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ABSTRACT: Automatic milking systems (AMS) rely upon voluntary cow traffic (the voluntary movement of cattle around a farm) for
milk harvesting and feed consumption. Previous research on conventional milking systems has shown differences between dairy cow
breeds for intake and milk production, however, the ability to manipulate voluntary cow traffic and milking frequency on AMS farms
through breed selection is unknown. This study investigated the effect of breed (Holstein Friesian versus Illawarra) on voluntary cow
traffic as determined by gate passes at the Camden AMS research farm dairy facility. Daily data on days in milk, milk yield, gate passes
and milking frequency for 158 Holstein Friesian cows and 24 Illawarra cows were collated by month for the 2007 and 2008 years.
Illawarra cows had 9% more gate passes/day than Holstein cows over the duration of the study; however, the milking frequency and
milk yield of both breeds were similar. Gate passes were greatest for both breeds in early lactation and in the winter (June to August) and
summer (December to February) seasons. These findings highlight an opportunity to translate increased voluntary cow movement
associated with breed selection into increased milking frequencies, milk production and overall pasture-based AMS performance. (Key
Words: Breed, Voluntary Cow Traffic, Automatic Milking System)

INTRODUCTION

Differences in feed intake and milk production have
been reported between breeds of dairy cows offered similar
pasture-based diets in conventional milking systems (CMS)
(Holmes et al., 1993; L’Hullier et al., 1988; Dillon et al.,
2003). Increased hunger and intake per kg liveweight
between breeds have been associated with reduced mature
liveweight (Clark et al., 2007) and associated greater
surface area of the gastrointestinal tract per kg liveweight
(Smith and Baldwin, 1974), and intense genetic selection
within breeds such as the Holstein Friesian (Macdonald et
al., 2008). As cow appetite is the main motivation for
voluntary cow traffic (Prescott, 1998) and voluntary cow
traffic is critical to the success of the majority of AMS
farms, there is a surprising lack of research on the impact of
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breed on AMS voluntary cow traffic. A breed developed in
Australia from Milking Shorthorn, Ayrshire and Devon
cattle is the ‘Illawarra’ occupying 1% of the national herd in
number (ADHIS, 2013). In contrast, the genetics of the
Australian Holstein breed have been primarily sourced from
overseas and these cattle have been much more intensely
selected for milk yield in a different environment. Given the
more intense genetic selection for milk yield and associated
intake, we tested the hypothesis that appetite and voluntary
cow traffic of Holstein Friesian cows would be greater than
Illawarra cows in a pasture-based AMS.

MATERIALS AND METHODS

Research site and animals

Data was obtained from the Camden AMS research
farm, Elizabeth Macarthur Agricultural Institute (34° 04'S;
150° 69'E) from January 2007 to December 2008. The
research farm was 41 ha in area. The dairy facility on the
AMS research farm comprised a waiting yard, 2 DelLaval

Copyright © 2014 by Asian-Australasian Journal of Animal Sciences

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/),
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://creativecommons.org/licenses/by-nc/3.0/

588

voluntary milking systems (DeLaval VMS, Tumba,
Sweden) and a post-milking feed pad.

Across the two years the herd comprised 36 lllawarra
and 206 Holstein Friesian breeds of mixed age which
calved year-round. Dry cows and young stock were grazed

outside the farm.

Farm system description

Cows were offered grain-based concentrate in the AMS
and other supplements (hay, silage) on the feed pad. Thus,
the volume of supplementary feed could be adjusted (at a
herd level) to requirement depending on pasture availability.

Cows voluntarily moved around the system, travelling
from the pasture to the dairy facility, through the feed pad
and back to the pasture with dairy facility access available
24 h per day. Over the data collection period, cows were
offered two areas of pasture across each 24 h period; the
‘day’ paddock and ‘night’ paddock. Cows exiting the dairy
between 0900 h and 2000 h were drafted to the day paddock
where 40 to 50% of the daily allocation of pasture was
offered. Cows remaining in the day paddock at 0700 h the
following day were fetched to the automatic drafting gate at
the dairy facility and the total number of cows fetched was
recorded. Cows exiting the dairy between 2000 h and 0900
h were drafted to the night paddock where 50 to 60% of the
daily allocation of pasture was offered. Cows remaining in
the night paddock at 1700 h the following day were fetched
to the dairy facility and the total number of cows fetched
was recorded. With this fetching policy in place, all cows
passed through the selection gates at the dairy facility at
least once per day irrespective of voluntary cow movement.
On presentation at the automatic drafting gate, a cow was
either directed into the AMS unit if milking permission was
granted or to pasture if milking permission was denied. The
drafting gates were used to restrict access to the AMS if the
time since the cow was last milked was less than 4 h for
cows in early lactation and less than 5 to 6 h (minimum
milking interval) if cows were more than 100 days in milk
(DIM).

Water troughs were located in the dairy and on the
laneways to ensure that cows had access to water from
every pasture allocation.

