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Abstract

Producers with automatic milking systems (AMS) were surveyed to explore the impacts of AMS
on their cows and to determine how producers experienced the transition. Producers perceived
their transitions to AMS as successful and would recommend it. Cleaning and feeding practices
stayed the same. Farms increased herd size, but decreased the number of employees and time
devoted to milking labour management. There was little perceived effect on milk quality and
cow health. Producers changed health management practices, but majority found health detection
easier. Only 20% of producers referred to the Dairy Code of Practice when making plans to
adopt AMS. Participation in Dairy Herd Improvement programs decreased. It took on average 7
d to train a cow/heifer to use AMS and 30 d for an entire herd to adapt. Despite some challenges,
producers reported that AMS improved profitability, quality of their lives and their cows’ lives,

and had met expectations.
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Chapter One: Review of Literature

1.1 What are Automatic Milking Systems and why are Farms Using Them?

Automatic milking systems (AMS) are also referred to as robotic milking and voluntary
milking systems. In conventional milking systems (CMS) of free-stall dairy farms, cows are
milked in a milking parlour at set times, 2 to 3 times/d, which requires human labour. In AMS,
cows are not limited to 2 or 3 milkings/d as they are permitted to voluntarily visit a robotic unit
multiple times/d to be milked without human labour. AMS was first introduced to commercial
dairy systems in 1992 (de Koning, 2010). Increasing labour costs and the need for improved
labour efficacy led to the adoption of AMS (Borderas et al., 2008). It is suggested that AMS is
one of the few strategies that allows small to medium sized family farms to remain economically
competitive (Reinemann and Smith, 2000). However, AMS producers have given social reasons
(e.g., having more flexibility, improving health and social life) as the most important reasons for
adopting this technology (Mathijs, 2004), which suggests that the transition to AMS has not only
been economically motivated.

For AMS to work, the robotic unit must provide highly palatable, concentrated feed
during milking, as a full udder is not enough to motivate a cow to be milked (Prescott et al.,
1998). After an initial period of training or adapting, the cows associate the AMS unit with being
provided concentrated feed (Rodenburg, 2011). As the cow enters the unit, her identification tag
is registered with the control system. The teats are prepared (cleaned) for teat cup attachment. A
hydraulic arm then attaches the teat cups to the cow’s teats using a teat position sensor and
milking occurs. Milking is often followed by teat spraying of an approved disinfectant. The cow

may be denied milking if she was milked too recently and, depending on the cow traffic system
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either may not be permitted entry to the unit or she must exit the robot without being milked or
fed (Hulsen & Rodenburg, 2008).

AMS is designed to work with different cow traffic systems. In free-flow (or free-cow)
traffic systems, cows may eat, visit the milking unit or rest in the free-stalls, as they desire (Lely,
2010). In directed- (or guided-) traffic systems, cows are directed by pre-selection gates to either
undergo milking first or, if they do not have milking permission, are diverted to the feeding or
lying area (DeLaval International AB, 2008). Milking permission in any traffic system is gained
after a specified period of time has passed since her last milking. Directed-traffic systems use
herd management software to determine if a cow gains access to the robot. With milk-first
directed-traffic systems, the selection gates are placed in front of the AMS; cows are either
directed to the milking unit or the feeding area depending on if she has permission to be milked.
From the feeding area, the cow has free access (via one-way gates) to the lying area. A cow’s
motivation to feed ensures that she visits the milking unit in this traffic system (Prescott et al.,
1998; Lind et al., 2000). With feed-first directed-traffic systems, access to the lying area is
controlled instead of the feeding area. In other words, cows have free access (via one-way gates)
to the feeding area from the lying area. The cows’ motivation to lie down after feeding ensures
that the cows visit the milking unit (Markey, 2013).

Robotic milking allows for precision dairying. Precision dairying involves the use of a
variety of technology to improve farm management and performance by managing individual
cows within a herd (Yule and Eastwood, 2011). The AMS collects a vast amount of information
on the cow, her milk, and overall milking activity at every milking. Depending on the brand and
model of the AMS, milk measurements (such as quantity, quality and flow rate) may be provided

per quarter of the udder or simply per cow as a whole. This quantity of information would be
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unobtainable on-farms in a conventional milking system. Information collected may include:
number of visits to the robot per day; duration since last milking on a per cow basis; number of
refusals that occur per day (refusals occur if the cow returns to the unit too soon); number of
attachment failures (i.e., when the robotic arm fails to attach teat cups to the cow’s teats); milk
yield per cow; conductivity, temperature, and colour of milk; clots in the milk; milking time and
speed; and somatic cell count, milk fat and milk protein content (Hulsen & Rodenburg, 2008;
DelLaval Canada, 2014). When certain values of milk quality or other cow health-related
measurements are out of range, the system sends a notification (also called an alarm) to the
producer’s cellular phone so that the issue can be addressed in a timely manner. Alarms are also
produced if a cow has not come in to get milked in a certain amount of time, and if there are any
maintenance issues with the robot (Lely, 2010; DeLaval Canada, 2014).

