
6730

J. Dairy Sci.  96 :6730–6741
http://dx.doi.org/  10.3168/jds.2013-6863  
© American Dairy Science Association®,  2013 .

  ABSTRACT 

  Thin and fat cows are often credited for low fertility, 
but body condition score (BCS) has been traditionally 
treated as a linear trait when genetic correlations with 
reproductive performance have been estimated. The 
aims of this study were to assess genetic parameters for 
fertility, production, and body condition traits in the 
Brown Swiss population reared in the Alps (Bolzano-
Bozen Province, Italy), and to investigate the possible 
nonlinearity among BCS and other traits by analyzing 
fat and thin cows. Records of BCS measured on a 5-point 
scale were preadjusted for year-season and days in milk 
at scoring, and were considered positive (1) for fat cows 
if they exceeded the value of 1 residual standard devia-
tion or null (0) otherwise, whereas positive values for 
thin cows were imputed to records below −1 residual 
standard deviation. Fertility indicators measured on 
first- and second-parity cows were interval from par-
turition to first service, interval from first service to 
conception, interval from parturition to conception, 
number of inseminations to conception, conception at 
first service, and nonreturn rate at 56 d after first ser-
vice. Production traits were peak milk yield, lactation 
milk yield, and lactation length. Data were from 1,413 
herds and included 16,324 records of BCS, fertility, and 
production for first-parity, and 10,086 fertility records 
for second-parity cows. Animals calved from 2002 to 
2007 and were progeny of 420 artificial insemination 
bulls. Genetic parameters for the aforementioned traits 
were obtained under univariate and bivariate thresh-
old and censored linear sire models implemented in a 
Bayesian framework. Posterior means of heritabilities 
for BCS, fat cows, and thin cows were 0.141, 0.122, 
and 0.115, respectively. Genetic correlations of body 
condition traits with contemporary production were 
moderate to high and were between −0.556 and 0.623. 

Body condition score was moderately related to fertil-
ity in first (−0.280 to 0.497) and second (−0.392 to 
0.248) lactation. The fat cow trait was scarcely related 
to fertility, particularly in first-parity cows (−0.203 to 
0.281). Finally, the genetic relationships between thin 
cows and fertility were higher than those between BCS 
and fertility, both in first (−0.456 to 0.431) and second 
(−0.335 to 0.524) lactation. Body condition score can 
be considered a predictor of fertility, and it could be 
included in evaluation either as linear measure or as 
thin cow. In the second case, the genetic relationship 
with fertility was stronger, exacerbating the poorest 
body condition and considering the possible nonlinear-
ity between fertility and energy reserves of the cow. 
  Key words:    body condition score ,  fertility ,  thin and 
fat cow ,  genetic parameter 

  INTRODUCTION 

  Genetic evaluation for female fertility in dairy cattle 
relies on direct measures of reproduction parameters 
(Gredler et al., 2007; Miglior, 2007; Nilforooshan et al., 
2010), or correlated traits, such as angularity (Biffani 
et al., 2005), MUN (Mitchell et al., 2005), and BCS 
(Pryce et al., 2001; Berry et al., 2003; Dal Zotto et al., 
2007). Body condition score is considered a manage-
ment tool to evaluate both energy status and body fat 
reserves of a live animal through visual and tactile ap-
praisal (Murray, 1919; Edmonson et al., 1989). Several 
scoring systems have been proposed to record BCS: 0 
to 5 (Lowman et al., 1973), 1 to 5 (Wildman et al., 
1982; Edmonson et al., 1989), 1 to 6 (Mulvaney, 1977), 
1 to 8 (Earle, 1976), and 1 to 10 (Roche et al., 2004) 
point scales. The general rationale is that low values 
reflect emaciation and high values equate to obesity 
(Roche et al., 2009). 

  Body condition score in dairy cattle is usually per-
formed by trained technicians, whose accuracy and 
repeatability have been widely studied (Ferguson et 
al., 1994; Hady et al., 1994; Veerkamp et al., 2002). 
When measurements of BCS are compared intra- and 
interclassifier, results can be discordant. Edmonson 
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et al. (1989) found good consistency in scoring, as 
interclassifier variability was small, and accumulated 
experience did not show any significant effect on the 
classifier’s repeatability. Veerkamp et al. (2002) found 
that genetic correlations between scorings of different 
classifiers treated as different traits were seldom sig-
nificantly different from unity, whereas Kristensen et 
al. (2006) found that training was a major factor in 
defining repeatability within and across technicians.

