accordance with van der Spek 
et al. (2013) and Malchiodi et al. (2015). There were, 
however, some consequences of the inclusion of non-
trimmed cows on the estimation of genetic correlations 
if they were considered healthy for all lesions. Neverthe-
less, when lesions were considered as different traits in 
scenario 1 and 2 and analyzed in a bivariate analysis, 
they showed very high genetic correlations. That is, 
despite the inclusion of nontrimmed cows as healthy, 
lesion traits evaluated in scenario 1 or scenario 2 were 
the same. The inclusion of nontrimmed cows based on 
the use of a supplementary trimming status trait ap-
peared, in our case, to be an interesting way of dealing 
with the preselection of cows for trimming. This allows 
taking into account the preselection information as all 
cows present on the herd at the date of trimming were 
considered in the evaluation. It brings information for 
the evaluation of lesion traits as it has moderate to high 
genetic correlations with most of them. Furthermore, it 
does not require any dubious hypothesis and represents 
a negligible computational cost in a genetic evaluation.

Table 7. Genetic correlations between equivalent lesion traits in low-
trimming and high-trimming herds, SE in parentheses

Lesion1 Genetic correlation

DD 0.68 (0.14)
HHE 1.00 (0.17)
IH 0.86 (0.12)
SHC 0.96 (0.62)
SHD 0.54 (0.62)
SU 0.99 (0.27)
WLF 0.86 (0.16)

1DD = digital dermatitis; HHE = heel horn erosion; IH = interdigital 
hyperplasia; SHC = sole hemorrhage circumscribed; SHD = sole hem-
orrhage diffused; SU = sole ulcer; WLF = white line fissure.
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Genetic Parameters

Heritability estimates were low for all analyses: claw 
lesion traits can be improved by selection, but with 
a low accuracy. These low values were not surprising: 
claw lesions are known to be strongly influenced by 
housing conditions even though they have a genetic 
component. Other studies reported comparable herita-
bilities (Johansson et al., 2011; van der Spek et al., 
2013, Malchiodi et al., 2015). However, despite low 
heritabilities, coefficients of genetic variation indicate 
the existence of genetic variability for genetic selection.
Genetic correlations varied widely; they were gen-

erally lower between groups of traits (infectious vs. 
noninfectious) than within groups, which underlines 
the existence of 2 genetically distinct groups of claw le-
sions. This is confirmed by other studies (van der Linde 
et al., 2010; Johansson et al., 2011; van der Spek et al., 
2013); even though individual claw lesion definitions 
might differ, the distinction between noninfectious and 
infectious traits remains. The highest correlation was 
found between SHC and SU, which was consistent with 
the fact that SHC is known to be a precursor of SU.
Most studies do not differentiate SHC and SHD. 

However, it is clear based on our results that they 
are different traits: their genetic correlation was quite 
strong but far from 1 (0.55) and they had very different 
genetic correlations with other noninfectious traits.
All of the genetic parameter estimates had quite high 

standard errors, likely due to the relatively low number 
of phenotypes. These results should have a higher ac-
curacy when more data are added to the evaluation.

Herds with Different Trimming Proportions

The data set included herds showing extremely various 
trimming proportions. This could reflect different man-
agements or different degrees of risk for the appearance 
of lesions. It raised the question of whether cows from 
herds with very different trimming proportions could 
all be treated the same way and whether traits could be 
considered identical traits in low-trimming herds and 
high-trimming herds. Furthermore, herds with very dif-
ferent trimming proportions (low-trimming herds and 
high-trimming herds) might have different strategies in 
the way they select cows for trimmings.
When lesions measured in low-trimming herds and 

high-trimming herds were considered as different 
traits, most of the traits had a very high genetic cor-
relation between their 2 environments, suggesting that 
they were almost identical traits. Only SHD and DD 
had moderate genetic correlations between their low-
trimming and high-trimming versions, but with a large 

standard error for SHD. For simplicity, we decided to 
treat all traits the same way and SHD and DD were also 
treated as identical traits in various trimming intensity 
herds. Extra analyses were made to ensure that this 
hypothesis did not create bias in the evaluation: genetic 
and residual variances of different trimming proportion 
traits were compared and showed only little differences 
(results not shown).