Measurements and calculations

Pre- (before cows entered the allocation of pasture) and
post- (after the last cow exited the allocation of pasture)
grazing compressed pasture height was measured daily by
trained staff using a rising plate meter (RPM) (360 mm
diameter, 315 g plate weight) fitted with an electronic
counter (Farmworks, Palmerston North, New Zealand).
Pasture heights were measured in each allocation. These
compressed pasture heights were converted to pasture cover
as determined for similar pastures and environment (Garcia
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et al., 2008). Post-grazing pasture cover was then subtracted
from pre-grazing cover for the allocated area and divided by
the number of cows in the milking herd on that day to
calculate the average pasture dry matter intake (DMI) per
COW.

Each cow was fitted with an electronic identification
transponder. The transponder ensured that the details of all
milking and electronic gate passings were electronically
recorded by the herd management software (DeLaval VMS
Client, Tumba, Sweden). Milk yield at each milking, the
time of each gate pass, the number of times a cow was
milked per 24 h period (milking frequency), DIM and parity
for each cow were collected.

Each gate passing at the entrance to the dairy facility
was defined as a “gate pass” to access a new source of feed.
For this study, a cow would pass through this gate at the
entrance to the dairy facility if it were to be milked, if it was
refused for milking and when required to change from the
day to night paddock. Each gate pass was used as a proxy to
indicate voluntary cow traffic. Gate passes per cow per day
were collated per month (gate passes per month/gate pass
days).

The collation of data was as follows:

i) Data recorded in a month that the cow calved or
exited the system (culled or dried off) was removed to
ensure that there was sufficient data for that month to be
representative of overall performance.

ii) Data for a particular cow were removed if there was
less than one standard deviation (5.2 months) from the
mean (10.9 months) of monthly data to ensure that the
overall mean performance for each cow was representative.

iii) Gate passing intervals that were less than 1 h were
removed to account for any cow circulating around the
system due to system factors other than motivation.

After this collation, the final data set contained 154
Holstein Friesian cows and 24 lllawarra cows.

As an indication of the genetic merit of the cows
remaining in the dataset, the Australian Profit Ranking
(APR; the profitability of production and non-production
traits relative to the average APR of the Australian dairy
herd) was determined for those cows enrolled in herd
testing (121 Holstein Friesian and 21 Illawarra cows). The
mean APR for Holsteins (-$50) was greater (p<0.01) than
the APR for Illawarra cows (-$134).

Statistical analysis

Data were fitted with linear mixed models and
parameters were estimated using the restricted maximum
likelihood (REML) procedure of GENSTAT for
WINDOWS version 14 (Payne et al., 2008). Data were split
into categories due to the curvilinear relationship between
the fixed effects and response variables analysed.
Additionally this provided ease of interpretation of
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outcomes. In this regard, milk yield was split into four
quantiles and DIM data split into six quantiles. Parities
greater than 5 were grouped. The number (n) of months of
cow records in each parity across the two years of data was
as follows (parity (n)): 1 (489), 2 (542), 3 (495), 4 (341), 5
(247) and >5 (417).

The model was as follows:

Y = Fixed [Breedx(Milk yield+DIM+Parity+Month+Year)]
+Random (Cow)

Where Y was gate passes or milking frequency.
Standard error of the difference (SED) was reported for
the comparisons presented.

RESULTS AND DISCUSSION

In contrast to our hypothesis, Illawarra cows had 9%
more gate passes/day than Holstein cows (mean 2.7 vs 2.4
gate passes respectively; p = 0.02). However, the number of
gate passes for both breeds were greatest in earlier lactation
(Holstein Friesian; 2.6 gate passes/d and Illawarra; 2.9 gate
passes/d; p<0.05) with Holstein Friesian gate passes
decreasing by 10% to similar levels as Illawarra cows by
the 132 DIM quantile (Figure 1). These findings are in line
with the greater appetite and cow traffic of early lactation
cows associated with greater levels of milk production
(Jago et al., 2006; Gygax and Neuffa, 2007). The plateau of
gate passes past 100 DIM was likely influenced by the
fetching policy where all cows passed through the selection
gates at the dairy facility at least once per day irrespective
of voluntary cow movement. Without this minimum cap on
gate passes caused by fetching, the early lactation trend in
gate passes may have continued through to late lactation.

