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ABSTRACT

This study aimed to estimate genetic parameters for
body condition score (BCS), calving interval (CI), so-
matic cell score (SCS), yield, and linear type traits for
the Italian Brown Swiss cattle population. A total of
32,359 records of first-parity lactating cows were col-
lected from 2002 to 2004 in 4,885 dairy herds. The
pedigree file included 96,661 animals. Multiple-trait
animal models were analyzed using REML to estimate
(co)variance components without repeated observations
on traits. The estimated heritability was 0.15 for BCS,
0.05 for CI, and 0.06 for SCS, and ranged from 0.09 to
0.14 for test-day yield traits and from 0.07 to 0.32 for
linear type traits. The genetic correlations of CI with
yield and most linear type traits were positive, whereas
the correlation between CI and BCS was negative
(-0.35). For type traits, BCS showed, in general, a mod-
erately negative genetic correlation except for strength,
pastern, and heel height. The genetic correlation of CI
or BCS with SCS was moderately low but favorable
(0.19 and —0.26, respectively). The estimated correla-
tions indicated that selection for greater yield and type
traits can exert unfavorable effects on the reproductive
ability of cows. To counterbalance these effects and to
carry out early prediction of breeding values of bulls
for fertility, inclusion of BCS in the breeding program
is advisable.
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INTRODUCTION

The substantial genetic improvement obtained in
milk yield has caused a decline in the reproductive
efficiency of dairy cattle (Grosshans et al., 1997; Dema-
tawewa and Berger, 1998; Castillo-Juarez et al., 2000)
and has increased susceptibility to several diseases as
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well as the risk of culling due to reproductive or health
disorders and other abnormalities (Simianer et al.,
1991; Dematawewa and Berger, 1998; Rogers et al.,
1999; Lassen et al., 2003). Therefore, interest in includ-
ing fertility and functional traits in the breeding goal
for dairy cattle populations has increased. Use of direct
measures of reproductive efficiency in breeding value
prediction programs is currently limited by a number
of issues, and the calving interval (CI) is traditionally
considered the main fertility indicator during the pro-
ductive life of dairy cattle (Interbull, 2007). Compared
with other measures of fertility such as days from calv-
ing to first service, days open, or nonreturn rate, CI is
easily recordable as the time between 2 subsequent
calvings and is less affected by data quality issues than
other fertility traits (Pryce et al., 2000). However, CI
might not be the most desirable direct measure of repro-
ductive efficiency to be included in a breeding program.
Measures of CI are available only for cows that calve
2 or more times and not for females that, because of
reduced fertility, do not calve and are culled. The CI is
not an early measure of fertility and it is not an ade-
quate selection tool for breeding organizations, which
select bulls on the basis of the earliest information re-
corded on their female offspring. Consequently, a
search for genetic relationships between CI and other
traits to be exploited in breeding programs is of interest.
Recently, BCS gained interest as an indirect trait for
enhancing reproductive performance and robustness of
dairy cows (Pryce et al., 2000; Kadarmideen and Weg-
mann, 2003). Most studies on the relationships between
BCS and yield or functional traits have been carried
out for Holstein Friesian cattle, whereas for other
breeds these relationships have not been reported.

The aim of this study was to estimate genetic parame-
ters for CI, BCS, daily milk (MY), fat (FY), and protein
(PY) yield, SCS, and linear type traits for the Italian
Brown Swiss population.

MATERIALS AND METHODS

Data Collection

The Italian Brown Swiss Association (ANARB) has
included appraisal of BCS in the linear type trait classi-
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fication program since September 2002. In that pro-
gram, scoring for 18 linear type traits and BCS is per-
formed once for all registered first-parity cows, starting
30 d after calving. Scores for type traits are attributed
on the basis of a linear system and range from 1 to 50,
whereas scoring of body condition, which is performed
after tactile and visual appraisal of the amount of fat
tissue covering the lumbar region of the vertebrae and
around the tail head (Edmonson et al., 1989), is based
on a 5-point scale with 0.25-unit increments.

