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Body condition score (BCS) is a subjective measure of the amount of metabolizable energy stored in a live animal. Change
in BCS of dairy cows is considered to be an indicator of the extent and the duration of postpartum negative energy balance.
Although change in BCS over lactation is lowly heritable, heritability estimates of level of BCS range from 0.20 to 0.50. Also,
BCS tends to be more heritable in mid-lactation indicating that genetic differences are more related to how well cows recover
from the negative energy balance state. BCS measurements are generally highly correlated within and between lactations.
Genetic correlations with BCS are unfavorable for milk, fat, and protein yield, suggesting that genetically superior producers
tend to have lower BCS, especially during the lactation. Genetic correlations are generally moderate and favorable with fertility
indicating that cows with higher levels of BCS would have a greater chance to conceive after insemination and fewer number
of days when not pregnant. Because direct selection to improve fertility might be complicated by several factors, selection
for higher levels of BCS, especially in mid-lactation, appears to be a good option to indirectly improve fertility in dairy cows.
Keywords. Dairy cows, body condition, energy balance, heritability, fertility, genetic correlation.

La note d’embonpoint chez la vache laitiere : variabilité génétique et lien avec la fertilité (synthese bibliographique).
La note d’embonpoint (BCS) est une mesure subjective de la quantité d’énergie métabolisable chez un animal vivant. Les
changements de BCS donnent des indications quant a I’importance et la durée de la balance énergétique négative postpartum
chez la vache laitiere. Bien que la perte de BCS au cours de la lactation présente une faible héritabilité, I’héritabilité du BCS
varie en moyenne entre 0,20 et 0,50. De plus, le BCS est plus héritable en milieu de lactation, ce qui indique que les différences
génétiques sont davantage liées a la maniere dont les vaches reviennent en balance énergétique positive. Les mesures de BCS
sont hautement corrélées au sein et a travers les lactations. Les corrélations génétiques entre le BCS et les rendements en
lait, matiere grasse et protéines sont défavorables et suggerent que les vaches qui sont génétiquement de hautes productrices
ont tendance a avoir un BCS plus faible, et plus particulierement au cours de la lactation. Les corrélations génétiques sont
modérées et favorables entre le BCS et la fertilité et suggeérent que des vaches qui présentent un BCS plus élevé, d’une part,
ont plus de chances de concevoir apres I’insémination et d’autre part, présentent un nombre plus faible de jours ou elles ne sont
pas gestantes. Etant donné que la sélection directe pour la fertilité peut étre compliquée par une série de facteurs, la sélection
pour des niveaux plus élevés de BCS, et plus particulierement en milieu de lactation, apparait comme une bonne option pour
améliorer indirectement la fertilité des vaches laitieres.

Mots-clés. Vache laitiere, état corporel, bilan énergétique, héritabilité, fertilité, corrélation génétique.

1. INTRODUCTION

In general, dairy cows experience a negative energy
balance (EB) for about 2 to 4 months following calving
when nutrient requirements for growth (especially in
first-parity cows), activity, maintenance and lactation
exceed the ability of the cow to consume energy
in the feed. In response to the energy deficit, cows
mobilize tissue reserves. During lactation, dry matter
intake increases at a slower rate than milk production,
exacerbating negative EB. About 2 to 4 months after

calving, dry matter intake increases to a point where
energy input is greater than energy output, resulting
in a positive EB for the remainder of the lactation
(Bewley et al., 2008).

Although negative EB in early lactation is a normal
physiological state (i.e. all mammals are designed to
convert body stores of energy to milk during lactation;
Bewley et al., 2008), it is commonly assumed that
duration and magnitude of negative EB both have an
impact on reproductive performance of dairy cows.
Butler et al. (1989) indicated that negative EB and
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rate of mobilization of body reserves in early lactation
appear to be directly related to the interval from calving
to first ovulation and to a lower conception rate. Also,
de Vries et al. (2000) reported that a lower nadir of EB is
correlated with a delay in the postpartum start of luteal
activity. Furthermore, Friggens et al. (2007) provided
evidence that body energy change is environmentally
and genetically driven and suggested that genetic
selection could affect EB profiles. Therefore, recording
EB on a routine basis could enhance improvement of
fertility and hence address one of the greatest challenges
of the modern dairy industry, which is to overcome the
decline in cow fertility that has taken place over the
past five decades (Veerkamp et al., 2007).

Direct measures of EB are primarily based on
individual cow feed intake and milk output. However,
measurement of individual feed intake is expensive
and unfeasible in a commercial population. Therefore,
indirect indicators of EB, such as body condition
score (BCS) change, are commonly used. Body
condition score is a subjective measure of the amount
of metabolizable energy stored in a live animal
(Edmonson et al., 1989) and it is recognized by animal
scientists and producers as being a useful trait to
customize feeding strategies and manage dairy cattle
health and fertility.

