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  ABSTRACT 

  The objectives of this study were to estimate genetic 
parameters for fertility of Brown Swiss cattle, consider-
ing reproductive measures in different parities as differ-
ent traits, and to estimate relationships between pro-
duction traits of first lactation and fertility of heifers 
and first-parity and second-parity cows. Reproductive 
indicators were interval from parturition to first service, 
interval from first service to conception, interval from 
parturition to conception, number of inseminations to 
conception, conception rate at first service, and nonre-
turn rate at 56 d after first service. Production traits 
were peak milk yield (pMY), lactation milk yield, and 
lactation length (LL). Data included 37,546 records on 
heifers, and 24,098 and 15,653 records on first- and 
second-parity cows, respectively. Cows were reared 
in 2,035 herds, calved from 1999 to 2007, and were 
progeny of 527 AI bulls. Gibbs sampling was imple-
mented to obtain (co)variance components using both 
univariate and bivariate threshold and censored linear 
sire models. Estimates of heritability for reproductive 
traits in heifers (0.016 to 0.026) were lower than those 
in first-parity (0.017 to 0.142) and second-parity (0.026 
to 0.115) cows. Genetic correlations for fertility in 
first- and second-parity cows were very high (>0.920), 
whereas those between heifers and lactating cows were 
moderate (0.348 to 0.709). The latter result indicates 
that fertility in heifers is a different trait than fertil-
ity in lactating cows, and hence it cannot be used as 
robust indicator of cow fertility. Heifer fertility was not 
related to production traits in first lactation (genetic 
correlations between −0.215 and 0.251). Peak milk 
yield exerted a moderate and unfavorable effect on the 
interval from parturition to first service (genetic corre-
lations of 0.414 and 0.353 after first and second calving, 
respectively), and a low and unfavorable effect on other 
fertility traits (genetic correlations between −0.281 and 
0.295). Infertility after first calving caused a strong 

elongation of the lactation, and LL was negatively cor-
related with fertility of cows after second calving, so 
that LL can itself be regarded as a measure of fertility. 
Lactation milk yield depends on both pMY and LL, 
and, as such, is a cause and consequence of (in)fertility. 
  Key words:    heifer ,  dairy cow ,  fertility and produc-
tion ,  genetic parameter 

  INTRODUCTION 

  Female fertility has become a major breeding goal 
in the dairy cattle industry, and several measures of 
reproductive fitness have been included in merit indices 
worldwide (VanRaden et al., 2004; Andersen-Ranberg 
et al., 2005; Miglior et al., 2005). Fertility can be evalu-
ated by considering it as the same trait over the parities 
of a given animal (Berry et al., 2003; González-Recio et 
al., 2006; König et al., 2008) or by treating reproductive 
performance over parities as different traits (Hansen et 
al., 1983; Bagnato and Oltenacu, 1993; de Jong, 1998; 
Andersen-Ranberg et al., 2005). In the latter approach, 
differences in the physiological status of virgin heifers 
compared with lactating cows are assumed, and fac-
tors affecting fertility are supposed to be of different 
magnitude over lactations. Previous studies reported 
estimates of heritability for reproductive performance 
that did not differ consistently over parities (Muir et 
al., 2004; Holtsmark et al., 2008; Zink et al., 2011). 
However, results on genetic correlations for the same 
fertility trait on virgin heifers and first-lactation cows 
are controversial. Mäntysaari and Van Vleck (1989), 
Raheja et al. (1989a), and Oltenacu et al. (1991) found 
this genetic correlation to be approximately null; Hodel 
et al. (1995), Muir et al. (2004), and Andersen-Ranberg 
et al. (2005) found it to be medium to low; and Jam-
rozik et al. (2005), Gredler et al. (2007), Holtsmark et 
al. (2008) and Liu et al. (2008) found it to be medium 
to high. 