Producers that have adopted AMS have reported an increase in milking frequency and
milk yield, improved cow comfort, and a more flexible lifestyle (de Koning, 2010). Other
demonstrated benefits to AMS include needing less labour (Hansen, 2015), improved cow
health, and more interesting activities for the producer (Woodford et al., 2015). However there
are compromises: an AMS has higher capital costs (Wade et al., 2004), requires producers to be
on-call, and changes management to be more data-based (Butler et al., 2012). On average 5 to
10% of AMS farmers switch back to CMS (de Koning and Rodenburg, 2004). It is unknown if

the rate of return to CMS has remained constant in the past decade.

1.2 Changes in Farm Management and Housing

The management of dairy farms with AMS is very different from CMS. On farms with
AMS, not only is it necessary for the producer to be on-call for alarms, but their role on farm
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also changes from hands on interactions with the herd to more data-based methods for
identifying health and welfare issues (de Koning, 2010; Butler et al., 2012). Learning to
understand and use the information collected by the robot may be particularly challenging
(Bewley and Russell, 2010; Butler et al., 2012). The vast amount of data provided by this
technology could be misinterpreted, misused, or even ignored.

With AMS, management is more sensitive to the criteria for a “good” dairy cow, as not
all cows are suitable for robotic milking (see review by Jacobs and Siegford, 2012a). The wrong
conformation may result in failed cluster attachments and subsequently, failed milkings. In terms
of temperament, cows that kick off the milking cluster can also cause incomplete/failed milkings,
and unmotivated cows become repeated fetch cows. Furthermore, producers should be prepared
that some cows may not adapt well to the robotic unit due to poor legs and feet (Jacobs and
Siegford, 2012a). Culling rate may increase, or the reasons for culling may change, as a result of
these restrictions (Meskens et al., 2001). It was suggested in a review that dairy herd managers
are willing to increase their rate of replacement by 5% to use AMS (Armstrong and Daugherty,
1997). Producers in Ontario, Canada, culled between O to 3% more cows with AMS due to close
teat placements, unusual udder conformation, and involuntarily attended milkings when
otherwise physically and behaviourally normal (Rodenburg, 2002).

Modifying an existing building or building a new barn is necessary for the installation of
a robotic milking unit. It is more common for producers to build new facilities for the AMS than
to retrofit an existing barn (Bentley et al., 2013; Woodford et al., 2015). Stocking density
(cows/stall) should be minimized since lower stocking density has been associated with
increased milking frequency in AMS farms (Deming et al., 2013). Furthermore, Rousing et al.

(2007) determined that veterinarians, AMS researchers and dealers, recognize stocking density
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as an important animal welfare indicator on AMS farms. Details of ideal stocking density on
AMS farms were not provided in that study.

Barn design should be taken into account when modifying or building farm. AMS dealers
recommend a ratio of 50 to 60 cows/robot (DelLaval International AB, 2008; Hulsen and
Rodenburg, 2008). A recent AMS study conducted in North America showed that having 2
robots/pen with 120 cows was associated with greater milk production/robot/d than 1 robot/pen
with 60 cows (Tremblay et al., 2016). The study also concluded that free-flow traffic systems
had greater milk production than directed-traffic systems. Although there tends to be less
crowding in the milking area with directed-traffic systems since only eligible cows have access
(de Koning, 2010). Design criteria for an ideal AMS barn have been summarized by Rodenburg
et al. (2010).

Space allocation for the feed bunk also warrants consideration when modifying or
building a new barn. Less bunk space may be necessary for cows in AMS because of a lower, but
more consistent, percentage of cows eating at the feed bunk at one time (Wagner-Storch and
Palmer, 2003). However, greater milk yield has been achieved by ensuring that cows have ample
feed bunk space with feed readily available to them (Deming et al., 2013). There has been no
documentation showing whether new dairies with AMS have purposefully increased, decreased
or maintained feed bunk space as part of their building plans. Additionally, there are no
recommendations from AMS companies as to how feed bunk space should be managed
differently from CMS.

When switching to AMS, it is necessary to re-balance the cows’ nutrition as production
level may change and because high concentrate feed is now delivered in the robotic unit. A

proper diet is important in avoiding a negative energy balance, which may occur in high
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producing cows in AMS (Widegren, 2014). Typically, the cost of feed becomes a greater
expense after adopting AMS because more feed must be consumed to compensate the increase in
milk production (Rotz et al., 2003). One study showed no difference in feed intake of mixed
ration and concentrates with AMS, however there was also no difference in milk yield between

their AMS and CMS cows (Wirtz et al., 2004).

1.3 Changes in Milking Labour Management, Milk Production and Quality
1.3.1 Milking Labour Management

In this thesis, milking labour management in AMS refers to fetching cows for milking,
cleaning and preparing the AMS unit, and addressing maintenance issues. For CMS milking
labour management refers to moving cows to the holding pen, preparing, milking in and cleaning
the parlour.

