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Test-day milk yield and somatic cell count data over extended lactation (lactation to 540-600 days) were analysed considering
part lactations as different traits and fitting random regression (RR) models. Data on Australian Jersey and Holstein Friesian
(HF) were used to demonstrate the shape of the lactation curve and data on HF were used for genetic study. Test-day data
from about 100 000 cows that calved between 1998 and 2005 were used for this study. In all analyses, a sire model was
used.When part lactations were considered as different traits, protein yield early in the lactation (e.g. first 2 months) had a
genetic correlation of about 0.8 with protein yield produced after 300 days of lactation. Genetic correlations between lactation
stages that are adjacent to each other were high (0.9 or more) within parity. Across parities, genetic correlations were high for
both protein and milk yield if they are within the same stage of lactation. Phenotypic correlations were lower than genetic
correlations. Heritability of milk-yield traits estimated from the RR model varied from 0.15 at the beginning of the lactation to
as high as 0.37 by the 4th month of lactation. All genetic correlations between different days in milk were positive, with the
highest correlations between adjacent days in milk and decreasing correlations with increasing time-span. The pattern of
genetic correlations between milk yield in the second 300 days (301 to 600 days of lactation) do not markedly differ from the
pattern in the first 300 days of lactation. The lowest estimated genetic correlation was 0.15 between milk yield on days 45 and
525 of lactation. The result from this study shows that progeny of bulls with high estimated breeding values for yield traits and
those that produce at a relatively high level in the first few months are the most likely candidates for use in herds favouring

extended lactations.
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Introduction

About two-third of the Australian dairy farming system is
characterised by seasonal calving, low-input, pasture-based
milk production reliant on family labour. In the seasonal
calving system, cows are often required to calve within a
short time period (6 to 15 weeks) to take advantage of
pasture growth and maximise labour efficiency. Further-
more, almost all cows are milked for about 300 days and
are dried off at a pre-determined date. Recently, the sea-
sonal calving system is being challenged due to increased
herd size, increased use of bought-in feed, premium paid
for off-season milk, increased milk production potential,
reduced reproductive performance and pressure from animal
welfare groups to minimise induced calving (Borman et al.,
2004). As a result of these factors, interest in milking
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cows beyond the standard 305 days (over an extended
lactation period) has increased and the proportion of herds
that practice seasonal calving in Victoria, Australia, has
decreased from 63% to 41% (Auldist et al., 2007). Expected
benefits of extended lactations include reduction in inse-
mination costs and in number of days dry within the cow’s
lifetime. Reduced metabolic stress and less exposure to
the high-risk period around calving and increased longevity
are other likely benefits (British Farm Animal Welfare
Council (FAWC, 1997)). Reduced efficiency in pasture utili-
sation, reduced milk after the standard lactation period
compared with cows that re-calve and inability of some
cows to re-conceive due to heavy weight are the possible
disadvantageous of extended lactation.

Extending the period between calvings beyond a specific
period for farmers who are used to operating a strict sea-
sonal calving system is a huge change in management.
Besides a number of other issues, this involves deciding to
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delay mating of cows, assuming that they will be milked
profitably beyond the standard 300 days. Variation between
cows in the ability to maintain lactation after 300 days is
large (Bertilsson et al, 1997; Van Amburgh et al, 1997)
even in countries where average milk production levels are
over 9000 kg of milk. In Australia, where mean milk pro-
duction varies between 4000 and 7000 kg, a large variation
in ability of cows to produce milk after the standard 300
days was observed in an experimental herd (Auldist et al.,
2007). The risks associated with delaying mating could be
high due to losses in the current and future performance of
cows. The response of cows to extended lactation or
delayed breeding could be influenced by their sire and the
parameters that can be used to determine which cows
will react beneficially to extended lactations need to be
identified (FAWC, 1997).

Among other things, adopting extended lactation as a
management strategy, particularly in pasture-based milk
production systems, depends on using cows that are able to
maintain profitable milk yield beyond 300 days. Ultimately,
the identification and selection of cows most suitable for
extended lactations will be useful for dairy farmers who are
planning to milk their cows beyond the standard 305-day
lactation. Although genetic and phenotypic relationships
between part lactation within the standard 305 days of
lactation are high (Wilmink, 1988), such estimates for lac-
tations from cows that are milked beyond the standard 305
days are not available. Therefore, this study analysed recent
test-day data on milk production traits from Australian dairy
herds that milk cows after 300 days to determine genetic
and environmental relationship in the first 300 days and
after 300 days of lactation. Specifically, we estimated her-
itability, genetic and phenotypic correlations between milk
yields at different stages of lactation, including 300 to 600
days after calving. We performed these using both random
regression (RR) and multi-trait models where part lactations
are considered as different traits.