Gate passes were positively associated with milk
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Figure 1. Mean monthly gate passes (per cow per day) for
Holstein Friesian (white) and Illawarra (black) cows at each DIM
quantile. Top error bar denotes the SED for DIM and lower error
bar denotes the SED for breed.
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production (p<0.01), with Illawarra cows having greater
gate passes than Holstein Friesian cows at the 18.9 and 31 L
milk production quantiles (p<0.05) (Figure 2). These
findings suggest that the Illawarra breed may have a greater
feed demand in the pasture-based system evaluated, as
compared with Holstein Friesians, at a similar energetic
demand. Despite the paucity of research on voluntary cow
traffic between breeds in AMS, it is tempting to speculate
that the Holstein Friesian cows in the current work
mobilised greater body reserves than Illawarra cows to
support the energetic requirements of milk production in
early lactation. This hypothesis is supported by the
tendency of overseas type Holsteins to experience a high
degree of negative energy balance in early lactation in
pasture-based systems (Clark et al., 2005; Macdonald et al.,
2008) and the greatest difference in attempts between
breeds occurring at the top quantile (31 L) of milk
production (Figure 2). Alternatively, the Illawarra breed
may have a greater tendency to select out more palatable
forage than Holstein Friesians to fulfil their energetic
requirement which is particularly relevant in pasture-based
systems as the quality of pasture generally decreases down
the sward profile. As the change in liveweight and body
condition score were not evaluated in this study, further
work is required to evaluate the impact of breed on both
energy balance within pasture-based AMS systems and
associated animal health and welfare implications. Also, the
impact of breed on feed preference and selection warrants
further investigation.

Both breeds had greater gate passes in the summer
(December to February) and winter (June to August)
months, however, Illawarra cow gate passes greatly
exceeded those of Holstein cows in both the summer and
winter whilst the two breeds had similar frequencies of gate
passes in spring and autumn. The summer and winter
months were associated with reduced levels of pasture
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Figure 2. Mean gate passes (per cow per day) for Holstein
Friesian (white) and Illawarra (black) cows at each milk yield (L)
quantile. Top error bar denotes the SED for milk yield and lower
error bar denotes the SED for breed.
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growth at the Camden AMS farm, a lower quantity of
pasture offered to avoid overgrazing, and greater amount of
supplementary feed offered at the dairy facility (Figure 3).
Further work is required to determine potential differences
in feeding behaviour between breeds on AMS farms. In this
regard, increased gate passes for the Illawarra breed may be
due to a greater appetite for supplementary feed and/or a
decreased willingness to graze pasture for Illawarra as
compared with Holstein cows.

Despite differences in gate passes, both breeds had
similar mean daily milk yields (mean 22.1 L/d) and milking
frequencies (mean 1.9 milkings/d). Thus, despite the greater
proportion of gate passes for Illawarra cows, a high
proportion of these extra passes occurred during the defined
minimum milking interval with cows directed back to
pasture rather than to the AMS unit. The opportunity to take
advantage of greater gate passes of certain breeds and
individual cows by reducing the minimum milking interval,
increasing milking frequency and milk production appears
to be dependent on feed system. Work conducted by Rius et
al. (2011) showed milk yield to increase by 1.6 kg/cow/d
for cows milked 3, vs 2 times in early lactation when
offered a predominantly pasture-based diet. In contrast,
much greater responses to the same increase in milking
frequency (3.5 kg/cow/d) have been reported by others
(Stockdale, 2006) for cows predominantly offered a total
mixed ration. This potential interaction between milking
frequency and feed system for milk yield suggests that the
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optimal minimum milking interval could vary between
breeds of varying DIM through the year on AMS farms,
particularly for those farms offering varying levels of
supplementation.

There was no interaction between breed and parity for
gate passes. For both breeds, gate passes tended to decrease
with increasing parity. Overall, dairy cows in parity 1 to 5
(mean 2.6 gate passes/d) had greater gate passes (p<0.05)
than cows of greater parity (mean 2.4 gate passes/d). These
findings suggest that the ability and willingness of cows to
traffic around an AMS farm system decreases with age.
There is a paucity of data on locomotion or lameness to
relate with this finding for parity greater than 5 presumably
due to other culling reasons before this time, however, work
by Bicalho et al. (2008) showed a rapid increase in the
incidence of lameness from 10.3% of the herd for parity 1,
to 34% of the herd for parity 3 or greater cows. In contrast,
heifers (parity 1 animals) use selection gates and achieved
their first voluntary milking quicker than nawe (to the
AMS) multiparous cows (Jago and Kerrisk, 2011). Together
with the current work, these findings highlight the
decreased willingness and/or ability of cows to move
around an AMS farm as parity increases.

CONCLUSIONS

Illawarra cows had more gate passes than the Holstein
Friesian cows in a pasture-based AMS. These findings
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Figure 3. Mean monthly gate passes (per cow per day) for Holstein Friesian (white) and Illawarra (black) cows and mean monthly herd
pasture (grey line square markers) and supplement (grey line triangle markers) intakes (kg DM/cow/d) are presented. Top error bar
denotes the SED for month and lower error bar denotes the SED for breed.
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suggest that the introduction of an Illawarra cow type into a
predominantly Holstein breed herd will improve voluntary
cow traffic when conditions are similar to those in this study.
Despite an improvement in voluntary cow traffic, the
milking frequency and milk yield were the same for both of
these breeds. The ability to alter the minimum milking
interval on AMS farms to increase the milk production of
Illawarra cows given differing feeding systems, and the
impact that breed selection has on energy balance for cows
on an AMS farm requires further investigation.
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