Calving interval was computed as the number of days
between the first and the second calving and, for statis-
tical analysis, CI records <200 or >800 d were discarded.
Only BCS records collected between 30 and 360 d of
the first lactation were available for the analysis. The
date of BCS record for a cow was matched with the
closest test-day milk record. The average number of
days between the date of BCS and the closest milk test-
day was 9.9 d (SD = 10.8 d). A test-day milk record
included data on MY, FY, PY, and SCS.

A total of 32,359 records on BCS, yield, and linear
type traits, and SCS of first-parity Brown Swiss cows
reared in 4,885 herds were analyzed. The pedigree file
(96,661 animals) included animals with a phenotypic
record and all their known ancestors.

Estimation of Genetic Parameters

(Co)variance components were estimated using the
VCE package (Groeneveld, 1998) and REML proce-
dures based on multiple-trait animal models. To reduce
computer memory requirements, estimation of variance
components was performed in eleven 4-trait multivari-
ate analyses that always included CI and BCS in the
group of analyzed traits.

In each 4-trait analysis, estimates of (co)variance
components were obtained on the basis of the following
multivariate linear model:

Y1 X; 0 0 0|34 Z; 0 0 0/|uy e
v2| |0 X5 0 O0[[Bs] |0 Zy 0 0/|lus| |eo
v3| =10 0 X5 0/[33]T|0 0 Z3 0|ug|*|es
val |0 0 0 Xy[[Bs] |0 0 0 Zy||uy| |es

where y; and ys were vectors of BCS and CI observa-
tions, respectively; y3 and y4 were vectors of observa-
tions on 2 other traits, which could be yield traits (MY,
FY, or PY), SCS, or linear type traits; 3y, 32, 33, and
34 were unknown vectors of fixed effects; u;, us, us, and
uy were unknown vectors of random additive genetic
effects of animals; e;, es, e3, and e4 were vectors of
random residuals; X;, X,, X3, and X4 were known inci-
dence matrices relating fixed effects in 3y, 32, (33, and
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B4 to y1, Y2, ¥3, and y4, respectively; and Z,, Zy, Z3,
and Z4 were known incidence matrices relating additive
genetic effects in uy, ug, uz, and uy to yy, y2, y3, and
V4, respectively.

For the random terms of the model, the following
(co)variance structure was assumed:
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I was an identity matrix of appropriate order, A was
the numerator of Wright’s relationship matrix, 031,

Ty Ty 023, and o were additive genetic variance com-

and 034 were residual variance components,

PONENtS, T cos Teieg Tese,s Teges Tege,s and Tege, WETE resid-
ual covariance components, andaalaz, Oajag Oajap Oagag
Oagay and Oaga, WETE additive genetic covariance com-

ponents.

The fixed effects in (3; for analysis of BCS records
were the effects of herds (4,885 herds), year-month of
calving (36 levels), age at calving (class 1: <840 d, class
2: from 841 to 940 d, class 3: from 941 to 1,040 d, class
4:>1,040 d), milk yield (class 1: <18 kg/d, class 2: from
18 to 22 kg/d, class 3: from 22 to 26 kg/d, class 4: >26
kg/d), the classifier (37 classifiers), and DIM at scoring
(class 1: <60 d, class 2: from 61 to 90 d, class 3: from
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Table 1. Means and standard deviations of calving interval, BCS, SCS, yield, and linear type traits (scored

from 1 to 50 points)

