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  ABSTRACT

  The objective of this research was to estimate ge-
netic parameters of first-lactation body condition score 
(BCS), milk yield, fat percentage (Fat%), protein per-
centage (Prot%), somatic cell score (SCS), milk urea 
nitrogen (MUN), lactose percentage (Lact%), and fat 
to protein ratio (F:P) using multiple-trait random 
regression animal models. Changes in covariances be-
tween BCS and milk production traits on a daily basis 
have not been investigated before and could be useful 
for determining which BCS estimated breeding values 
(EBV) might be practical for selection in the future. 
Field staff from Valacta milk recording agency (Sainte-
Anne-de-Bellevue, QC, Canada) collected BCS from 
Québec herds several times per cow throughout the lac-
tation. Average daily heritabilities and genetic correla-
tions among the various traits were similar to literature 
values. On an average daily basis, BCS was genetically 
unfavorably correlated with milk yield (i.e., increased 
milk yield was associated with lower body condition). 
The unfavorable genetic correlation between BCS and 
milk yield became stronger as lactation progressed, but 
was equivalent to zero for the first month of lactation. 
Favorable genetic correlations were found between 
BCS with Prot%, SCS, and Lact% (i.e., greater BCS 
was associated with greater Prot%, lower SCS, and 
greater Lact%). These correlations were strongest in 
early lactation. On an average daily basis, BCS was 
not genetically correlated with Fat% or MUN, but was 
negatively correlated with F:P. Furthermore, BCS at 5 
and 50 d in milk (DIM) had the most favorable genetic 
correlations with milk production traits over the lacta-
tion (at 5, 50, 150, and 250 DIM). Thus, early lactation 
BCS EBV shows potential for selection. Regardless, 

this study showed that the level of association BCS has 
with milk production traits is not constant over the lac-
tation. Simultaneous selection for both BCS and milk 
production traits should be considered, mainly due to 
the unfavorable genetic correlation between BCS with 
milk yield. 
  Key words:    body condition score ,  genetic correlation , 
 milk production ,  random regression model 

  INTRODUCTION 

  In the past, dairy cattle selection programs in various 
countries were focused on production, whereas in recent 
years they have shifted toward more balanced breeding 
goals (Miglior et al., 2005). This is because selection 
on increased milk production has resulted in reduced 
health and fertility of dairy cattle (Veerkamp et al., 
2001; Heringstad et al., 2003). Although milk produc-
tion and feed intake are positively genetically corre-
lated (Hooven et al., 1972; van Arendonk et al., 1991), 
the correlated response in feed intake is only enough 
to cover 40 to 48% of the extra energy requirements of 
increased milk production (van Arendonk et al., 1991; 
Veerkamp et al., 1995). Thus, genetically higher pro-
ducing cows experience a more intense and extended 
early lactation negative energy balance than lower 
producers. These high-producing animals attempt to 
balance this energy deficit largely through mobilization 
of more tissue reserves than lower producers (Veerkamp 
and Emmans, 1995; Dechow et al., 2002). Increased ex-
tent and duration of negative energy balance in early 
lactation has been associated with greater health and 
fertility problems (Butler and Smith, 1989). It would 
be ideal to select for animals with high production that 
do not mobilize an excessive amount of tissue reserves. 
This could lead to selection for animals that balance 
their energy deficit via increased feed intake, which im-
plies selection on genes in common between milk pro-
duction and feed intake that are independent of BCS. 
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Because the genetic correlation between feed intake and 
milk production is not unity, genetic progress for milk 
production would be slowed. Veerkamp and Brother-
stone (1997) determined that selection for increased 
milk yield while maintaining BCS at its current level 
resulted in a reduction of overall (economic) genetic 
gain by 5%. However, they did not account for reduced 
cost associated with improved health and fertility.

