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ABSTRACT: This study is part of a larger project whose 
overall objective is to develop genetic evaluations for 
resistance to diseases in Canadian dairy cattle. The goal of 
this study was to investigate the genetic relationships of 
retained placenta, metritis and cystic ovaries with calving 
and fertility traits. Moderate to high genetic correlations 
between maternal calving traits and fertility disorders 
suggest that genetic selection for better calving ability will 
also improve resistance against fertility disorders, 
especially retained placenta and metritis. Genetic 
correlations between fertility disorders and fertility traits 
were also favorable. Thus, selection against fertility 
disorders will result in improvement of fertility. Overall the 
results of the present study showed that data from the 
Canadian disease recording system can be used for genetic 
evaluations of fertility disorders.  
Keywords: dairy cattle; fertility disorders; calving; 
reproduction 
 

Introduction 
 

In Canada, a national dairy cattle health data 
management system was started in 2007. Eight diseases that 
are known to affect herd profitability are recorded by 
producers on a voluntary basis, namely mastitis, displaced 
abomasum, ketosis, milk fever, retained placenta (RP), 
metritis (MET), cystic ovaries (CYST) and lameness. The 
feasibility of using producer recorded health data for 
genetic evaluation of disease resistance in Canada has been 
shown previously (Neuenschwander et al., 2012; Koeck et 
al., 2012). The objective of this research was to estimate 
genetic relationships of RP, MET and CYST with calving 
and fertility traits in first parity Canadian Holstein cows. 

 
Materials and Methods 

 
Data. Health data recorded by dairy producers, as 

well as calving and fertility records were obtained from the 
Canadian Dairy Network (Guelph, Ontario). Health data on 
incidence of RP, MET and CYST were recorded by 
producers on a voluntary basis according to the disease 
definitions described by Kelton et al. (1998). A minimum 
disease frequency (reported cases per herd and year) of 1% 
was applied for RP, MET and CYST to ensure continuous 
data recording within individual herds. Data editing was 
applied separately for each disease, because not all herds 
record all fertility disorders (Neuenschwander, 2010; Koeck 
et al., 2012). Fertility disorders were defined as binary traits 
(0 = no case, 1 = at least one case) based on whether or not 
the cow had at least one disease case recorded within the 
first 14 d after calving for RP, within 150 d after calving for 
MET and within 305 d after calving for CYST. The calving 

traits were gestation length (GL) (in days), calving 
difficulty (CD; 1=unassisted, 2=easy pull, 3=hard pull, and 
4=surgery), stillbirth (SB; 0=born alive, 1=dead at birth or 
within 24 h) and calf size (CZ; 1=small, 2=average, 
3=large). Fertility traits were days from calving to first 
service (CTFS), 56-day non-return rate (NRR), number of 
services (NS) and days from first service to conception 
(FSTC). NRR was defined as a binary trait (0=return, 
1=non-return), based on whether or not the cow had a 
second insemination within 56 d after the first insemination. 
Only first lactation Holstein cows with an age at first 
calving between 19 and 43 months were considered. A 
summary of statistics of the analyzed data set is given in 
Table 1. The sire pedigree file was generated by tracing the 
pedigrees of sires and maternal grandsires back as far as 
possible.  
 
Table 1. Summary statistics of analyzed traits. 
Trait1 Records, No. Mean 
Fertility disorders  
RP, % 145,174 4.3 
MET, % 112,532 10.2 
CYST, % 100,089 7.5 
   
Calving traits  
GL, d 135,352 278.5 
CD 158,919 1.6 
SB, % 158,919 12.1 
CZ 154,793 2.0 
   
Fertility traits  
CTFS, d 174,539 82.0 
NRR, % 173,885 53.7 
NS 174,567 2.3 
FSTC, d 135,612 36.6 
1RP = retained placenta, MET = metritis, CYST = cystic ovaries, GL = 
gestation length, CD = calving difficulty, SB = stillbirth, CZ = calf size, 
CTFS = calving to first service, NRR = 56-day non-return rate, NS = 
number of services, FSTC = first service to conception. 

 
Model. Univariate and bivariate linear sire models 

were fitted using the AI-REML procedure in the DMU 
package (Madsen and Jensen, 2008). Univariate models 
were applied to estimate heritabilities for each trait. 
Bivariate models were run between each fertility disorder 
and calving and fertility traits. The model for RP, MET, 
CYST, CFI, NS and FSTC included fixed effects of age at 
calving, year-season of calving and herd-year of calving, 
random additive genetic sire effect, and random residual 
effect. The model for NRR included fixed effects of age at 
calving, year-season of insemination, herd-year of 
insemination and technician, random additive genetic sire 



effect, random effect of service sire by year of insemination 
and random residual effect. The traits GL, CD, SB and CZ 
were considered calf traits and the model for these traits 
included fixed effects of age at calving, year-season of 
calving, herd-year of calving and sex of calf, random 
additive genetic maternal grandsire effect, random additive 
genetic sire of calf effect and random residual effect. 
Covariance between maternal grandsire and sire of calf 
effects was set to zero as in the official genetic evaluation 
for calving traits in Canada.  

 
Results and Discussion 

 
Mean disease frequencies were 4.3, 10.2 and 7.5% 

for RP, MET and CYST, respectively (Table 1). 
 