Materials and methods

Data

From the Australian Dairy Herd Improvement Scheme
(ADHIS) database, data on daily milk-yield traits and
somatic cell count (SCC) of cows that calved between 1998
and 2005 were extracted. From these, herds with at least 60
calving per year were selected. In addition, the selected
herds were required to have at least 5% of their cows
tested after 365 days of lactation. Based on these criteria,
close to 5 million test-day milk-yield data from 587 herds
were obtained. In this data set, about 17% of the tests
were recorded after the standard 305 days. The number
of tests, cows and daily milk and protein yield and log
(natural) SCC based on the original dataset extracted for
this study for Holstein Friesian (HF) and Jersey is presented
in Table 1. Test day milk yield records that were between 4
and 605 days were kept for analysis. Cows that calved
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Table 1 Number of cows with test-day data for the first and second 300 days with mean days in milk, daily milk yield, daily protein yield and daily log SCC (somatic cell count) by breed in parity

1 and 2

Second 300 days
Milk yield (kg)

First 300 days
Milk yield (kg)

Log SCC

Protein yield (kg)

No. of tests

No. of cows

Log SCC

Protein yield (kg)

No. of tests

No. of cows

Breed/parity

First parity

4.34 (0.97)

179 (5.8) " 0.64 (0.21)"

0.71 (0.23)* 3.92 (1.06)" 64420 210319 (391)*
4,07 (1.03)"

0.56 (0.17)"

22.1 (6.6)"

839089 (147)*

120543

Holstein Friesian

Jersey

8607 (384)* 12.4 (4.0) ' 0.51 (0.16)" 4.40 (0.99)

2989

15.2 (4.7)"

37437 (148)*

5574

Second parity

4.84 (0.92)
5.32 (0.93)"

0.66 (0.22)"
0.53 (0.18)"

114934 (386)* 18.0 (6.3)

533487 (144)* 25.9 (8.5)" 0.83 (0.26)" 4.18 (1.15)° 37028
0.64 (0.20)

77823

Holstein Friesian

Jersey

4

126 (4

4313 (379)*

1578

437 (1.11)°

17.0 (5.5)"

23862 (144)

3633

*Mean days in milk for the stage of the lactation.

*Standard deviation of the mean.



between 17 and 35 months of age in the first parity were
selected.

Test-day records of cows that are progeny of bulls in the
artificial insemination programme were retained. From this
data set, sires that had progeny in less than three herds as
well as herds that used less than three sires were excluded.
In addition, sires with less than six daughters in the first
parity data were deleted. However, such restrictions were
not applied on second parity data. To eliminate records of
cows that have calved for the second time without being
reported to ADHIS, cows were excluded if the highest milk
yield recorded between 331 and 395 days is at least 2 kg
more than the highest milk yield recorded before 121 days
(early lactation). This removed about 2% of the total
number of cows.

Statistical methods

To provide information on the general performance of the
cows, data on Jersey and HF were used to estimate the
level of milk yield, total solid yield (protein plus fat yield)
and log SCC. The model for these analyses was

3
Yijim = -+ HTD; + YS; + )~ ApXinn

n=1

9
+ Z DnZmn + PI + eijlma (1)

n=1

where Y, is the test-day observation on milk yield, protein
plus fat yield or log SCC; s is the overall mean; HTD; is the
fixed effect for herd-test date i; YS; is the fixed effect for
year—season of calving (two seasons each year) j; X, is the
nth order orthogonal polynomial corresponding to age on
the mth test-day; A, is a fixed regression coefficient cor-
responding to age on the mth test-day; Z,,, is the nth order
orthogonal polynomial corresponding to DIM on the mth
test-day; D, is a fixed regression coefficient corresponding
to days in milk on the mth test-day; P, is the random effect
for cow /to account for repeated tests within the lactation;
and e, is the residual error variance. These analyses were
performed separately for Jersey (parity 1 only) and HF
(parity 1 and 2). The data used for this study are shown in
Table 2.

Genetic parameters for extended lactations

The data on HF cows were used for genetic analysis to
determine the genetic and environmental relationship over
days in milk to 605 days of lactation. To identify an early
measure of milk or protein yield that can be used to predict
the ability of cows to produce after the standard 305 days of
lactation, milk-yield traits early in lactation (first 5 months)
were analysed with their milk yield that was produced after
300 days considering each as different trait. Test-day milk-
yield traits in the first 2, first 3, first 4 and first 5 months and
that after 300 days were analysed using bivariate repeat-
ability (to account for repeated test-day records in each
period) sire models based on the first parity data of HF cows.

3
Yiijkim = pte + HTDg + Y54 + ZA"tan

n=1

9
+ Z DntZmn + St'k + Ptl + €tijkim, (2)

n=1

where Yjjim refers to an observation of the tth trait (trait 1
is milk or protein yield in the first 2 or first 3 or first 4 or
first 5 months and trait 2 is milk or protein yield after 300
days of lactation); Sy is the random effect for sire k and
trait &, the other effects are as defined in model 1 but are
fitted for each trait; egum is a random residual effect
assumed to have the same (co)variance matrix within a
stage of lactation (considered as a trait). The (co)variance
structure for sire or cow effect is a symmetric matrix of size
2 (number of traits), whereas the residual is a diagonal
matrix of size 2 (one for each trait).