After an overview of the definition and the interest
in BCS, this paper will focus on the genetic variability
of BCS in dairy cows. Furthermore, the genetic
association of BCS with other traits of economic
importance and especially reproductive performance
will be examined. Finally, the selection of BCS in
order to indirectly improve the fertility of dairy cows
will be considered.
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2. BODY CONDITION SCORE: DEFINITION,
TARGET VALUES, AND FACTORS OF
VARIATION

Body condition scoring has been widely accepted
as the most practical method for assessing changes
in energy reserves in dairy cattle (Bewley et al.,
2008). This technique is accomplished by the
visual or tactile observation (or both) of a cow by a
trained professional (Edmonson et al., 1989; Roche
et al., 2004). Body condition can be scored by dairy
farmers, veterinarians, field staff, or classifiers. It can
be recorded once or several times over the lactation.
Although it is a subjectively measured trait that only
assesses subcutaneous fat stores, previous studies have
indicated that BCS could be accurate enough to assess
the relative amount of body fat mobilization (Waltner
et al., 1994; Bewley et al., 2008).

During the last 25 years, various BCS systems
have been described and researched throughout the
world (Bewley et al., 2008). The scale used to measure
BCS differs between countries, but low values
generally reflect emaciation and high values reflect
obesity (Roche et al., 2009a). Edmonson et al. (1989)
developed a 5-point chart system used in the United
States describing changes in conformation with body
condition change for eight body locations identified as
important for predicting BCS. In the Walloon Region
of Belgium, dairy cows are assigned a BCS based on
a nine-point scale with unit increments as used for the
linear scoring system. The decision chart (Table 1),
adapted from the five-point scale described by Ferguson
et al. (1994), is mainly based on the observation and
the tactile appraisal of the thurl region, the pin and

Table 1. Decision chart for body condition scoring (BCS) dairy cows in the Walloon Region of Belgium — Grille décisionnelle
utilisée en région wallone pour I’attribution de la note d’embonpoint (BCS) aux vaches laitieres.

Principal descriptors of body region

The thurl (rump region) has a V appearance

Hook bone is rounded

Hook and pin bones are angular. Pin bone has a palpable fat pad

Thurl is prominent and the cow has a saw-toothed spine

5
4
Pin bone does not have a palpable fat pad. The transverse processes of the lumbar vertebrae are sharp 3
2
1

Severely emaciated. All skeletal structures are visible

The thurl (rump region) has a U appearance

The sacral ligament is visible and the coccygeal ligament is faintly visible

Both sacral and coccygeal ligaments are not visible

The thurl region flattens and becomes round. Pin bone is round

All osseous protuberances are round
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hip bones and the sacral and coccygeal ligaments with
scoring of 1 (= emaciated cows) to 9 (= obese cows).

Mao et al. (2004) suggested that the change in a
cow’s BCS over time is determined by changes in
intake, in utilization of energy intake for yield, growth
and maintenance, and in body tissue deposition and
mobilization. Typically, the intercalving profile of BCS
is a mirror image of the milk lactation profile, declining
to a nadir at 40 to 100 days after calving as milk
production peaks and tissue reserves are mobilized to
compensate for negative EB, before replenishing lost
body reserves as the milk lactation profile declines
(Roche et al., 2007b). However, the shape of this
profile could be influenced by the system of production;
New Zealand cows grazing fresh pasture exhibit a
W-shaped BCS profile (Roche et al., 2007b), declining
for a second time in mid-lactation when pasture quality
and quantity decline, before increasing again in late
lactation (Roche et al., 2009b; Roche et al., 2009c).

An extensive review of the literature by Roche
et al. (2009a) summarized the phenotypic association
between BCS (at calving, nadir and changes during
the lactation) and milk production or fertility traits.
They indicated that the association between BCS
and milk production and fertility traits is generally
nonlinear. Health and reproductive disorders arise
from having cows that are either too thin (especially in
early lactation) or too fat (especially before calving).
Although low BCS during lactation or excessive
loss of body condition in early lactation often result
in impaired health and reproductive performances
(Pryce et al., 2001; Reksen et al., 2002; Roche et al.,
2007a), it has been reported that greater BCS at calving
exacerbates BCS lost postcalving and negative EB
problems instead of overcoming them (Garnsworthy,
2006; Roche et al., 2007b). Body condition score could
therefore be considered an intermediate optimum trait
(Loker, 2011). The ideal BCS is the level of body fat
that allows the cow to optimize milk production while
simultaneously minimizing metabolic and reproductive
disorders (Bewley et al.,2008). The ideal BCS is highly
dependent on lactation stage and on the production
system in which cows are managed. Phenotypic target
values for BCS as recommended by the Walloon
Breeding Association (on a 9-point scale) are 4 to 6
between 0 and 45 days in milk (DIM), 4 to 5 between
46 and 300 DIM, and 5 to 6 after 300 DIM and during
dry-off (Massart, 2011). Furthermore, an efficient BCS
management strategy should also consider changes in
BCS. Monitoring changes in body condition through
a scoring system is probably of greater value than
identifying absolute, snapshot measures of body
condition (Bewley et al., 2008).

