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ABSTRACT: The objective of this study was to estimate 
additive genetic, non-additive genetic and permanent 
environmental components for a range of fertility traits in 
nulliparous and multiparous seasonal calving dairy cattle. 
Fertility information including calving dates, as well as 
information on services, pregnancy diagnoses, slaughter 
and animal movements (including death) was available for 
373,877 cows. Variance components were estimated using 
(repeatability where appropriate) animal models. 
Heritability of the fertility traits varied from 0.001 to 0.04 
while repeatability estimates varied from 0.05 to 0.11. 
Coupled with the significant heterosis effects of up to 12% 
of the phenotypic mean for some fertility traits, suggests 
that non-additive genetic and permanent environmental 
contribute substantially to differences among cows in 
reproductive performance. 
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Introduction 
There is a general consensus that aggressive 

selection for milk production has resulted in a deterioration 
in reproductive performance in lactating dairy cows due to 
the now well accepted antagonistic genetic correlations 
between milk yield and fertility (Veerkamp and Beerda, 
2007). This deterioration in reproductive performance has 
motivated the broadening of international dairy cattle 
breeding goals to include functional traits (Miglior et al., 
2005).  

Most genetic research on reproductive 
performance in dairy cattle has however focused primarily 
on lactating cows (Cutullic et al., 2012; Kadarmideen et al., 
2003; Royal et al., 2002) and relatively few studies have 
attempted to quantify the genetic contribution to 
reproductive performance in nulliparous heifers (Liu et al., 
2008; Pryce et al., 2002; Pryce et al., 2004,). Moreover, in a 
UK study, Wathes et al. (2008) report that perinatal 
mortality accounts for 7.9% of calves born and a further 
6.7% of heifers die during the rearing stage, before even 
reaching the breeding age of 15 months. Of the remaining 
heifers, 2.3% failed to conceive, and 3.3% died or were 
culled due to infertility issues, between 15 months of age 
and expected calving age. Of the heifers that failed to 
conceive at 15 months of age, some were re-inseminated 
later in the year and subsequently calved at an older age of 
greater than 30 months for the first time (Wathes et al., 
2008). Therefore, in addition to achieving optimal 
conception rates in nulliparous heifers, loss of potential 
replacement heifers through mortality, failure to conceive 
or due to abortions, should be accounted for in national 
genetic evaluations for reproductive performance.  

In general, many study populations used in the 
estimation of variance components for fertility traits consist 
of purebred cattle (Jamrozik et al., 2005; Lui et al., 2008; 
Wall et al, 2003) and therefore heterosis and recombination 
loss estimates for fertility are lacking. The low heritability 
of traditional measures of fertility traits manifests itself as 
generally low reliability of estimates of genetic merit for 
cows. Incorporating permanent environmental effects and 
other non-additive genetic effects into ranking indexes of 
individual cows, to aid in culling decisions, could provide 
more reliable measures of cow future performance. 
However, many genetic evaluation studies of fertility (Lui 
et al., 2008; Philipsson & Lindhé, 2003; Pryce et al., 1999; 
Wall et al., 2003) lack repeatability estimates of 
reproductive traits. 

The objective of this study was to estimate genetic 
and environmental components for a range of fertility traits 
in nulliparous and multiparous seasonal calving dairy cattle. 
The non-additive genetic effects of heterosis and 
recombination loss were also estimated. Results from this 
study will be useful in the development of an index for 
ranking of cows more aligned to their expected phenotypic 
performance.  

 
Materials and Methods 

Data. Calving dates, pregnancy diagnoses, service 
information, as well as animal movements including death 
and slaughter events between the years 2006 and 2012 were 
available from Irish commercial dairy herds stored in the 
Irish Cattle Breeding Federation (ICBF) database. Six dairy 
breeds were considered for the analysis; Holstein, Friesian, 
Jersey, Montbeliard, red breeds, and a final category 
“other”. The red breeds included Norwegian Red, Red Poll 
and Swedish Red and White. Due to the low frequency of 
other dairy breeds and unknown breeds, the category other 
was used as a merged group representing the remaining 
known breed fractions. 