With AMS, teat cleaning, milking, and separation of abnormal milk are integrated into
the robotic unit, which reduces labour. Labour savings with AMS, which has been reported to
range from 18 to 38% (Sonck, 1995; Mathijs, 2004; Bijl et al., 2007), varies depending on the
management capabilities of producers (van’t Land et al., 2000). Labour savings with this
technology has not been looked at in detail in Canada.

The average proportion of cows fetched per day ranges from 4 to 25% of a herd
(Rodenburg and House, 2007). Munskgaard et al. (2011) documented an 83% occupation rate/d
in both free-flow and directed-traffic AMS. A recent study, which looked at data from 635 North
American Lely AMS farms, calculated an average of 5.5 failed or incomplete milkings/robot/d

(Tremblay et al., 2016).



1.3.2 Milk Production

Milk production increases with the transition from CMS to AMS (Wagner-Storch and
Palmer, 2003; Hansen, 2015; Woodford et al., 2015). The average increase in milk yield ranges
from 2 to 25% (Reinemann and Davis, 2002; de Koning and Rodenburg, 2004; Bernier-Dodier et
al., 2010). Tremblay et al. (2016) documented an average milk yield of 32 kg/cow/d in AMS
dairy farms. The positive relationship between milk yield and milking frequency may be a result
of the occurrence of more frequent milkings using AMS (Erdman and Varner, 1995; Melin et al.,
2005). Physiologically, increasing milking frequency removes a polypeptide called feedback
inhibitor of lactation at a higher frequency, which results in an increase in milk yield (Knight and
Dewhurst, 1994). However, not all researchers agree that milking frequency and milk yield are
related (Migliorati et al., 2005; Spolders et al., 2004).

AMS studies have reported that cows are milked on average more than 2 times/d.
Although CMS may milk cows 2 or 3 times/d, the important component in AMS is the range of
milking frequencies and the flexibility in which milkings may occur. For example, Svennersten-
Sjaunja et al. (2000) determined that AMS cows milked on average 2.38 times/d, while Prescott
et al. (1998) reported that high producers milked on average 3.3 times/d, while low producers

milked 2.1 times/d in AMS.

1.3.3 Milk Quality

AMS milk quality is influenced by cleanliness of the teats, udder health, the milking
process (transport, cooling), and cleanliness of the milking equipment (Elmoslemany et al.,
2009). Milk quality has been reported to be slightly, but significantly, lower in AMS farms.

Freezing point, free fatty acids, and total bacterial count are higher after transition to AMS
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(Klungel et al., 2000; Meskens et al., 2001; van der Vorst et al., 2002), but the effect of AMS on
bulk tank SCC (BTSCC) has been inconsistent. Studies have shown BTSCC to be higher (Kruip
et al., 2002; Rasmussen et al., 2002; de Koning et al., 2003), lower (Shoshani and Chaffer, 2002;
Bentley et al., 2013; Tousova et al., 2014), or no different (Zecconi et al., 2003; Salovuo et al.,
2005; Helgren and Reinemann, 2006) from CMS. AMS have improved in the last decade
(Tremblay et al., in press), so it is possible that the studies reporting an increase in BTSCC are
less applicable.

Similar to BTSCC, the effects of AMS on milk fat and milk protein content have also
varied. Tousova et al. (2014) documented an increase in milk fat and protein content with the use
of AMS. Shoshani and Chaffer (2002) determined that cows milked in AMS had lower fat
content and no difference in milk protein. Two studies showed that milk fat and protein did not
change after transitioning to AMS (Klungel et al., 2000; Svennersten-Sjaunja et al., 2000).

The variation in BTSCC, milk fat and protein, findings may be a result of differences in
experimental design and differences in sampling methods in AMS and CMS. For example,
comparing the effects of AMS and CMS on milk quality using the same herd would elicit
different results if one was to compare the same variables using different herds for each system
(Berglund et al., 2002). A recent AMS study showed a positive correlation between variation in
milking interval and SCC, suggesting that variation in milking intervals should be addressed in
the research designs of and during analysis for AMS studies looking at SCC (Mollenhorst et al.,

2011).



1.4 Changes in Cow Health
1.4.1 Udder Health

Udder health and prevalence of mastitis are important aspects of dairying, as better udder
health has been associated with higher milk production (Neijenhuis et al., 2010). Teat cleaning
and automatic detection of mastitis are challenges for AMS (see review by Hovinen and Pyorili,
2011). Incidence of mastitis has been documented to be the same in cows milked in AMS and
CMS (Wirtz et al., 2004). However, a Finnish study found an increase in frequency of mastitis
treatments on AMS farms in multiparous cows and a decrease for first-parity cows (Hovinen et
al., 2009). To date there is no literature documenting how the incidence of clinical mastitis
changes in relation to how long a herd has been using AMS.