In high-producing dairy cattle, constrained feed in-
take jointly with high milk yield lead to mobilization of 
adipose tissue reserves in response to the energy deficit, 
which denotes the pattern of loss (from beginning to 
mid lactation) and recovery (in late lactation), such 
that the change in BCS can be considered a predic-
tor of energy balance. Because of the subjective mea-
sure of BCS and the discrete nature of the scale, the 
results of 2 subsequent scorings of an animal can be 
biased; therefore, especially for genetic purposes, the 
BCS score as such and not its change over time, has 
been found to be a reliable predictor of energy balance 
(Coffey et al., 2003; Roche et al., 2009; Banos and Cof-
fey, 2010). Moreover, Waltner et al. (1993), Gallo et 
al. (1996), and Pryce et al. (2001) found this pattern 
to be different across lactations and productive level, 
as primiparous cows tended to lose less condition than 
second- and later-parity animals.

From a genetic point of view, Veerkamp et al. (2001), 
Pryce et al. (2002), and Dal Zotto et al. (2007) re-
ported unfavorable correlations between BCS and milk 
yield (−0.30 to −0.48), indicating that cows genetically 
predisposed to produce high amounts of milk are also 
predisposed to be less conditioned. Phenotypic correla-
tions were also negative but weaker, probably due to 
environmental effects mitigating the loss of condition 
in high-producing cows.

The loss of body condition has been shown to be 
phenotypically related to fertility problems (Domecq 
et al., 1997; Suriyasathaporn et al., 1998; Gillund et 
al., 2001). Cows showing bad conditioning did not 
necessarily have bad fertility, but the loss of BCS in 
early lactation involved low reproductive performance 
(Bastin and Gengler, 2013). A veterinary approach to 
fertility problems considers negatively both extremes 
of cow’s condition, namely the “thin cow” and the “fat 
cow” syndromes (Studer, 1998), and the relationships 
between nutrition, body reserves, milk yield, and fertil-
ity in both thin and fat cows have been extensively re-
viewed (Heuer et al., 1999; Friggens et al., 2010; Remp-
pis et al., 2011). The negative energy balance (NEB) 
after calving impairs fertility both at cow and oocyte 
level. Not only does NEB delay the beginning of cyclic 
sexual activity and lowers the external signs of estrus, 
but causes also an impaired uterine environment that is 

likely to be a major contributor to the higher incidence 
of early embryonic death found in repeat breeders (Hill 
and Gilbert, 2008; Wathes et al., 2012). Oocytes matu-
rated during severe NEB often show compromised qual-
ity (Leroy et al., 2008). In addition, both positive and 
NEB increase the circulating lipids at the ovary level, 
which causes severe damage to the survivability of oo-
cytes, also because of impaired mitochondrial function 
and vulnerability to oxidative stress (Wrenzycki et al., 
2000; Rizos et al., 2003; Van Hoeck et al., 2011). From 
a genetic point of view, BCS treated as a linear trait 
has been found to be positively related to good fertility. 
Using a single scoring per cow during lactation, Pryce 
et al. (2002), Dechow et al. (2004), Dal Zotto et al. 
(2007), Rossoni et al. (2007a), and Zink et al. (2011) 
reported genetic correlations of BCS with calving inter-
val or days open ranging from −0.30 to −0.67, which 
means that genetically less conditioned cows are likely 
to take a longer time to conceive after calving. Several 
authors analyzed repeated observations of BCS within 
a given lactation, modeling this trait using multiple-
trait (Dechow et al., 2001; Gallo et al., 2001; Berry 
et al., 2003) and random regression (Veerkamp et al., 
2001; De Haas et al., 2007b; Bastin et al., 2010a) mod-
els. On average, genetic correlations were concordant 
with those reported for studies on single measures of 
BCS, although the use of repeated measures allowed 
the identification of stronger relationships in early and 
mid lactation.

Body condition score can be referred to as a predic-
tor of fertility in dairy cattle populations where direct 
assessment of reproductive fitness is not included in the 
total merit index, such as in Italian Brown Swiss. Since 
2002, the Italian Brown Swiss Cattle Breeders Associa-
tion (Verona, Italy) has been collecting data on BCS 
once on all registered first-parity cows (Dal Zotto et al., 
2005, 2007; Rossoni et al., 2007a,b). Therefore, the aim 
of this work was to investigate the genetic relationship 
between BCS and fertility traits in the Italian Brown 
Swiss population, testing the possible nonlinearity of 
this relationship.

MATERIALS AND METHODS

Data Collection and Editing Procedure

Body condition measures and pedigree informa-
tion were provided by the Italian Brown Swiss Cattle 
Breeders Association (Verona, Italy), and insemination 
and production records were obtained from the Breed-
ers Association of Bolzano-Bozen Province (Italy), as 
previously detailed by Tiezzi et al. (2011, 2012). Data 
included 16,324 first-parity and 10,086 second-parity 
cows reared in 1,413 herds. Animals calved from 2002 to 
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2007 and were progeny of 420 AI bulls. Body condition 
score was routinely measured once on first-lactation 
cows by trained classifiers according to the method 
of Edmonson et al. (1989), based on a 5-point scale 
with 0.25-unit increments and evaluating 8 body areas. 
For this study, records of BCS from primiparous cows 
collected between 10 and 180 DIM were considered, ac-
cording to the official evaluation.

