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ABSTRACT: Fertility traits are highly affected by 
environmental factors, and unfavorably related to 
production. In order to include days open (DO) in a 
selection index it is necessary to estimate its genetic 
correlation with the rest of the traits in the index. The aim 
of this work was to estimate the genetic relationship 
between DO with protein yield (PY) across first, second 
and third parity. Low heritabilities for DO (0.018 - 0.033) 
and moderate for PY (0.18 - 0.23) were found. Genetic 
correlations among DO (0.42-0.70) at different parities 
suggest considering them as different traits; on the contrary, 
genetic correlations among PY in different parities were 
strong (0.74-0.83). Genetic correlations between DO and 
PY varied from 0.05 to 0.65.  DO must be considered in 
animal selection analyzed individually by parity. 
 
Key words: fertility; dairy cattle; genetic correlation 
 

INTRODUCTION 
 Breeding for higher production has resulted in the 

decrease of fertility performance, because of unfavorable 
genetic correlations with fertility traits (Dematawewa and 
Berger, 1998; Abddalah and McDaniel, 2000; Andersen-
Ranberg et al., 2005). A recent study about the Uruguayan 
population of Holstein found a similar behavior, with a 
strong and unfavorable genetic correlation of + 0.74 
between calving interval (CAI) and 305 days milk yield 
(Frioni, 2012).  

In order to keep improving production levels, and 
avoid decreases in reproduction performance, fertility 
associated traits are being included in breeding programs. 
Regardless that, heritability values for fertility traits are 
very low, resulting in poor genetic progress and accuracy 
(Kadarmideen et al., 2003; Jamrozik et al., 2005), 
successful results have been reported (Miglior et al., 2005). 

With this background, in Uruguay, a selection 
objective was defined for milk, protein (PY) and fat yields, 
including calving interval as the fertility associated trait 
(Rovere, 2010). However, the inclusion of fertility in the 
respective selection index depends on the estimation of 
genetic parameters.  

The genetics of fertility and production traits in 
dairy cattle has been studied by many researchers, who 
have found that the genetic and phenotypic correlations 
change across parities, evidencing biological and 
environmental changes along cows´ productive life 
(Strandberg and Danell, 1989; Andersen-Ranberg et al., 
2005; Jamrozik et al., 2005; Abe et al., 2009). Thus, it is 
necessary to study the fertility and production traits 
separately by parity.  

The aim of this study is to estimate the genetic and 
phenotypic parameters between PY and days open (DO) 
across first (P1), second (P2) and third (P3) parity, in order 
to obtain a first approach of the correlation´s levels among 
traits within parities and the combination of both factors. 

 
MATERIALS AND METHODS 

Data. The database was provided by “Instituto 
Nacional para el Control y Mejoramiento Lechero” and 
“Asociación Rural del Uruguay”.  

The database contained information of 275215 
cows, born between 1984 and 2009, belonging to 1043 
dairy farms.  

The fertility trait, DO was defined as the calving 
interval minus a gestation length of 280 days for every 
observation. The post edition range for DO was from 42 
days (two estrous cycles) to 244 days (8 months).  

The range values for PY in P1 cows were between 
40 to 396 kg, and 30 to 460 kg for P2 and P3. Table 1 
presents a statistical description of the traits. 

Model. The following multiple trait mixed animal 
model was used for the six traits (DO and PY for P1, P2 
and P3). 

Ytijk= µ + hysti + lagetj + animaltk + etijk 
Where: 
Ytijk = record of the trait t (t=1, 2…,6) 
µ = population mean 
hysti = fixed effect of herd year season group of trait t 
lagetj = fixed effect of age and lactation  
animaltk = random effect of animal  

Statistical analysis. Covariance estimation was 
performed via Gibbs sampling, using the program 
Gibbs3f90 (Misztal et al. (2002)). The length of Gibbs 
chain was 100,000 samples, of which the first 20.000 
iterations were used as burn in, and the thinning was set to 
20 samples. A 4.000 long Monte Carlo Markov Chain 
sample was finally obtained, which was used to estimate the 
heritabilities, genetic and residual (not reported) 
correlations.  

 
RESULTS AND DISCUSSION 

Heritabilities. Heritabilities estimated for both PY 
and DO are in Table 2 (diagonal). The values were similar 
to estimates found by other researchers (Dematawewa and 
Berger (1998); Abddalah and McDaniel (2000); Andersen-
Ranberg et al. (2005); González-Recio et al. (2006)).  

The heritabilities obtained for DO presented very 
low values of 0.03, 0.03 and 0.02 for P1, P2 and P3 
respectively. Clearly, environmental and non-additive 
effects represent the biggest part of the variance for this 



kind of traits. The genetic additive variance on the contrary, 
represents a small proportion of the phenotypic variance; 
nevertheless it is sufficient to allow a fertility improvement 
through genetic selection provided a good accuracy of the 
estimation. 