The relationship between test-day milk or protein yield in
the first 200 days (4 to 200), the second 200 days (201 to
400) and the third 200 days (401 to 605) based on the first
and second parity data was estimated in a six-trait sire
model analyses. The model assumed for these analyses was
the same as model 2 above, except for that the number of
traits was six instead of two. The (co)variance structure for
sire or cow effect is a symmetric matrix of size 6, whereas
the residual is a diagonal matrix of size 6. To account for
possible effect of selection, second parity data of cows
were used if they had test-day data in the first parity.

Finally, test-day data on milk, protein and fat yield and
protein percentage and log SCC of cows that were recorded

Table 2 First and second parity Holstein Friesian cows that had at least 1 test-day milk record after 300 days and the number that continued

milking with their milk yield in each period

Period Parity 1 Parity 2

Days No. (proportion)" Average milk yield (kg) No. (proportion) Average milk yield (kg)
300 63872 (1.0) 6517 33013 (1.0) 7568

365 35482 (0.56) 7523 18006 (0.55) 8545

425 21474 (0.34) 8433 10225 (0.31) 9376

485 12331 (0.19) 9264 5420 (0.16) 10114

545 6874 (0.11) 10027 2725 (0.08) 10776

TCows with at least 300 days of lactation are considered.
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between days 4 and 540 were analysed by fitting univariate
RR models, having the following general characteristics:

3 9
Yiikim = 1+ HTD; +YS; + ZAnan + Z DnZmn
n=1 n=1
5 5

+ Sanmn + Z Panmn + eijklm» (3)
n=0 n=0
where Yjjm is the observation on milk yield, fat yield,
protein yield, protein percentage or log SCC; the definitions
of s, HTD;, YS; Xinn Ani Zmne D, are given in model 1 above;
Skn is an additive genetic RR coefficient of Z,,, for sire k; P,
is a permanent environmental RR coefficient of Z,, for cow
l; and ejjrm is a random residual effect assumed to have the
same (homogeneous) variance within a test period ( ~30
days) but allowed to vary across tests. The following co
(variance) structure was assumed:

s GRA; 0 0
Var| p | = 0 PRI 0 |,
e 0 0 EQI

where G = sire variance—covariance matrix among additive
genetic RR coefficients, A; = additive numerator relationship
matrix between sires and their parents, P= cow variance—
covariance matrix among permanent environmental RR
coefficients, E= a residual variance matrix consisting of
18 diagonals, one for each month of lactation period, /=
identity matrix and ® is Kronecker product.

For the RR analyses due to computational limitation, 200
herds with at least two test-days recorded after 500 days
were selected. The total number of cows included in these
analyses was 43618. These cows were progeny of 1460
sires and 28 893 dams. For this analysis test-day records of
cows' that occurred between days 4 and 540 were grouped
into 18 classes. The first class or test record consisted of
tests that were between 4 and 30 days from calving and all
the subsequent tests were of 30 days interval each. Due to
software restriction in the modelling of the error variance,
cows were not allowed to have more than one test record
in a particular interval (~30 days). As a result, about 6%
of the records were deleted. Only 64% of the cows had
valid test-day record in the first month (4 to 30 days), which
increased to 80% in the second test and dropped to about
10% in the test interval 18 (511 to 540 days). The per-
centage of valid test-day yield records between 511 and
540 days in milk in the original data extracted for this
study was 8. Over 96% of the cows had more than four
valid test-day milk-yield records.

To find out whether milk yield after 300 days (300 to 605
days) is more correlated with persistency of yield in the first
300 days than with mean yield in the first 300 days, a two-
step procedure was used to obtain genetic and environ-
mental correlation among mean yield in the first 300 days
(trait 1), persistency of yield in the first 300 days (trait 2),
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mean yield after 300 days (trait 3) and persistency of yield
after 300 days (trait 4) using the first parity data. First, two
traits (daily test-day milk yield in the first 300 days and
daily test-day milk yield after 300 days) were formed. Then
the test-day yield in each period was analysed to derive
a measure of mean yield and persistency of yield for
each cow by fitting the following model that consisted of
permanent environmental RR coefficients for each cow:

3 6
Yijm =+ HTD; + >~ AnXinn + > DnZmn

n=1 n=1

+

1
Pjnzmn + eijma (4)

n=0

where Y}, is observation on the test-day daily milk yield in
the first 300 days or after 300 days, HTD;, A,, X, D, and
Zpn are as defined in model 1. Pj, is a permanent envir-
onmental RR coefficient of Z,, for cow £ eji is a random
residual effect assumed to have the same variance within
a test period ( ~30 days) but allowed to vary across tests
(a diagonal matrix of size 10). The deviation from the
population mean of the jth cow is represented by a straight
line whose mean or intercept is Py (intercept is taken at
days 4 or 301 depending on the part of lactation con-
sidered) and whose slope is Pj;. Thus, a positive slope P;;
indicates a cow whose milk yield is increasing with the
stage of lactation relative to an average cow (i.e. a cow of
higher than average persistency).