Before using BCS as a tool for improving health and 
fertility, it is first important to verify the relationship 
between BCS and other traits of economic importance. 
To our knowledge, no other study has analyzed BCS 
and milk production traits on a test-day (TD) basis. 
Instead, previous research has analyzed BCS as a 
single-record trait (taken at a specific stage of lacta-
tion) with cumulative milk (Dechow et al., 2001; Berry 
et al., 2003a), fat, and protein yields (Dechow et al., 
2001). Veerkamp et al. (2001) analyzed BCS using a 
random regression sire model with cumulative 305-d 
milk, fat, and protein yields. The most similar analy-
sis to the current study was by Berry et al. (2003b). 
They analyzed BCS and milk yield on a TD basis using 
random regression animal models to estimate genetic 
correlations between each trait and various fertility 
traits. However, those authors did not analyze BCS and 
milk yield as correlated traits. In other words, no other 
study has analyzed the change in covariance between 
BCS and milk production traits on a day-to-day basis. 
Observing changes in covariance between BCS and milk 
production traits on a daily basis may lead to more 
informed decisions regarding which BCS EBV in which 
stage of lactation may be more useful for selection with 
minimal unfavorable effect on milk production traits. 
The objective of this research was to estimate genetic 
parameters of BCS with milk production traits in first-
lactation Canadian Holsteins using random regression 
animal models.

MATERIALS AND METHODS

Holstein TD records were collected from 2001 to 2008 
for BCS, MUN, and lactose percentage (Lact%) by 
Valacta (Sainte-Anne-de-Bellevue, QC, Canada) field 
staff from Québec herds. A previous study determined 
that BCS was strongly genetically correlated across the 
first 3 lactations (Loker et al., 2011). Therefore, only 
first-parity BCS records were used in the current study. 
One or more (up to 22) BCS records were available per 
cow. Body condition score was recorded on a scale from 
1 (thin) to 5 (fat) in increments of 0.25. These data 
were merged with the TD file provided by Canadian 
Dairy Network (Guelph, ON, Canada), which included 
records on first-lactation daily milk yield, fat percent-
age (Fat%), protein percentage (Prot%), and SCC, 

collected since 1988. Milk yield, Fat%, Prot%, and SCC 
were always recorded on the same day. The fat to pro-
tein ratio (F:P) trait was formed by dividing Fat% by 
Prot%. Somatic cell count was log-transformed to SCS. 
Pedigree records were provided by Canadian Dairy 
Network (Guelph, ON, Canada).

The data were split into 2 separate analyses because 
fewer records were available for MUN and Lact% than 
for milk production traits; this is because MUN and 
Lact% were collected by Valacta from Québec herds 
only, and milk production traits were available from 
herds nationwide. Analysis 1 included BCS, milk yield, 
Fat%, Prot%, and SCS, and analysis 2 included BCS, 
MUN, Lact%, and F:P. For analysis 1, the top 50 herds 
with the most animals with BCS records were selected, 
because BCS was the trait with the least data avail-
able. For analysis 2, because BCS and MUN were the 
2 traits with the least data available, the top 50 herds 
with the greatest average number of animals with BCS 
and MUN records [(number of BCS records + number 
of MUN records)/2] were selected. This ensured selec-
tion of herds with many BCS and MUN records for 
analysis 2. Data were restricted to records taken on 
DIM after calving between 5 and 305 d, total lacta-
tion length between 100 and 400 d, and age at calving 
between 19 and 40 mo. Because there was an excess of 
milk production records, production data were limited 
to a minimum year of calving of 1999 (the minimum 
year of calving for cows with BCS records). Records 
in classes of herd × TD (HTD) with <5 records were 
deleted.

After edits, the data set used in analysis 1 included 
23,037 BCS and 86,331 milk production (including 
SCS) records. There were 9,036 records for which BCS 
and milk production traits (and SCS) were recorded on 
the same day. The data set contained records for 10,917 
cows from 50 herds, with an average of 163 animals 
with BCS records per herd and 217 animals with milk 
production and SCS records per herd. There were 1,672 
sires with an average of 7 daughters per sire. Table 
1 includes descriptive statistics of the complete edited 
data set used for analysis 1 before and after extract-
ing 50 herds with the most animals with BCS records. 
Means and variances were very similar before and after 
extracting herds and applying edits, so the selected 
data were representative of the original data set.