Production traits were peak milk yield (pMY; kg), 
lactation milk yield (lMY; kg), and lactation length 
(LL; d), and fertility traits were interval from parturi-
tion to first service (iPF), interval from first service 
to conception (iFC), interval from parturition to con-
ception (iPC), number of inseminations to conception 
(INS), conception at first service (CFS), and nonre-
turn rate at 56 d after first service (NR56 ). Records 
were submitted to statistical analysis if iPF and iPC 
comprised between 21 and 400 d, and between 0 and 
400 d for iFC. The intervals were adopted to simulate 
their use for genetic evaluation of animals, but only few 
cows showed values ≥400 d (Tiezzi et al., 2011). Also, 
iFC and iPC were considered censored if a subsequent 
calving was not recorded. Interval fertility measures, 
production traits, and BCS were treated as linear 
Gaussian variables.

The INS was coded as an ordinal categorical variable 
according to the number of services needed to achieve 
pregnancy, and inseminations occurring within 6 d were 
considered as a single service. The variable consisted of 
5 classes. An arbitrary penalty of 1 insemination was 
added to records that missed subsequent calving, fol-
lowing an approach similar to that of Hou et al. (2009) 
for days open. Conception at first service and NR56 
were coded as dichotomous variables according to the 
achievement of pregnancy at first service for CFS, or 
the occurrence of a second breeding within 56 d after 
first service (0) or not (1) for NR56.

In addition to considering BCS as a linear measure 
on the 5-point scale and with the aim of testing the 
nonlinearity between body condition and fertility, cows 
were also classified as thin or fat, based on their ad-
justed BCS. Body condition scores were preadjusted for 
DIM, through a fourth-order Ali-Schaeffer regression, 
and year-season of scoring, through a generalized linear 
model; the residuals were standardized to mean 0 and 
residual standard deviation 1, and records were catego-
rized as fat cow = 1 if they exceeded the value of 1 (0 
otherwise), and as thin cow = 1 if they were below the 
value of −1 (0 otherwise) residual standard deviation.

Herds with less than 3 cows were discarded from the 
data set as well as cows that moved to a different herd 
during the period of the study. Sires were required to 
have a minimum of 5 daughters with records in first 

lactation, distributed across at least 3 herds. Finally, 
records from classifiers who scored less than 20 cows 
were removed.

Statistical Analysis

All the computations in the present work were per-
formed using threshold model (TM) software (Legarra 
et al., 2008). Univariate threshold and censored linear 
analyses were used to estimate variance components 
for Gaussian and dichotomous categorical variables, 
respectively, according to the following models:

y = Xβ + Zhh + Zclcl + Zss + e

and

λ = Xβ + Zhh + Zclcl + Zss + Zssss + Ztt + e,

where y is the vector of observations for linear traits 
(BCS, iPF, iFC, iPC, pMY, lMY, and LL); λ is the 
vector of unobserved liabilities for the dichotomous cat-
egorical traits (fat cow, thin cow, CFS, and NR56); β 
is the vector of systematic effects (specific to each class 
of traits); h is the vector of random effects for herds; cl 
is the vector of random effects for classifiers (only for 
BCS, fat cow, and thin cow); s is the vector of random 
genetic effects for sires of cows; ss is the vector of ran-
dom effects for service sires (only for CFS and NR56); t 
is the vector of random effects for technicians (only for 
CFS and NR56); e is the vector of random residuals; 
and X, Zh, Zcl, Zs, Zss, and Zt are incidence matrices 
relating the corresponding effects to the dependent 
variable. The ordinal categorical variable (INS) was 
analyzed under a censored threshold model, including 
the same effects of Gaussian traits, except for classifier 
factor. Fixed effects were year-month and DIM at scor-
ing modeled as fourth-order Ali-Schaeffer regression for 
BCS; year-month of first calving for pMY, lMY, and 
LL; year-month of calving of the respective parity for 
iPF and iPC; and the respective year-month of first 
insemination for iFC, INS, CFS, and NR56. No fixed 
effects were considered for fat cow and thin cow, as 
these traits were preadjusted for year-month and DIM 
at scoring. The Ali-Schaeffer regression gave the best 
fitting to the overall BCS curve according to a pre-
liminary analysis through the generalized linear model 
(SAS Institute Inc., Cary, NC). Linear Gaussian models 
for handling right-censored records were developed by 
Korsgaard et al. (1998) and Sorensen et al. (1998) using 
the technique of data augmentation under a Bayesian 
framework (Tanner and Wong, 1987).
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Bivariate analyses were carried out to investigate 
the genetic relationships of body condition traits with 
fertility and production traits of first-parity cows, and 
fertility of second parity-cows. Covariance components 
were obtained under linear-linear, threshold-linear, 
and threshold-threshold sire models. Systematic and 
random effects were identical to the univariate analy-
ses. Gibbs sampling was implemented in a Bayesian 
framework. Bounded uniform priors were used for all 
systematic effects, and null means and normal uni-
variate or bivariate prior distributions for sire (s), herd 
(h), classifier (cl), service sire (ss), and technician (t) 
random effects were assumed. In matrix notation, these 
were as follows:
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only for BCS), these factors were fitted on a single trait 
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Residuals were assumed correlated and normally 
distributed:
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between the traits. For threshold analyses on dichoto-
mous traits (fat cow, thin cow, CFS, and NR56) the 
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threshold analyses with 2 dichotomous traits, because 
in this case, the residual covariance was fixed to zero, 
similar to the approach of Heringstad et al. (2004) on 
clinical mastitis.

