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Introduction 
 
The usefulness of somatic cell counts (SCC) as an 
indirect selection tool for reducing mastitis 
incidence has been reported in several studies (see 
Mrode and Swanson, 1996).  Genetic evaluations 
for SCCs were introduced in the UK in 1998 and 
are currently based on lactation average and 
analysed using a single trait repeatability model.  
Only animals with completed lactations are 
included.  However, in order to utilise information 
from cows with part lactation SCC records and to 
account for environmental effects in a more 
accurate way, a test day model (TDM) evaluation 
is the preferred method of choice.  The objective 
of this study was to estimate genetic parameters 
for SCC in the first three lactations utilising a 

random regression (RR) approach and to compare 
parameter estimates from sire and animal RR 
models. 
 
 
Materials and Method 
 

The loge SCC (LSCC) of the first three lactations 
of 31,236 heifers calving between 1991 to 1995, 
were used in the study.  Cows were required to 
have a completed first lactation record and at least 
8 test day SCC records in both lactations 2 and 3.  
Herd-test days with a minimum of three records 
and sires with at least 10 daughters were included 
in the analyses.  The data structure and the means 
of LSCC by parity are in Table 1. 

 

Table 1. Data structure means and standard deviations (in parenthesis) by lactation 

 Lactation 
Variable 1 2 3 
LSCC 10.94 (0.94) 11.02 (1.08) 11.24 (1.18) 
No. of Cows 31,236 25,069 22,305 
No. of Tests 308,534 236,277 206,729 
No. of Sires 481 481 481 
 
 

A series of bivariate analyses (A) fitting a sire 
RR model were carried out using the ASREML 
package (Gilmour et al., 1999), initially fitting 
orthogonal polynomials of order 3 for both the 
sire and permanent environment (Pe) effects.  
However, there were problems of convergence for 
the bivariate analysis between parities 2 and 3 due 
to very high correlations between the quadratic 
coefficient for sire effects in both parities.  Using 
the bivariate analyses between parities 1 and 2, 
and 1 and 3, various combinations of the order of 
orthogonal polynomials for sire and Pe effect 
were evaluated.  Table 2 shows the difference in 
log likelihood between various models and the 
one fitting orthogonal polynomials of order 3 for 
both  sire  and  Pe.  From  the  results  in  Table  2,  

orthogonal polynomials of order 2 for sire and 3 
for Pe were fitted in all analyses as there was little 
difference in log-likelihood between this model 
when compared with fitting polynomials of order 
3 for both sire and Pe effects. 

 

Table 2. Differences in log-likelihood from fitting 
orthogonal polynomials of order 3 for both sire 
and permanent effects (S3Pe3) and other models 

Model Parity 1 and 2 Parity 1 and 3 
S2Pe2 2,969 3,305 
S2Pe3 27 18 
S3Pe2 2,856 3,181 
 



 

The sire RR model used for analyses A therefore 
was: 

 

ytljik = htdl+ bdi + Σ βkr vtr 
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A second analysis (B), in which all 3 lactations 
were analysed together, were undertaken using 
Gibbs sampling but an animal model was 
implemented.  A single chain of length 110,000 

 

Figure 1. Daily heritabilities
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was implemented with the first 30,000 regarded as 
the burn-in period.  The marginal posterior means 
obtained in this procedure were used as estimates 
for the variance components. 

 

Results and Discussion 
 

The estimates of daily heritability (h2) are in 
Figure 1.  In general, daily h2 increased with days 
in milk (DIM) in all parities and were highest in 
parity 2 at the end of the lactation.  Haile-Miriam 
et al (2001) also observed that daily h2 increased 
with DIM in Australian data.  The average daily 
h2  was 0.07 for parities 1 and 3 and 0.08 for parity 
2.  The estimates from the animal RR model were 
essentially identical to those from analyses A, 
except for parity 2 where they were slightly higher 
at the end of the lactation.  
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only to increased genetic variances but also due to 
a decline in Pe (Figure 3) and residual variances 
(Table 3) with DIM.  
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Figure 2. Daily genetic variances (X100) for SCC in the first three lactations (Analyses A and B) 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Daily pe

 

 

 

 

 

 

 

 

 

 

 

 

