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ABSTRACT: The genetic correlations between reproduc-
tive traits in cows, 305-day milk yield, and persistency were 
estimated by using the first-, second-, and third-lactation 
records, which represented 476,284; 380,474; and 267,344 
Japanese Holstein cows, respectively. Reproductive traits 
evaluated were days from calving to first insemination 
(DCF), conception rate for first insemination (CR), number 
of inseminations (NI), and days open. Persistency was de-
fined as the difference between milk yields at 240 and 60 
days in milk. The genetic correlation estimates within the 
first lactation were similar to those of the other lactations. 
The genetic correlations among reproductive traits were 
fairly strong, but those of DCF with CR and NI were rela-
tively weak. Antagonistic genetic correlations, which 
ranged from 0.17 to 0.43 in absolute values, between repro-
ductive traits and 305-day milk yield or persistency were 
revealed. 
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Introduction 
 
Female fertility is an important factor for improv-

ing the lifetime productivity of dairy cattle. Many reproduc-
tive traits in lactating cows have been defined (Interbull 
(2014)). Days from calving to first insemination (DCF) 
indicates the cow’s ability to recycle after calving. Concep-
tion rate for first insemination (CR), non-return rate, num-
ber of inseminations (NI), days open (DO) and calving in-
terval (CI) indicate the cow’s abilities to conceive. Antago-
nistic genetic relationships between reproductive traits in 
cows and milk yield traits have been reported (e.g., Dema-
tawewa and Berger (1998); Veerkamp et al. (2001); Abe et 
al. (2009); Hagiya et al. (2013)). In addition, some re-
searchers have estimated the relationships between repro-
ductive traits and lactation persistency (Haile-Mariam et al. 
(2003); Muir et al. (2004); Weller et al. (2006); Albarrán-
Portillo and Pollott (2013)). Persistency is generally defined 
as the ability to maintain a high level of milk production 
after peak milk yield (Togashi and Lin (2003)). It has been 
suggested that improving persistency could increase total 
milk yield without increasing metabolic stress in early lac-
tation (Dekkers et al. (1998)), which could cause reduced 
fertility in cows. 

 
Low or slightly positive (unfavorable) genetic cor-

relations between CI and persistency have been reported 
(Haile-Mariam et al. (2003); Muir et al. (2004); Albarrán-

Portillo and Pollott (2013)). However, few studies have 
estimated the genetic correlations between persistency and 
the other reproductive traits (Muir et al. (2004)) over multi-
ple lactations (Weller et al. (2006)). Our objective was to 
investigate the genetic relationships of several reproductive 
traits with milk yield and persistency during the first three 
lactations in Japanese Holstein cows. 
 

Materials and Methods 
 

Data. Insemination records during the first three 
lactations of Holstein cows whose first inseminations were 
recorded between 2007 and 2011 were obtained from the 
Livestock Improvement Association of Japan (Tokyo, Ja-
pan). Monthly test day (TD) milk records within 305 days 
in milk (DIM) were collected through the Dairy Herd Im-
provement program. The data set for the first, second, and 
third lactation consisted of 476,284; 380,474; and 267,344 
cows, respectively. Reproductive traits selected for the 
study were days from calving to first insemination (DCF), 
conception rate for first insemination (CR), number of in-
seminations (NI), and days open (DO). CR = 1 indicated 
that the first insemination successfully achieved pregnancy 
and 0 indicated otherwise. Cumulative milk yield within 
305 DIM (305-day milk yield) and persistency (defined as 
the difference between milk yields at 240 and 60 DIM) 
were estimated by using multiple-trait prediction (Schaeffer 
and Jamrozik (1996)) according to Wilmink’s function 
(Wilmink (1987)). Summary statistics for each trait are 
shown in Table 1. 

 
Table 1. Summary statistics of reproductive traits, 305-
day milk yield, and persistency§ in the first 3 lactations. 

  Lactation Mean s.d. 
Reproductive 
traits 

DCF (day) First 83.1  31.9  
 Second 84.6  32.3  

  Third 85.8  32.2  
 CR (rate) First 0.38   
  Second 0.34   
  Third 0.34   
 NI (times) First 2.5  1.9  
  Second 2.6  1.9  
  Third 2.6  1.9  
 DO (day) First 144  80  
  Second 151  83  
  Third 153  83  
305-day milk yield (kg) First 8300 1523  
  Second 9467  1825  



  Third 9815  1886  
Persistency (kg) First –6.3  2.9  
  Second –10.0  3.8  
  Third –10.9  4.0  

§Persistency was defined as the difference between milk yields at 240 and 
60 days in milk. 

 
 
Models. The data were analyzed within each lacta-

tion by using a multiple-trait linear model. The model for 
reproductive traits included the fixed effects of herd year, 
month, and age group of first insemination, and the random 
sire effect of first insemination (except in the case of DCF). 
The model for milk production traits (305-day milk yield 
and persistency) included the fixed effects of herd year, 
month, and age group of calving. Both models included a 
random additive genetic effect of animal and a random re-
sidual effect. Genetic parameters for reproductive traits 
were estimated by using a four-trait animal model. Genetic 
correlations between reproductive traits and milk produc-
tion traits were estimated by using a three-trait (one repro-
ductive trait and both milk production traits) animal model. 
The pedigree data for the first, second, and third lactations 
included 955,461; 802,184; and 600,268 animals, respec-
tively. Variance components were estimated by using the 
GIBBS2F90 program (Misztal (2008)) for Gibbs sampling. 