CONCLUSIONS

Claw health has a genetic component and hence can 
be improved by selection. Heritability estimates for 
claw lesion traits were low, indicating that environ-
mental factors have a larger influence than genetics. 
Genetic correlations revealed 2 genetic groups for claw 
lesions: infectious (DD, HHE, and IH) and noninfec-
tious (SHC, SHD, WLF, and SU) lesions. Genetic cor-
relations between the 2 groups were close to zero and 
among the 2 groups they were generally moderate to 
high. Combining data from herds with very different 
trimming proportions and very different prevalences 
did not present a problem: genetically, traits could be 
considered as identical in those different environments. 
The problem of the preselection of cows for trimming 
and the choice of a way of dealing with this preselec-
tion can have an important effect on the estimation of 
genetic parameters, particularly on the genetic correla-
tions between infectious and noninfectious traits. The 
effect of cow preselection was, however, negligible on 
the estimation of heritabilities. In our case, the use of 
a trimming status trait to account for preselection ap-
pears promising, as it allows considering the exhaustive 
population of cows present at the time a trimmer vis-
ited a farm without causing bias in genetic parameters.
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OBJET – CHAMP D’APPLICATION :

Le présent mode opératoire définit les règles de collecte et d’enregistrement de données de lésions 
de pieds enregistrées par un pareur. Il fait suite à un projet FGE intitulé PARABOV qui a permis de 
définir un référentiel de collecte et de gestion de ce type de données. Cette collecte de phénotypes a
été conçue pour permettre deux finalités: une utilisation à des fins d’évaluation génétique et/ou une 
valorisation dans le cadre d’appui technique aux éleveurs. 
Il concerne les deux filières bovines lait et viande.   

Tout organisme partenaire peut utiliser ce protocole pour mettre en place un dispositif de collecte de 
données de parage.  
Cet organisme doit disposer parmi ses salariés d’un ou de pareur(s) expérimenté(s) chargé(s) de 
participer à la collecte ou contractualiser avec des entreprises réalisant le parage pour définir les 
conditions de leur participation à cette collecte. 

EVOLUTION DU REFERENTIEL :

Ce mode opératoire est susceptible d’évoluer dans le temps. Sa maintenance sera effectuée dans le 
cadre de FGE avec le soutien du CFPPA du Rheu et l’Institut de l’Elevage. 

SYNTHESE DES MODIFICATIONS :

Date Nature de la modification 
2012 11 15 Version initiale 
  
  

DEFINITIONS 

Parage fonctionnel : Acte de taille des onglons interne et externe des pieds afin qu’ils soient de 
même longueur et de même hauteur. Le rééquilibrage des charges entre onglons a alors été réalisé. 

Lésion de pieds : blessure ou tout autre dommage tissulaire observée par le pareur à différents 
endroits du pied. En fonction de la gravité ou du stade d’évolution, une notation lui est attribuée. 

Interventions préventive / curative : 
Les données qui sont collectées, pour en maximiser les valorisations possibles tant au niveau de 
l’analyse du déterminisme génétique qu’au niveau de l’appui technique, doivent être accompagnées 
d’un témoin d’exhaustivité de la collecte qui apporte une indication sur les critères de choix des 
animaux parés. 
On distingue deux types d’interventions: 

� Les actions de parage « curatif » réalisées uniquement sur quelques animaux boiteux. 
� Les actions de parage « préventif » réalisés sur un lot d’animaux constitués d’animaux boiteux 

et non boiteux ou sur  la totalité du troupeau. 

PRE-REQUIS : FORMATION DU PAREUR 

Les pareurs chargés de la collecte doivent être formés à celle-ci par l’équipe de formation du CFPPA 
du Rheu et l’Institut de l’Elevage, soit à travers la formation Pédicure Bovin intégrant depuis 2012 les 
modalités de collecte de données de parage, soit à travers des formations spécifiques à la collecte de 
données proposées par l’Institut de l’élevage (si elle n’était pas intégrée dans le cursus de formation 
global). 
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DESCRIPTION DU MODE OPERATOIRE

1 Définition des élevages à collecter et interventions. 

La collecte est réalisée dans des élevages bovins de race laitière ou allaitante. Si, pour des 
raisons de logistique, une intervention préventive est réalisée en plusieurs fois dans un élevage, il est 
nécessaire de disposer de l’exhaustivité des informations collectées durant les différentes 
interventions.   
Cette collecte peut-être intégrée dans le cadre de l’activité « habituelle » des pareurs. 
NB : Les utilisations à des fins d’évaluation génétique ne pourront concerner que des élevages 
adhérents à la Certification de Parenté des Bovins (CPB). 