Type trait score

Mean SD 1 50
Calving interval, d 421.0 86.0
BCS 3.20 0.35
Milk yield, kg/d 22.3 5.60
Fat yield, kg/d 0.86 0.26
Protein yield, kg/d 0.76 0.20
SCS 2.22 2.05
Stature 31.85 8.02 Small Tall
Strength 25.75 8.19 Narrow Wide
Body depth 28.90 7.22 Shallow Deep
Angularity 26.78 7.40 Coarse Angular
Top line 24.77 4.58 Weak Strong
Rump angle 25.79 5.36 High pins Low pins
Thurl width 23.37 7.03 Narrow Wide
Rear leg set 26.90 7.07 Postly Sickled
Hock quality 23.42 8.07 Coarse Modeled
Pastern 24.61 8.56 Weak Strong
Heel height 23.77 8.50 Low High
Fore udder attachment 24.30 8.77 Loose Tight
Rear udder height 24.37 7.09 Low High
Rear udder width 28.85 10.06 Narrow Wide
Udder support 26.06 7.83 Broken Strong
Udder depth 27.98 7.59 Shallow Deep
Teat direction 25.21 6.37 Diverge Converge
Teat length 26.82 7.47 Short Long

91 to 120 d, class 4: from 121 to 150 d, class 5: from
151 to 180 d, class 6: from 181 to 210 d, class 7: from
211 to 240 d, class 8: from 241 to 270 d, class 9: >270 d).

For analysis of CI, 35 included the fixed effects of
herds, year-month of calving, and age at calving only.
The models used for analysis of yield traits (MY, FY,
or PY) and SCS accounted for the same fixed effects
considered for CI, but included also a DIM class effect
(10 monthly classes, class 1: from 5 to 30 d, class 10:
>270 d). The fixed effects considered in the analysis
of linear type traits were the same effects taken into
account for BCS with the exception of the milk yield
class effect and the addition to the model, for udder
traits only, of the effects of the time interval between
the last milking and the occurrence of the linear type
scoring.

RESULTS
Descriptive Statistics

Descriptive statistics for analyzed traits are pre-
sented in Table 1. Mean and standard deviations for
CI were 420 and 86 d, respectively, indicating a rela-
tively poor fertility condition in Italian Brown Swiss
cattle. Average BCS was 3.20 and its coefficient of varia-
tion was nearly half that of MY (11 vs. 25%, respec-
tively). The distribution of BCS approximated a sym-

metrical distribution (Figure 1), with 3.25 being the
most frequent score and scores <2.50 or >4.00 being
very rare. Average test-day MY, FY, and PY were 22.3,
0.86, and 0.76 kg/d, respectively, which corresponds to
3.86% fat and 3.41% protein and is in agreement with
previous estimates for the Italian Brown Swiss popula-
tion. Cumulative 305-d lactation milk yield averaged
7,000 kg and was similar to figures reported for the
Italian Brown Swiss cattle population based on all
available test-day records (AIA, 2006). Averages and
standard deviations for linear type traits ranged from
23 to 32 and from 4.6 to 10.1, respectively.

12,000 -
10,000
8,000 -
6,000 -

4,000 -

Number of Cows

2,000
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Figure 1. Distribution of BCS.
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Table 2. Heritability estimates of SCS, yield and linear type traits
and genetic correlations with calving interval (CI) and BCS!

Genetic correlation

Item h? CI BCS
Calving interval (CI), d 0.05 — —

BCS 0.15 -0.35 —

Milk yield, kg/d 0.14 0.56 -0.40
Fat yield, kg/d 0.09 0.53 -0.31
Protein yield, kg/d 0.13 0.55 -0.22
SCS 0.06 0.19 -0.26
Stature 0.32 0.15 -0.18
Strength 0.17 0.17 0.22
Body depth 0.10 0.41 -0.18
Angularity 0.19 0.46 -0.87
Top line 0.10 0.06 —-0.80
Rump angle 0.24 -0.01 0.11
Thurl width 0.14 0.43 -0.29
Rear leg set 0.14 0.12 -0.39
Hock quality 0.08 0.19 -0.73
Pastern 0.09 —-0.09 0.19
Heel height 0.07 0.03 0.35
Fore udder attachment 0.14 0.42 -0.31
Rear udder height 0.17 0.26 -0.58
Rear udder width 0.17 0.50 -0.47
Udder support 0.13 0.15 -0.27
Udder depth 0.23 -0.21 -0.07
Teat direction 0.15 0.17 -0.29
Teat length 0.32 0.03 0.10

IStandard errors of heritability estimates ranged from 0.006 to
0.017; standard errors of genetic correlation estimates ranged from
0.006 to 0.076.