  The genetic antagonism between fertility and simulta-
neous production is well known (Veerkamp et al., 2001; 
Pryce et al., 2002; Banos and Coffey, 2010), whereas 
less information is available on the relationship between 
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reproductive performance of heifers and production 
traits at first parity. Hansen et al. (1983), Mäntysaari 
and Van Vleck (1989), and Oltenacu et al. (1991) found 
that genetic correlations between heifer fertility and 
first-parity milk yield were not significantly different 
from zero. Similarly, Andersen-Ranberg et al. (2005) 
and Holtsmark et al. (2008) estimated a null genetic 
correlation between heifer fertility and first-lactation 
protein yield. However, Muir et al. (2004) reported a 
stronger relationship between heifer fertility and pro-
duction of first-lactation cows than between first-parity 
fertility and contemporary production.

From a practical point of view, the choice of consider-
ing fertility as the same trait or as different traits over 
parities for its inclusion in merit indices is not trivial. 
Heifer fertility data are available earlier in life and offer 
an evaluation of reproductive performance not biased 
by milk production. On the other hand, fertility of lac-
tating cows is the trait that has declined substantially 
(Andersen-Ranberg et al., 2005; Hare et al., 2006) and 
reflects the real ability of the cow to conceive when 
milk yield hinders reproductive physiology.

The aims of this study were to estimate genetic 
parameters for several fertility traits in Brown Swiss 
cows considering reproductive performance in different 
parities as different traits, and to estimate relationships 
between various production traits of first lactation and 
fertility of heifers, first-parity cows, and second-parity 
cows.

MATERIALS AND METHODS

Data Collection and Editing Procedure

Insemination and production records on Brown Swiss 
cows were obtained from the Breeders Association of 
Bolzano-Bozen Province (Italy). Data were from cows 
that calved from 1999 to 2007 and that were progeny 
of 527 AI bulls (for full details, see Tiezzi et al., 2011). 
Fertility measures were available for virgin heifers (n = 
37,546) and first-parity (n = 24,098) and second-parity 
(n = 15,653) cows distributed in 2,035 herds. Animals 
with records in a given parity were required to have 
records in all previous parities, heifer status included. 
Moreover, animals were required to have had all their 
productive life within the same herd. Fertility traits 
for first- and second-parity cows were interval from 
parturition to first service (iPF), interval from first 
service to conception (iFC), interval from parturition 
to conception (iPC), number of inseminations to con-
ception (INS), conception rate at first service (CFS), 
and nonreturn rate at 56 d after first service (NR56). 
For virgin heifers, the same traits were considered ex-
cept for iPF and iPC. Interval from parturition to first 

service and iPC were restricted to be between 21 and 
400 d, and iFC to be between 0 and 400 d. Herds with 
fewer than 3 cows in first lactation were discarded. Sires 
were required to have a minimum of 5 daughters with 
first-parity records, distributed across at least 3 herds.

Interval traits were treated as linear Gaussian vari-
ables, whereas INS was coded as an ordinal categorical 
variable (5 classes) according to the number of services 
needed to achieve pregnancy (inseminations occur-
ring within 6 d were considered as a single service). 
Conception rate at first service and NR56 were coded 
as dichotomous categorical 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.

Fertility records that were lacking following calving 
(e.g., inseminations on first lactation not followed by a 
second calving of the cow) were considered censored for 
iFC and iPC and handled via a data augmentation al-
gorithm. For INS, a penalty was added to the recorded 
number of inseminations if the subsequent parity was 
missing or more than 4 services were performed, fol-
lowing the approach of Hou et al. (2009) for days open. 
The genetic analyses for INS were performed only on 
the penalized trait.

Besides measures of fertility, production traits from 
first-parity cows were also available; namely, peak milk 
yield (pMY, kg), lactation milk yield (lMY, kg), and 
lactation length (LL, d).