Accord de l’éleveur : 
L’organisme apporteur de données de parage doit prendre toutes les dispositions adéquates vis à vis 
de l’éleveur en matière d’information, d’autorisation de transmission et d’utilisation des données en 
particulier si des valorisations collectives sont prévues. Pour cela, il est fortement conseillé de : 

� garantir l’anonymat de l’éleveur dans le cadre de toute publication issue d’une utilisation 
collective (par l’organisme ou par ses partenaires), 

� demander en amont l’accord de l’éleveur.  

2 Choix des animaux en élevage 

Afin de pouvoir valoriser au mieux les informations, il est nécessaire d’avoir dans le cadre des 
interventions préventives un échantillon représentatif du troupeau actif présent dans l’élevage avec 
des animaux à problèmes et sans problèmes de pieds.
Pour cela, il est conseillé d’éviter de la part de l’éleveur ou du pareur un pré-tri subjectif des animaux 
qui seront parés. Afin que le diagnostic à l’échelle du troupeau soit le plus fiable possible, l’échantillon 
doit comporter des vaches primipares et multipares, des vaches en début (moins de 90 jours) et en 
milieu de lactation. 

3 Enregistrement lors du chantier de parage 

3.1 Modalités de collecte des données 

La collecte des données de lésions de pied s’intègre aux opérations de parage et nécessite 
l’observation par le pareur de l’état des onglons de chaque vache parée.  

Attention ! Cela concerne l’ensemble des vaches parées qu’elles présentent ou pas des lésions 
podales. 

La collecte se base uniquement sur les observations réalisées sur les membres postérieurs. 
N.B : La collecte des données pour les membres antérieurs est possible. Elle nécessite au moment de 
l’enregistrement une attention particulière afin de bien distinguer les informations relevant de chaque 
type de membre. 

Dès le début de l’opération de parage d’une vache, le pareur enregistre ses observations concernant 
l’érosion de la corne du talon. 
Les autres lésions sont enregistrées une fois le parage fonctionnel réalisé, c’est-à-dire lorsque les 
onglons interne et externe sont de même longueur et de même hauteur. 
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3.2 Moyens d’enregistrement 

Lors du parage, le pareur peut disposer de différentes solutions pour enregistrer les lésions de 
chaque vache : 
- un outil informatique mobile type tablette ou PC durci (car adapté aux contraintes du chantier de 
parage) intégrant un logiciel dédié lui permettant de saisir les données tel que présentées dans la 
grille de collecte en annexe 3. 

- une grille de collecte papier, mais le temps de ressaisie peut s’avérer très important. Dans ce cas, il 
est conseillé d’utiliser un support papier résistant à l’eau et de s’équiper d’un système de fixation de la 
grille papier sur la cage. 

3.3 Nature des données collectées 

Pour chaque bovin paré, il est nécessaire d’enregistrer : 
� Le code agent du pareur ; 

Chaque organisme attribue à un pareur un code agent respectant la nomenclature suivante : P + N° 
de département (2 chiffres) + numéro incrémenté à 2 chiffres. 
N.B : Chaque organisme est tenu de gérer sa liste de pareurs. L’affectation nationale des numéros a pour clé 
d’entrée : Code agent + Code Organisme. 

� Le type d’intervention : préventive / curative (cf. Définitions) ; 
� La date de l’intervention ; 
� Le numéro EdE de l’élevage concerné (FR + 8 chiffres) ;  
� Le numéro officiel d’identification de chaque vache parée : code pays 2 caractères  + 

numéro à 10 chiffres. 
� S’il y a observation, la notation d’au minimum les 12 lésions de pied suivantes sur au moins 

chacun des membres postérieurs : 
o Lésion typique de la dermatite digitée ; 
o Erosion de la corne du talon ; 
o Bleime circonscrite ; 
o Bleime diffuse ; 
o Ulcère de la sole 
o Cerise ;  
o Ouverture de la ligne blanche ;  
o Limace ; 
o Nécrose de la pince ;  
o Décollement de la sole ;  
o Seime ; 
o Rotation de l’onglon. 