The data set used in analysis 2 included 21,858 BCS, 
21,916 MUN, 22,280 Lact%, and 96,298 F:P records. 
There were 2,005, 2,072, and 7,981 records for which 
BCS was recorded on the same day as MUN, Lact%, 
and F:P, respectively. The data set contained records 
for 12,097 cows from 50 herds, with an average of 153, 
110, 111, and 241 animals with BCS, MUN, Lact%, and 
F:P records per herd, respectively. There were 1,760 
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sires with an average of 7 daughters per sire. Table 
2 includes descriptive statistics of the complete edited 
data set used for analysis 2 before and after extracting 
50 herds with the greatest average number of animals 
with BCS and MUN records. Means and variances were 
very similar before and after extracting herds and ap-
plying edits, so the selected data were representative of 
the original data set.

Five classes of year of calving were formed, with 2 
yr per class (1999–2000, 2001–2002, etc.). Eight classes 
of age at calving were formed (≤24, 25, 26, 27, 28, 29, 
30–31, and ≥32 mo), and 4 seasons of calving were 
defined (January–March, April–June, July–September, 
and October–December). The identifications of the 
field staff person taking each score for BCS were not 
recorded.

The following model was used:

y = Xβ + Z1h + Z2a + Z3p + e,

where y was the vector of observations for BCS, milk 
yield, Fat%, Prot%, and SCS for analysis 1, or BCS, 
MUN, Lact%, and F:P for analysis 2. The purpose of 
the analysis was to adjust records for fixed environ-
mental factors, represented by term β in the model. 
Along with adjusting records for fixed effects, random 
components were also quantified.

For BCS, β was the vector of fixed effects for HTD, 
and of fixed regression coefficients for age × class of 2 
yr of calving × season of calving (AYS) effect, h was 

the vector of random regression coefficients for herd × 
class of 2 yr of calving (HY) effect, a was the vector of 
random regression coefficients for additive genetic ef-
fect, p was the vector of random regression coefficients 
for permanent environmental (PE) effect, and e was a 
vector of random residuals.

For milk production traits (and SCS), β was the vec-
tor of fixed effects for HTD, and of fixed regression 
coefficients for age × season of calving (AS), a was 
the vector of random regression coefficients for additive 
genetic effect, p was the vector of random regression 
coefficients for PE effect and, e was a vector of random 
residuals.

Last, X and Zi (i = 1–3) were incidence matrices as-
signing observations to effects. To clarify, PE effects are 
environmental effects that affect each of the animal’s 
records. Random residual error is the remaining error 
in the model prediction after accounting for other ef-
fects in the model.

A random regression animal model was chosen for 
these traits because it allowed each animal to have a 
different shape of curve over the lactation (Schaeffer et 
al., 2000). As in Loker et al. (2011), Legendre polyno-
mials of order 2 were used to describe regression curves 
for BCS. Only a limited number of BCS records were 
available per animal (3 on average), and a similar study 
by Berry et al. (2003b) showed little advantage of us-
ing Legendre polynomials of order 3 instead of order 
2; order 4 was chosen for milk production traits to be 
similar to the Canadian TD model.