 
Results and Discussion 

 
The posterior means of heritability and genetic and 

phenotypic correlations between reproductive traits, 305-
day milk yield, and persistency are shown in Table 2. Herit-
abilities of reproductive traits were almost always lower 
than 0.1, except for that of DO for the third lactation (0.12). 
These estimates are in line with previous estimates (Dema-
tawewa and Berger (1998); Veerkamp et al. (2001); Abe et 
al. (2009); Hagiya et al. (2013)). Our heritability estimates 
of 305-day milk yield were similar to previous findings 
(Hagiya et al. (2013); Yamazaki et al. (2013)). Heritability 
of persistency in the first lactation (0.16) was similar to 
previous estimates (Jakobsen et al. (2002); Togashi et al. 
(2008); Yamazaki et al. (2013)), whereas the values of se-
cond (0.19) and third (0.14) lactations were similar to the 
estimates of Yamazaki et al. (2013) but were lower than 
those of other studies (Togashi et al. (2008); Weller et al. 
(2006)). 

 
The posterior means of genetic correlations within 

lactation were similar in all lactations, suggesting that the 
genetic relationships among fertility, 305-day milk yield, 
and persistency were constant over the first three lactations. 
The genetic correlations among reproductive traits all had 
similarly high values, except for the correlations between 
DCF and CR or NI during the first and second lactations. 
The genetic correlations between CR and NI or DO ranged 
between –0.81 and –0.98, and that between NI and DO was 
from 0.78 to 0.84. The genetic correlations of DCF with 
DO in the first and second lactation were 0.79 and 0.68, 
respectively. However, the values of DCF with CR or NI 

were –0.49 or 0.39 and –0.18 or 0.12, respectively. These 
correlation estimates in current study are in line with previ-
ous findings (Jamrozik et al. (2005); Liu et al. (2008); Abe 
et al. (2009)). 

 
Table 2. Posterior means of heritability (on diagonal in 
bold type) and genetic (above) and phenotypic (below) 
correlations for reproductive traits, 305-day milk yield 
(MILK), and persistency (PER) in the first (2a), second 
(2b) and third (2c) lactations. 
2a. 
 DCF CR NI DO MILK PER 
DCF 0.06 –0.49  0.39  0.79  0.41  0.17  
CR 0.02  0.02 –0.97  –0.87  –0.35  –0.23  
NI –0.03  –0.75  0.04 0.84  0.33  0.20  
DO 0.31  –0.59  0.81  0.07 0.43  0.28  
MILK 0.07  –0.10  0.12  0.15  0.41 0.48  
PER 0.15  –0.19  0.21  0.24  0.18  0.16 
Posterior SDs for genetic correlations ranged from 0.01 to 0.05. 
 
2b. 
 DCF CR NI DO MILK PER 
DCF 0.05 –0.18 0.12  0.68  0.25  0.17  
CR 0.05  0.02 –0.98  –0.81  –0.35  –0.26  
NI –0.07  –0.74  0.04 0.78  0.28  0.23  
DO 0.28  –0.58  0.81 0.06 0.39  0.35  
MILK 0.07  –0.09  0.12  0.16  0.30 0.41 
PER 0.13  –0.16  0.18  0.23  0.15 0.19 
Posterior SDs for genetic correlations ranged from 0.02 to 0.06. 
 
2c. 

 CR NI DO MILK PER 
CR 0.02 –0.98  –0.81  –0.23  –0.26  
NI –0.74  0.04 0.80  0.26  0.29  
DO –0.58  0.80 0.12 0.28  0.39  
MILK –0.08  0.12  0.15  0.28 0.41 
PER –0.15  0.17  0.23  0.12 0.14 

Posterior SDs for genetic correlations ranged from 0.00 to 0.07. 
Posterior distributions of (co)variances for DCF did not converge in the 
third lactation. 

 
 
We estimated the antagonistic genetic correlations 

between reproductive traits and milk production traits (305-
day milk yield and persistency). The genetic correlations 
between DCF and milk production traits in the first and 
second lactations ranged from 0.17 to 0.41. The genetic 
correlations of CR with milk production traits ranged from 
–0.35 to –0.23, and that of NI or DO ranged from 0.20 to 
0.43. The magnitudes of our genetic correlations between 
reproductive traits and 305-milk yield were similar to the 
results of Weller et al. (2006) and Abe et al. (2009). A fa-
vorable genetic correlation between persistency and non-
return rate (Muir et al. (2004)) or the inverse of NI (Weller 
et al. (2006)) has been reported previously. In contrast, sim-
ilar to our results, positive (antagonistic) genetic correla-
tions between CI and persistency have been estimated in 
previous studies (Muir et al. (2004); Albarrán-Portillo and 
Pollott (2013)). Favorable genetic relationships between 
persistency and susceptibility of mastitis (Appuhamy et al. 



(2009)) or somatic cell score (Yamazaki et al. (2013)) in the 
late stage of lactation have been estimated. However, when 
seeking to increase persistency, indicators of female fertility 
have to be included in the genetic evaluation. 
 

Conclusion 
 
The genetic relationships among reproductive 

traits in cows, 305-day milk yield, and persistency were 
constant over the first three lactations. The genetic relation-
ships among CR, NI, and DO were strong, whereas those 
between DCF and CR or NI were weaker than those among 
the other reproductive traits. Estimates revealed antagonis-
tic genetic correlations between reproductive traits in cows 
and 305-day milk yield or persistency. Therefore, when 
selecting to increase persistency, the genetic evaluation 
must include indicators of female fertility. 
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