Heritability of Traits

Estimates of heritability and genetic correlations be-
tween CI or BCS and all other traits are reported in
Table 2. Because estimated parameters were obtained
in a set of eleven 4-trait multivariate analyses with
BCS and CI always included in the group of analyzed
traits, heritabilities presented in Table 2 for BCS and
CI are averages of 11 estimates. Standard errors of
estimates were lower than 0.017 for all investigated
traits. The calving interval was the trait exhibiting the
smallest estimate of heritability (h? = 0.05), which was
similar to the estimate obtained for SCS. Heritability
of BCS was moderate (h® = 0.15) and comparable to
those obtained for MY and PY. These traits exhibited
estimates of heritability greater than that obtained
for FY.

Within the group of linear type traits, heel height,
hock quality, and pastern exhibited the lowest esti-
mated heritabilities, which ranged from 0.07 to 0.09,
whereas the largest estimates were obtained for stature
and teat length. The range of estimated heritability
was from 0.13 to 0.32 for udder traits, from 0.07 to 0.14
for foot and leg traits, and from 0.10 to 0.32 for traits
related to body size.
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Genetic Correlations

Genetic correlations (Table 2) between BCS and yield
traits were negative and ranged from —0.20 to —0.40,
indicating that an increased genetic merit for MY, FY,
or PY would result in a correlated decrease of BCS in
long-term selection programs. Also, unfavorable esti-
mates ranging from 0.53 to 0.56 were obtained for the
genetic correlations between fertility (measured as CI)
and yield traits. The estimated genetic correlation be-
tween BCS and CI was —0.35, indicating a moderately
negative genetic association for these traits. The genetic
correlation between SCS and BCS or CI was moderate,
negative for BCS (-0.26) and positive for CI (0.19).

Most linear type traits exhibited estimates of genetic
correlations with BCS >0.15, with the exception of rump
angle, udder depth, and teat length. Body condition
score was moderately and positively associated with
pastern, strength, and heel height and exhibited nega-
tive genetic correlations ranging from moderate to large
with all other type traits. The magnitude of correlations
of CI with type traits was comparable with that of the
relationships between type traits and BCS, but, in gen-
eral, the direction of these correlations was opposite.
Angularity was the trait with the greatest genetic corre-
lation with BCS (-0.87) and was also correlated with
a longer CI (0.46).

DISCUSSION

Body condition score has been proposed as a possible
indicator trait for fertility (Pryce et al., 2000, 2001;
Royal et al., 2002). In Italy, this trait has been included
in both programs for linear type-traits classification
arranged by the Italian Brown Swiss Association and
by the Italian Holstein-Friesian Association. Body con-
dition scores of Brown Swiss first-parity cows were on
average greater and less variable than those attributed
to Holstein-Friesian cows during the first lactation
(Pryce et al., 2002; Kadarmideen and Wegmann, 2003).
The greater BCS average observed for Brown Swiss
cows compared with Holsteins is likely to be associated
with differences in average milk yield of these breeds.

Heritability of Traits

Heritability of BCS estimated in this study was simi-
lar to values reported by Dechow et al. (2002, 2003)
and Kadarmideen and Wegmann (2003), but different
in magnitude when compared with estimates obtained
in others studies (Pryce et al., 2001; Banos et al., 2004,
Pryce and Harris, 2006). These discrepancies may be
attributed to differences across studies in scales used
for scoring of body condition, statistical model defini-
tion, breeds involved, number of available records per
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animal, accuracy and consistency among evaluators,
and data editing procedures.