The heritabilities of PY were 0.18, 0.23 and 0.22 
for P1, P2 and P3 respectively, being similar to the obtained 
by other researchers (Dematawewa and Berger (1998); 
Andersen-Ranberg et al. (2005)). It is evident a major 
genetic control over this trait, making it easier to improve 
through genetic selection, even though slights variations 
can be seen across parities.  

Genetic Correlations. The values are presented in 
Table 2 (above diagonal) and Table 3. Estimations among 
parities for DO went from 0.43 to 0.70, these levels are not 
enough to consider them as a unique trait, meaning that are 
not the same genetically and being necessary to evaluate 
them separately.  

Despite of this, correlations are high and 
favorable, meaning that cows with short interval of DO for 
a given parity are expected to have the same profile in 
further events.  

The genetic correlation of DO between P1 and P2 
was of 0.43, while between P1 and P3 was of 0.68, this 
means that DO of P1 is genetically more similar to DO of 
P3 than to P2. Similar observations were found by 
Strandberg and Danell (1989) while studying the genetic 

correlation between DO for two breeds of Swedish dairy 
cattle. A possible cause could be the change of groups of 
genes affecting reproduction along the cows´ life.  

The genetic correlations of PY on the contrary 
were high, above 0.75, meaning that the group of genes that 
control protein remains along parities. This simplifies the 
analysis, discarding the need of individual evaluation by 
parity.  

Moreover, genetic correlations among parities are 
widely favorable, this way animals resulting in good 
breeding values for protein production in P1 are expected to 
keep the profile in future events.  

The genetic correlations between DO and PY were 
positive for every combination of trait and parity, however 
a wide range was found, going from 0.06 to 0.65. If parities 
are analyzed in particular genetic correlations were 0.06, 
0.43 and 0.41 for P1, P2 and P3 respectively. These results 
suggest that there is a weak genetic association in P1 and 
moderate in P2 and P3.  

It could be interpreted that, in P1 there is no 
antagonism between fertility and production, so selecting 
on favor of PY not necessarily would result in a fertility 
detriment. But animals´ genetic ability for PY is not 
expected to experience great changes in further parities, 
according to the genetic correlations found in this study, 
therefore better ability animals in PY would redundant in 
longer intervals of DO.  

The genetic correlations DO (P1) with PY of P1, 
P2 and P3 were 0.06, 0.07 and 0.17 respectively, being 
these three lowest genetic correlations. The rest of the 
possible combinations of trait and parity presented a genetic 
correlation above 0.35, coincident to what was previously 
found in other studies (Dematawewa and Berger (1998); 
Abddalah and McDaniel (2000); Andersen-Ranberg et al. 
(2005); Frioni (2012)). This could be a hint that complexity 
around fertility in young categories requires more attention. 

 

Table 1. Amount (n), mean and standard deviation (sd) of 
records per trait and parity 

 
Days open, days Protein, kg 

Parity First Second Third First Second Third 

N 275215 149241 100431 47882 48915 35692 

Mean 126 118 115 169 190 200 

Sd 53 51 50 41 46 48 
 

Table 2. Heritabilities* (diagonal) and genetic correlations* 
(above diagonal) 

Parity  Trait 
    
  DO PY 

 
First 

 DO 0.03 
(0.01) 

0.06 
(0.01) 

 PY  0.18 
(0.02) 

    
  DO PY 

 
Second 

 DO 0.03 
(0.01) 

0.43 
(0.01) 

 PY  0.23 
(0.04) 

    
  DO PY 

 
Third 

 DO 0.02 
(0.01) 

0.41 
(0.01) 

 PY  0.22 
(0.02) 

*Standard deviation between brackets. 
 

Table 3. Genetic correlations* between parities and traits 
Parity  Trait 

    
  DO PY 

 
First\Second 

 DO 0.43 
(0.01) 

0.07 
(0.02) 

 PY 0.65 
(0.02) 

0.75 
(0.02) 

    
  DO PY 

 
First\Third 

 DO 0.68 
(0.01) 

0.17 
(0.02) 

 PY 0.41 
(0.02) 

0.83 
(0.02) 

    
  DO PY 

 
Second\Third 

 DO 0.70 
(0.01) 

0.50 
(0.02) 

 PY 0.35 
(0.02) 

0.79 
(0.02) 

*Standard deviation between brackets. 



CONCLUSION 
The heritability values of DO were very low. 

Therefore the estimation of breeding values for bulls should 
consider large progeny groups, in order to achieve good 
accuracies. 

The genetic correlations between DO were 
favorable and moderated. This suggests that DO is 
governed by different groups of genes across parities, and 
so should be considered as different.  

The genetic correlations between DO and PY were 
unfavorable, with some differences depending on the parity, 
confirming the genetic antagonism between production and 
fertility.     
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