For univariate models, a single Gibbs chain of 
250,000 samples was obtained, whereas for bivariate 
models, 550,000 iterations were run. In all cases, the 
first 50,000 samples were discarded as burn-in. Samples 
were stored every 20 iterations for univariate models 
and 50 iterations for bivariate models, to leave 10,000 
samples for inferences. The posterior mean was used as 
a point estimate of the (co)variance component and the 
related parameter.

Heritability (h2) was computed as

 h2
2

2 2

4
=

+

σ
σ σ

s

s e

. 

Sire, herd, classifier, technician, service sire, and re-
sidual effects were expressed as the ratio of the specific 
effect to total phenotypic variance. Finally, genetic cor-
relations (rg) were calculated as
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s

s x s y
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,

, ,σ σ
 

where covs(x,y) is the sire additive genetic covariance 
between traits x and y, and σs,x and σs,y are the respec-
tive additive genetic standard deviations.

RESULTS AND DISCUSSION

Descriptive Statistics

The mean for BCS was 3.16 (Table 1); the values 
ranged between 1.75 and 4.75. Body condition score 
approximated a Gaussian distribution (Figure 1), with 
3.00 being the most frequent score, and values lower 
than 2.50 and higher than 4.00 being rare. These re-
sults are in accordance with statistics of Dal Zotto et 
al. (2007), who reported a mean value (SD) of 3.20 
(0.35) in the Italian Brown Swiss population. Body 
condition score for thin cow and fat cow averaged 2.72 

and 3.64, respectively. Means and standard deviations 
for production traits in first lactation (Table 1) and 
reproductive performance in first and second lactation 
(Table 2) are close to values of Tiezzi et al. (2011, 2012) 
and, for milk yield, to those of Cipolat-Gotet et al. 
(2012), Cecchinato et al. (2013), and Bittante et al. 
(2012), who summarized the results of 9 studies that 
compared Brown Swiss with Holstein cows.

Heritability of Body Condition, Production,  
and Fertility Traits

Heritability for BCS was 0.141 (lower and upper 
bound of the 95% highest posterior density region: 0.096 
to 0.188; Table 3), which is comparable to estimates of 
0.15 and 0.19 reported by Dal Zotto et al. (2007) and 
Rossoni et al. (2007a), respectively, in Italian Brown 
Swiss cows, but lower than heritabilities from other 
studies that scored BCS once per cow during lactation. 
Zink et al. (2011) estimated a heritability of 0.30 for 

Table 1. Descriptive statistics of body condition and production traits of first-parity cows (n = 16,324) 

Trait1 Mean SD Minimum Maximum

Body condition
 BCS 3.16 0.32 1.75 4.75
 BCS for fat cow 3.64 0.19 3.25 4.75
 BCS for thin cow 2.72 0.15 1.75 3.25
First-parity production
 pMY (kg) 25.7 4.51 8 50
 lMY (kg) 6,972 1,902 700 14,455
 LL (d) 338 73.9 45 639
1Fat cow = cow classified as fat, based on its adjusted BCS; thin cow = cow classified as thin, based on its 
adjusted BCS; pMY = peak milk yield; lMY = lactation milk yield; LL = lactation length.

Figure 1. Distribution of BCS.
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BCS measured on a 9-point scale in Czech Holsteins, 
Dechow et al. (2004) a heritability of 0.22 in US Hol-
steins, and Pryce et al. (2002) a heritability of 0.39 in 
UK Holsteins. Bastin et al. (2010a,b), using random 
regression models on repeated scores of BCS in Cana-
dian Ayrshire and Holstein cows, reported increasing 
estimates of heritability during lactation, with values 
not much different from heritability of the present work 
during the first 6 mo of lactation. Buttchereit et al. 
(2011) reported an opposite trend from that of Bastin et 
al. (2010a,b) and much higher heritabilities in German 

Holsteins, but all cows were from only 1 experimental 
farm. Heritabilities for fat cow and thin cow were 0.122 
(lower and upper bound of the 95% highest posterior 
density region: 0.065 to 0.182) and 0.115 (lower and up-
per bound of the 95% highest posterior density region: 
0.063 to 0.169), respectively (Table 3). The estimates 
for these 2 categorized traits are similar to heritability 
for BCS treated as linear score (Figure 2).

