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ABSTRACT: The purpose was to investigate the random 
regression model in estimating changes in the genetic rela-
tionships among herd life (HL), milk yield, somatic cell 
score (SCS), and type traits during lactation. The data in-
cluded 702,726 test-day records and 20,179 type traits rec-
ords of Holstein cows in Japan. HL was genetically corre-
lated with SCS, feet and legs, rear udder height, and udder 
depth. Changes in the genetic correlation between HL and 
angularity, rump angle, rear udder height, and front teat 
placement were observed with advancing lactation. These 
results suggest that the reliability of HL estimates could be 
increased by using SCS, feet and legs, and udder depth. 
Rump angle and front teat placement would be useful in 
increasing the reliability of HL estimates during early lacta-
tion, and rear udder height would be useful in doing so dur-
ing late lactation.  
Keywords: dairy cattle; random regression model;  
longevity 
 
 

Introduction 
 

Longevity is an important trait for increasing prof-
its obtained from dairy herds (Essel (1998)). The propor-
tional hazard model of survival analysis has been adapted to 
longevity data, because it can properly account for censored 
data, consider time-dependent environmental effects, and 
appropriately manage a skewed distribution of data 
(Zavadilová et al. (2011)). Similar to the proportional haz-
ard model, the random regression model (RRM) can handle 
the censored data and use time-dependent environmental 
effects (Veerkamp et al. (2001)). Additionally, the RRM 
can easily directly estimate the genetic correlation between 
longevity and other traits, such as production traits and type 
traits. The objective of this study was to investigate the ef-
ficiency of the RRM in estimating changes in genetic rela-
tionships among herd life (HL), milk yield, somatic cell 
score (SCS), and type traits during lactation.  

 
Materials and Methods 

 
Data. Data relating to the first 5 lactation test-day 

records from 2001 to 2010 were obtained from the Live-
stock Improvement Association of Japan 
(http://liaj.lin.gr.jp/). Data were extracted using the follow-
ing criteria: (i) herds had at least 5 cows with their third 
lactation every year from 2006 to 2010, and those herds had 
at least 100 cows with their type traits data during the first 

lactation; (ii) cows were between 18 and 35 months of age 
at first calving; and (iii) test-day data were from 6 to 455 
days in milk (DIM). Data for analysis comprised a random 
selection of 188 herds from 956 that met the above re-
quirements. The day of removal from the herd was the day 
of the last record of the cow, when the interval between the 
last record of the cow and the last record of her herd was 
more than 120 days. When the interval between the last 
record of the cow and the last record of her herd was less 
than 120 days, the day of the last record of the cow was 
censored. The HL record within a lactation period was set 
at 1 when the cow was alive. The HL record of the removal 
day was set at 0. Additionally, subsequent records after 
removal day and in the later parities were considered miss-
ing. When the cow had the next parity record, she was con-
sidered alive until 455 DIM of the present parity. When the 
cow was removed at over 455 DIM, she was considered 
removed at the test-day just before 455 DIM. The data of 
the HL, milk yield, and SCS included 702,726 test-day rec-
ords of 65,124 lactations from 23,037 cows. Approximately 
20,179 of these cows provided data on the 9 type traits (feet 
and legs, chest width, angularity, rump angle, foot angle, 
rear udder height, udder cleft, udder depth, and front teat 
placement) in the first lactation. The relationship records 
for 4 generations of 61,111 heads included the recorded 
cows.  

 
Model. The model used in this study was the mul-

tiple-trait random regression model. The model for the milk 
yield and SCS indicated the fixed herd-test day effect, the 
fixed region-lactation number-calving age-calving month 
effect modeled using fifth-order Legendre polynomials and 
Wilmink's exponential factor, the fixed herd-year effect 
modeled using first-order Legendre polynomials, and the 
random additive genetic and permanent environmental ef-
fects modeled using second-order Legendre polynomials. 
The model for the HL indicated the fixed region-lactation 
number-calving age-calving month effect modeled using 
fourth-order Legendre polynomials, the fixed herd-year 
effect modeled using first-order Legendre polynomials, and 
the random additive genetic and permanent environmental 
effects modeled using second-order Legendre polynomials. 
The model for the type traits indicated the fixed herd-
inspector-inspection day effect, the fixed age at inspection 
effect, the fixed stage of lactation at inspection effect, and 
the random additive genetic effect.  