In the second step, solutions for each cow for mean
(intercept, Pjo) yield in the first 300 days and after 300
days, and the slope (linear, P;;) for yield in the first 300
days and after 300 days, were re-analysed using a four-trait
sire model. In preliminary analyses, the genetic correlations
between the mean (intercept) and the slopes (linear) were
found to be near —0.6. The slopes were made independent
of their respective means as follows: First, the genetic
regression of the slope (b) on mean was calculated by
dividing the genetic covariance between slope and mean
by the genetic variance of the mean from the preliminary
analyses for each cow. Then the product of b and mean was
subtracted from the slope. The result was considered as
a measure of persistency (adjusted for mean yield). The cow
solutions for mean and persistency of yield after adjusting
were re-analysed using the following four-trait sire model:

Yiik = e + HYS4 + Sy + ek, ®)

where Yy is the tijkth mean yield in the first 300 days,
persistency of yield in the first 300 days, mean yield after
300 days and persistency of yield after 300 days for each
Cow; i is the mean for the tth trait; HYS;; is the ith herd—
year—-season (two seasons of 6 months each) of calving
effect on trait £, Sy is the jth random-sire effect on trait £
e is the random error term. For comparison purposes,
persistency of milk yield was also calculated from the daily
milk yield estimated breeding values (EBVs) from an RR



model (model 3 but considering the first 300 days yield
only) based on the first 300 daily milk yield for sires with 20
or more progeny as follows:

300
Z EBV — 225 x EBV45.
n=46

(formula 1)

All data analyses were performed using the ASREML
software (Gilmour et al., 2006).

Results

Lactation performance

Table 1 shows the mean milk and protein yield and log SCC
of HF and Jersey cows used for this study. The mean lac-
tation length based on HF cows that had lactations longer
than 300 days was 403 and 396 days in the first and second
parity, respectively. The mean lactation length in Jersey
cows was 392 and 384 days in the first and second parity,
respectively. Table 2 shows the number and milk yield of HF
first and second parity cows that were milked to 545 days
of lactation. Of the cows that were milked to 300 days, the
proportion that were milked after 305 days decreased
consistently with the increase in lactation length. The
average daily milk yield and protein plus fat yield for HF
cows based on the first and second parity data and for
Jersey cows based on the first parity data up to 540 days of
lactation are shown in Figures 1 and 2, respectively. Peak
yield in protein plus fat yield is attained earlier particularly
in second parity HF cows (Figure 2) than in the first parity
cows and than that in milk yield (Figure 1). Although based
on a small number of cows, Figures 1 and 2 show that
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Jersey cows are similar to HF cows in their ability to
maintain lactation beyond 305 days. Figure 3 shows that
as lactation progresses beyond the 305 days up to 540
days, logSCC, particularly in the second parity HF cows,
increases.

Relationship between early yield and yield after 300 days
of lactation

The genetic correlation between milk yield in the first
2 months and that after 300 days is reasonably high (Table 3).
The genetic correlation increased from the 2nd to the 4th
months, but the increase after the 4th month was small. In
the case of protein yield, the genetic correlation between
the first 2 months and that after 300 days was the same as
that between the first 5 months and that after 300 days,
indicating that protein yield is less variable (Table 3).
The permanent environmental correlations are also high
(Table 3); however, phenotypic correlations are lower due to
the residual variance that is specific to a single stage of
lactation. The heritability of milk yield increased from 0.17
to 0.2 and that for protein yield increased from 0.15 to 0.18
with the increase from 2 months to 5 months. The herit-
ability of milk and protein yield after 300 days was 0.19 and
0.16, respectively.

Relationship between the first, second and third 200 days
of lactation for first and second parity cows

Table 4 shows that the heritability of milk yield in the first
parity was slightly higher (0.25) for days in milk between
201 and 400 days than milk before or after this interval.
As expected, heritability of both milk (Table 4) and protein
yield (Table 5) was lower in the second parity than that in

—— Jer Parity 1
—— HF Parity 1
—e— HF Parity 2

154§
10+
5 : : : : :
0 100 200 300 400 500
Days in milk

Figure 1 Lactation curve for milk yield of first parity Holstein Friesian (HF), second parity HF and Jersey (Jer) cows with test-day yield after 300 days

of lactation.
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Figure 2 Protein plus fat production for first parity Holstein Friesian (HF), second parity HF and Jersey (Jer) cows with test-day yield after 300 days
of lactation.
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Figure 3 Natural log somatic cell count (SCC) for first parity Holstein Friesian (HF), second parity HF and Jersey (Jer) cows with test-day data after 300 days
of lactation.