Body condition score profiles vary among cows
and many herd- or cow-level factors contribute to this
variation. Factors associated with feeding level or diet
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type are of primary importance. Berry et al. (2006)
showed that cows on higher feeding levels mobilized
less BCS in early lactation than cows on lower feeding
levels. Roche et al. (2009a) indicated that stocking rate,
level of concentrates, or diet type (grazed grass or total
mixed ration) affect BCS. Among others, parity, age
within parity, season of calving, year of calving, breed,
and genetics are all cow-level factors that impact BCS
profiles (Koenen et al., 2001; Pryce et al., 2001; Berry
et al., 2006). Within lactation, loss in BCS tends to
increase with increasing parity and first-parity cows
are generally managed to calve in greater BCS than
later-parity cows (Berry et al., 2006; Bewley et al.,
2008). Also, Koenen et al. (2001) showed that BCS
increased as calving age increased. Differences in BCS
profile among breeds and a heterosis effect have also
been reported (Koenen et al., 2001; Mao et al., 2004;
Pryce et al., 2006). Finally, as BCS is a subjectively
scored trait, the effect of BCS assessor is of importance
(Veerkamp et al., 2002) and it is often considered a
“nuisance factor” (Roche et al., 2009a) that has to be
considered and corrected for.

3. GENETIC VARIABILITY OF BODY
CONDITION SCORE

Several studies investigated the genetic variability
in BCS traits and provided evidence that differences
in BCS profiles among cows are partly genetically
driven. Although it is not exhaustive, table 2 provides
an overview of the variety of studies that estimated
genetic parameters for BCS. Estimates of heritability
ranged from 0.05 to 0.79 but most of the studies
reported heritabilities ranging from 0.20 to 0.50.
Studies differ in the origin of data (field data or data
from research herds), breed, number and stage of
lactation being examined, definition of traits (e.g.
scales used for scoring body condition), as well as the
data edits, model used to estimate genetic parameters
and heritability definition (i.e. daily vs lactation).
Field data involve a large data set of BCS generally
assessed by classifiers with one record per lactation
while a data set from research herds generally includes
several measurements of BCS by one assessor on
a limited number of cows in a limited number of
herds. Heritability estimates tend to be lower for field
data (e.g. Lassen et al., 2003; Dal Zotto et al., 2007)
than for research herd data (e.g. Oikonomou et al.,
2008; Spurlock et al., 2012). This tendency could be
attributed to the high variability among herds and BCS
evaluators in field data while environmental conditions
are more controlled in research herds. Furthermore,
heritability estimates tend to be higher in studies
in which BCS was assessed by a limited number of
trained operators (Gallo et al., 2001; Berry et al.,
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Table 2. Overview of heritability estimates for body condition score (BCS) from various studies — Héritabilités de la note

d’embonpoint (BCS) estimées dans une série d’études.

BCS assessor Repeated  Type of record Number Model Heritability Reference
measures? of cows
- Yes P 469 A—RR 0.21-045 Koenen et al., 1998
Classifiers No P 100,078 S—RR 020-0.28 Jones et al., 1999
Classifiers No P 44672 A 0.28 Pryce et al., 2000
Producers, consultants Yes P+M 62957 A-MT 0.07-0.20 Dechow et al., 2001
1 operator Yes P+M 1,344 A 0.29 Gallo et al., 2001
A-MT 0.27-0.36
Classifiers No P 135,017 A-MT 0.23-037 Koenen et al., 2001
Trained staff Yes P+M 6,646 A-MT 0.27-0.37 Berry et al., 2002
Trained staff Yes P+M 8,725 A-RR 039-0.51 Berry et al., 2003b
Classifiers No P 31,500 S 0.24 Kadarmideen et al., 2003
Classifiers No P 28,948 S-MT 0.14-0.29 Lassen et al., 2003
S—-RR 0.18-0.27
Classifiers Yes P+M 119,215 S 0.20 Dechow et al., 2004a
S—-RR 0.15-0.24
S-MT 0.20-0.22
~ 1 operator Yes P+M 294 A-RR 0.05-0.78 Mao et al., 2004
Classifiers No P 169,661 S—RR 0.23-0.32 Pryce et al., 2006
Classifiers No P 32,359 A 0.15 Dal Zotto et al., 2007
1 veterinarian Yes P 497 A—RR 034-0.79 Oikonomou et al., 2008
- Yes P+M 957 A-RR 024-0.56 Banos et al., 2010
1 technician Yes P+M 970 A 0.26 Vallimont et al., 2010
1 evaluator Yes P 682 A—-RR 034-0.59 Buttchereit et al., 2011
Milk recording agency  Yes P+M 21878 A—-RR 0.14-033 Loker et al., 2011
Classifiers No P 59,457 A 0.30 Zink et al., 2011
1 evaluator Yes P+M 402 A-MT 048-0.55 Spurlock et al., 2012
A-RR 043-0.67

P: primiparous — primipares; M: multiparous — multipares; A: animal — animal; MT: multitrait (BCS taken at different periods of the
lactation are considered as different traits) — multi-caractere (les BCS pris a différents moments de la lactation sont considérés comme
des caracteres différents); RR: random regression — régression aléatoire; S: sire — pére.