Table 1. Descriptive statistics of records in the complete edited data set before and after selecting 50 complete 
herds for analysis 1 

Item BCS Milk (kg) Fat (%) Protein (%) SCS

Before
 Mean 2.78 25.76 3.81 3.27 2.13
 SD 0.46 6.20 0.62 0.31 1.86
After      
 Mean 2.81 29.11 3.85 3.31 2.20
 SD 0.47 6.09 0.62 0.31 1.89
Average records per cow 3 8 8 8 8

Table 2. Descriptive statistics of records in the complete edited data set before and after selecting 50 complete 
herds for analysis 2 

Item BCS
MUN  

(mg/dL)
Lactose  

(%) F:P1

Before
 Mean 2.78 10.76 4.69 1.17
 SD 0.46 3.30 0.18 0.17
After     
 Mean 2.82 10.71 4.71 1.16
 SD 0.47 3.16 0.17 0.17
Average records per cow 3 4 4 8
1F:P = fat percentage to protein percentage ratio.
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Expectations and covariance structure for the ran-
dom effects were

E(y) = Xb, E(h) = 0, E(a) = 0, E(p) = 0, E(e) = 0

and

V(h) = I  Q0, V(p) = I  P0, V(a) =  

A  G0, V(e) = E, 

where  is the Kronecker product function (Searle, 
1982), I represents an identity matrix, A is the additive 
relationship matrix, Q0 is a covariance matrix for HY 
regression coefficients, and P0 and G0 are (co)variance 
matrices for PE and genetic regression coefficients, re-
spectively. Matrix E is a block-diagonal residual (co)
variance matrix. Residual (co)variances were assumed 
heterogeneous across 3 intervals of DIM (5 to 45, 46 to 
115, 116 to 305 DIM). Residual (co)variances among 
traits within the same DIM interval were allowed to 
differ from zero. All covariances among traits between 
different DIM intervals were assumed to be zero. All 
random effects were assumed normally distributed.

Variance components were estimated with a Bayes-
ian approach via Gibbs sampling using DMU software 
(Madsen and Jensen, 2008). Prior values were set arbi-
trarily to 0.03 for variances and 0 for covariances. Poste-
rior means of (co)variance components were estimated 
using 80,000 samples after a burn-in of 20,000 samples. 
The convergence of Gibbs samples was monitored by 
visual inspection of the plot of realizations for selected 
covariance components.

Daily heritability was defined as the ratio of additive 
genetic variance to phenotypic variance [the sum of 
additive genetic, HY (for BCS), PE, and residual vari-
ances] on a given DIM. Average daily heritability and 
genetic and PE correlations were obtained by summing 
daily heritabilities, or daily genetic or PE correlations 
from 5 to 305 DIM and dividing by 301. Because BCS 
was included in 2 analyses, 2 average daily heritabili-
ties were calculated for this trait. These 2 heritabilities 
were then averaged to produce an overall average daily 
heritability for BCS. Similarly for other parameters 
for BCS, results were averaged across the 2 analyses. 
All average daily heritabilities and genetic and PE 
correlations will be presented with posterior standard 
deviations in parentheses. Additionally, to determine 
if genetic or PE correlations differed from zero, 95% 
Bayesian confidence intervals were calculated. If the 
interval in which 95% of the samples of correlations 
generated by Gibbs sampling did not contain zero, then 
the parameter was considered different from zero. For 
parameters calculated on a daily basis from 5 to 305 

DIM, a Bayesian confidence interval was calculated 
every 30 DIM (e.g., 5, 35, 65, 95 DIM).

RESULTS AND DISCUSSION

Average daily heritabilities for BCS were similar be-
tween analyses: 0.22 (0.02) and 0.19 (0.02) for analyses 
1 and 2, respectively. Average daily heritabilities for all 
traits are presented in Table 3, where they are compared 
with first-parity heritability estimates from Miglior et 
al. (2007), who used a similar model for production 
traits and SCS, and analyzed Canadian Holstein data 
collected from Québec herds in the first 3 parities. Es-
timates were similar to those of Miglior et al. (2007), 
although milk yield heritability was lower in the cur-
rent study. Heritability estimates for BCS were in the 
range of literature values (Jones et al., 1999; Koenen et 
al., 2001; Berry et al., 2003b). A recent study by Bastin 
et al. (2010) used the same data source to analyze first-
lactation BCS with a random regression animal model 
together with reproduction traits. That study reported 
an average daily heritability of 0.14 for BCS. The 0.07 
difference in heritability between the current study and 
that of Bastin et al. (2010) could be due to differences 
in editing of the full data set or to modeling differences. 
Because a fixed HTD factor was not included in Bastin 
et al. (2010), effect of BCS assessor may have been 
confounded with the random HY factor in that study, 
resulting in a lower estimate of heritability for BCS 
(Loker et al., 2011) compared with the current study.