Table 3 Genetic, permanent environmental and phenotypic correlation between lactation in the first 5 months and that after 300 days (extended
lactations) for milk and protein yield in first parity Holstein Friesian cows

Milk yield after 300 days Protein yield after 300 days
Stage Genetic Perm. env. Phenotypic Genetic Perm. env. Phenotypic
First 2 months 0.73+0.03 0.50 = 0.01 0.30" 0.81 +0.03 0.51 = 0.01 0.26"
First 3 months 0.76 = 0.03 0.53" 0.32" 0.83 £0.03 0.53" 0.28"
First 4 months 0.80 = 0.03 0.56" 0.33" 0.85+0.02 0.55" 0.29"
First 5 months 0.82 = 0.02 0.58" 0.34 0.87 = 0.02 0.57" 0.30"

*Standard errors rounded to zero.
Perm. env. = permanent environmental correlations.
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Table 4 Genetic and phenotypic parameters for first and second parity of HF cows divided into three 200 days (heritability on, genetic correlation
above, permanent environmental correlations below the diagonals) for milk yield

First parity Second parity
Stage First 200 Second 200 Third 200 First 200 Second 200 Third 200
First parity 1st 200  0.22+0.02 (0.48)" 0.92 +0.01 0.75 + 0.04 0.90 + 0.02 0.80 +0.03 0.54 +0.07
2nd 200  0.78 (0.45)* 0.25+0.02 (0.52)"  0.93 +0.02 0.86 + 0.02 0.90 + 0.02 0.73 +0.06
3rd 200  0.50 =0.01 (0.31)*  0.73x0.01 (0.46)* 0.23 +0.02 (0.60)" 0.67 = 0.05 0.84 +0.03 0.87 +0.04
Second parity  1st 200  0.53 (0.32)* 0.54 (0.34)* 0.35+0.01 (0.23)* 0.18+0.01 (0.55)"  0.90 = 0.02 0.59 +0.07
2nd 200  0.45 (0.28)* 0.60 (0.38)* 0.52 = 0.01 (0.36)*  0.75 (0.47)* 0.20 = 0.02 (0.58)"  0.83 +0.04

3rd 200 0.23+0.01 (0.16)* 0.38 = 0.01 (0.26)*  0.45+0.02 (0.33)* 0.40=0.01 (0.27)* 0.69=0.01 (0.47)* 0.18 =0.03 (0.65)

"Diagonals in parenthesis are ratios of permanent environmental variance to total variance.

*Phenotypic correlations are below the diagonal in parenthesis.

All standard errors for permanent environmental correlations, phenotypic correlations and the ratio of permanent environmental variance to total variance below

0.01 are rounded to zero.

Table 5 Genetic and phenotypic parameters for the first and second parity of HF cows divided into three 200 days (heritability on, genetic
correlation above, permanent environmental correlations below the diagonals) for protein yield

First parity Second parity
Stage First 200 Second 200 Third 200 First 200 Second 200 Third 200
First parity 1st200  0.20 = 0.01 (0.41)"  0.94 +0.01 0.76 = 0.04 0.93 £ 0.01 0.83 +0.03 0.51 +0.08
2nd 200  0.76 (0.39) 0.20 +0.01 (0.47)"  0.93 +0.02 0.90 = 0.02 0.91 £0.02 0.69 = 0.06
3rd 200 0.49+0.01 (0.27)*  0.72=0.01 (0.41)* 0.19+0.02 (0.56)" 0.71 =0.05 0.84 +0.03 0.82 + 0.06
Second parity  1st 200 0.56 (0.28)* 0.57 (0.30)* 0.39+0.01 (0.23)* 0.16 +0.01 (0.47)"  0.91 =0.02 0.59 £0.07
2nd 200  0.43 (0.24)* 0.57 (0.32)* 0.52 +0.01 (0.32)*  0.73 (0.40)* 0.17=0.01 (0.52)"  0.840.05

3rd 200  0.21+0.01 (0.13)* 036 =0.01 (0.23)* 0.44+0.02 (0.29)" 0.39=0.01 (0.24* 0.71 =0.01 (0.44)*

0.15 = 0.03 (0.63)"

"Diagonals in parenthesis are ratios of permanent environmental variance to total variance.

*Phenotypic correlations are below the diagonal in parenthesis.

All standard errors for permanent environmental correlations, phenotypic correlations and the ratio of permanent environmental variance to total variance below

0.01 are rounded to zero.

the first parity. The genetic and permanent environmental
correlations between successive 200-day milk or protein
yields are reasonably high (Tables 4 and 5). Genetic cor-
relations between stages of lactation within the second
parity are less than those in the first parity. Particularly, the
third 200 days are less correlated with the first 200 days
(0.6) in the second parity than that between the third and
first 200 days (0.76) in the first lactation.

Relationship between daily yields to 540 days of lactation
from RR models

With the increase in days in milk, the permanent environ-
mental variance decreased to about 255 days of lactation.
From this point, it increased until the end of lactation
(Figure 4). The residual variance was relatively high at the
beginning of the lactation and declined after peak yield and
remained constant until about day 500 and then declined
further (Figure 4).

The heritability for milk yield was relatively low at the
beginning of lactation and increased to as high as 0.37 by
the 4th month and declined to 0.26 by the 11th month of
lactation and rose again to 0.34 by the 16th month of

lactation before declining by the end of the 18th month
(Table 6). The genetic correlations for milk yield between
the beginning and end of the lactation were as low as the
phenotypic correlations (Table 6).