The estimated heritability for CI was small and simi-
lar to most literature estimates of heritability for fertil-
ity traits (Pryce et al., 2000, 2002). This finding, a num-
ber of unfavorable features for CI (e.g., CI is available
only for the most fertile cows that calve 2 or more times
and not for the culled ones, it is not an early measure of
fertility, it is not an adequate selection tool for breeding
organizations) as a selection trait, and difficulties re-
lated to the limited reliability of recorded information
on fertility traits different from CI support the rele-
vance of investigations searching for traits genetically
related to fertility and of potential use in breeding
programs.

Heritability estimates obtained for MY, FY, and PY
were slightly lower than those reported in other studies
(Pryce et al., 2000; Kadarmideen and Wegmann, 2003;
Pryce and Harris, 2006). Such differences are likely
attributable to the analysis of a single test-day yield
record instead of multiple test-day records extrapolated
to lactation yields.

For linear type traits, estimated heritabilities were
similar to those used in breeding values estimation rou-
tine by the Italian Brown Swiss Association (Interbull,
2007) and are consistent with estimates obtained for
Holstein-Friesian cattle populations (Cassandro et al.,
1997; Pryce et al., 2000; Kadarmideen and Weg-
mann, 2003).

Relationships of BCS or CI with Yield and SCS

The genetic relationships of BCS or CI with yield
traits were moderately negative and positive, respec-
tively, and comparable in magnitude and direction to
estimates reported in other studies (Pryce et al., 2000;
Berry et al., 2002; Dechow et al., 2002). Enhancement
of MY, FY, and PY through selection is expected to
decrease BCS and to increase CI. Pryce et al. (2000)
and Gallo et al. (2001) have both indicated that the level
of milk production is unfavorably related to fertility and
BCS. Dairy cows use body reserves as a source of energy
to sustain production in early lactation (Pryce and
Lgvendahl, 1999). Because of negative energy balance
due to inadequate feed intake in early lactation, it is
likely that selection to enhance milk yield has led to
a greater dependence on body tissue mobilization to
sustain milk production (Veerkamp, 1998). Cows with
high genetic merit for milk yield are likely to exhibit
marked body tissue mobilization, with increasing risk
of impairment of reproductive performance (Pryce et
al., 2001).

Results of this study provide evidence of unfavorable
genetic relationships between BCS and fertility for the

5741

Italian Brown Swiss cattle population and are consis-
tent with results of investigations on Holstein-Friesian
cows (Pryce et al., 2000, 2001, 2002; Dechow et al.,
2002; Wall et al., 2003; Banos et al., 2004), albeit that
Brown Swiss cows exhibited greater body condition
than did Holstein-Friesian cows in other studies. Ex-
cess of body tissue mobilization in early lactation,
caused by negative energy balance, has been associated
with a greater incidence of metabolic disorders and poor
fertility (Dechow et al., 2002). From a genetic point of
view, cows with low BCS may lack sufficient energy
reserves to activate ovarian function or display estrous.
The unfavorable genetic correlations between BCS and
production and between BCS and fertility might also
be associated with body tissue mobilization closely
linked to genes controlling fertility of dairy cows or
exhibiting pleiotropic effects on fertility traits (Berry
et al., 2002).

Genetic correlations of CI or BCS with SCS were low
or moderate. The sign and magnitude of these estimates
are similar to those reported by Lassen et al. (2003),
Wall et al. (2003), and Pryce and Harris (2006) and
confirm indications by Dechow et al. (2004) who ob-
served a negative genetic correlation between BCS and
mastitis incidence. Because in many countries the
breeding goal for dairy cattle populations aims to reduce
SCS, a correlated positive effect on fertility and body
condition of cows is expected.