Traits. Heifer calving rate (HCR) was defined as 
whether a heifer calved (HCR=1) or did not calve (HCR=0) 
at least once during her lifetime. Heifers without a recorded 
calving date that died or were slaughtered, or were sold 
between 12 months of age and calving age were assigned a 
zero for HCR. Heifers were coded as missing when sold as 
calves, sold prior to the breeding age of 12 months of age, 
or had unknown calving dates, however born within 38 
months or less of the date of data extraction. Submission 
(SR21) was defined as the animal being bred within the first 
21 days of the breeding season (SR21=1), or not (SR21=0). 
Only calving to first service (CFS) records between 10 and 
250 days were retained. Number of services (NS) up to a 
maximum of 10 per lactation was used. Pregnancy to first 



service (PFS) and six-week pregnancy rate (PR6) were 
defined, using insemination data, pregnancy diagnosis data 
and, where available, subsequent calving dates. Cognisance 
was taken of timing of the insemination relative to the end 
of the AI breeding season, the culling date of the animal, 
and the date of data extraction. Calving in the first 42 days 
of the calving season (CR42) was assumed to have 
happened if the cow calved in the first 42 days of the herd 
calving season (CR42=1), otherwise not (CR42=0). Only 
calving intervals (CIV) between 300 and 600 days, where 
no service data was available were retained. However, 
where a CFS record <150 days existed, a CIV record up-to 
800 was permitted within the analysis. Contemporary 
groups were defined as herd-year-season of calving and 
only groups with at least five records were retained. A 
random sample of contemporary groups were retained for 
variance component estimation. Following editing 764,333 
records from 373,877 cows in 10,669 herds remained.  

Statistical analysis. Variance components were 
estimated using repeatability animal linear mixed models in 
ASREML (Gilmour et al., 2011). Fixed effects included in 
the model were contemporary group, parity, heterosis and 
recombination loss coefficients. An additive genetic and a 
permanent environmental effect across lactations were both 
included as random effects. Bivariate linear mixed models 
were also used to estimate the covariance components 
among reproductive traits. 

 
Results and Discussion 

Variance components. Summary statistics for the 
fertility traits are in Table 1.  Heritability estimates for each 
trait was less than 0.04 which is consistent with the 
literature (Veerkamp and Beerda, 2007); therefore less than 
4% of the phenotypic variation is attributed to additive 
genetics effects. The coefficient of genetic variation for the 
fertility traits ranged up to 0.12 (PR6), suggesting that 
genetic gain is achievable with selection for fertility traits. 
The repeatability of the fertility traits were all greater than 
5% and suggests a larger potential influence of permanent 
environmental effects. The permanent environment effects 
accounted for 0.03 to 0.08 of the phenotypic variation, 
almost double the effect compared to the additive genetic 
variance for many of the fertility traits. The largest 

permanent environmental variance was calculated for PR6 
and CR42 (0.08) and when compared to their respective 
heritability estimates (0.03 and 0.001, respectively) 
highlight the significant influence of permanent 
environmental effects. The permanent environmental 
variance of 0.08 for PR6 estimates an increase in the 
number of cows becoming pregnant within the first six 
weeks of the breeding season. Similarly, the permanent 
environmental variance of 0.08 for CR42 would achieve 
greater calving rates within the first 42 days of the calving 
season. While CR42 is a low heritability trait, it appears 
from the data that this trait is highly repeatable and 
influenced greatly by permanent environmental effects, 
when compared to the other fertility traits. 

Non-additive genetic variance. Heterosis effects 
were greater than zero for all traits except HCR and CFS. 
As much as 12% of the phenotypic mean of fertility traits 
were attributed to general heterosis effects, while the 
respective figures for recombination loss effects were not 
different from zero and therefore general recombination 
loss had no significant effect on the fertility traits.  

Significant general heterosis effects suggests that a 
crossbred cow would be expected to have a 2.5 day shorter 
calving interval on average, when compared to the mean of 
her parental average for calving interval. Similarly, a 
crossbred cow would be expected to have increased 
pregnancy rates. The most significant heterosis estimates 
were calculated for PRS and PR6 and suggests that 
pregnancy rates to first service were increased by ten 
percent and pregnancy rates within the first six weeks of 
breeding were increased by twelve percent, when compared 
to the mean of her parental average for pregnancy rates.  