The heritability for protein yield over the 540 days was
slightly lower (Table 7) than that for milk yield (Table 6).
Phenotypic correlations between days for protein yield
(Table 7) were similar to those for milk yield (Table 6).
However, genetic correlations between the beginning (e.g.
day 45) and the end (day 525) of the lactation for protein
yield are not as low as those for milk yield (Table 6 v. 7).

The heritability for fat yield (Table 8) showed less
variation compared with milk (Table 6) and protein yield
(Table 7), except for the rise at about 525 days of lactation
(18 months). Compared with genetic correlation for milk
(Table 6) and protein yield (Table 7), correlations between
fat yields at different days were high and less variable
(Table 8).

The heritability values for protein percentage are higher
than those estimated for the other traits in the current study
(Table 9). Similarly, genetic correlations between days
in milk are also higher for protein percentage compared
with estimates for other traits, suggesting that protein
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Figure 4 Permanent environmental, residual and genetic variance for milk yield over the lactation in Holstein Friesian (HF) cows.

Table 6 Genetic (above) and phenotypic (below) correlation and
heritability (on the diagonal) for milk yield on selected days in the
first lactation

Table 8 Genetic (above) and phenotypic (below) correlation and
heritability (on the diagonal) for fat yield on selected days in the first
lactation

Days 45 105 165 225 285 345 405 465 525

Days 45 105 165 225 285 345 405 465 525

45 028 093 084 074 066 055 038 02 0.15
105 058 037 096 0.88 077 062 04 0.19 0.1
165 048 063 034 097 088 073 053 032 02
225 041 053 062 03 097 086 0.69 0.51 038
285 037 044 051 061 027 09 084 07 06
345 035 038 041 051 064 028 096 0.87 0.79
405 029 032 033 04 052 066 032 097 0.92
45 02 023 026 03 037 051 069 034 0.98
525 015 0.16 021 026 032 042 056 072 0.29

45 024 088 08 075 0.68 059 053 051 048
105 045 023 097 092 0.86 076 064 054 05
165 037 049 022 098 093 083 0.71 0.6 0.54
225 033 042 051 023 098 09 079 07 064
285 031 037 042 05 022 097 09 082 076
345 029 033 035 043 053 022 097 092 085
405 027 03 03 035 044 055 023 098 0.9
465 023 026 028 03 034 044 057 025 094
525 018 02 023 026 029 035 045 06 03

Table 7 Genetic (above) and phenotypic (below) correlation and
heritability (on the diagonal) for protein yield on selected days in the
first lactation

Table 9 Genetic (above) and phenotypic (below) correlation and
heritability (on the diagonal) for protein percent on selected days in
the first lactation

Days 45 105 165 225 285 345 405 465 525

Days 45 105 165 225 285 345 405 465 525

45 024 091 082 075 07 0.3 052 039 029
105 049 033 097 09 08 067 049 031 022
165 04 055 032 097 09 078 059 042 0.32
225 034 045 055 028 097 0.88 072 057 047
285 032 038 045 054 025 09 085 072 0.64
345 031 032 035 045 058 024 096 0.88 0.8
405 028 0.28 029 035 047 06 027 097 091
465 021 022 025 028 034 046 063 031 096
525 015 0.15 0.19 023 0.28 037 05 0.67 0.31

45 041 08 07 062 058 055 051 046 044
105 059 046 0.95 0.87 0.79 0.72 065 058 0.57
165 05 07 052 097 091 084 0.76 0.69 0.68
225 043 06 071 054 098 093 085 0.77 0.76
285 04 053 063 071 055 0.98 093 0.85 0.2
345 037 047 054 063 074 055 098 092 0.89
405 032 041 046 054 064 0.74 055 098 0.96
465 026 035 042 046 054 065 0.76 057 0.99
525 023 034 041 047 053 06 0.67 076 058

percentage is less variable than other traits. Similarly, fat
percentage was more heritable and showed less variation
over the course of the lactation (result not tabulated) than
that for yield traits.
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The heritability values for log SCC increased from 0.08 at
45 days to 0.19 by 465 days of lactation and dropped
slightly to 0.17 by the end of the 18th month (Table 10).
Genetic correlations between days decreased rapidly early



in the lactation in a similar pattern to that for milk yield
but remained more or less constant in the second half
of the lactation. The lowest genetic correlation of 0.57
was between days 45 and 525. However, phenotypic
correlations were much lower than genetic correlations
(Table 10).

Relationships between mean milk yield and persistency of
milk yield in the first and second 300 days of first parity
The genetic correlation between mean milk yield in the first
300 days and that after 300 days (0.87) is slightly lower
than the correlation of 0.9 estimated for milk yield in the
first 300 days and that after 300 days considered each as
different traits and tests as repeated records (result not
tabulated). Despite adjusting persistency of milk yield in the
first 300 days to have genetic correlation of zero with mean
milk yield in the first 300 days, the genetic correlation
between persistency of milk yield based on the first 300
days and mean milk yield after 300 days is 0.34 (Table 11).
These results suggest that selection on mean milk yield and
persistency of milk yield based on the first 300 days can be
used to improve milk yield after 300 days.

