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ABSTRACT: Records from 42,337 Chinese Holstein 
cows, born between 2002 and 2010, were used to estimate 
(co)variance components and genetic parameters for hip 
height (HH), heart girth (HG) at 3 (HH3, HG3), 6 
(HH6,HG6), 12 (HH12, HG12), 18 (HH18, HG18) and 24 
(HH24, HG24) months of age, and birth weight (BW). 
(Co)variance components were estimated using multiple-
trait animal model . The heritability estimates for BW was 
0.24±0.03, for HHs ranged from 0.08±0.01 to 0.20±0.03, 
for HGs ranged from 0.08±0.01 to 0.13±0.03. Genetic cor-
relation between BW and HHs ranged from 0.13±0.17 to 
0.33±0.12, those were from 0.06±0.13 to 0.23±0.12 be-
tween BW and HGs. The results pointed out that body size 
are moderately inherited, and a heavier heifer tends to have 
better growth in her later life.  
Keywords: dairy cattle; body size; birth weight; body 
measurement; genetics 
 
 

Introduction 
 

Birth weight (BW) can play a role as a predictor of 
calving ease and perinatal mortality in Holstein cattle (Jo-
hanson et al. (2003)). It was also reported that BW had high 
genetic correlation with weights at stage of life (Brother-
stone et al. (2007)). Body weight can be predicted approxi-
mately by hip height (HH) and heart girth (HG) (Heinrichs 
et al. (1992)), so HH and HG were measured instead of 
weighing in Chinese dairy farm for convenience. Cows 
selected with high genetic merit for milk production grew 
faster in early life than those of average genetic merit 
(Coffey et al. (2006)). In other words, the measurement for 
BW, HH and HG were important to the breeding procedure 
in Chinese dairy farm. Estimate genetic parameters of these 
traits can provide more information to make selection more 
efficient. Although estimates of genetic parameters of body 
size and birth weight were sufficiently reported in other 
populations (Koenen et al. (1998), Kadarmideen et al. 
(2003), Brotherstone et al. (2007)), there was little infor-
mation on those in Chinese Holstein. The purpose of this 
study was to estimate the genetic parameters of BW, HH 
and HG.  

 
Materials and Methods 

 
Data. Data were collected from 42,337 Chinese 

Holstein cows, born between 2002 and 2010, belonging to 
28 farms in Beijing. Records of calves with unknown pedi-

gree were not included. The animals were weighted at birth, 
and then hip height and heart girth were measured in their 
later life. The pedigree was organized which included 
78,726 animals. 

 
Traits. BW, HH and HG at 3, 6, 12, 18, 24 months 

of age were analyzed in this study. The number of observa-
tions for each trait were listed in Table 1. HH and HG were 
measured at the same time, so they had the same number of 
the observations at any specific age. 
 

Statistical analyses. Before analysis, records were 
adjusted to 90, 180, 360, 540, 720 days of age by coeffi-
cients which were estimated using the following quadratic 
regression model. 

 
HH!"# = −0.00008151×age! + 0.13461×age + 83.78662 

(R2=0.89) 
 

HG!"# = −0.0001265×age! + 0.24143×age + 92.76870 
(R2=0.91) 
 
 (Co)variance components were estimated using a 

multiple-trait animal model including all the traits. The 
model included a random herd-year-season (HYS) effect, a 
random additive genetic effect, and a random residual error 
effect for each trait. The year and season in HYS were birth 
year and birth season of the heifer. There were 28 herds, 9 
years and 4 seasons in HYS effect. The HYS effect had 884 
levels, as some farms were built in recent 5 years. DMU 
software (Madsen and Jensen (2013)) was used to estimate 
the (co)variance components. The respective estimates of 
heritability and genetic and phenotypic correlations were 
then calculated from the output of DMU. 

 
Results and Discussion 

 
Statistics. Mean and standard deviations (SD) of 

BW, HH and HG were given in Table 1. The body size of 
Chinese Holstein cows was smaller than it was reported in 
United States, similar with	  a	  3/4 Holstein: 1/4 Jersey cross-
bred population (Bjelland et al. (2011)). The birth weight 
was similar to results of other studies in United States 
(Heins et al.  2010). 