2003a) than in studies in which BCS was assessed by
producers or by a large number of evaluators (Dechow
et al., 2001). Hence, Dechow et al. (2003) indicated
that heritability for BCS increased from 0.14 to 0.19
after edits on BCS data to eliminate data with no BCS
assessors or data scored inconsistently when compared
with other BCS assessors’ data. These authors expected
that the heritability estimate for BCS would increase as
BCS assessors became more accustomed to evaluating
cows for this trait. Dechow et al. (2004b) estimated a
genetic correlation of 0.85 (with a standard error not
greater than 0.06) between classifier recorded BCS
and producer and herd-consultant recorded BCS,
indicating that these traits are very similar but not
exactly the same. Moreover, to alleviate differences in

the range of scoring by different BCS assessors, some
studies suggested preadjusting BCS records using the
phenotypic standard deviation within classifier (Jones
et al., 1999; Pryce et al., 2000; Koenen et al., 2001).
Although BCS can be considered the same trait over
the lactation with a constant genetic variance (Pryce
et al., 2000; Kadarmideen et al., 2003; Dal Zotto et al.,
2007; Zink et al., 2011), most studies hypothesized that
the variation in BCS might be controlled by different
genes across DIM. In such studies, genetic parameters
were estimated using either multitrait models (BCS
measured at different periods treated as separate traits)
or random regression models (Table 2). Using these
two last approaches on the same data, Lassen et al.
(2003), Dechow et al. (2004a), and Spurlock et al.



68 Biotechnol. Agron. Soc. Environ. 2013 17(1), 64-75

(2012) reported heritability estimates in the same range.
Koenen et al. (1998), Veerkamp et al. (2001), and Berry
et al. (2003b) investigated different orders of Legendre
polynomials to model the additive genetic component
and calculated the eigenvalues of the additive genetic
covariance matrix to determine the contribution of
each extra term to the overall variation in the curve.
Using a quadratic random regression model, the first
eigenfunction accounted for 71% (Berry et al., 2003b),
98% (Veerkamp et al., 2001), and 99% (Koenen et al.,
1998) of genetic variance. Little advantage of using
Legendre polynomials of order 3 instead of order 2 has
been reported (Berry et al, 2003b).

Using either a random regression or multitrait
model, genetic variance and heritability of BCS tend
to vary across days in milk (table 2). Various trends
of genetic variances for BCS have been presented.
The paucity of data at the beginning and the end
of the lactation and the mathematical behavior of
polynomials at data extremities might contribute to the
large genetic variation at the peripheries of lactation in
some studies (Berry et al., 2003b; Oikonomou et al.,
2008). However, the majority of studies found lower
genetic variance in early lactation than in the rest of the
lactation (e.g. Koenen et al., 1998; Koenen et al., 2001;
Veerkamp et al., 2001; Dechow et al., 2004a; Loker
et al., 2011), suggesting that cows are more different
in their rate of immediate recovery from negative EB
than when they lose condition. Furthermore, Mao et al.
(2004) reported that the genetic variance of BCS was
the highest around 120 DIM, when energy expenditure
and intake supposedly reach a balance during lactation
and they concluded that BCS curves differ genetically
between cows in shape and in height. Likewise, several
authors found that heritability estimates peaked in
midlactation (Gallo et al., 2001; Koenen et al., 2001;
Berry et al., 2002; Berry et al., 2003b; Dechow et al.,
2004a; Loker et al., 2011). Finally, heritability of BCS
was generally lower in first-lactation than in later
lactations (Dechow et al., 2001; Loker et al., 2011).

Heritabilities reported in table 2 are for Holstein
cows with the exception of estimates from Koenen
et al. (2001; Holstein and Red-and-White), Mao
et al. (2004; Holstein, Jersey, and Danish Red), Pryce
etal. (2006; Holstein, Jersey, and crossbred), and
Dal Zotto et al. (2007; Brown Swiss). Koenen et al.
(2001) found lower heritability estimates for Red-and-
White heifers (0.23 to 0.32) than for Holstein cows
(0.28 to 0.37) while Dal Zotto et al. (2007) obtained
a relatively low heritability (0.15) for BCS of Brown
Swiss cattle. These results suggest that BCS might
be under stronger genetic control in Holstein than in
other breeds. However, Mao et al. (2004) reported
higher heritability estimates for Jersey (0.55 to 0.78)
and Danish-Red (0.58 to 0.70) than for Holstein (0.30
to 0.60). Nevertheless, the latter results were obtained
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from data collected in a single experimental herd that
contained 294 cows and these estimates are probably
subject to large standard errors.