Statistical Analyses

Univariate Models. Estimates of variance com-
ponents for within-parity fertility traits were obtained 
under a single-trait approach. The univariate censored 
linear and threshold analyses were performed for Gauss-
ian and dichotomous categorical variables, respectively, 
according to the following models:

y = Xβ + Zhh + Zss + e

and

λ = Xβ + Zhh + Zss + Zssss + Ztt + e,

where y is the vector of observations for linear traits 
(iPF, iFC, iPC, pMY, lMY, and LL); λ is the vector of 
unobserved liabilities for the dichotomous categorical 
traits (CFS and NR56); β is the vector of systematic ef-
fects (specific to each class of traits); h is the vector of 
random effects for herds; s is the vector of random ge-
netic effects for sires of cows; ss is the vector of random 
effects for service sires; t is the vector of random effects 
for technicians; e is the vector of random residuals; and 



Journal of Dairy Science Vol. 95 No. 12, 2012

FERTILITY OVER PARITIES IN DAIRY CATTLE 7357

X, Zh, 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 considered for Gaussian traits. Systematic ef-
fects were 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.

For linear variables, censored records were handled 
via data augmentation (Tanner and Wong, 1987; Guo 
et al., 2001), so that the linear model can be written 
as follows:

 y N I yc c c∼ X Z h Z sβ+ +( ) ∞( )h,c s,c , , ,σ2  

where yc is the value (augmented over the observed) 
assumed for every censored record and I is an indicator 
variable that assumes value 1 if the record is censored, 0 
otherwise. Under this condition, censored records were 
augmented over the observed according to the variance 
components estimated on the previous iterations and, 
being right-censored, the simulated value fell between 
the observed (yc) and ∞.

For categorical variables with multinomial sampling 
(INS), the probability function was

Prob(yi = j| β,h,s,T) = Φ[Tj – (Xβ + Zh,ih + Zs,is)]  

– Φ[Tj−1 – (Xβ + Zh,ih + Zs,is)],

where i is the ith observation, j is the threshold to 
which the observation belongs, Φ(.) is the standard 
cumulative normal distribution function, and T are 
the unknown thresholds assuming that −∞ = T0 ≤ 
T1 ≤ T2 ≤ Tj = ∞. The unobserved liability for the 
yi = j observation fell between the thresholds j and 
the threshold j − 1. In the analysis of INS, thresholds 
were sampled at every iteration of the Gibbs sampler, 
whereas no sampling occurred in the analysis of the 
binary variables (CFS and NR56), as these traits have 
only a single threshold, which was fixed to 0.

Bivariate Models. Bivariate analyses were used 
to investigate the genetic relationship between fertility 
measures recorded on different parities, and between 
fertility and production traits. (Co)variance compo-
nents were obtained fitting linear-linear, threshold-
linear, and threshold-threshold sire models. Systematic 
and random effects were identical to the univariate 
approach.

Model Assumptions. Gibbs sampling was imple-
mented in a Bayesian framework. Bounded uniform pri-
ors were used for all systematic effects, and null means 
and normal univariate or bivariate prior distributions 

for sire (s), herd (h), service sire (ss), and technician 
(t) random effects were assumed. In matrix notation,
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is the 2 × 2 sire (co)variance matrix, A is the numera-
tor relationship matrix between sires,
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is the herd (co)variance matrix, and I is an identity 
matrix. Service sire and technician effects were parity 
specific. In bivariate analyses, these effects were fitted 
on a single trait, leading to a notable simplification of 
the covariance structure. Thus, we had 
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for the service sire covariance matrix, and 
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for the technician covariance matrix.
Residuals were assumed correlated and normally 

distributed:
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is the residual (co)variance matrix for the linear-linear 
analyses and threshold-threshold analyses for INS. 
For threshold analyses on dichotomous traits (CFS 
and NR56), the residual variance was fixed to 1. The 
residual (co)variance matrix with one linear and one 
threshold trait became
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while we assumed that
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for the threshold-threshold analyses with 2 dichotomous 
traits, because in this case the residual covariance was 
fixed to zero, following 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 and every 50 itera-
tions 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 follows:
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where σs
2  is the sire variance, σh

2  is the herd variance, σss
2  

is the service sire variance, σt
2  is the technician variance, 

and σe
2  is the residual variance. Genetic correlations (ρg) 

were calculated as
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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. All the com-
putations in the present work were performed using the 
TM software (Legarra et al., 2008).