Herd explained only a minor part of the variation 
for BCS (7.4%), fat cow (4.6%), and thin cow (7.0%), 
whereas the quota of variation explained by classifier 

Table 2. Descriptive statistics of fertility traits for first- and second-parity cows, and percentage of censored 
records 

Trait1

First-parity cows (n = 16,324) Second-parity cows (n = 10,086)

Mean SD Censored (%) Mean SD Censored (%)

iPF (d) 90.7 41.9 0.00 90.8 41.5 0.00
iFC (d) 38.8 60.9 13.2 36.9 58.4 17.6
iPC (d) 129.5 71.6 13.2 127.6 68.7 17.6
INS (no.) 1.76 1.05 14.3 1.74 1.04 18.4
CFS 0.55 0.50 0.00 0.56 0.50 0.00
NR56 0.71 0.46 0.00 0.71 0.46 0.00
1iPF = interval from parturition to first service; iFC = interval from first service to conception; iPC = inter-
val from parturition to conception; INS = number of inseminations to conception; CFS = conception at first 
service; NR56 = nonreturn rate at 56 d after first service.

Table 3. Estimates1 of heritability and random effects for body condition, production, and fertility traits 

Trait2

Random effect

HeritabilitySire Herd
Classifier/technician  

effect Service sire Residual

Body condition
 BCS 0.024(0.016; 0.034) 0.074(0.058; 0.090) 0.237(0.119; 0.355) — 0.665(0.561; 0.770) 0.141(0.096; 0.188)

 Fat cow 0.023(0.012; 0.036) 0.046(0.032; 0.061) 0.197(0.093; 0.308) — 0.734(0.629; 0.831) 0.122(0.065; 0.182)

 Thin cow 0.019(0.010; 0.030) 0.070(0.050; 0.090) 0.267(0.132; 0.413) — 0.644(0.518; 0.767) 0.115(0.063; 0.169)

First-parity production
 pMY (kg) 0.034(0.024; 0.045) 0.351(0.329; 0.373) — — 0.615(0.594; 0.636) 0.212(0.152; 0.274)

 lMY (kg) 0.025(0.016; 0.034) 0.269(0.249; 0.289) — — 0.706(0.686; 0.727) 0.136(0.089; 0.183)

 LL (d) 0.012(0.006; 0.018) 0.106(0.092; 0.120) — — 0.882(0.867; 0.897) 0.053(0.027; 0.079)

First-parity fertility
 iPF (d) 0.016(0.009; 0.023) 0.193(0.175; 0.211) — — 0.791(0.773; 0.811) 0.078(0.044; 0.116)

 iFC (d) 0.013(0.007; 0.021) 0.033(0.024; 0.042) — — 0.954(0.943; 0.965) 0.055(0.028; 0.085)

 iPC (d) 0.022(0.013; 0.032) 0.068(0.056; 0.080) — — 0.910(0.896; 0.925) 0.095(0.055; 0.136)

 INS (no.) 0.016(0.009; 0.024) 0.047(0.036; 0.058) — — 0.937(0.923; 0.950) 0.067(0.035; 0.101)

 CFS 0.011(0.004; 0.019) 0.036(0.025; 0.049) 0.010(0.003; 0.017) 0.011(0.003; 0.019) 0.932(0.915; 0.949) 0.048(0.018; 0.080)

 NR56 0.005(0.001; 0.010) 0.053(0.038; 0.067) 0.006(0.001; 0.011) 0.004(0.000; 0.009) 0.932(0.917; 0.949) 0.021(0.002; 0.042)

Second-parity fertility
 iPF (d) 0.045(0.024; 0.068) 0.136(0.117; 0.156) — — 0.819(0.793; 0.844) 0.209(0.110; 0.309)

 iFC (d) 0.010(0.004; 0.016) 0.038(0.025; 0.051) — — 0.952(0.938; 0.966) 0.040(0.016; 0.067)

 iPC (d) 0.018(0.007; 0.029) 0.042(0.029; 0.055) — — 0.940(0.924; 0.956) 0.075(0.030; 0.119)

 INS (no.) 0.014(0.007; 0.023) 0.059(0.043; 0.075) — — 0.927(0.908; 0.943) 0.061(0.028; 0.098)

 CFS 0.012(0.004; 0.021) 0.061(0.041; 0.081) 0.015(0.005; 0.027) 0.011(0.001; 0.022) 0.901(0.875; 0.926) 0.051(0.017; 0.093)

 NR56 0.008(0.001; 0.016) 0.065(0.043; 0.087) 0.010(0.002; 0.019) 0.011(0.001; 0.022) 0.906(0.878; 0.931) 0.035(0.005; 0.071)