Estimates of daily heritability, genetic, PE, HY, and 
residual variances for BCS were very similar to those of 
Loker et al. (2011). Daily BCS heritability was in agree-
ment with other sources, which established that BCS 
was the least heritable at the beginning of lactation and 
most heritable in mid to late lactation (Koenen et al., 
2001; Berry et al., 2003b; Dechow et al., 2004; Bastin 
et al., 2010).

Residual correlations were very weak between BCS 
and milk production traits, but were moderate (as 

Table 3. Average daily heritabilities (with posterior standard 
deviations in parentheses) of BCS, milk yield, fat percentage, protein 
percentage, SCS, MUN, lactose percentage, and fat percentage to 
protein percentage ratio (F:P) 

Trait
Current  
study

Miglior et al.  
(2007)

BCS 0.21 (0.02) —
Milk yield 0.38 (0.02) 0.52
Fat percentage 0.59 (0.01) 0.56
Protein percentage 0.60 (0.02) 0.58
SCS 0.15 (0.01) 0.19
MUN 0.36 (0.02) 0.39
Lactose percentage 0.52 (0.03) 0.48
F:P 0.42 (0.01) —
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strong as 0.31) between milk production traits, espe-
cially in early lactation (5–45 DIM). Average daily PE 
and genetic correlations among the traits in analysis 1 
and 2 are presented in Tables 4 and 5, respectively. All 
PE and genetic correlation posterior standard devia-
tions were low.

Daily PE correlations between BCS and other traits 
from analysis 1 and 2 are shown in Figures 1 and 2, 
respectively. The PE correlation between BCS and milk 
yield became increasingly negative over the lactation 
(Figure 1). Bayesian confidence intervals calculated 
from 95 to 305 DIM did not contain zero. It is unusual 
that no positive environmental correlation was found 
between BCS and milk yield in early lactation. Dechow 
et al. (2002) found that management and environmen-
tal conditions that result in a fatter cow at calving are 
associated with greater milk production and a greater 
loss of body condition in early lactation. However, 
although changes in BCS and milk yield are related 
physiologically, these changes may not occur in per-
fect synchrony. In the current study, as lactation pro-
gressed, lower production was associated with greater 
BCS. Daily milk production normally decreases toward 
the end of lactation while cows are being fed to regain 
condition (Bauman and Currie, 1980). Permanent en-
vironmental correlations between BCS and Fat% only 
differed from zero from 125 DIM onward (although the 
correlation did not differ from 0 at 305 DIM). Perhaps 
as BCS increased and milk yield decreased toward the 
end of lactation, fat yield remained stable such that 
Fat% increased. The PE correlations between BCS and 
Prot% were positive and different from zero from early 
to late lactation. At no point in lactation did PE cor-
relations between BCS and SCS differ from zero.