RESULTS AND DISCUSSION

Descriptive Statistics

Virgin heifers showed better reproductive perfor-
mance than first- and second-parity cows (Table 1). 
Number of inseminations to conception, CFS, and 
NR56, respectively, averaged 1.56, 0.65, and 0.79 for 
heifers, 1.75, 0.55, and 0.71 for first-lactation cows, 
and 1.72, 0.56, and 0.71 for second-lactation cows. The 
average INS calculated on the penalized trait was 1.73, 
1.93, and 1.94 for heifers and first- and second-parity 
cows, respectively (Table 1). Regarding iFC, the dif-
ference over parities was small but in favor of virgin 
heifers. The iPF and iPC were very similar in first- and 
second-lactation cows. Approximately 12% of heifers 
did not have information on first calving, and more 
than 13 and 17% of first- and second-lactation cows 
did not have information on second and third calvings, 
respectively (Table 1). Lactation milk yield averaged 
6,794 kg, and this reflected the national value reported 
for the Italian Brown Swiss cattle undergoing test-day 
milk recording (AIA, 2010).

Heritability and Genetic Correlations Among  
Fertility Traits

Estimates of heritability for iFC, INS, CFS, and 
NR56 were comparable between first- and second-
lactation cows, whereas they showed the lowest values 
for heifers (Table 2). The most relevant differences 
between virgin heifers and first- and second-lactation 
cows were found for iFC, with estimates of 0.017, 0.039, 
and 0.029, respectively, and for INS, with estimates of 
0.026, 0.046, and 0.045, respectively. Heritabilities for 
CFS and NR56 did not differ significantly over pari-
ties (Table 2). For the 2 interval traits measurable on 
lactating cows (iPF and iPC), heritabilities were higher 
for first- than for second-parity animals (iPF: 0.142 and 
0.115, and iPC: 0.093 and 0.050 for first- and second-
parity cows, respectively), although significance was 
found only for iPC.

Estimates of heritability for iPC were higher than 
those reported for calving interval by Dal Zotto et al. 
(2005, 2007) on Brown Swiss cows, and for fertility 
traits of the same breed reared in tropical conditions 
(Estrada-León et al., 2008; Pérez and Gómez, 2009; 
Utrera et al., 2010). Hodel et al. (1995), using data from 
Simmental cattle in Switzerland, reported estimates of 
heritability for nonreturn rate at 90 d after first service 
that were higher in first-lactation cows (0.021 to 0.034) 
than in heifers (0.011 to 0.020), and Jamrozik et al. 
(2005), in Canadian Holstein cattle, estimated herita-
bilities, in first parity and in second and later parities, 
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respectively, of 0.029 and 0.040 for NR56, 0.029 and 
0.069 for INS, and 0.030 and 0.070 for iFC. Muir et 
al. (2004) obtained heritabilities of 0.030 and 0.040 for 
NR56 in Canadian Holstein heifers and primiparous 
cows, respectively. Andersen-Ranberg et al. (2005), 
Gredler et al. (2007), Holtsmark et al. (2008), and Liu 
et al. (2008) reported very low estimates of heritabil-
ity for NR56 for both heifers and first-lactation cows 
(0.0096 to 0.022). Comparing estimates of heritability 
for fertility traits in first- and second-parity cows, nei-
ther Mitchell et al. (2005) on US Holsteins nor Raheja 
et al. (1989b) on Canadian Holsteins found differences.

Genetic correlations assessed by treating reproduc-
tive performance at different parities as different traits 
are given in Table 3. The highest estimates were ob-
tained between first- and second-lactation cows, with 
values between 0.925 (INS) and 0.985 (iPC). These 
results suggest that fertility measured in subsequent 

lactations can be regarded as the same trait. Jansen 
(1986) reported moderate to high genetic correlations 
between fertility in different lactations, whereas Raheja 
et al. (1989b) estimated very low genetic relationships 
between fertility in first and second lactations.