1Estimates are the means of the marginal posterior densities for the random effects and heritability. Bounds of the 95% high posterior density 
interval are within parentheses.
2Fat cow = cow classified as fat, based on its adjusted BCS; thin cow = cow classified as thin, based on its adjusted BCS; pMY = peak milk 
yield; lMY = lactation milk yield; LL = lactation length; iPF = interval from parturition to first service; iFC = interval from first service to 
conception; iPC = interval from parturition to conception; INS = number of inseminations to conception; CFS = conception at first service; 
NR56 = nonreturn rate at 56 d after first service.
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effect was 23.7, 19.7, and 26.7%, respectively (Table 3). 
In the present study, quantifying the variation due to 
the random effect of classifier is not a robust measure of 
repeatability and consistency in scoring, as cows were 
scored only once by a single technician. In any case, 
given the large variation among classifiers in scoring, 
it is recommended to account for this effect when es-
timating genetic parameters for body condition traits.

Heritabilities for pMY, lMY, and LL were 0.212, 
0.136, and 0.053, respectively (Table 3), which are dif-
ferent from previous reports on the same breed (Samoré 
et al., 2007; Cecchinato et al., 2011). Herd explained an 
appreciable quota of the variation in pMY and lMY, 
and a smaller part in LL.

Finally, heritabilities for fertility traits ranged from 
0.021 (NR56) to 0.095 (iPC) in first lactation, and 
from 0.035 (NR56) to 0.209 (iPF) in second lactation 
(Table 3). These estimates are in accordance to values 
reported by Tiezzi et al. (2012) and similar to the value 
of 0.05 for calving interval assessed by Dal Zotto et 
al. (2007) on a larger Brown Swiss population. Herd 
was of certain importance in explaining the variation of 
reproductive performance only for iPF.

Phenotypic Relationships of Body Condition  
with Production and Fertility Traits

Phenotypic correlations of BCS, fat cow, and thin 
cow with production and reproductive performance 
were very low and comprised between −0.099 (thin cow 
with pMY) and 0.129 (thin cow with iPF of first-parity 
cows; Table 4). It is worth noting that the correlations 

between BCS and production traits were favorable, with 
100% posterior probability of being positive between 
BCS and pMY, and BCS and lMY, and 100% posterior 
probability of being negative between BCS and LL. 
Dechow et al. (2001) estimated low phenotypic correla-
tions between BCS and production in US Holsteins, 
but positive at calving and negative thereafter, thus 
indirectly demonstrating that it is the change in BCS 
that is correlated with milk yield. Similar results were 
reported by Loker et al. (2012) on Canadian Holsteins. 
Very low and unfavorable relationships between pro-
duction and BCS loss during lactation were obtained by 
Dechow et al. (2002). In a Swiss study, De Haas et al. 
(2007a) assessed a moderate and unfavorable (−0.35) 
phenotypic correlation between production and BCS in 
Holstein cows.

Body condition score was favorably correlated with 
fertility of first-parity cows, particularly with iPF 
and iPC (Table 4), in accordance with Domecq et al. 
(1997), Suriyasathaporn et al. (1998), Gillund et al. 
(2001), and Dechow et al. (2004), who reported very 
low phenotypic relationships between BCS and repro-
ductive fitness. The carryover effect of BCS evaluated 
in first lactation to fertility recorded in second lactation 
was negligible, with estimates lower than 6% for all 
traits (Table 4).

Comparing the phenotypic correlations of BCS, fat 
cow, and thin cow with production and fertility traits 
makes clear the nonlinearity of the relationships. Dif-
ferently from BCS, fat cow was not related to contem-
porary pMY and lMY, and only LL showed a small and 
negative correlation with fat cow (Table 4). However, 

Figure 2. Marginal posterior distributions of the heritability for BCS, cow classified as thin, and cow classified as fat, based on their adjusted 
BCS.
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LL can be considered more as a fertility than produc-
tion trait, being high especially in repeat breeders and 
open cows. The difference with respect to BCS is even 
clearer in the case of reproductive performance, as the 
phenotypic correlations between fat cow and fertility 
traits recorded in first and second parity were almost 
null, with the only exception of the small but significant 
relationship between fat cow and iPF in first lactation. 
Differently from fat cow, the correlations of thin cow 
with production and fertility traits were always higher 
than those obtained for BCS, with the only exception 
of CFS in first lactation (Table 4). Apart from the obvi-
ous difference in sign, and from the entity of estimates, 
the meaning of the phenotypic correlations observed 
for thin cow is the same as that for BCS. The results 
seem to support the existence of a negative phenotypic 
effect of fatness of cow on its production, even though 
it should be reiterated here that, in the present study, 
only 1 measure of BCS per cow was collected during 
the first 6 mo of lactation, and thus it is difficult to 
precisely predict the energy balance and mobilization of 
body reserves of the cow. Although for thin cow this is 
less relevant, for fat cow this becomes of major impor-
tance, as the sudden mobilization of body reserves can 
lead to scarce reproductive performance of fat cows. 
Having a single measure per lactation does not allow 
modeling the evolution of NEB during lactation and, 
thus, it is not possible to assess the change in body 
reserves of overconditioned cows.