Remarque : Les lésions  sont collectées selon la méthode définie par le « Guide d’intervention pour la maîtrise 
des boiteries en troupeaux de vaches laitières ». Ce guide est intégré au cycle de formation des pédicures 
bovins. 

Les lésions de pied sont notés à partir de : 
• Degrés de gravité, définis dans le tableau en annexe 1 pour l’ensemble des lésions ; 
• Stades d’évolution, définis en annexe 2 pour la dermatite digitée. 

Une grille de collecte des données est proposée en annexe 3. 
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3.4 Transmission des données. 

L’organisme mettant en place la collecte de données peut s’appuyer sur les possibilités 
d’enregistrement informatiques  du dispositif de données particulières ‘PARABOV’ du SIG (Système 
d’Information Génétique bovin). Pour plus d’informations, vous pouvez prendre contact avec votre 
opérateur SIG local (l’ARSOE de votre zone).
L’enregistrement dans le SIG n’est permis que via des entreprises membres d’une des fédérations 
représentées au sein de FGE. Un pareur indépendant ne peut participer au système qu’en passant un 
contrat avec une de ces entreprises qui enregistre les données sous sa responsabilité. 

Le dispositif de données particulières PARABOV dispose d’un système de droits d’accès assurant à 
tout organisme la privatisation de ses informations et la confidentialité des données y étant intégré. 
L’organisme définit lui-même à qui il souhaite transmettre ces données. 
Il est rappelé ici qu’un accord de l’éleveur est conseillé avant toute valorisation de données collectées 
au sein de son élevage. (cf. paragraphe 1) 

Format 
Afin de disposer de données exploitables collectivement, le logiciel d’enregistrement doit exporter les 
données du parage selon le format et les modalités d’envoi définis au niveau du cahier des charges 
intitulé « PARABOV - Echanges de données XML »  disponible sur demande auprès de FGE. 
La liste des logiciels compatibles avec le dispositif est consultable sur le site de l’Institut de l’Elevage.  

4 Piste de valorisation des données dans le cadre d’action d’appui technique 

Selon le souhait de l’organisme, une action de valorisation des données auprès des éleveurs 
peut être engagée pour réaliser un diagnostic différentiel hiérarchisé (Appui technique). Elle se base 
sur les éléments existants dispensés aux pareurs lors de la formation « Pédicure bovin » (UC3). Dans 
tous les cas, un retour d’information aux éleveurs systématique et rapide est préconisé afin de 
maintenir leur motivation dans le programme.  
Un exemple de fiche élevage type est proposé en annexe 4. 
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 Annexe 1 : Critères de notation des lésions selon le niveau 
de  gravité 

Note 1 Note 2 Note 3

Abcès de la 
Sole

NA Etendue limitée 
Lésion affectant toute la sole 

et/ou atteintes profondes 

Fracture de la 
Corne

Cassure uniquement de la corne Situation intermédiaire 
Cassure jusqu’au vif 

engendrant une boiterie 

Seime Lésion touchant uniquement 
la corne 

Lésion atteignant le vif 
associée à une boiterie 

Lésion atteignant la couronne et 
associée à un chéloïde (interne) 

Corne friable 
Corne friable sur une petite zone 

(1 cm2) 
Situation intermédiaire 

Corne friable sur une zone très 
étendue (moitié de la sole et 

plus) 
Concavité et cerclage de 

la muraille 
Concavité et cerclage légers Situation intermédiaire

Concavité et cerclage très 
marqués 

Rotation de l’onglon Rotation légère Situation intermédiaire Rotation très marquée 
Décollement ou

Dédoublement de la 
sole 

Décollement peu étendu et limité 
(1 cm2) 