Milk leakage, or the dripping of milk from the teats between milkings, occurs more often
and to a greater proportion of a herd in AMS compared to CMS (Persson Waller et al., 2003).
Milk leakage may occur after the failure of cluster attachment because the cow subsequently
leaves the robot without being milked, and the visit is marked as a failed milking (Stefanowska
et al., 2000). Milk leakage due to failure of cluster attachment has shown to increase the risk of
mastitis on AMS farms (Stefanowska et al., 2000). As well, a potential side effect of increased
milking frequency using AMS is the increased risk of udder infection as teat ducts are open more
frequently, which may increase the chance for bacteria to enter (Waage et al., 2001). This has
negated an early belief that the rate of mastitis may decrease in AMS as a result of teat ducts
being more efficiently stripped of pathogens with more frequent milkings (Hillerton and Winter,
1992). Providing fresh feed throughout the day may entice cows to feed after milking rather than

lie down, which would benefit udder health (DeVries et al., 2010).



Total bacterial count has been reported to increase after transitioning to AMS (Klungel et
al., 2000; Rasmussen et al., 2002; de Koning et al., 2003). However, these studies are more than
10 yrs old. AMS technology and management of these systems have improved over the years
(Tremblay et al., in press). New research is needed to confirm if changes in the technology are
resulting in improvements in variables such as total bacterial count.

AMS does not have a negative effect on teat skin condition. A study that assessed quarter
milk samples and teat measurements concluded that although teat apex and skin conditions
decreased slightly with the accumulated number of milkings, AMS did not have a negative
impact on teat tissue conditions (Zecconi et al., 2003). Similar results by Berglund et al. (2002)
and De Vliegher et al. (2003) suggest that teat end and skin condition remain consistent, and may

even improve, during the transition from CMS to AMS.

1.4.2 Lameness

Lameness is a welfare issue for cows because being lame is painful (von Keyserlingk et
al., 2009; Solano et al., 2015). Lameness is a problem that is affected by many factors, such as
nutrition, cleanliness of barn, trauma, resting behaviour, preventative and corrective treatment,
and a number of other individual cow factors (Greenough et al., 1981). Westin et al. (2016)
determined farm-level risk factors for lameness on AMS farms and concluded that narrow stalls
(relative to cow size and parity), a narrow feed alley, and inadequate lunge space in stalls were
associated with higher odds of being lame.

Cows with feet and leg pain will visit the robotic milker less frequently than those that
are not lame, or are less likely to voluntarily visit the AMS unit at all (Bach et al., 2007,
Borderas et al., 2008; Miguel-Pacheco et al., 2014). Borderas et al., (2008) showed that milk
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yield is negatively affected when lameness causes a decrease in AMS visits. Lameness increases
the number of alarms for fetching cows, which may decrease producer satisfaction with AMS.
However, a recent study observed a lower prevalence of lameness in AMS herds than what was

previously documented in Canadian dairies with CMS (Westin et al., 2016).

1.4.3 Reproduction

It has been hypothesized that AMS increases the risk of negative energy balance (NEB)
and thus would negatively impact cow fertility, the ability to conceive a calf (Kruip et al., 2002).
A NEB may result from a disproportional amount of feed intake with respect to the higher
milking frequencies and milk yield in AMS (Kruip et al., 2002). A NEB negatively impacts
glucose and insulin levels, which are important factors in fertility (Kruip et al., 2000). However,
several experimental studies (Devir et al., 1993; Kruip et al., 2000; 2002), and one survey study

(Bentley et al., 2013), have reported no negative effects on conception rate with AMS.

1.5 Cow Training

Training is an important aspect of transitioning to AMS. The act of training involves
exposing the cow or heifer to the sounds and mechanical movements of the AMS prior to first
milking with the robot. Doing so has made transitioning cows to AMS easier (Jago and Kerrisk,
2011). Introducing heifers to the AMS prior to calving had a positive impact on milking
intervals, frequency of feeding, and milk production after calving (Widegren, 2014). Studies
suggest it takes 7 to 8 d for cows to adapt to AMS (Spolders et al., 2004; Jacobs and Siegford,
2012b), although on average 3 to 5% of dairy herds do not adapt to this technology (Armstrong

and Daughtery, 1997).
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AMS companies, like Lely and DeLaval, recommend following a cow-training program
to help with the transition to and use of AMS. However, these programs are not standardized,
often differing in method, duration and specificity. DelLaval recommends the following 2 to 3-
wk training program that should start a week or two before start-up: have cows visit the robot 1
to 2 times/d for the first week (without milking, but providing high concentrate feed), then 4 to 6
times/d for the second week (DeLaval International AB, 2008). Lely’s recommended method for
training is to entice cows into the robot 3 times/d for the first 3 d. This recommendation comes
with an expectation that 75% of the cows will go to the robots on their own by the end of the
third day. Lely emphasizes small training groups of 25 to 30 cows and having at least 2
stockpersons/robot the first few days (Hulsen and Rodenburg, 2008). Little is known about

whether or not producers invest time in cow training or what methods they use.