 



Estimation of genetic parameters. The variance 
of the RRM was calculated by the computer software 
gibbs3f90 (Misztal et al. (2002)). The first 100,000 Gibbs 
samples were discarded as burn-in. The next 100,000 sam-
ples were collected and plotted on a graph. The conver-
gence of the samples was checked visually using these 
graphs. The first 100,000 samples after the burn-in period 
were used to calculate posterior means for (co)variance 
components. The heritability estimates for milk yield, SCS, 
and HL, and the genetic correlation estimates between them, 
were calculated across the lactation period. The genetic 
correlations between the type traits and the 305-day milk 
yield (M305), average 305-day SCS (SCS305), and HL at 
455 DIM (HL455) were estimated, and the genetic correla-
tions between the HL and type traits were estimated across 
the lactation period. 

 
Results and Discussion 

 
The heritability estimate of the milk yield in-

creased from 0.151 at 6 DIM to 0.310 at 186 DIM, then 
remained constant at that level thereafter (Figure 1). 
 

Figure 1: Estimates of the daily heritabilities of 
milk yield (Milk), somatic cell score (SCS), and 
herd life (HL) across days in milk (DIM) 

 
 

Figure 2: Genetic correlations among milk yield (Milk), 
somatic cell count (SCS), and herd life (HL) across days 
in milk (DIM) 
 
 

The heritability estimate of the SCS was maintained be-
tween 0.099 and 0.131 across the lactation period. The her-
itability estimate of the HL was at a minimum value of 
0.007 at 38 DIM. HL then gradually increased, and the her-
itability estimate of HL455 was 0.086. The heritability es-
timates of the M305 and SCS305 were 0.545 and 0.095, 
respectively. The genetic correlation between the milk yield 
and SCS was positive at 6 DIM (0.130), then decreased, 
reaching a negative value (-0.001) at 164 DIM (Figure 2). 
After that, this specific genetic correlation continuously 
decreased until 290 DIM. The slope of the decrement of 
that genetic correlation increased from 290 DIM, reaching -
0.517 by 455 DIM. The genetic correlation between milk 
yield and HL ranged from 0.015 to 0.197; this genetic cor-
relation was higher during the middle period of lactation 
than during other periods. The genetic correlation between 
SCS and HL decreased from -0.096 at 6 DIM to -0.400 at 
70 DIM, and thereafter remained stable between -0.400 and 
-0.478.  
 

The heritability estimates of the feet and legs, 
chest width, angularity, rump angle, foot angle, rear udder 
height, udder cleft, udder depth, and front teat placement 
were 0.410, 0.433, 0.395, 0.389, 0.216, 0.471, 0.231, 0.549, 
and 0.408, respectively. M305 was positively genetically 
correlated with feet and legs, chest width, angularity, foot 
angle, rear udder height, and udder cleft (Table 1). 
 
Table 1. Genetic correlations between type traits and 
305 days’ milk yield (Milk), 305 days’ somatic cell count 
(SCS), and herd life at 455 days in milk (HL). 

Type traits Milk SCS HL 
Feet and legs 0.227 -0.050 0.232 
Chest width 0.241 0.122 -0.073 
Angularity 0.501 0.072 0.062 
Rump angle 0.049 0.057 0.089 
Foot angle 0.121 -0.048 0.086 
Rear udder height 0.210 -0.134 0.188 
Udder cleft 0.136 0.005 0.070 
Udder depth -0.388 -0.286 0.206 
Front teat placement  -0.056 -0.003 -0.051 

 
 
M305 was negatively genetically correlated with the udder 
depth. SCS305 was positively genetically correlated with 
chest width and negatively genetically correlated with the 
rear udder height, and udder depth. HL455 was positively 
genetically correlated with the feet and legs, rear udder 
height, and udder depth. The genetic correlation estimates 
between the HL455 and the type traits were within the 
ranges of reported values (Sasaki (2013)). The genetic cor-
relations between HL and type traits during lactation are 
shown in Figure 3. The genetic correlation between HL and 
feet and legs, chest width, foot angle, udder cleft, and udder 
depth was maintained during lactation. The genetic correla-
tion between HL and angularity was negative just after 
calving, which turned into a positive value at 63 DIM 
(0.002) and increased continuously thereafter. At 200 DIM, 
this genetic correlation remained stable at around 0.08. The 