Bayesian confidence intervals for PE correlations 
between BCS and MUN at 35 and 65 DIM were nega-
tive and did not contain zero. Cows that mobilized 
more tissue reserves and experienced a lower BCS had 
higher MUN in early lactation. König et al. (2008) sug-
gested that negative energy balance in early lactation 
was associated with an increase in MUN. Positive PE 
correlations were found between BCS and Lact% that 
were considered different from zero at 65 and 95 DIM. 
This supports research that concluded that better con-
ditioned cows are more fertile (Bastin et al., 2010) and 
that greater Lact% is associated with better fertility 
(Reksen et al., 2002; Buckley et al., 2003). The negative 
PE correlations between BCS and F:P were considered 
different from zero at 35 and 65 DIM. In early lacta-
tion, the typical dairy cow will mobilize mainly adipose 
tissue (Bauman and Currie, 1980), and energy provided 
by protein mobilization is comparatively minor (Belyea 
et al., 1978; Schröder and Staufenbiel, 2006). Therefore, 
the negative PE correlation between BCS and F:P could 
be the result of increased tissue mobilization, leading to 
a decrease in BCS and a greater percentage of fat rela-
tive to percentage of protein mobilization. A scenario 
where a cow is already thin (such that little tissue mo-
bilization occurs) is possible. However, that scenario is 
unlikely as producers typically manage the BCS of their 
cattle in preparation for tissue mobilization in early 
lactation (Bewley and Schutz, 2008). The average BCS 
curve for first-lactation cows from the Valacta data set 
(Loker et al., 2011) shows that the population begins 
lactation well conditioned and experiences a decline in 
BCS in early lactation.

Average daily genetic correlations (Tables 4 and 5) 
among trait pairs in common with Miglior et al. (2007) 

Table 4. Average daily genetic correlations (above the diagonal) and permanent environmental correlations 
(below the diagonal) and posterior SD (in parentheses) among BCS, milk yield, fat percentage (Fat%), protein 
percentage (Prot%), and SCS 

BCS Milk Fat% Prot% SCS

BCS  −0.28 (0.05) 0.06 (0.05) 0.23 (0.05) −0.17 (0.06)
Milk −0.19 (0.03)  −0.51 (0.02) −0.55 (0.02) 0.00 (0.05)
Fat% 0.16 (0.05) −0.31 (0.03)  0.66 (0.01) −0.08 (0.04)
Prot% 0.34 (0.04) −0.38 (0.03) 0.33 (0.04)  −0.03 (0.03)
SCS 0.03 (0.03) −0.18 (0.02) 0.05 (0.03) 0.20 (0.03)  

Table 5. Average daily genetic correlations (above the diagonal) and permanent environmental correlations 
(below the diagonal), and posterior SD (in parentheses) among BCS, MUN, lactose percentage (Lact%), and 
fat percentage to protein percentage ratio (F:P) 

BCS MUN Lact% F:P

BCS −0.03 (0.07) 0.11 (0.06) −0.12 (0.06)
MUN −0.08 (0.06) −0.20 (0.05) 0.31 (0.04)
Lact% 0.002 (0.004) 0.05 (0.08) −0.12 (0.04)
F:P −0.01 (0.04) 0.27 (0.05) −0.19 (0.06)
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were similar in magnitude and sign to estimates of that 
study, with the exception of the genetic correlation 
between MUN and Lact%, which was −0.20 (0.05) in 
the current study and −0.04 in Miglior et al. (2007). As 
expected, a negative genetic correlation [−0.28 (0.05)] 
was found between BCS and TD milk yield, which was 
different from zero. Other studies have found a negative 
genetic correlation between BCS and cumulative milk 
yield that ranged from −0.30 to −0.46 (Veerkamp et 

al., 2001; Berry et al., 2003a). The genetic correlation 
between BCS and Fat% [0.06 (0.05)] was not differ-
ent from zero. Veerkamp et al. (2001) found that BCS 
had a negative genetic correlation with 305-d fat yield 
of −0.27. Perhaps, in the current study, a genetically 
higher BCS was associated with a genetically lower 
producing cow, which produced less milk and fat such 
that Fat% was unaffected. The current study found a 
positive genetic association between BCS and Prot% 

Figure 1. Estimates of permanent environmental (PE) correlations between BCS and milk yield, fat percentage (Fat%), protein percentage 
(Prot%), and SCS across DIM.