1.6 Animal Welfare

In this thesis, the term ‘animal welfare’ encompasses 3 objectives as identified by Fraser
(2009): to ensure good physiological health and functioning of animals, to limit unpleasant
affective states such as pain, fear and distress, and to allow animals to grow and live in a way
that is natural for the animal (i.e., to allow expression of innate behaviours). Included in this
definition of animal welfare is the core concept of “The Five Freedoms” (Webster, 2005):
animals must have a freedom from hunger and thirst, freedom from discomfort, freedom from
pain, injury or disease, freedom to express normal behaviour, and freedom from fear and distress.
A recent paper by Mellor (2016) pushes the concept of animal welfare to acknowledge that it is a
subjective state experienced by the animal and that in order to achieve good animal welfare we

must also help the animal have a life worth living.
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It has been suggested that AMS improves cow welfare. Cows are given more autonomy
and control over their daily time budget with AMS since they determine when milking occurs
(Driessen and Heutinck, 2015; Lind et al., 2000). This technology also has the potential to
improve welfare by detecting health issues more efficiently and effectively than possible with
human observations and allows for earlier treatment (see review by Barkema et al., 2015).
However, the novelty of the robotic unit and learning to be milked in isolation from the herd may
cause acute stress in the herd animals (Rushen et al., 2001). Rousing et al. (2007) assessed 38
welfare indicators for AMS and determined that housing design, stocking rate, cleaning and
feeding routines, lameness and udder health, human-animal relationship, social behaviour, and
behaviour during milking, were the most important indicators of welfare according to

researchers, production advisors and veterinarians.

1.7 Quality of Producers’ Lives with AMS

AMS has had a positive effect on the quality of producers’ lives: AMS provided
producers with more flexible working hours, which improved producers’ family and social life
(Rasmussen et al., 2002), as well as increased job satisfaction (Woodford et al., 2014; Hansen,
2015). It has also been generally accepted that the health of producers improves with the reduced
physical workload (see review by Meskens et al., 2001). In an Australian study that investigated
the impacts of AMS on labour and lifestyle of farmers, all farm audits showed that AMS had
improved quality of life and that all participants felt their expectations around AMS were met
(Molfino et al., 2014). Bergman and Rabinowicz (2013) found that Swedish AMS producers

would recommend transitioning to this new technology to others.
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However, there are also challenges with using AMS. Being on-call and feeling
overwhelmed by the amount of information the AMS produced were reported challenges that
producers have experienced (e.g., Hansen, 2015). Physical contact with cows plays a big role in
job satisfaction for some producers (Meskens et al., 2001), and among Swedish producers,
having reduced contact with cows was an important reason for not installing this technology
(Bergman and Rabinowicz, 2013). Challenges experienced during the transition to AMS have

not been documented in detail in Canada.

1.8 Dairy Herd Improvement Programs

Dairy herd improvement (DHI) programs collect herd data and milk samples from
participating farms, analyse the data and samples, and consolidate information for national
evaluations of dairy cattle and milk quality, and for producers to use as a tool for improving herd
management and milk quality (Valacta, 2015; CanWestDHI, 2016). There has been concern
about reduced participation in DHI programs with AMS becoming more popular, and since AMS
produce a large amount of on-farm data that were not available to producers with CMS (Ontario
Ministry of Agriculture, Food and Rural Affairs, 2010; Barkema et al., 2015). The program’s
effectiveness for national evaluations depends on producer participation because enrolment is
voluntary. To date, there has been no published documentation of change in the use of DHI

programs with the transition to AMS.

1.9 Dairy Code of Practice

The Dairy Code of Practice (DCOP) was developed by The National Farm Animal Care

Council in collaboration with Dairy Farmers of Canada, with the purpose of considering current
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dairy management practices and identifying welfare hazards and methods to assure animal
welfare. The DCOP is science-informed and includes requirements (as seen as industry imposed
expectations, or regulatory requirements) and recommendations for best practices associated
with: accommodation, housing and handling facilities, feed and water, health and welfare
management, husbandry practices (breeding, dehorning, branding, castration, etc.),
transportation, and euthanasia (National Farm Animal Care Council, 2009). Currently, the DCOP
addresses dairy farming in terms that are often neither specific to AMS nor CMS. A revision to
the DCOP that incorporates the differences in dairying with AMS is essential, as this technology
is growing in popularity. In addition, the usage of and compliance to the DCOP on AMS farms

has not been documented.