The simple correlation between EBVs of sires with 20 or
more progeny for persistency calculated using formula (1)
and persistency for the first 300 days calculated in the
current study from the re-analyses of slope (P) using
model 5 (Table 11) was 0.8.

Table 10 Genetic (above) and phenotypic (below) correlation and
heritability (on the diagonal) for log somatic cell count on selected
days in the first lactation

Days 45 105 165 225 285 345 405 465 525

45 0.08 091 082 076 0.71 064 058 057 0.6
105 049 0.11 0.97 093 088 082 0.75 07 0.68
165 04 059 0.14 099 09 089 083 079 0.7
225 033 051 062 0.15 098 094 089 085 0.75
285 03 044 054 062 0.16 098 09 09 081
345 029 039 046 055 063 0.16 098 0.95 0.86
405 026 035 04 047 055 063 0.18 098 0.88
465 021 031 037 042 046 053 062 0.19 0.9
5250 0.2 027 033 038 042 046 052 062 0.17

Genetic parameters for extended lactations

Discussion

The data used for this study are deliberately selected to
include herds that milked their cows after 300 days and
hence the result from this study may not be representative
of the average HF cows in Australia. Compared with an
average first parity HF cow, cows selected for this study
produced 23% more milk in the first 300 days. The average
milk yield of HF cows in Australia in the standard 305-day
lactation is 5425 and 6181 kg in the first and second parity
(ADHIS, 2005), respectively, and is lower than the average
305-day milk yield of cows selected for this study (Table 2).

The fact that first parity cows are more persistent than
second parity cows is in agreement with Van Amburgh et al.
(1997). Schutz et al. (1990) also showed that after 250 days
of lactation, daily milk yield of HF cows in the first parity
cows was higher than that in the second parity cows. The
fact that log SCC levels increased with parity and with days
in milk, means milking a large number of mature cows in a
herd after 300 days could have a negative economic con-
sequence and result in a loss of premium milk price. The
slightly higher level of log SCC for Jersey than for HF cows
observed in this study is in agreement with Schutz et al.
(1994) in the US.

In agreement with the current study, a high permanent
environmental variance at the beginning and at end of the
first lactation was also observed by Druet et al. (2003) and
Silvestre et al. (2005). The pattern of heritability estimates
observed in the current study for milk yield are generally
similar to those estimated based on HF data between days
5 and 348 in Portugal by Silvestre et al. (2005). The current
heritability estimates for milk yield are higher than those
reported earlier based on Australian HF data (Meyer et al.,
1989; Veerkamp and Goddard, 1998; Van der Werf et al.,
1998). On the other hand, the current heritability estimates
are slightly lower than those reported by Olori et al. (1999)
and Pool et al. (2000) in the first 305 days.

In agreement with the current study, lower heritability
values for protein yield compared with milk were also
estimated by Veerkamp and Goddard (1998) working on HF
data in Australia. The similar pattern of genetic correlations
observed for milk and protein yield in the current study are
in general agreement with the study of Silvestre et al.
(2005). However, the less variable genetic correlations

Table 11 Genetic and phenotypic parameters in the first parity for milk yield in the first 300 days and the second 300 days for mean yield and
persistency (Per.) of yield (heritability on, genetic correlation above and residual correlation below the diagonal)

Mean, second 300 days Per,, second 300 days*

Trait Mean, first 300 days Per,, first 300 days*
First 300 days

Mean 0.40 = 0.02 —0.04 = 0.06

Per. —0.08" 0.09 +0.01
Second 300 days

Mean 0.36" 0.11"

Per. -0.12* —0.06"

0.85+0.02 —0.03 £0.07
0.34 £0.06 0.36 £0.1
0.15 %= 0.01 —0.07 £0.1
0.09" 0.02"

*Standard errors rounded to zero.
*Persistency is made independent of the respective mean milk yield.

333



Haile-Mariam and Goddard

between days in milk for fat yield compared with protein
and milk yield is not in agreement with that reported by
Silvestre et al. (2005).

For log SCC, the heritabilities, phenotypic and genetic
correlations estimated in the current study are higher than
those reported by Haile-Mariam et al. (2001) based on the
first 305 days of lactation.

The heritability of mean milk yield in the first 300 days
was slightly higher (Table 11) than our earlier estimate
based on HF data collected before 1999 when estimated in
the same way, but that for persistency of milk yield was the
same (Haile-Mariam et al., 2003).

Literature estimates of correlations between part lactations
within the first 305 days show that milk yield early in lac-
tation has a reasonably high phenotypic and genetic corre-
lation with milk yield late in lactation. For example, Wilmink
(1988) estimated genetic correlations of 0.76, 0.64 and 0.67
for milk, fat and protein yield in the 2nd month of lactation
and with the corresponding yield recorded between 91 to
180 days, respectively. Others have shown similar results
(Meyer et al.,, 1989; Van der Werf et al., 1998; Veerkamp and
Goddard, 1998; Olori et al, 1999; Pool et al, 2000). The
results in this study suggest that the pattern of relationships
among days of lactation to 540 days is, in general, similar to
that observed in the first 305 days.