Genetic Relationships Between Body Condition  
and Production Traits

Genetic correlations of body condition traits with 
pMY, lMY, and LL were moderate to high, and 
comprised between −0.556 and 0.623 (Table 4), in ac-
cordance with estimates reported by Veerkamp et al. 
(2001), Pryce et al. (2002), and Dal Zotto et al. (2007). 
Using random regression models on Holstein data, 
Buttchereit et al. (2011) and Loker et al. (2012) found 
a strong genetic antagonism between BCS and milk 
yield in mid lactation, and small correlations at the 
beginning and at the end of lactation. De Haas et al. 
(2007a), comparing the data of Holstein, Brown Swiss, 
and Red and White breeds in Switzerland, found simi-
lar antagonistic genetic relationships between BCS and 
milk yield (−0.45 in Holsteins) or muscularity (−0.35 
in Brown Swiss and −0.55 in Red and White cows). 
The comparison of phenotypic and genetic correlations 
suggests that the low phenotypic relationships between 
fat cow and production traits could be the result of 
opposite effects of genetics and environment.

Genetic Relationships Between BCS  
and Contemporary Fertility Traits

Genetic correlations between BCS and contemporary 
fertility ranged from −0.280 (BCS with INS) to 0.497 
(BCS with NR56; Table 4). The scientific literature 

Table 4. Estimates1 of genetic and phenotypic correlations of body condition traits with production of first-parity cows, and fertility of first- 
and second-parity cows 

Trait2

Genetic correlation3 Phenotypic correlation3

BCS Fat cow Thin cow BCS Fat cow Thin cow

First-parity production
 pMY (kg) −0.556(100) −0.521(100) 0.555(100) 0.060(100) −0.011(55) −0.099(100)

 lMY (kg) −0.533(100) −0.494(100) 0.623(100) 0.038(100) −0.019(77) −0.065(100)

 LL (d) −0.341(99) −0.247(89) 0.469(100) −0.041(100) −0.050(100) 0.052(100)

First-parity fertility
 iPF (d) −0.226(93) −0.203(85) 0.431(99) −0.098(100) −0.073(100) 0.129(100)

 iFC (d) −0.211(90) −0.096(69) 0.348(98) −0.030(100) −0.015(68) 0.056(100)

 iPC (d) −0.172(89) −0.090(68) 0.401(99) −0.070(100) −0.033(97) 0.117(100)

 INS (no.) −0.280(97) −0.151(77) 0.368(98) −0.025(100) −0.013(62) 0.046(100)

 CFS 0.306(95) 0.204(80) −0.369(96) 0.015(93) −0.001(14) −0.000(50)

 NR56 0.497(98) 0.281(80) −0.456(94) 0.005(66) −0.003(21) 0.008(46)

Second-parity fertility
 iPF (d) −0.292(98) −0.157(79) 0.457(99) −0.057(100) −0.034(94) 0.075(100)

 iFC (d) −0.392(98) −0.401(96) 0.420(98) −0.001(56) −0.006(44) 0.028(87)

 iPC (d) −0.330(97) −0.304(91) 0.524(100) −0.026(99) −0.012(58) 0.067(100)

 INS (no.) −0.283(94) −0.327(94) 0.362(96) −0.000(50) −0.009(51) 0.026(82)

 CFS 0.248(88) 0.218(80) −0.335(93) 0.000(50) 0.001(10) 0.004(70)

 NR56 0.123(67) 0.143(66) −0.195(74) −0.014(83) −0.004(29) 0.016(81)

1Estimates are the means of the marginal posterior densities for the correlation. The posterior probability (%) for positive correlations greater 
than zero or for negative correlations lower than zero is given within parentheses.
2pMY = peak milk yield; lMY = lactation milk yield; LL = lactation length; iPF = interval from parturition to first service; iFC = interval from 
first service to conception; iPC = interval from parturition to conception; INS = number of inseminations to conception; CFS = conception at 
first service; NR56 = nonreturn rate at 56 d after first service.
3Fat cow = cow classified as fat, based on its adjusted BCS; thin cow = cow classified as thin, based on its adjusted BCS. 
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has reported similar or larger estimates between linear 
measures of BCS and reproductive performance. The 
genetic correlation between BCS and calving interval 
in Brown Swiss cattle was −0.35 in the study of Dal 
Zotto et al. (2007) and −0.67 in Rossoni et al. (2007a), 
and it was −0.48 in Holstein cows (Pryce et al., 2002). 
Dechow et al. (2004) estimated a correlation of −0.30 
between BCS and days open, and Zink et al. (2011) 
reported values of −0.30, −0.46, and −0.45 between 
BCS and iFC, iPC, and iPF, respectively.