1.10 Project Rationale and Objectives

Although Europe has the highest concentration of AMS dairy farms, this technology is
becoming increasingly common in Canada (Barkema et al., 2015). The proportion of dairy farms
in Canada that use AMS has grown from 5.6% in 2014 to 6.8% in 2015 (Canadian Dairy
Information Centre, 2016). Despite this growing popularity, there is little documentation of how
AMS has impacted Canadian farms as a whole (inclusive of cow health, milk parameters,
management, housing, and impacts on dairy producers). To facilitate transitioning to AMS there
is a need to benchmark transitioning results so producers have realistic expectations, and to
identify challenges and solutions associated with transitioning to AMS. The overall aim of the

project was to conduct a national survey to explore how Canadian dairy producers transitioned to

AMS.
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Although results of AMS surveys have been published (e.g., Helgren and Reinemann,

2006; Rodenburg and House, 2007; Rousing et al., 2007; Molfino et al., 2014; Moyes et al.,

2014; Tousova et al., 2014), many are non-Canadian studies that focus on a very specific aspect

of dairy farming. The Canadian dairy industry differs from that of the United States and

European Union in average herd size and milk price (Table 1), and animal welfare standards

(Barkema et al., 2015), suggesting that AMS studies conducted abroad may not always reflect

the Canadian dairy industry.

The objectives of this study were to document the impacts of transitioning to AMS on

producer perceptions of change in important aspects of Canadian dairy farming and to determine

how producers experience the transition.

1.11 Research Questions

This study aims to answer the following research questions:

1.

What are the impacts of AMS on producer perceptions of change in milking labour
management, milk production, milk quality, housing, farm management, cow health, and
participation in DHI programs?

Are producers training cows/heifers to use the AMS? What does training entail?

. What challenges do producers experience during the transition and what were the

solutions?
How has the quality of producers’ lives changed as a result of the transition?
What is the role of the DCOP on AMS farms? With reference to a subset of requirements

in the DCOP, are AMS farms compliant to the codes?
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Table 1.1: A comparison of the Canadian, American and European dairy industry

Item Canada United States European Union
Year of Data
(unless stated 2014 2013 2012
otherwise)
Total Dairy Farms 8,738' 49,331 (2012)° 508,611 (2009)°
Total AMS Farms 493! (no reliable (no reliable
source) source)
Total Dairy Cows
59! 224 23,012°
(x 1,000) 959 ?
Average Herd Size
79! 173 (2011)° 34 (2009)°
(Adult Cows) ? ( ) (2009)
Supply Management? Yes' No’ Recently
PPy Mdhagement: abolished"
Average Milk Price
0.81/L (2013) 0.44/L° 0.42/L°
(CAD) $ (2013) $ $
Total Annual
Production 17,729 4 91,271° 71,561°
(million 1bs)
Imports
(million Ibs, fluid 124.9' 3,721° 2,646°
milk and cream only)
Exports
(million Ibs, fluid 9.4' 12,353 38,147°

milk and cream only)

'(Canadian Dairy Information Centre, 2015), *(Alberta Milk, 2014), *(USDA-NASS, 2013a),
*(USDA-NASS, 2013b), *(USDA-ERS, 2015), 6(Eur0pean Dairy Association, 2015)
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Chapter Two: Impact of Transitioning to Automatic Milking Systems on Producers’
Perceptions of Farm Management and Cow Health in the Canadian Dairy Industry

2.1 Abstract

Automatic milking systems (AMS), or milking robots, are becoming increasingly
common, but there is little documentation of how AMS have impacted farms as a whole and
what challenges and benefits producers are experiencing during their transition to AMS. The
objective of this national survey was to document the impact of transitioning to AMS on
producer perceptions of change in housing, farm management, and cow health. In total, 217
AMS producers were surveyed from 8 Canadian provinces. Median time since transition for
respondents was 30 mo. The mean number of lactating cows/robot was 51 cows, with a median
of 2 AMS units/farm. Fifty-five percent of producers built a new barn to accommodate the AMS.
Changing housing systems was necessary for 47% of producers, not necessary for 50%, and not
applicable to 3% (as the AMS farm was their first farm). Cleaning and feeding practices
remained the same. Overall, farms increased herd size from a median of 77 to 85 lactating cows
with the transition to AMS. After the transition to AMS, 66% of producers changed their health
management practices. On average, producers reported no change in rate of lameness and
clinical mastitis. Conception rate was reported to have increased for 63% of producers. Culling
rate was perceived to have stayed the same for 59% of producers. Overall, producers perceived
their transitions to AMS as successful. Findings from this project provide a benchmark of the
impacts of AMS on important aspects of Canadian dairy farming, as well as provide producers,
AMS manufacturers, veterinarians and dairy advisors with more detailed knowledge on what to

expect when transitioning to AMS.
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2.2 Introduction

When functioning optimally, an automatic milking system (AMS) permits cows to
voluntarily visit a robotic milking unit multiple times/d to be milked without requiring human
labour. Demonstrated benefits of AMS include increased milk production, improved cow
comfort, a more flexible lifestyle for producers (de Koning, 2010), less labour for milking
(Hansen, 2015) and improved cow health and more interesting/less routine activities for the
producer (Woodford et al., 2015). However, an AMS has higher capital costs (Wade et al.,
2004), requires producers to be on-call, and changes management to be more data-based (Butler
et al., 2012). Profitability or labour savings with AMS varies depending on the management
capabilities of producers (van’t Land et al., 2000).