Body condition score measures are generally
highly correlated within and between parity. Genetic
correlations among parities ranged between 0.77 and
1.00 (Dechow etal.,2001; Lokeretal.,2011) suggesting
that selection based on first lactation BCS would be
effective for later parities as well. Genetic correlation
estimates between BCS measured at different points
during the lactation are generally strong, especially
between adjacent periods (Koenen et al., 2001; Loker
et al., 2011). However, in some studies (Jones et al.,
1999; Dechow et al., 2001; Gallo et al., 2001), BCS
in early lactation appears to be genetically less similar
to BCS in other periods. Jones et al. (1999) indicated
that the correlation between BCS before 30 DIM and
BCS from 151 to 210 DIM was 0.63. In the study
from Dechow et al. (2001), the genetic correlation
between BCS at calving and BCS before dry-off was
0.69. Roche et al. (2009a) concluded that much of
the variation observed in BCS at different stages of
the cow’s life would be under the influence of similar
genes. However, Berry et al. (2003c) found genotype
by environment interactions for BCS implying that
genes that influence BCS may differ according to
the nutritional (i.e. concentrate feeding level, grazing
severity, and silage quality) or milk yield (i.e. herd-
year mean milk yield) environment.

As a consequence of the strong correlations among
different BCS measurements over the lactation,
little genetic variation in BCS change is expected in
comparison to the variation in level of BCS. Heritability
estimates for BCS change are actually lower than for
BCS level and vary from 0.01 to 0.10 (Pryce et al.,
2001; Berry et al., 2002; Dechow et al., 2002).

4. GENETIC CORRELATIONS OF BODY
CONDITION SCORE WITH OTHER TRAITS

An overview of various studies presenting genetic
correlation estimates between BCS and production,
type and body weight, diseases, and fertility traits
is given in table3. In general, the direction of
correlations did not change between studies although
the magnitude of correlations varied. Also, it should be
noted that high standard errors have been reported for
some correlation estimates.

4.1. Genetic correlations with non-fertility traits

Over a range of studies, milk, fat, and protein yield had
unfavorable genetic correlations with BCS. Clearly,
cows that are genetically superior producers tend
to have lower BCS, especially during the lactation.
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Table 3. Overview of genetic correlation estimates between body condition score (BCS) and production, type, body weight,
diseases, and fertility traits from various studies — Corrélations génétiques entre la note d’embonpoint (BCS) et les
caracteres de production, morphologie, poids, maladies et fertilité estimées dans une série d’études.

Trait Average genetic Range References?
correlation with BCS!
Production
Milk yield -0.37 -063t0-0.12 3,5,6,7,8,10, 12, 14,
17,18, 19
Fat yield -0.27 -043t0-0.03 3,5,6,10,12,14,18,19
Protein yield -0.31 -0.54t0-0.06 3,5,6,10,12,14,18,19
Somatic cell score -0.12 -0.17t0-0.08 18,19,24
Type and body weight
Dairy form, dairy character, angularity -0.65 -077t0-035 1,11,12,13,15,16,17
Strength 0.45 0.17t0 0.72 11,12
Stature 0.20 0.13t00.28 1,11,12
Heart girth 0.28 021t0034 4,12
Body depth 0.20 -0.05t0 040 1,11,12
Body weight 0.55 0.42t00.67 1,7,19,21,25
Diseases
Mastitis -0.52 -061t0-025 13,16,23
Diseases other than mastitis -0.19 -022t0-0.15 13,16,23
Fertility
Days to first heat -041 - 5
Days to commencement of luteal activity -0.84 - 9
Days to first service -048 -063t0-035 3,5,6,10,14,18,20,22
Days to last service -0.44 - 6
Days to conception, days open -0.38 -046t0-030 17,22
Days from first service to conception 0.01 - 10
Days from first to last service -046 -0.62t0-030 20,22
Calving interval -0.39 -053t0-0.14 2,5,6,8,14,20
Number of services -0.22 -037t0-0.06 3,6,10,20
Conception at first service 0.22 0.16t00.28 6,10
Conception rate at first service 0.60 - 20
Pregnant 63d after the start of the breeding season 0.37 - 10
Presented for mating within 21d from the planned 0.49 - 19
start of mating
Calving rate within 42d from the planned start of 0.43 - 19
calving