Décollement s’étendant 
sur le quart de la surface 

de la sole 

Décollement touchant toute la 
sole 

Ouverture de la 
ligne blanche 

Trace d’ouverture plus ou moins 
étendue avec 

fistulisation présente mais très 
peu profonde 

Ouverture profonde avec 
début de fistulisation 

Ouverture profonde avec 
fistulisation, jusqu’à la couronne 

et complications infectieuses 

Coloration jaune sale de 
la corne 

Coloration jaune pâle et peu 
étendue 

Coloration jaune et assez 
étendue 

Coloration jaune foncée et très 
étendue (moitié de la sole et 

plus) 

Bleime diffuse 
Coloration rose pâle et peu 

étendue 
Coloration rose foncé et 

assez étendue 

Coloration foncée, noirâtre et 
très étendue (moitié de la sole 

et plus) 
Bleime

Circonscrite 
Coloration rose pâle Coloration rose foncé Coloration foncée, noirâtre 

Ulcère de la sole ou 
Cerise 

Petite lésion Situation intermédiaire 
Grosse lésion avec 

complication infectieuse 
profonde 

Décollement de la corne 
du talon 

Décollement superficiel 
(par exemple, 3 mm de 

profondeur) 

Situation intermédiaire 
Décollement profond (par 

exemple, 3 cm de profondeur) 
avec ulcère au fond 

Erosion de la 
corne du talon 

Erosion limitée en profondeur 
Situation intermédiaire 

Sillon en V très marqué, 
profond et large, avec 

hypertrophie des glomes 

Limace Petite limace (moins d’1 cm) 
Limace de taille moyenne 

(2 cm environ) 
Limace longue et large 

Plaie 
interdigitée 

Simple excoriation 
Superficielle 

Situation intermédiaire 
« Eclatement » de la peau avec 

plaie sur plusieurs cm 

Lésion typique 
de panaris

NA 
Inflammation symétrique 

modérée de la couronne et 
du paturon 

Inflammation symétrique très 
marquée de la couronne et du 

paturon 
Lésion typique

de dermatite digitée 
Notation de la lésion sur 4 stades d’évolution. 
Cf. classification internationale en annexe 2 

Nécrose de la 
Pince 

NA 
Lésion nécrotique en pince 

de faible étendue 
n’atteignant pas la 
troisième phalange 

Lésion nécrotique en pince 
avec atteinte de la troisième 

phalange 

NA : Non applicable 
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Annexe 2 : Classification des degrés de sévérité des 
lésions pour la dermatite digitée

   



Mode Opératoire 

Enregistrement des données de parage chez 
les bovins

 p 7/8

Réf. fichier : MO PARABOV 20121115.docx 

��������	
�����	��������	�������	�
��	�	������	��������������	��	������������	���������	��	���������	��	����	����	�����	����	��	������������	��	
�

Annexe 3 : Notation des lésions et des maladies en cause lors du parage 
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Numéro de la vache

Note de synthèse sur la posture 

Numéro de lactation (Primi/Multi)  

Stade de lactation (<90j / >90j)  

G D G D G D G D G D Membres postérieurs G D G D G D G D G D

Abcès de la sole  

Fracture de la corne 

Seime  

Corne friable 

Concavité et cerclage de la 
muraille 

Décollement ou dédoublement de la 
sole 

Ouverture de la ligne blanche

Coloration jaune sale de la corne 

Bleime diffuse

Bleime circonscrite

Ulcère de la sole

Cerise 

Décollement de la corne du talon 

Erosion de la corne du talon

Limace

Plaie interdigitée

Lésion typique de panaris 

Lésion typique de Mortellaro

Nécrose de la pince 

Rotation de l’onglon

Autres 



Mode Opératoire 
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Annexe 4 : Exemple de fiche de restitution aux éleveurs 

Fiche utilisée dans le cadre de la phase pilote du projet PARABOV 
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Titre : Évaluation génétique et génomique de nouveaux caractères en bovins laitiers 