Figure 2. Estimates of permanent environmental (PE) correlations between BCS and MUN, lactose percentage (Lact%), and fat percentage 
to protein percentage ratio (F:P) across DIM.
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of 0.23 (0.05), which was different from zero. Perhaps 
if a negative genetic correlation existed between BCS 
and protein yield that was weaker than the genetic cor-
relation between BCS and milk yield, this would have 
a positive influence on Prot%. The genetic correlation 
between BCS and SCS was −0.17 (0.06), different from 
zero), indicating that animals that were genetically 
inclined to have a higher BCS also had a lower SCS. 
Berry et al. (2007) did not find that BCS was signifi-
cantly associated with clinical mastitis. Alternatively, 
Lassen et al. (2003) found that BCS was genetically 
negatively correlated with mastitis (−0.16). Using BCS 
provided by Valacta, Neuenschwander (2010) found a 
positive additive genetic correlation between BCS and 
resistance for mastitis.

Daily genetic correlations between BCS and other 
traits from analyses 1 and 2 are shown in Figures 3 and 
4, respectively. Genes associated with increased BCS 
in mid to late lactation were associated with reduced 
milk yield. Genetic correlations were negative and dif-
ferent from zero from 65 DIM onward, excluding 305 
DIM. The genetic correlation of zero between BCS and 
milk yield in early lactation could be because higher 
milk production and the associated increase in tissue 
mobilization resulting in a lower BCS would not occur 
simultaneously, although they would be connected in 
time. Hence, a delay could occur between cause and 
effect for changes in BCS and milk production traits. 
However, a delay of 65 DIM is difficult to explain.

The negative correlation between BCS and milk 
yield from 65 DIM onward could be an indication of 
the genes controlling recovery of lost body condition 

as cows progress through pregnancy, in preparation for 
the next calving. Body condition score was still mod-
erately heritable at the beginning of lactation (results 
not shown, but see Loker et al., 2011), when the genetic 
correlation with milk yield was zero, and the favor-
able genetic correlations with Prot% and SCS were 
strongest. Specifically, Bayesian confidence intervals 
indicated that the genetic correlations between BCS 
and milk yield at 5 and 35 DIM were not different from 
zero. Genetic correlations between BCS and Fat% were 
positive and different from zero at 95 and 125 DIM. 
Genetic correlations between BCS and Prot% were 
positive and different from zero up to and including 215 
DIM. Genetic correlations between BCS and SCS were 
negative and different from zero from 35 DIM onward, 
excluding 305 DIM.

König et al. (2008) calculated a genetic correlation 
between milk yield and MUN of 0.44 and suggested 
that the energy deficiency in early lactation was accom-
panied by an increase in MUN. Those authors found 
negative genetic correlations of −0.19 and −0.23 be-
tween MUN and 56-d and 90-d nonreturn rate, respec-
tively. In addition, Wattiaux and Karg (2004) found a 
positive correlation between MUN and production ef-
ficiency (ratio of 3.5% FCM to DMI) in early lactation, 
and therefore suggested that body protein mobilization 
might affect MUN in early lactation. Given these find-
ings, a negative genetic correlation between BCS and 
MUN was expected in the current study. Despite the 
negative PE correlation in early lactation between BCS 
and MUN, the average daily genetic correlation in the 
current study was −0.03 (0.07) (Table 5), which was 

Figure 3. Estimates of genetic correlations between BCS and milk yield, fat percentage (Fat%), protein percentage (Prot%), and SCS across 
DIM.
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not different from zero. The genetic correlation between 
BCS and MUN was not different from zero at any point 
in the lactation.

Buckley et al. (2003) associated higher Lact% with 
increased pregnancy rate, and Reksen et al. (2002) 
found that higher Lact% in early lactation was re-
lated to early luteal response. Given these findings, in 
conjunction with studies that associated higher BCS 
with better fertility (Harrison et al., 1990; de Vries et 
al., 1999; Dechow et al., 2001; Bastin et al., 2010), a 
positive genetic correlation between BCS and Lact% 
was expected. The average daily genetic correlation 
between BCS and Lact% in the current study was 0.11 
(0.06) (Table 5), which was not different from zero. 
However, the positive genetic correlation between BCS 
and Lact% was considered different from zero in early 
lactation at 5 and 35 DIM (Figure 4).