genetic correlation between HL and rump angle during the 
early lactation stage was around 0.18 and then decreased to 
-0.001 at 143 DIM. This genetic correlation then slowly 
increased to 0.089 by 455 DIM. The genetic correlation 
between HL and front teat placement was -0.028 at 6 DIM 
and then rapidly increased to 0.153 by 82 DIM. This genet-
ic correlation then decreased to -0.051 by 455 DIM. The 
culling season of dairy cows differed according to lactation 
stage (Dohoo and Waynemartin (1984); Rajala-Schultz and 
Gröhn (1999)). Therefore, the genetic relationships between 
HL and type traits could be considered to vary during lacta-
tion. Sewalem et al. (2005) reported that the cow with ex-
tremely deep or extremely shallow udder depth and with 
extremely wide teat placement was more likely to be culled. 
Therefore, changes in udder traits during lactation affect the 
genetic relationships between HL and udder traits. The pos-
itive genetic correlation between HL and rear udder height 
during the late lactation stage has been considered to be due 
to the drooping of the udder with advancing DIM. Further-
more, the notion of having a positive genetic correlation 
between HL and front teat placement during the middle 
lactation stage was caused by a high milk yield. Wide teat 
placement would disturb milking. 

 

Figure 3: Genetic correlations between type traits and 
herd life across days in milk (DIM) 
 
 

Tsuruta et al. (2005) reported that the days open, 
final score, milk yield, stature, udder depth, front teat 
placement, fat yield, rear udder height, SCS, and rump an-
gle were the most important traits for predicting HL. Hagi-
ya et al. (2012) reported that milk yield, SCS, feet and legs, 
chest width, angularity, udder cleft, udder depth, and front 
teat placement were useful in predicting HL. As a result of 
changes in the genetic correlation between HL and type 
trait during lactation, this study has shown that the angulari-
ty imparts an undesirable effect on HL during the early lac-
tation stage, and the rear udder height would have a desira-

ble effect on HL. The rear udder height during the late lac-
tation stage and the front teat placement during the middle 
lactation stage would also impart a desirable effect on HL. 

 
Conclusion 

 
Changes in the genetic correlations among HL, 

production traits, and type traits during lactation could be 
detected by using RRM. Because SCS showed a highly 
negative genetic correlation with HL during the entire lacta-
tion period, a reduction in SCS would result in an increase 
in HL. SCS would thus be a useful feature in increasing the 
reliability of HL estimates. Because the feet and legs, and 
udder depth, showed positive genetic correlations with HL 
during the entire lactation period, those traits would also be 
useful in increasing HL. Additionally, the rump angle and 
front teat placement would be useful in prolonging HL dur-
ing the early lactation stage, whereas the rear udder height 
would be useful in increasing HL during the late lactation 
stage. 

 
Acknowledgements 

 
This study was supported by a Grant-in-Aid from 

Morinaga Houshikai. We also would like to thank AFFRIT, 
MAFF, Japan for permitting the use of their supercomputer 
during our study. 

 
Literature Cited 

 
Dohoo, I. R., and Waynemartin, S. (1984). Prev. Vet. Med. 2:771-

784. 
Essel, A. (1998). Livest. Prod. Sci. 57:79-89. 
Hagiya, K., Osawa, T., Masuda, Y., et al. (2012). Nihon Chikusan 

Gakkaiho 83:117-123. 
Misztal, I., Tsuruta, S., Strabel, T., et al. (2002). Proc. 7th 

WCGALP 33:743-744. 
Rajala-Schultz, P. J.,  and Gröhn, Y. T. (1999). Prev. Vet. Med. 

41:195-208. 
Sasaki, O. (2013). Anim. Sci. J. 84:449-460. 
Seawlem, A., Kistemaker, G. J., and Van Doormaal, B. J. (2005). 

J. Dairy Sci. 88:1552-1560. 
Tsuruta, S., Misztal, I., and Lawlor T. J. (2005). J. Dairy Sci. 

88:1156-1165. 
Veerkamp, R. F., Brotherstone, S., Engel, B., et al. (2001). Anim. 

Sci. 72:1-10. 
Zavadilová, L., Nĕmcová, E., and Štípková, M. (2011). J. Dairy 

Sci. 94:4090-4099. 
 
 