While estim
again similar in
daily Pe varianc
consistently hi
lactations.  Th
three-quarters o

 

0

10

20

30

40

50

60

70

80

90

100

7 14

P
er

m
an

en
t 

E
n

vi
ro

n
m

en
ta

l V
ar

ia
n

ce
s

0

2

4

6

8

10

12

14

7 14 28

G
en

et
ic

 V
ar

ia
n

ce
s

  
Sire RR Model
195 

rmanent environmental variances (x100) for SC

ates of residual variances were 
 analyses A and B, the estimates of 
es, although similar in trend, were 

gher in analyses A in all three 
is could be due to the fact that 
f the additive genetic variance is 

28 42 63 98 140 182 238 280 7 14

Days in Milk (DIM)

42 63 98 140 182 238 280 301 7 14 2

Days in Milk (DIM)

 

Animal RR Model
C in the first three lactations 

8 42 63 98 140 182 238 280 301

Lac 1

Lac 2

Lac 3

Lac 1

Lac 2

Lac 3

 
Sire ModelSire RR Mo
 del
incl
anal
sire 
eval
shou
vari

28
Animal RR Model
uded in the estimate of the Pe variance in 
yses A.  This implies that, if estimates from a 
RR model were to be used in animal TDM 
uations, the co-variance matrix for Pe effect 
ld be adjusted by three-quarters of the genetic 

ance. 

42 63 98 140 182 238 280

Lac 1

Lac 2

Lac 3

Lac 1

Lac 2

Lac 3



 196 

Table 3. Estimates of residual variances from sire (SM) and animal (AM) RR models 

 Parities 
 1 2 3 
Classes SM AM SM AM SM AM 
4-30 0.686 0.683 0.714 0.709 0.828 0.845 
31-120 0.434 0.435 0.536 0.542 0.575 0.574 
121-240 0.306 0.305 0.325 0.323 0.333 0.335 
>240 0.277 0.281 0.262 0.264 0.262 0.265 
 
 

The estimates of h2 for SCCs using completed 
lactation data (305-day SCC) were about 0.17, 
0.16 and 0.13 respectively for parities 1, 2 and 3 
from analyses A.  Estimates from analyses B were 
similar at 0.17, 0.18 and 0.12 respectively.  These 
were higher than reported for lactation average 
SCC using a repeatability model (Mrode and 
Swanson, 1996). 

 

The genetic correlations (rg) within each parity 
were highest between adjacent DIM, usually 
about 0.97-0.99 and decreased as DIM get further 
apart.  The rg were particularly high in parity A, 
even when DIM were far apart.  The rg between 
days 7 and 301 was 0.73 in parity 1, compared 
with 0.33 and 0.15 in parities 2 and 3, 
respectively. 

 

Genetic correlations between parities for the 
same DIM for parities 1 and 2 (rg12) and parities 1 
and 3 (rg13) were of medium size, varying from 
0.58 to 0.80 but those between parities 2 and 3 
(rg23) were medium to high (0.80 to 0.99).  These 
correlations tended to decline from the beginning 
of the lactation and were lowest at the end of the 
lactation for rg13.  For rg12, they tended to be 
highest around the mid-lactation.  However, for 
rg23, the correlations were higher from days 140 to 
305 (0.92 to 0.99) but varied from 0.83 to 0.90 
between days 7 to 98.  The rg12, rg13 and rg23 
computed for 305-day SCC from analyses A were 
0.71, 0.73 and 0.94.  Corresponding estimates 
were 0.69, 0.79 and 0.98 from the animal RR 
model. 

 

 

 

 

Conclusions 
 

Daily heritabilities for LSCC increased with the 
stage of lactation in the first three parities, 
averaging about 0.07 within each parity.  The 
heritabilities for lactation SCC from a RR model 
were higher than estimates from a repeatability 
model on lactation averages.  Heritabilities and 
genetic variances from a sire RR model were 
similar to estimates from an animal RR model, 
except for Pe variances, which were higher with 
the sire model due to the inclusion of three-
quarters additive genetic variances.  These would 
need adjustment if they were to be used employed 
in animal TDM evaluations.  Genetic correlations 
between the same days in milk in different parities 
were highest between parities 2 and 3. 
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