Heritability estimates. Heritability estimates for 

all traits are given in Tables 2 and 3. For all 3 fertility 
disorders a heritability of 0.02 was obtained, which is in 
agreement with previous studies in Canadian Holsteins (e.g. 
Neuenschwander, 2010). 
 
Table 2. Heritability estimates for fertility disorders and 
fertility traits from univariate analyses. 
Trait1 Heritability 
Fertility disorders  
RP 0.02 
MET 0.02 
CYST 0.02 
  
Fertility traits  
CTFS 0.03 
NRR 0.01 
NS 0.03 
FSTC 0.02 
1RP = retained placenta, MET = metritis, CYST = cystic ovaries, CTFS = 
calving to first service, NRR = 56-day non-return rate, NS = number of 
services, FSTC = first service to conception. 
 
Table 3. Heritability estimates for calving traits from 
univariate analyses. 
Trait1 Heritability-maternal Heritability-direct 
GL 0.21 0.41 
CD 0.09 0.05 
SB 0.08 0.02 
CZ 0.09 0.13 
1GL = gestation length, CD = calving difficulty, SB = stillbirth, CZ = calf 
size. 

For calving traits, maternal heritabilities ranged 
from 0.08 for SB to 0.21 for GL. Direct heritabilities were 
from 0.02 for SB to 0.41 for GL. Direct and maternal 
heritabilities for calving traits were in the range of previous 
results published by Jamrozik et al. (2005) and Bastin et al. 
(2010).  

Heritability estimates for fertility traits were low: 
0.03 for CTFS, 0.01 for NRR, 0.03 for NS and 0.02 for 
FSTC. Similar heritability estimates for fertility traits in 
first lactation Canadian Holstein cows were obtained by 
Bastin et al. (2010).  

 

Genetic correlations. Genetic correlations 
between fertility disorders are given in Table 4. A high 
genetic correlation of 0.69 was found between RP and 
MET, whereas genetic correlations of CYST with RP and 
MET were low and not statistically significant. In first 
lactation Norwegian Red cows, Heringstad (2010) found 
also a high positive genetic correlation of 0.64 between 
MET and RP. However, in contrast to our results, a 
significant negative genetic correlation of -0.26 was 
estimated between RP and CYST.  
 
Table 4. Genetic correlations between fertility disorders. 
Trait1 MET CYST 
RP 0.69* 0.13 
MET  0.18 
1RP = retained placenta, MET = metritis, CYST = cystic ovaries. 
*P<0.05.  

 
Genetic correlations between fertility disorders 

and calving traits are shown in Table 5. High genetic 
correlations were estimated between MET and maternal CD 
(0.60), maternal SB (0.60) and maternal CZ (0.50). 
Moderate correlations were found between RP and maternal 
CD (0.38) and maternal SB (0.46). Lower genetic 
correlations were obtained between MET and maternal GL 
(0.20) and CYST and maternal CD (0.25). Genetic 
correlations between fertility disorders and direct calving 
traits were low and not statistically significant. Genetic 
studies investigating fertility disorders and calving traits are 
limited. A low positive, albeit non significant, genetic 
correlation between RP and CD was found by 
Schnitzenlehner et al. (1998).  
 
Table 5. Genetic correlations between fertility disorders 
and calving and fertility traits. 
Trait1 RP MET CYST 
Calving traits   
GL-maternal -0.01 0.20* -0.20 
GL-direct -0.18 0.07 0.07 
CD-maternal 0.38* 0.60* 0.25* 
CD-direct -0.09 0.02 -0.23 
SB-maternal 0.46* 0.60* 0.10 
SB-direct -0.23  -0.15 -0.10 
CZ-maternal 0.16 0.50* 0.11 
CZ-direct 0.05 0.08 -0.06 
    
Fertility traits   
CTFS 0.26* 0.26* 0.28* 
NRR -0.02 -0.22 -0.27 
NS 0.22* 0.49* 0.21 
FSTC 0.15 0.35* 0.34* 
1RP = retained placenta, MET = metritis, CYST = cystic ovaries, GL = 
gestation length, CD = calving difficulty, SB = stillbirth, CZ = calf size, 
CTFS = calving to first service, NRR = 56-day non-return rate, NS = 
number of services, FSTC = first service to conception. 
*P<0.05.  

 
Genetic correlations between fertility disorders 

and fertility traits are given in Table 5. Estimates were low 
to moderate and ranged from -0.27 (between CYST and 
NRR) to 0.49 (between MET and NS). Genetic correlations 
of 0.24 between RP and CTFS and 0.11 between RP and 



NRR were obtained by Heringstad et al. (2009), however, 
they were not significantly different from zero. Other 
studies investigated the genetic relationships between 
fertility disorders and days open. Pösö and Mäntysaari 
(1996) found genetic correlations of 0.80 and 0.37 between 
days open and ovulatory disorders and MET, respectively. 
Schnitzenlehner et al. (1998) reported a genetic correlation 
of 0.54 between RP and days open. 

 
Conclusion 

 
Moderate to high genetic correlations between 

maternal calving traits and fertility disorders suggest that 
genetic selection for better calving ability will also improve 
resistance against fertility disorders, especially RP and 
MET. Also, genetic correlations between fertility disorders 
and fertility traits were favorable. Thus, selection against 
fertility disorders will result in improvement of fertility. 
Overall the results of the present study showed that data 
from the Canadian disease recording system can be used for 
genetic evaluations of fertility disorders.   
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