! Correlations have been averaged first within studies and second among studies — les corrélations ont été moyennées d’abord pour
chaque étude, ensuite a travers toutes les études; * 1: Veerkamp et al., 1997; 2: Pryce et al., 2000; 3: Dechow et al., 2001; 4: Gallo
etal.,2001; 5: Pryce et al., 2001; 6: Veerkamp et al., 2001; 7: Berry et al., 2002; 8: Pryce et al., 2002; 9: Royal et al., 2002; 10: Berry
et al.,2003a; 11: Dechow et al., 2003; 12: Kadarmideen et al., 2003; 13: Lassen et al., 2003; 14: Wall et al., 2003; 15: Dechow et al.,
2004a; 16: Dechow et al., 2004b; 17: Dechow et al., 2004c; 18: Kadarmideen, 2004; 19: Pryce et al., 2006; 20: DeHaas et al., 2007; 21:
Toshniwal et al., 2008; 22: Zink et al., 2011; 23: Koeck et al., 2012; 24: Loker et al., 2012; 25: Spurlock et al., 2012.
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Genetic correlations with BCS were on average -0.37
for milk yield, -0.27 for fat yield, and -0.31 for protein
yield (Table 3). Negative correlations of a similar
magnitude have been also reported for test-day milk,
fat, and protein yields, and fat and protein contents
(Veerkamp et al., 1997; Toshniwal et al., 2008; Loker
etal., 2012). Greater BCS change in early lactation
is also expected for genetically superior producers
(Pryce et al., 2001; Berry et al., 2002; Dechow et al.,
2002; Berry et al., 2003a). There was a tendency for
BCS measured in early lactation to give the weakest
correlations with milk yield (Veerkamp et al., 2001;
Berry et al., 2003a; Loker et al., 2012). From these
results, Dechow et al. (2001) concluded that cows that
are efficient producers of milk, direct more nutrients
towards milk production and less toward body reserves
during the lactation and thus, tend to have lower
BCS during the lactation. Nevertheless, the genetic
relationships between BCS and production traits are not
1, indicating that, using appropriate indexes, both traits
could be improved by genetic selection. In contrast
to these studies, Pryce et al. (2006) found a genetic
correlation between BCS and 270-d fat changing from
moderately positive in early lactation to negative in
late lactation. They observed the same trend in protein
yield, and, to a lesser extent, in milk yield. Pryce et al.
(2006) concluded that under the pastoral production
systems typical in New Zealand, cows that have high
BCS in early lactation (in spring) are more likely to
have higher total yields of fat and protein because they
have more reserves available for production in the
autumn when feed resources are limited.

Several studies investigated the genetic relationships
between BCS and conformation traits. Overall, traits
related to dairyness of cows such as dairy form,
angularity or udder traits are generally negatively
correlated with BCS. Since dairy form (or angularity)
is a subjective type evaluation trait described by the
openness and the angle of the ribs and the flatness
of bones, it could be considered a similar trait, yet
opposite, to BCS. On average the genetic correlation
between BCS and dairy form was -0.65 (Table 3);
with the exception of Kadarmideen et al. (2003) who
reported a genetic correlation of -0.35, most of the
studies reported relatively strong estimates ranging
from -0.77 to -0.61. Furthermore, genetic relationships
between BCS and udder type traits have been reported
to be unfavorable but low to moderate (Veerkamp et al.,
1997; Dechow et al., 2003; Kadarmideen et al., 2003).

In opposition to dairyness traits, traits related to
body size, body development, and body weight were
generally positively correlated with BCS. Genetic
correlations with BCS were on average 0.45 for
strength, 0.20 for stature, 0.28 for heart girth, and 0.20
for body depth (Table 3). Moreover, Veerkamp et al.
(1997) showed that the accuracy of selection for BCS
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using an index combining stature, chest width, body
depth, angularity, and rump width would be 0.88,
suggesting that BCS could be predicted from the type
traits with little loss in accuracy. Dechow et al. (2003)
concluded that cows with a higher BCS have more
body fat and muscle and thus appear to be stronger,
have somewhat larger body dimensions and weigh
more. Moderate to strong genetic correlations between
BCS and body weight have been documented with
average estimates ranging from 0.42 to 0.67 (Table 3).
From their results, Berry et al. (2002) proposed that
some breeding indices pursuing a reduction in body
weight to increase animal efficiency may also lead to
reducing animals’ BCS, assuming no cognizance of
other traits associated with BCS.

Overall, cows with high merit for BCS are
genetically less susceptible to diseases. On average, the
genetic correlation between BCS and the occurrence
of diseases other than mastitis was -0.19 (Table 3).
Nevertheless, estimates vary across studies according
to the trait considered (from -0.64 to 0.27; Lassen
et al., 2003; Dechow et al., 2004b; Koeck et al., 2012).
The strongest genetic associations were found for
ketosis, displaced abomasum, mastitis and metritis in
Koeck et al. (2012) and for metabolic and digestive
disease, displaced abomasum, and mastitis in Dechow
et al. (2004b). Correlations between BCS and mastitis
ranged from -0.61 to -0.25 indicating that animals with
higher BCS are genetically more resistant to mastitis.
This is corroborated by the weak negative genetic
correlation between BCS and somatic cell score, which
is considered an indicator of udder health (lower values
of somatic cell score are desirable). This correlation
was -0.12 on average (Table 3).

4.2. Genetic correlations with fertility

Over a range of studies, favorable, moderate to strong
genetic relationships have been documented between
BCS and fertility (Table 3); cows that have genetically
lower levels of BCS, on average, experience more
reproductive difficulties.