Genetic correlations between heifers and first-lac-
tation cows were of medium magnitude, and ranged 
from 0.348 (CFS) to 0.551 (iFC; Table 3). For CFS and 
NR56, zero was included within the 95% highest prob-
ability interval. The correlation between heifers and 
first-lactation cows for iFC (0.551) was close to findings 
of Liu et al. (2008) on German Holsteins (0.480), higher 
than that of Hodel et al. (1995) on Swiss Simmentals 
(0.370), and lower than that of Jamrozik et al. (2005) 
on Canadian Holsteins (0.760). For INS, Jamrozik 
et al. (2005) estimated a genetic correlation of 0.740 
between heifers and first-lactation cows, whereas the 
value assessed by Gredler et al. (2007) on German and 

Table 1. Descriptive statistics of fertility and production traits over parities 

Trait1

Heifers (n = 37,546) First-parity cows (n = 24,098) Second-parity cows (n = 15,653)

Mean SD
Censored 
records, % Mean SD

Censored 
records, % Mean SD

Censored 
records, %

Fertility traits          
 iPF, d    90.7 41.9 0 90.3 41 0
 iFC, d 35.6 71.5 12.1 38.3 60.4 13.3 36.3 57.7 17.2
 iPC, d    129 71.4 13.3 126 67.9 17.2
 INS,2 no. 1.56 0.92 12.5 1.75 1.04 14.2 1.72 1.02 17.9
 INS,3 no. 1.73 1.02 0 1.93 1.12 0 1.94 1.12 0
 CFS 0.65 0.48 0 0.55 0.5 0 0.56 0.5 0
 NR56 0.79 0.41 0 0.71 0.46 0 0.71 0.45 0
Production traits          
 pMY, kg    25.3 4.52 0    
 lMY, kg    6,794 1,892 1.23    
 LL, d    336 74.2 1.23    
1iPF = 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 rate at first service; NR56 = nonreturn rate at 56 d after first service; pMY 
= peak milk yield; lMY = lactation milk yield; LL = lactation length.
2Actual number of inseminations to conception.
3A one-service penalty was added to cows that did not show calving after last insemination.

Table 2. Estimates1 of heritability for fertility traits on heifers, first-parity cows, and second-parity cows 

Trait2

Heifers First-parity cows Second-parity cows

Mean HPD95 Mean HPD95 Mean HPD95

iPF   0.142 0.098; 0.195 0.115 0.066; 0.177
iFC 0.017A 0.009; 0.029 0.039B 0.022; 0.061 0.029B 0.013; 0.051
iPC   0.093B 0.062; 0.132 0.050A 0.026; 0.084
INS 0.026a 0.015; 0.041 0.046b 0.027; 0.071 0.045b 0.023; 0.075
CFS 0.020 0.009; 0.037 0.030 0.013; 0.054 0.032 0.012; 0.061
NR56 0.016 0.005; 0.032 0.017 0.003; 0.037 0.026 0.006; 0.055
1Estimates are the means of the marginal posterior densities for the heritability. Significance is given according to the difference between the 
distributions of the same trait over parities (lowercase letters for the difference being non-null at 90%, uppercase letters for the difference being 
non-null at 95%); HPD95 is the highest posterior density region at 95%.
2iPF = 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 rate at first service; NR56 = nonreturn rate at 56 d after first service.
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Austrian Simmental was slightly lower (0.680). Both 
studies reported higher values than our results (0.510), 
but the statistical approach was different: Jamrozik et 
al. (2005) and Gredler et al. (2007) used linear models 
for the analysis of INS, whereas we used a threshold 
model. The estimate for NR56 (0.349; Table 3) was 
higher than that (0.220) of Muir et al. (2004) on Cana-
dian Holsteins using linear models, whereas the value 
assessed by Holtsmark et al. (2008) on Norwegian Red 
using a threshold analysis was notably higher (0.610). 
For the same trait, Andersen-Ranberg et al. (2005), 
Gredler et al. (2007), and Liu et al. (2008) estimated 
values higher than 0.500 through linear models.

Genetic correlations between heifers and second-
lactation cows ranged from 0.636 (NR56) to 0.709 (iFC; 
Table 3) and were intermediate between estimates for 
heifers and first-lactation animals, and estimates for 
first- and second-lactation animals.