Although Europe has the highest concentration of AMS dairy farms, this technology is
becoming increasingly common in Canada (Barkema et al., 2015). The proportion of dairy farms
in Canada that use AMS has grown from 5.6% in 2014 to 6.8% in 2015 (Canadian Dairy
Information Centre, 2016). Despite this growing popularity, there is little documentation of how
AMS has impacted North American farms as a whole (inclusive of cow health, milk parameters,
management, housing, and dairy producers).

AMS survey studies have been published (e.g., Helgren and Reinemann, 2006;
Rodenburg and House, 2007; Rousing et al., 2007; Molfino et al., 2014; Moyes et al., 2014;
Tousova et al. 2014). However, many of these are non-Canadian studies that focus on a very
specific aspect of dairy farming. The Canadian dairy industry is different from that of the United
States and European Union in average herd size, milk price, and animal welfare standards
(Barkema et al., 2015), suggesting that AMS studies conducted abroad may not necessarily be

reflective of the Canadian dairy industry. Furthermore, few published AMS studies focus on
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producers’ perceptions of change with the transition to AMS and comprehensively describe the
effects of adopting AMS on farms.

The objective of this study was to determine how producers perceive the transition to
AMS in terms of resulting changes in housing, farm management, and cow health. Other topics

addressed in the survey, as described below, will be reported in additional publications.

2.3 Materials and Methods

This survey study received institutional human ethics certification prior to contacting

participants (University of Calgary, certification no. REB14-0149_MOD1).

2.3.1 Farm Selection and Data Collection

Contact information for AMS producers was acquired through Alberta Milk (Edmonton,
AB, Canada) and Dairy Farmers of Manitoba (Winnipeg, MB, Canada), which are provincial
milk boards, and Lely Canada (Woodstock, ON, Canada) and Delaval Canada (Peterborough,
ON, Canada). All 530 Canadian AMS producers of which we obtained contact information were
contacted and data were collected on those willing to participate. AMS farms participating in the
study were from British Columbia (BC; n = 8), Alberta (AB; n = 43), Saskatchewan (SK; n =7),
Manitoba (MB; n = 12), Ontario (ON; n = 73), Quebec (QC; n = 66), New Brunswick, and Nova
Scotia (Table 1). The latter 2 provinces were grouped together due to the smaller sample size per
province, and are referred to as the ‘Maritimes’ (n = 7). AMS farms in Prince Edward Island and
Newfoundland were not surveyed because AMS producers from these provinces could not be
reached. The participating farms were surveyed by telephone, email, and in person from May

2014 to the end of June 2015. Consent was received before surveys were conducted.
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Respondents were given the option to stop the survey at any point, in which case those surveys
were excluded.

All producers were initially contacted by phone with the General Survey (defined below).
After completing the General Survey, producers who were interested were emailed a link to the
second part of the survey with follow-up questions. Producers that could not be contacted by
phone (i.e., if only an email address was provided) were emailed a link to the Combined Survey
(defined below) that contained the initial General Survey and follow-up questions. The response
rate was 41% of the sampling frame. Producers who used to operate an AMS farm, but later
abandoned the technology were not included in the study (n = 3). Producers were not selected
based on how long they had their AMS. Including a range of producers from the earliest adopters
to those who were still transitioning provided a spectrum of how the transition process has

changed with time, thereby offering additional comparative detail.

2.3.2 General Survey, Follow-up and Combined Survey

A mixed-methods survey (titled ‘The General Survey’; Appendix 1) was developed to
obtain information on factors that may have been affected by transitioning to AMS (changes to
the facility, employee management, milk production and quality, milking labour management),
current milking statistics (average number of milkings/d), cow training, challenges and solutions
experienced during the transition, changes in quality of life, and level of satisfaction with their
AMS. Questions from this survey were also made available as part of a more detailed survey
called ‘The Combined Survey’ (Appendix 2). The Combined Survey contained all questions
from the General Survey, more detailed questions on the topics covered in the General Survey, in

addition to new questions related to cow health, participation in milk recording programs, and
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the use of the Canadian Dairy Code of Practice. The second part of the survey was provided as a
follow-up to the General Survey (i.e., the follow-up solely consisted of questions unique to the
Combined Survey). The question-answer formats ranged from single choice of multiple options,
multiple choices of multiple options, fill in the blank, and free form open-ended questions.

The number of respondents per question varied depending on which survey the question
was presented in and because respondents were given the option to answer or skip any question.
The total number of respondents for the General Survey questions was 217. The total number of
respondents for the follow-up questions, or the questions specific to the Combined Survey, was

69.

2.3.3 Statistical Analyses

All statistical analyses were performed with R version 3.2.2 (The R Foundation for
Statistical Computing Platform, 2015). Statistical significance was considered at a P-value <
0.05. Due to the exploratory nature of the project, the data analyses primarily included
descriptive statistics (means, SD, medians, 1st — 3rd quartiles, percentages). Results with normal
distribution are presented as means + SD. Results with non-normal distribution are presented as
medians with 1st — 3rd quartiles (IQR).