Mots clés : Évaluation génétique, évaluation génomique, nouveaux caractères, bovins laitiers, lésions podales, 
caractères bouchers 
Résumé : La mise en place de la sélection génomique 
rend possible l’inclusion de nouveaux caractères dans 
les objectifs de sélection, en profitant des marges 
offertes par l’augmentation du progrès génétique sur les 
caractères historiques. En parallèle, les attentes des 
éleveurs, de la société et des filières orientent la sélection 
génétique vers des objectifs plus larges et complexes. 
Deux groupes de nouveaux caractères ont été analysés 
dans le cadre de l’amélioration génétique des bovins 
laitiers : les caractères de carcasse des jeunes bovins de 
races mixtes et les caractères de résistance aux lésions 
podales en race Holstein, afin de préparer la mise en 
place d’une sélection génétique et génomique de ces 
caractères. 
Pour ces deux caractères, les modèles d’évaluation 
polygénique les plus pertinents ont été développés et les 
paramètres génétiques correspondant ont été estimés. 
Ces derniers révèlent que la sélection génétique des 
caractères de carcasse des jeunes bovins sera 
relativement aisée, alors que celle de la résistance aux 
lésions podales sera plus difficile, mais possible, du fait 
de l’existence d’une variabilité génétique. Ils mettent 
également en évidence qu’un progrès génétique sur les  

caractères de carcasse des jeunes bovins n’est pas 
génétiquement opposé à un progrès génétique sur la 
production laitière. Ils mettent enfin en évidence deux 
groupes de lésions podales génétiquement distinctes. Par 
ailleurs, plusieurs stratégies pour prendre en compte la non-
exhaustivité des données de lésions podales ont été testées. 
Plusieurs approches d’évaluation ont été comparées. Pour les 
deux groupes de caractères, l’approche dite « Single-Step 
Genomic BLUP » s’est révélée la plus prometteuse, même si 
les autres approches génomiques « en deux étapes », 
donnaient des résultats aux caractéristiques relativement 
proches. Ces études ont mené à la mise en place 
d’évaluations génétiques et génomiques en routine pour les 
deux groupes de caractères, pour lesquelles les méthodes 
d’évaluation classiques ont été retenues par souci de 
cohérence avec les évaluations actuelles, tout en démontrant 
l’intérêt d’une évolution vers l’approche en une étape à 
moyen terme. 
Les principales questions soulevées et les grandes étapes 
identifiées lors des études de ces deux caractères ont été 
rassemblées au sein d’une ébauche de méthodologie pour le 
développement d’évaluations génétiques pour de nouveaux 
caractères. 
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Title: Genetic and genomic evaluations of new traits in dairy cattle 

Keywords: Genetic evaluation, genomic evaluation, new traits, dairy cattle, claw health, carcass traits 
Abstract: The implementation of genomic selection 
makes possible the inclusion of new traits in breeding 
goals, by taking advantage of the opportunities coming 
from the increased genetic trend on traits currently 
under selection. Breeders, breeding companies and 
society all have changing expectations regarding 
genetic selection. 
Two groups of new traits were analyzed in the context 
of genetic improvement of dairy cattle: carcass traits of 
young bulls in dual-purpose breeds and claw health 
traits in Holstein, in order to prepare the implementation 
of genetic and genomic selection on these traits. 
For both sets of traits, suitable genetic evaluation 
models were developed and genetic parameters were 
estimated. Genetic parameters reveal that genetic 
selection of carcass traits of young bulls appears to be 
fairly easy and that selection of claw health traits is 
going to be more difficult, but possible, given the 
existing genetic variation. They also highlight that there 

is no strong negative genetic correlation between carcass 
traits of young bulls and dairy production traits. Finally, they 
reveal that there are two genetically distinct groups of claw 
health traits. Several strategies to account for non-exhaustive 
recording of cows for trimming were tested. 
Several evaluation approaches were compared. For both sets 
of traits, Single-Step Genomic BLUP was the most 
promising approach, although other (two-step) genomic 
approaches allowed for relatively similar accuracies and 
control of bias. These studies led to the implementation of 
routine genetic and genomic evaluations for both sets of 
traits, for which a usual two-step genomic approach was 
preferred over Single-Step Genomic BLUP for consistency 
with the current evaluation of other traits. However these two 
examples illustrate the benefit of implementing routine 
Single-Step Genomic BLUP evaluations. 
The main questions and principal steps identified in these 
studies were gathered into tentative guidelines for the 
development of genetic evaluations for new traits. 