Overall, genetic relationships far from unity between 
heifers and lactating cows suggest that fertility is indeed 
a different trait when measured on heifers and cows. 
The interpretation of this result is that, given a pool 
of genes affecting the overall fertility of an individual, 
the expression of genes in the virgin heifer might be 
different from that in a lactating cow.

Relationships Between Fertility  
and Production Traits

Heritabilities for pMY, lMY, and LL recorded on 
first-lactation cows were 0.130 (lower and upper bound 
of the 95% highest posterior density region: 0.099 to 
0.166), 0.118 (lower and upper bound of the 95% high-
est posterior density region: 0.089 to 0.153), and 0.052 
(lower and upper bound of the 95% highest posterior 
density region: 0.032 to 0.077), respectively (data not 
shown). These values are similar to those found by Cec-
chinato et al. (2011) in Italian Brown Swiss.

Genetic correlations between production traits 
recorded in first-lactation cows and reproductive per-
formance measured in heifers and in first- and second-
parity cows are shown in Table 4. The relationship 
between production and contemporary fertility followed 
the pattern of a recent study by Tiezzi et al. (2011) in 
the same population. Peak milk yield, which can be 
regarded as the moment of major productive load of 
the cow at the time of insemination, showed a low to 
moderate and unfavorable relationship to reproductive 
traits. The highest correlation (0.414) was estimated 
with iPF, meaning that cows producing high amounts 
of milk at peak may have delayed first estrous or that 
farmers voluntarily delayed the beginning of the breed-
ing period. The genetic relationships between pMY 
and the other fertility traits were low and ranged from 
−0.250 with NR56 to 0.275 with iPC (Table 4). Lacta-
tion length showed high and unfavorable correlations 
with iPF (0.877), iFC (0.895), iPC (0.933), INS (0.810), 
and CFS (−0.822), and a moderate and unfavorable 
relationship with NR56 (−0.467; Table 4). The high 
estimates of genetic correlations between LL and repro-
ductive performance confirm that lactation elongation 
is mainly a consequence of low fertility, also because the 
elongation of calving interval depends more on LL than 
on the dry period (Gallo et al., 2008). Lactation milk 
yield, which mainly depends on pMY (cause of infertil-
ity) and LL (consequence of infertility), was moderately 
related to contemporary fertility, exhibiting unfavorable 
values with interval traits (0.493 to 0.617), INS (0.472), 
CFS (−0.553), and NR56 (−0.439; Table 4).

Genetic correlations between fertility of heifers and 
production traits of first-parity cows were low, with 
estimates between −0.215 and 0.251 (Table 4), sug-
gesting that potentially high-producing females are not 
predisposed to be genetically infertile, but rather fac-
tors associated with high production moderately affect 
fertility. This is in agreement with Hodel et al. (1995), 
who found production of Swiss Simmental cows in first 

Table 3. Estimates1 of genetic correlations between reproductive performance treated as different trait in different parities 

Trait2

Heifers – first-parity cows Heifers – second-parity cows First-parity – second-parity cows

Mean HPD95 Mean HPD95 Mean HPD95

iPF     0.984(4) 0.941; 0.999
iFC 0.551(100) 0.261; 0.773 0.709(99) 0.408; 0.919 0.964(24) 0.837; 0.999
iPC     0.985(5) 0.934; 0.999
INS 0.510(100) 0.210; 0.741 0.646(100) 0.360; 0.850 0.925(47) 0.689; 0.998
CFS 0.348(100) −0.124; 0.733 0.637(98) 0.217; 0.940 0.967(21) 0.813; 0.999
NR56 0.349(100) −0.113; 0.738 0.636(98) 0.212; 0.946 0.965(25) 0.825; 0.999
1Estimates are the means of the marginal posterior densities for the genetic correlation. The value within parentheses is the probability of having 
samples with value lower than 0.95; HPD95 is the highest posterior density region at 95%.
2iPF = 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 rate at first service; NR56 = nonreturn rate at 56 d after first service.
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lactation to be more strongly related to contemporary 
than to heifer reproductive performance (0.690 and 
0.240 for interval from first to last service, and −0.580 
and −0.210 for nonreturn rate at 90 d after first ser-
vice). In a study on Norwegian Red cattle, Andersen-
Ranberg et al. (2005) reported genetic correlations of 
0.040 between 305-d protein yield of first-lactation cows 
and heifer fertility, and −0.180 between 305-d protein 
yield and fertility of first-parity cows. Holtsmark et al. 
(2008), in the same breed, reported genetic correlations 
of −0.070 between 305-d protein yield of first-lactation 
cows and heifer fertility, and −0.240 between 305-d 
protein yield and fertility of first-parity cows.