Relationships of BCS or CI with Type Traits

The magnitude and direction of the genetic relation-
ships between BCS or CI and several type traits ob-
tained in this study were similar to those reported in the
literature (Veerkamp and Brotherstone, 1997; Pryce et
al., 2000, 2001; Dechow et al., 2003). In general, the
relationships for BCS and CI were of opposite sign. In
this study, CI and BCS showed moderate positive (CI)
and moderate negative (BCS) genetic relationships
with stature, respectively. A similar result was ob-
tained by Pryce et al. (2000) for the genetic relationship
between CI and stature and by Veerkamp and Broth-
erstone (1997) for BCS and stature, but not by Dechow
et al. (2003), who reported a positive genetic association
between stature and BCS. For body depth and thurl
width, genetic correlations with CI were positive but of
greater magnitude than the one for stature, indicating
that cows exhibiting greater body depth and larger
thurl width have longer CI. Correlations of these type
traits with BCS were smaller than the correlations
with CI.

Selection for greater angularity will unfavorably af-
fect CI and BCS of cows. Pryce et al. (2000) and Wall
et al. (2005) reported similar relationships between an-
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gularity and CI. Compared with CI, the genetic rela-
tionship between BCS and angularity was of opposite
sign and of greater magnitude. Unfavorable genetic as-
sociations between BCS and angularity, ranging from
—0.47 to —0.77, have been reported by a number of stud-
ies on other dairy cattle populations (Veerkamp and
Brotherstone, 1997; Dechow et al., 2003, 2004; Lassen
et al., 2003; Kadarmideen and Wegmann, 2003).

Fore udder attachment and rear udder height and
width were type traits that exhibited positive genetic
correlations with CI, suggesting that cows with good
udders (i.e., with higher scores for udder traits) have
longer CI. Positive genetic correlations between udder
traits and CI might therefore result in more opportuni-
ties to conceive given to cows with better udder mor-
phology and functional characteristics (Pryce et al.,
2000; Wall et al., 2005) and it is also likely that the
relationship with milk yield plays an important role.
For BCS, negative genetic correlations were found with
udder depth, udder support, fore udder attachment,
and rear udder height and width, as in the studies by
Veerkamp and Brotherstone (1997) and Kadarmideen
and Wegmann (2003). Within these traits, rear udder
height and width were the traits showing the greatest
genetic correlation with BCS.

Rear leg set and hock quality were moderately nega-
tively correlated with BCS, indicating that cows with
higher BCS are expected to have straighter legs and
lower hock quality than thinner cows. Similar results
were found by Dechow et al. (2003).

Measures of fertility are difficult to collect and exhibit
low heritability, but are genetically correlated with
traits that are more heritable and can be recorded with
greater reliability such as BCS, yield, and some linear
type traits. Hence, these traits are natural candidates
as indirect traits for improving fertility of dairy cattle
and to support the prediction of genetic merit for fertil-
ity. The use of yield, BCS, and type traits is beneficial
because it can help to overcome problems related to
incorrect registrations that may be present in fertility
data (Wall et al., 2003). In comparison with other traits
related to fertility, BCS has the advantage of being
more acceptable for dairy producers who are unlikely to
support a breeding program aimed to enhance fertility
through selection for reduced yields, angularity, or
other type traits like body depth, thurl width, fore udder
attachment, and width. If assessment of body condition
is performed only once and exclusively for first-parity
cows, recording schemes should consider that BCS in
early lactation exhibits the strongest relationship with
CI (Pryce et al., 2000).

CONCLUSIONS

Body condition score and its relationships with fertil-
ity, yield, and type traits in first-parity Brown Swiss
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cows were analyzed. Due to low heritability, lack of
records for culled cows, and late availability of informa-
tion, relying exclusively on direct selection to reduce CI
is not advisable. Indirect selection for improved fertility
might rely on BCS and a number of linear type traits.
On the basis of the estimated genetic parameters, use of
BCS and type traits for indirect selection for enhanced
fertility in dairy cows is expected to be more effective
than direct selection for fertility based on measurement
of CI. Indeed, those traits are more heritable than CI,
allow earlier prediction of bulls’ breeding values, and
provide information for cows that do not have the oppor-
tunity for a further calving.
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