Correlations. Genetic and phenotypic correlations 
for multiparous cow fertility traits are in Table 3. The 
majority of traits were moderately to strongly correlated 
with each other. The strong positive genetic correlation 
between CFS and CIV (0.87) suggests that selecting for a 

Table 1. Summary statistics including the heritability 
(h2), repeatability (t) and permanent environment (c2) 
for fertility traits 

Trait N Mean h² t c² 
HCR 
(%) 72,354 98 0.02 - - 
SR21 
(%) 118,481 63 0.02 0.09 0.07 
CFS (d) 141,624 78 0.04 0.08 0.04 
NS 144,841 1.7 0.02 0.07 0.05 
PRS (%) 105,177 46 0.02 0.05 0.03 
PR6 (%) 107,419 59 0.03 0.11 0.08 
CR42 
(%) 89,052 62 0.001 0.08 0.08 
CIV (d) 137,641 399 0.03 0.07 0.04 

 

Table 2.  Non-additive genetic solutions (standard 
errors in parentheses) for fertility traits 

 Heterosis Recombination loss 
 Solution p value Solution p value 
HCR 
 

0.001 
(0.003) 

0.862 
 

0.003 
(0.006) 

0.584 
 

SR21 
 

0.01 
(0.016) 

0.006 
 

0.07 
(0.038) 

0.458 
 

CFS 
 

-0.01 
(0.813) 

0.198 
 

-0.05 
(1.897) 

0.271 
 

NS 
 

-0.05 
(0.034) 

0.005 
 

0.01 
(0.080) 

0.202 
 

PRS 
 

0.12 
(0.029) 

0.037 
 

-0.12 
(0.069) 

0.624 
 

PR6 
 

0.10 
(0.019) 

<0.001 
 

-0.13 
(0.045) 

0.603 
 

CR42 
 

0.02 
(0.012) 

0.004 
 

0.03 
(0.027) 

0.777 
 

CIV 
 

-0.02 
(2.817) 

<0.001 
 

-0.01 
(6.271) 

0.807 
 

Heritability standard errors were all <0.004; repeatability standard errors 
were all <0.007. 



reduced calving to first service interval would result in a 
shorter calving interval; whereas the phenotypic correlation 
between these respective traits was only moderate (0.31). In 
general, the binary traits SR21 and PR6 were moderate to 
strongly negatively correlated with CFS (-0.76 and -0.49, 
respectively) and CIV (-0.69 and -0.89, respectively).  

Permanent environment and residual correlations 
for multiparous cow fertility traits are in Table 4. 
Permanent environmental correlations varied in strength. A 
strong permanent environmental correlation between SR21 
and PR6 (0.90) suggests that environmental influences 
affect both of respective traits similarly, in that an increased 
submission rate in the first three weeks would result in a 
more cows becoming pregnant within the first six weeks of 
the breeding season. 
 

Conclusion 
Repeatability estimates for the fertility traits when 

compared to the respective heritability estimates suggest a 
significant contribution of permanent environmental effects 
to phenotypic differences among cows. Coupled with the 
significant heterosis effects this suggests that an index to 
rank cows to aid in culling decisions should account for 
both non-additive genetic and permanent environmental 
effects. Cognizance of information available from 
correlated traits should be taken, so as to avoid any 
repercussions for selection on a select number of traits. 
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Table 3. Genetic and phenotypic correlations for 
multiparous cow fertility traits§ 

Trait CFS CIV NS SR21 PR6 
CFS 

 
0.87 0.10 -0.76 -0.49 

CIV 0.31  0.71 -0.69 -0.89 
NS -0.09 0.50  -0.17 -0.79 
SR21 -0.29 -0.07 0.09  0.70 
PR6 -0.09 -0.49 -0.52 0.28  

§ Genetic correlations above diagonal and phenotypic correlations below 
diagonal. 
All standard errors were between 0.002 and 0.123. 

Table 4. Permanent environment and residual 
correlations for multiparous cow fertility traits§ 
Trait CFS CIV NS SR21 PR6 
CFS 

 
0.61 -0.44 -0.12 0.45 

CIV 0.27  0.51 -0.42 -0.58 
NS -0.07 0.50  -0.16 -0.59 
SR21 -0.30 -0.04 0.11  0.90 
PR6 -0.14 -0.48 -0.51 0.20  

§ Permanent environment correlations above diagonal and residual 
correlations below diagonal 
All standard errors were between 0.003 and 0.102 
 