Negative genetic correlations between BCS and
interval reproductive traits (i.e. number of days
between two events such as calving, heat, insemination,
conception or subsequent calving) have been reported.
Genetically low BCS tend to be associated with delayed
first estrus, and negative correlations have been found
between BCS and the number of days to first heat
(-0.41; Pryce et al., 2001) and the number of days to
commencement of luteal activity (-0.84; Royal et al.,
2002). Cows with low BCS may not maintain energy
levels that are sufficient to activate ovarian function or
display estrus and they are therefore likely inseminated
for the first time at a later date (Dechow et al., 2001).
Likewise, cows genetically inclined to maintain
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BCS in early lactation are inseminated earlier in the
lactation (Dechow et al., 2002). The number of days
to first service actually showed moderate to strong
negative correlations with BCS, ranging from -0.63
to -0.35 with an average of -0.48 (Table 3). Over
a range of interval traits within the same study, the
number of days to first service often showed the
strongest genetic correlation with BCS (Veerkamp
et al., 2001; Berry et al., 2003a; Wall et al., 2003).
Negative genetic correlations of BCS with calving
interval, number of days to last service, number of
days from calving to conception and days between
first and last services have also been reported and
range on average from -0.39 to -0.46 (Table 3).
Overall, it suggests that lower BCS levels during the
lactation would increase the number of days when the
cow is not pregnant.

Moderate favorable genetic relationships have
been reported between BCS and traits reflecting
pregnancy status of the cow after the first insemination
or within a specific time interval. Conception (rate) at
first service, pregnant 63d after the start of breeding
season, presented for mating within 21 days from the
planned start of mating,and calving rate within42 days
from the planned start of calving were all positively
genetically correlated with BCS, with the correlations
ranging from 0.22 to 0.60 (Table 3). Negative genetic
correlations between BCS and number of services
per cow have been reported (Table 3), ranging from
-0.37 t0 -0.06. These estimates suggest that cows with
genetically higher BCS would have a greater chance
to conceive after insemination.

Although the direction of correlations between
BCS and fertility traits generally did not change over
the lactation, studies reported that the magnitude of
correlations varied according to the lactation stage.
Dechow et al. (2001), Berry et al. (2003a) and de Haas
etal. (2007) reported that BCS in mid-lactation had the
strongest relationship with fertility. Because genetic
correlations between fertility and BCS could depend
on lactation stage, it might be expected that the BCS
change is correlated with reproductive performance.
Despite the fact that estimates are quite variable and
are subject to high standard errors, unfavorable low
to moderate genetic correlations between fertility and
BCS loss in early lactation have been reported (Pryce
etal., 2001; Dechow et al., 2002; Berry et al., 2003a),
indicating that greater BCS loss in early lactation is
correlated with poorer fertility.

In early lactation, cows are in negative EB.
Consequently, they mobilize body tissue to sustain
milk production and their BCS decreases. Therefore,
they may be yielding milk at the expense of
reproduction. Hence, Dechow et al. (2001; 2002)
included mature equivalent milk yield as a covariable
in the model to adjust the genetic correlation between
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BCS and fertility for milk production as they stated
that producers might inseminate higher producing
cows later in lactation. However, this adjustment did
not have a significant effect on the correlations. Berry
et al. (2003a) and Pryce et al. (2000) also reported
that adjustment for milk had no effect on the direction
of correlations between BCS and fertility traits.

S5.BODY CONDITION SCORE AS AN
INDIRECT PREDICTOR OF FERTILITY

A number of studies stated that focusing selection on
high production over the last 50 years has resulted in
selection for cows that prioritize milk production at
the expense of both health and fertility (Veerkamp
et al., 2007). To overcome declining cow fertility
by means of genetic selection, most leading dairy
countries have, by now, routine genetic evaluation
systems for female fertility, and such fertility traits
are now nearly unanimously included in national
breeding goals (Miglior et al., 2005). However, direct
selection for female fertility might be complicated by
the following factors:

— difficulty in collecting large quantities of relevant
direct fertility records, especially for unfertile
animals (e.g.no calving interval records for animals
that are infertile);

— the long time period required to validate some
phenotypes (e.g.calving interval) and its subsequent
effect on generation interval and thus genetic gain;

— the generally low heritability of most traditional
fertility phenotypes (from 0.01 to 0.05; e.g.
Veerkamp et al., 2007).

These factors contribute to low accuracy of
estimated breeding values, especially for cows and
young bulls. Therefore, indicator traits are of interest
to supplement the prediction of genetic merit for
fertility as long as these traits are easy to measure,
are ideally recorded earlier in the cow’s lactation, are
heritable, and are genetically correlated with fertility.
Body condition score meets all these criteria, so is
considered a useful indicator trait for health and
fertility status in dairy cattle (Loker, 2011). Body
condition score is easy, quick and measurable at low
cost, exhibits genetic variation, is heritable (Table 2),
and is moderately to strongly favorably genetically
correlated with fertility (Table 3). Furthermore,
many countries have, by now, implemented national
genetic evaluations for BCS (Battagin et al., 2012).