Genetic correlations between pMY in first lactation 
and reproductive performance after the second calving 
were low and ranged from −0.281 to 0.353 (Table 4), 
very similar to those estimated on the contemporary 
lactation; that is, after first calving. The genetic influ-
ence of lMY and LL measured during first lactation 
on fertility traits recorded after second calving was 
lower than that estimated on fertility traits recorded 
after first calving. Comparison with other studies was 
not possible, because we are not aware of estimates of 
genetic correlations currently available in the literature 
between production traits of first-lactation cows and 
fertility of later parities.

CONCLUSIONS

Although fertility measured on first- and second-
parity cows can be regarded as the same trait, the 

moderate genetic correlations between reproductive 
performance recorded in heifers and lactating cows sug-
gest that fertility is indeed a different trait when evalu-
ated in heifers and producing animals. Consequently, 
heifer fertility cannot be used as a robust indicator of 
cow fertility. It is likely that the metabolic demand to 
support high milk yield leads to depressed reproductive 
performance and makes the reproductive physiology of 
lactating cows different from that of heifers. Peak milk 
yield is an indicator of production level during the early 
service period and was demonstrated to have a moder-
ate to low correlation with contemporary fertility traits. 
Lactation length is highly and unfavorably related to 
fertility. Lactation milk yield depends on both pMY 
(cause of infertility) and LL (consequence of infertility) 
and it is moderately associated with fertility traits. In 
conclusion, high pMY causes a moderate impairment 
of fertility (delayed first service, lower conception rate, 
and repeated services), infertility causes a strong elon-
gation of the lactation, and both determine an increase 
of lMY from infertile cows.
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Table 4. Estimates1 of genetic correlations between production traits measured on first-lactation cows and reproductive traits measured on 
heifers, first-parity, and second-parity cows 

Fertility  
trait2

Production trait  
(first parity) Heifers First-parity cows Second-parity cows

iPF Peak milk yield  0.414(100) 0.353(100)

Lactation milk yield  0.617(100) 0.465(100)

Lactation length  0.877(100) 0.798(100)

iFC Peak milk yield −0.128(81) 0.214(95) 0.293(96)

Lactation milk yield −0.083(72) 0.493(100) 0.487(100)

Lactation length 0.251(93) 0.895(100) 0.794(100)

iPC Peak milk yield  0.275(99) 0.295(98)

Lactation milk yield  0.510(100) 0.400(100)

Lactation length  0.933(100) 0.865(100)

INS Peak milk yield −0.099(77) 0.204(94) 0.249(94)

Lactation milk yield −0.023(56) 0.472(100) 0.428(100)

Lactation length 0.213(91) 0.810(100) 0.616(100)

CFS Peak milk yield 0.000(50) −0.142(79) −0.281(93)

Lactation milk yield −0.153(82) −0.553(100) −0.514(100)

Lactation length −0.215(86) −0.822(100) −0.657(100)

NR56 Peak milk yield 0.019(54) −0.250(86) −0.230(85)

Lactation milk yield −0.187(84) −0.439(98) −0.286(92)

Lactation length −0.081(65) −0.467(97) −0.140(70)

1Estimates are the means of the marginal posterior densities for the genetic correlation, with the probability of having samples of sign concordant 
to the mean within parentheses.
2iPF = 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 rate at first service; NR56 = nonreturn rate at 56 d after first service.
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