The low heritability values for milk-yield traits from the
repeatability model (Table 4) compared with the RR models
(Table 6) observed in the current study are in agreement
with results in the US (Bormann et al., 2003). The highest
heritability value for milk yield at about 4 months of lac-
tation observed in the current study is in agreement with
some recent estimates based on RR models (Olori et al.,
1999; Pool et al,, 2000; Bormann et al., 2003) in HF cattle.
Pool et al. (2000) also reported a heritability of 0.31 from a
repeatability model considering tests as repeated records
compared with 0.20 to 0.46 from various RR models.

Although most dairy cows are nowadays milked for
longer than 305 days, dairy cattle genetic evaluations are
based on milk yield recorded in the first 305 days. Schaeffer
(2004) and Swalve (2000) argue such restriction is unne-
cessary. One of the main justifications for performing
genetic evaluation on early lactation yield was to minimise
possible bias that may occur due to culling based on early
lactation (Wilmink, 1988). In recent years with the popu-
larisation of RR models that consider milk yield on each day
of lactation, this may not be a major problem (Jamrozik
et al., 1997). Nevertheless, in the current study, the simple
correlation between sires EBVs for the first 300 days
(>3 EBV) and 4 to 540 days (322, EBV) was high (0.94)
for milk yield, suggesting the advantage from considering
longer lactations is small.

The decision to delay mating of cows after calving with
the aim of milking them over an extended lactation period,
will have to be made early in lactation. The high genetic
and permanent environmental correlations between milk
or protein yield early in lactation (first 5 months and first
200 days) with corresponding yield later in lactation (after
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300 days of lactation) suggest that progeny of sires with
high EBVs and cows that produce at a higher level at the
beginning of the lactation are likely to continue to produce
at a higher level if milked in the extended lactation period.

The positive genetic correlation between persistency of
milk in the first 300 days with mean yield in the second
300 days suggests that selection on persistency could be an
additional selection criterion, particularly if cows are going
to be milked after the standard 305-day lactation. Dekkers
et al. (1998) reported that the economic value of selecting
for persistency relative to that of milk yield increases with
increase in the length of lactation. Therefore, particularly
herds that aim to milk cows after the standard 305 days
could select sires for persistency of milk yield in addition to
milk yield provided official genetic evaluation for per-
sistency are released. EBVs for persistency could be a by-
product of an RR test-day genetic evaluation (Jamrozik
et al., 1997). The simple correlation between the sum of
EBVs from days 4 to 540 with persistency of yield calculated
according to formula (1) is 0.21 for sire with 20 or more
progeny, indicating that the additional benefit from con-
sidering persistency is only marginal. This compares to near-
zero (—0.07) correlation between the sum of EBVs from
days 4 to 305 and persistency of yield (formula (1)).

The effect of stage of gestation on the milk yield of cows
is not taken into account in this study due to lack of ade-
quate data on pregnancy for most cows. However, ignoring
the effect of the stage of pregnancy on estimated genetic
parameters from a sire model are likely to be small. At a
given time during the lactation, some daughters of a bull
are likely to be open while others could be at different
stages of pregnancy, but on average the effect could cancel
out. Based on data in the first 300 days, ignoring or
accounting for stage of gestation had little effect on genetic
parameter estimates (Haile-Mariam et al,, 2003), though
stage of gestation had important effect on daily milk yield
after about 150 days of pregnancy.

According to the British FAWC (1997), increased long-
evity is one likely advantage of extended lactations. The
simple correlation between EBVs for survival from the
official genetic evaluation (ABVs released by ADHIS in
August 2006) and bull solutions calculated in this study
based on milk yield after 300 days (0.29) was similar to the
correlation of survival EBVs with milk yield in the first 300
days (0.34). Thus, longevity measured as survival to the
next lactation does not seem to be particularly associated
with high EBV for milk yield after 300 days of lactation.
Similarly, the correlation of EBVs for fertility and angularity
from the official genetic evaluation with bull solutions for
milk yield after 300 days of yield was not different from that
with milk yield in the first 300 days (results not tabulated).

Conclusions

Protein yield early in lactation (e.g. first 2 months) has a
genetic correlation of about 0.8 with protein yield produced
after 300 days of lactation. Genetic correlations between



lactation stages that are adjacent to each other were high
(0.9 or more) within parity. Across parities genetic corre-
lations were high for both protein and milk yields if recor-
ded in the same stage of lactation. The pattern of genetic
correlations between milk yield over 540 days of lactation
does not markedly differ from the pattern in the first 300
days of lactation. As the time interval between 2 test-days
increases, the genetic correlation on those days decreases
to as low as 0.15, between milk yields on days 45 and 525.
The result from this study shows that progeny of bulls with
high EBV for yield traits and those that produce at a rela-
tively high level in the first few months are the most likely
candidates for extended lactation.
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