Numerous studies have discussed the possibility
of using BCS in a selection index or the usefulness
of BCS in predicting estimated breeding values
for fertility traits. Banos et al. (2010) investigated
the associations of nine direct and indirect body
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energy traits with fertility and reported that BCS in
early lactation was one of the most useful traits for
selection in terms of the correlated improvement in
a cow’s capacity to resume her reproductive activity
postpartum. Berry et al. (2003b) stated that BCS can
serve as a predictor for the estimated breeding value
of fertility, albeit with an accuracy no greater than
the genetic correlation between BCS and the fertility
trait. de Jong (2005) presented the effect of using
different sources of information on the reliability of
the Dutch fertility index. Their results were based on
a bull achieving 100 daughters in the first lactation
of which 64 had BCS and showed little advantage
of including BCS in a genetic evaluation. These
authors concluded that BCS adds extra information
only when it is recorded early in lactation. Such
results might be due to the use of classifier recorded
BCS data, which seems to be less informative than
repeated measurements of BCS during the lactation.
Veerkamp et al. (2007) also stated that the additional
value of including BCS in a genetic evaluation is
highest when breeding values for fertility have low
accuracy, as in the case for individual cows or when
limited progeny records are available for a sire. Berry
et al. (2003a) investigated different selection indexes
and illustrated the possibility of continued selection
for increased milk production without any deleterious
effects on fertility or average BCS, albeit genetic
merit for milk production would increase at a slower
rate. Finally, Pryce et al. (2000) also indicated that
a fertility index based on calving interval, BCS and
type traits would be attractive to improve, or prevent
further decline in fertility.

Over a range of studies, BCS in mid-lactation
appeared to be a more informative fertility predictor
than average BCS or BCS at other stages of lactation.
Mid-lactation is the time when genetic variability for
BCS and its correlation with fertility are the greatest
(Mao et al., 2004; de Haas et al., 2007; Loker et al.,
2011). Mid-lactation is also the most critical part of
the lactation of the cow, as this is when insemination
often occurs, daily milk yield approaches its peak,
and EB and BCS are on the decline (Banos et al.,
2004). Dechow et al. (2002) and Pryce et al. (2001)
also concluded that selection for BCS level itself,
rather than BCS change across lactation, would
be more efficient for improving fertility. Banos
et al. (2004) further suggested that each cow has
a genetically predetermined lowest level of body
energy (and BCS) that she is allowed to reach, and it
is this nadir that determines her aptitude for fertility.
These authors also stated that the speed of reaching
this level seems to be less important than the level
itself. This assumption was supported by results from
phenotypic studies by Pryce et al. (2001) and Buckley
et al. (2003).
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6. ALTERNATIVES TO BODY CONDITION
SCORE

Several traits that are indicators of EB or changes in body
reserves are potential alternatives to BCS as fertility
predictors. It includes body weight, measurements of
metabolic and hormone factors that are indicative of
energy in early lactation (e.g. non esterified fatty acids,
growth hormone, and insulin), and BCS measured via
automatic scoring technology. This section focuses on
traits that are potentially available within performance
recording schemes: body weight, angularity, and
traits predicted from milk samples by mid-infrared
spectrometry.

Body weight appears to be an obvious option to
monitor changes in body reserves. Although it has been
suggested that changes in body weight are influenced
by a multitude of factors other than changes in amount
of body fat (Bewley et al., 2008) and that body weight
should be supplemented by BCS to provide accurate
assessments of energy balance changes across lactation
(Toshniwal et al., 2008), genetic correlations between
fertility traits and body weight were in the same range
as the corresponding estimates between fertility traits
and BCS (Veerkamp et al., 2000; Berry et al., 2003a).

Angularity (or dairy form) has also been investigated
as an indicator of EB and fertility and has shown genetic
correlations with fertility similar in magnitude to those
of BCS (Pryce et al., 2000; Dechow et al., 2004c).
Although it remained unclear that genetic evaluations
for BCS would provide valuable genetic information
beyond current dairy form evaluations, Dechow et al.
(2004b) concluded that there might be advantages to
selecting BCS to improve fertility. In fact, producers
may be less reluctant to select for higher BCS than
for lower dairy form because dairy form is generally
weighted positively in final score calculations.

The measurement of factors in milk that are related
to EB could be promising as long as these factors
can be obtained within the routine analysis of milk
recording samples. Reist et al. (2002) investigated the
use of milk traits for estimating EB and demonstrated
that fat:lactose ratio was one of the most informative
traits for estimation of EB. Also milk fatty acid (FA)
profile has been suggested to be related to energy
balance status of cows in early lactation (Stoop et al.,
2009), a topic that deserves further research. Recently,
McParland et al. (2011) reported the opportunity to
predict body energy status of Holstein cows using mid-
infrared analysis of milk.

7. CONCLUSION

Body condition score meets all criteria required for
indirect improvement of health and fertility. First,
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heritability and genetic variation estimates from
literature are sufficient to support BCS as a trait suitable
for breeding programs of dairy cattle. Second, although
BCS is a subjectively measured trait, BCS is both
easy and quick to record. Third, genetic correlations
between BCS and fertility are favorable and moderate
to strong. Cows that mobilize more body reserves and
exhibit lower BCS during lactation are genetically more
disposed to fertility problems. Consequently, selection
for higher levels of BCS, especially in mid-lactation,
would indirectly improve fertility of dairy cows using
an appropriate selection index.
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