 
Heritabilities. The heritability of BW was 

0.24±0.03, and earlier studies had reported it as 0.53±0.12 
in an England Holstein population (Coffey et al. (2006)) 



and 0.46 in a Dutch Black and White dairy cattle population 
(Groen et al. (1995)). The heritabilities of HHs and HGs 
were shown in Table 2. It was	   generally recognized that 
morphological traits were high-heritability traits, which 
were usually above 0.3 (Visscher et al. (2008)). In current 
study, all heritability of HH and HG were less than 0.2 with 
the standard error in a normal range. Besides of the fact that 
our data consisted of cows only, other possible reason could 
be the lack of information to correct other fixed effects, 
such as pregnancy status of a cow. If identifiers for these 
factors were unknown then estimates of phenotypic vari-
ance, the denominator of heritability, would be greater, and 
the estimate of heritability would be less (Visscher et al. 
(2008)). 

 
Table 1. Number of records, phenotypic mean and 
standard deviation (SD) for HH, HG at 3, 6, 12, 18, 24 
months of age and BW 

 
 
Table 2. Estimates of heritabilities (Standard error) for 

HH and HG 
 
 
Genetic correlations. The genetic correlations 

among HHs (HGs), and between HH (HG) and BW were 
given in Table 3 (Table 4). Genetic correlations were inter-
mediate to high among all traits and decreased with increas-
ing time between the two measurements. The genetic corre-
lations between BW and HH (HG) were ranging from 0.13 
to 0.33 (0.06 to 0.23). Coffey et al. (2006) studied the ge-
netic correlations among birth weight, weaning weight and 
calving weight, also showed a similar trend. The genetic 
correlations between HH and HG at same age were shown 
in Table 5, ranging from 0.34 to 0.67. Because of the low 
genetic relationship between BW and body size at other 
stage of life, and at any given time, high correlation existed 

between HH (HG) and body weight, results of current study 
supported the suggestion from Coffey et al. (2006) that, at 
least birth weight is a different trait in comparison with 
other body weight traits. 

 
Table 3. Genetic correlations (Standard error) for HH 
and BW 

Trait Weight HH3 HH6 HH12 HH18 

HH3 0.13 
(0.18)     

HH6 0.23 
(0.12) 

0.57 
(0.13)    

HH12 0.14 
(0.10) 

0.63 
(0.11) 

0.85 
(0.06)   

HH18 0.24 
(0.10) 

0.76 
(0.09) 

0.86 
(0.05) 

0.96 
(0.03)  

HH24 0.33 
(0.12) 

0.59 
(0.14) 

0.65 
(0.10) 

0.83 
(0.06) 

0.82 
(0.06) 

 
 
Table 4. Genetic correlation (Standard error) for HG 
and BW 

Trait Weight HG3 HG6 HG12 HG18 

HG3 0.19 
(0.19)     

HG6 0.23 
(0.12) 

0.68 
(0.14)    

HG12 0.15 
(0.13) 

0.74 
(0.14) 

0.67 
(0.09)   

HG18 0.06 
(0.13) 

0.44 
(0.18) 

0.54 
(0.10) 

0.61 
(0.09)  

HG24 0.13 
(0.14) 

0.51 
(0.18) 

0.53 
(0.12) 

0.50 
(0.12) 

0.96 
(0.05) 

 
 
Table 5. Genetic correlation (Standard error) between 
HH and HG at different month 

 
 

Conclusion 
 
Birth weight, hip height and heart girth are moder-

ately inheritable. Birth weight had a higher heritability than 
that of hip height and heart girth in Chinese Holstein cows. 
The genetic correlations of hip height and heart girth at any 
given months were moderately high. The genetic correla-
tions between birth weight and hip heights, and between 
birth weight and heart girths were positive. Therefore, a 
heavier female calf at birth could have better growth later 
on. 

Trait Records Mean SD 
HH3, cm 4653 94.26  4.72  
GG3, cm 4653 110.39  5.90  
HH6, cm 22526 105.99  4.21  
GG6, cm 22526 133.79  7.19  

HH12, cm 22068 122.08  4.25  
GG12, cm 22068 163.77  8.01  
HH18, cm 22298 132.33  4.28  
GG18, cm 22298 184.98  8.56  
HH24, cm 9280 138.57  4.37  
GG24, cm 9280 202.46  8.62  

BW, kg 10724 39.25  4.68  

Month of life h2 
HH HG 

3 0.14 (0.04) 0.08 (0.03) 
6 0.08 (0.01) 0.09 (0.02) 

12 0.16 (0.02) 0.09 (0.02) 
18 0.15 (0.02) 0.09 (0.02) 
24 0.20 (0.03) 0.13 (0.03) 

Months of age Genetic correlation  
3 0.39 (0.20) 
6 0.56 (0.10) 

12 0.34 (0.11) 
18 0.42 (0.10) 
24 0.67 (0.09) 
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