The negative genetic correlation between BCS and 
F:P was different from zero on an average daily basis 
and in early lactation at 35, 65, and 95 DIM (Figure 
4). Grieve et al. (1986) found a negative phenotypic 

correlation between energy balance and F:P. Likewise, 
Buttchereit et al. (2010) concluded that F:P is a good 
indicator of energy balance status. Just before lacta-
tion, the typical cow is well conditioned and therefore 
will mobilize mostly fat reserves in early lactation, when 
the cow is in negative energy balance. This explains the 
higher percentage of fat than protein in the milk found 
by Grieve et al. (1986) in early lactation. Evolution-
arily, early lactation is when the calf depends mainly on 
energy provided by the mother’s milk (Friggens, 2003). 
Therefore, it is logical that the negative genetic cor-
relation between BCS and F:P was strongest in early 
lactation. A very weak, positive genetic correlation was 
found between BCS and Fat% in early lactation, but 
the strength of the positive genetic correlation between 
BCS and Prot% was greater, which could have to do 
with the negative genetic correlation between BCS and 
F:P. We could not determine an explanation for this.

Early lactation BCS had the most favorable genetic 
correlations with milk production traits. Genetic corre-
lations between BCS and milk production traits at dif-

Figure 4. Estimates of genetic correlations between BCS and MUN, lactose percentage (Lact%), and fat percentage to protein percentage 
ratio (F:P) across DIM.

Table 6. Estimates of genetic correlations between BCS and milk production traits for different combinations of DIM 

DIM

Milk yield Fat%1 Prot%1 SCS

5 50 150 250 5 50 150 250 5 50 150 250 5 50 150 250

5 −0.13 0.10 0.13 0.15 0.15 0.08 −0.07 −0.11 0.51* 0.20* −0.03 −0.10 0.01 −0.14 −0.07 −0.05
50 −0.06 −0.19* −0.16* −0.09 −0.08 0.04 0.04 0.02 0.40* 0.35* 0.12* 0.02 −0.03 −0.32* −0.20* −0.19*
150 0.03 −0.37* −0.37* −0.30* −0.26* −0.03 0.11* 0.10 0.24* 0.40* 0.23* 0.12* −0.08 −0.38* 0.23* −0.22*
250 0.05 −0.25* −0.33* −0.29* −0.23* −0.12* 0.02 0.01 0.31* 0.35* 0.20* 0.11 −0.15 −0.27* −0.10 −0.07
1Fat% = fat percentage, Prot% = protein percentage.
*Different from zero using Bayesian confidence interval. 
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ferent combinations of DIM are shown in Tables 6 and 7 
(for traits in analyses 1 and 2, respectively). Generally, 
BCS at 5 and 50 DIM had the most favorable genetic 
correlations with milk production traits at 5, 50, 150, 
and 250 DIM. Body condition score during that early 
lactation period (compared with BCS at later stages) 
had the weakest negative genetic correlation with milk 
yield at different stages of lactation, and was favorably 
genetically correlated with SCS and Lact% at different 
lactation stages. These results indicate that it may be 
possible to select for increased BCS without a large 
negative effect on milk production, and that early lac-
tation BCS EBV shows potential for selection.

CONCLUSIONS

This study is preliminary research progressing to-
ward a genetic evaluation of BCS in Canada using a 
random regression animal model. This study sought 
to determine how associations between BCS and milk 
production traits change over the lactation. Compared 
with mid- to late-lactation BCS, early-lactation BCS 
had the most favorable genetic correlations with milk 
production traits. The level of association that BCS 
had with milk production traits was not constant over 
the lactation. Simultaneous selection for both BCS and 
milk production traits should be considered, mainly 
due to the unfavorable genetic correlation between BCS 
with milk yield.
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