Cows classified as fat showed weaker relationships 
with contemporary fertility compared with BCS, but 
of the same sign, and thus genetically fat cows are ex-
pected to be genetically slightly more fertile (Table 4). 
Again, this means that the negative effect of overcon-
ditioning on cow fertility should be merely environmen-
tal, as it could be the rapid fat mobilization that causes 
metabolic and reproductive disorders. Contrarily, thin 
cow was the body condition trait more related to con-
temporary fertility, as depicted in Figure 3, and genetic 
correlations ranged between −0.456 (thin cow with 
NR56) and 0.431 (thin cow with iPF).

The relationship between BCS measured once in first 
lactation and fertility is not strong if we consider a 
linear relationship between the 2 traits, but the mean-
ing changes if we assume the 2 traits to be nonlin-
early related. In fact, even if the biological meaning 
of genetic correlations is the same (better condition = 
higher fertility), fat cow showed a weaker relationship 

with reproductive traits compared with the relationship 
between BCS and reproductive traits, suggesting that 
higher conditioning (in the range we measured it) did 
not affect very much fertility. On the other hand, the 
relationship between thin cow and fertility was notably 
higher than that between BCS and fertility, meaning 
that genetically much more-conditioned cows in first 
lactation did not hamper fertility, whereas genetically 
less-conditioned cows hampered severely their fertility 
in first lactation. Thus, considering BCS as a linear 
measure assessed once per lactation may be not the 
best predictor of contemporary fertility, but affording 
a different treatment of the measure, exacerbating the 
measures of poor conditioning, can lead to better results 
in predicting cow contemporary reproductive fitness.

Genetic Relationships Between BCS  
and Subsequent Fertility Traits

Surprisingly, BCS recorded in first lactation was more 
favorably related to interval fertility traits recorded 
in second lactation (−0.392 to −0.292) than during 
contemporary lactation (−0.226 to −0.172; Table 4). 
Regarding success traits, BCS was more favorably 
related to CFS and NR56 measured on contemporary 
(0.306 and 0.497, respectively) than subsequent (0.123 
to 0.248, respectively) lactation cows. The favorable 
genetic relationship between BCS of first-parity cows 
and INS of second-parity cows (−0.283) was very simi-

Figure 3. Marginal posterior distributions of the genetic correlation of interval from parturition to conception (iPC; d) for first-lactation 
cows BCS, cow classified as thin, and cow classified as fat, based on their adjusted BCS.
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lar to the estimate obtained between BCS and INS in 
first lactation (−0.280), and intermediate compared 
with those calculated for interval and success traits. In 
summary, BCS of first-parity cows exhibited favorable 
genetic relationships with fertility traits measured on 
both first and second lactation, but the effect was more 
clear on success traits during contemporary lactation 
and on interval traits measured after second calving 
and, thus, changes in body condition of primiparous 
cows have carryover effects on second-parity cows, es-
pecially on the establishment of sexual cycles or on the 
regularity/visibility of estrus, or both.

The pattern found in first lactation about exacerbat-
ing the nonlinearity of the relationship between body 
condition and fertility can be found also in second lac-
tation; in this case, fat cow showed genetic correlations 
from −0.401 to 0.218 with fertility, which are similar 
to relationships between BCS and fertility (−0.392 to 
0.248), but thin cow resulted in stronger genetic cor-
relations, ranging from −0.335 to 0.524. Zink et al. 
(2011) reported similar relationships of BCS in first lac-
tation and iPC and iPF in second lactation, and lower 
correlation between BCS and iFC. However, our study 
showed how body condition could depress reproductive 
efficiency, especially if the cow is poorly conditioned.

CONCLUSIONS

The favorable genetic correlations between BCS 
and fertility often found in the literature and in the 
present study are not a demonstration of the linearity 
of the relationship, but of the fact that, genetically, 
the problems of energy deficit dominates on those of 
overconditioning. When the body condition was not 
considered to be linearly related to fertility across its 
range, stronger relationships with fertility were esti-
mated. Actually, considering that thin cow leads to 
better prediction of fertility, whereas the probability of 
having a fat cow does not show a relevant relationship, 
suggests that the negative effect of overconditioning 
on fertility is primarily phenotypic. Fertility of second-
lactation cows was still related to body condition in 
first lactation, and a similar pattern of nonlinearity be-
tween condition and fertility was detected. In summary, 
the results showed that a nonlinear relationship exists 
between body condition and fertility, although it was 
not possible to quantify it. Considering body condi-
tion as nonlinearly related to fertility can lead to good 
prediction of fertility, even if a single measure of BCS 
per cow is available. Thin cows, more than BCS, can 
be a correlated trait when the selection for reproduc-
tive efficiency is not conducted through direct fertility 
measurements.
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