In cases where provincial comparisons of results were made, only provinces with > 10
respondents were included. Comparisons of the brand were also made. However, due to the
small sample sizes of Insentec and BouMatic users, comparisons were only made between Lely
and DeLaval users. Comparisons between categorical data (e.g., when comparing perceptions of
change in lameness, which was answered as either increased, decreased, or stayed the same, after

transition by brand) were computed with chi-square test or, for cases that involved frequency
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counts of less than five, Fisher’s exact test. To compare > 3 group means for normally distributed
variables, ANOVA and Tukey’s post-hoc procedure were used. A two sample t-test was used
when comparing only 2 group means. Kruskal-Wallis test with Dunn's post-hoc test were used to
compare > 3 group medians of varibles that were not normally distributed and for ranked
variables. Wilcoxon Rank Sum and Signed Rank test was used when comparing only 2 medians.
Differences between paired groups (e.g., differences in herd size, number of employees, and time
devoted to milking-related activity) were tested by using a paired t-test. When analyzing
variables with time since transition to AMS, respondents in their first two years of transition
were grouped together and compared with those who transitioned > 24 mo ago. A two-year time
frame was chosen based on the average transition periods used in AMS literature when
comparing milking variables before and after the adoption of AMS, and as a result of sample
sizes available from our data set.

Inductive, thematic analysis was used to analyze open-ended questions. In other words,
responses for open-ended questions were coded for themes (patterns across the data set) that
were then quantified with the purpose of describing how common those themes were among our

respondents (Green and Thorogood, 2013).

2.4 Results
24.1 Respondent Demographics

Overall, 217 AMS producers out of 530 AMS producers in our sampling frame were
surveyed in 8 provinces across Canada (Table 2.1). Seven farms (3%) had never owned/operated
a dairy farm prior to their current AMS dairy farm. The range for time since transitioning to

AMS was 1 to 170 mo. Median age of Lely robots was 29 mo (IQR: 15 — 53 mo) and median age

23



of DeLaval robots was 34 mo (IQR: 21 — 68 mo). Herd size (lactating cows) ranged from 35 to
550 cows. Median herd size was 85 cows, with no differences between brands.

Results represent information provided by full owners (49%), part owners (48%) and
employees responsible for the herd (3%). Primary decision makers, or producers who were the
head of the farming operation, created the larger portion of the sample (89%). Sixty-nine percent
of producers had complete or partial college or university education. Survey respondents
consisted mostly of males (81%). Twenty-seven percent of producers were < 35 years of age,
28% were between 35 and 45, 30% were between 46 and 56, and 15% were > 56 years old.

There was no difference in response rates between age groups.

24.2 Housing, Farm Management and Feed Practices

When transitioning to AMS, 55% of producers (118) built new barns. Of these, 71% also
changed housing systems. Of the 96 producers who did not build a new barn, only 17% changed
housing system. Overall, 53% of respondents did not change housing system. For those who
changed housing system, 86% switched from tie-stall to free-stall, 5% from bedded-pack to free-
stall, and 10% from tie-stall or free-stall to bedded-pack. A larger percentage of QC producers
had to change housing system compared to producers in AB and ON (Table 2.1). Free-stall AMS
barns were more predominant (91%) than bedded-pack AMS barns (9%). Most farms (90%)
used a free-flow traffic system rather than a directed traffic system (10%).

Median lactating-cow herd size increased by 10% from 77 (IQR: 55 — 110) to 85 (IQR:
58 — 116) lactating cows, after transitioning to AMS (P = 0.002). Forty percent of farms had one
robot, 43% had two, 10% had three, and 7% had more than four robots. Mean (+ SD) number of

cows/robot was 51 + 9 (range: 27 — 75 cows/robot; Figure 2.1). Most AMS producers (64%)
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managed their lactating cows in one group, although the number groups ranged from one to five.
For those who managed their lactating cows in multiple groups (n = 25 respondents), 68%
reported having specific criteria for grouping. Criteria included: separating out fresh, first
lactation, and 2% lactation cows (50% of respondents); separating special needs and older
lactating cows from problem-free and younger lactating cows (19%); sorting by size and age
(13%); sorting by milking speed and milking visit frequency (13%); and separating their best
pedigree cows (6%).

The farms had a median of 1.0 cow/stall (IQR: 0.8 — 1.0 cows/stall). Lying stalls had a
median width of 122 cm (IQR: 117 — 122 c¢cm). Rubber mats/mattresses/water mattresses were
more commonly used as stall bases than the use of deep-bedding on AMS farms (78% versus
22%, respectively). Of the rubber mats/mattresses/water mattresses users (n = 53 respondents),
96% used bedding on top of the mat/mattress. Half of the producers who used bedding on top of
stall mats/mattresses used shavings or sawdust, while the other half used other bedding (e.g.,
straw, manure or gypsum bedding). Stalls were cleaned out (i.e., dirty bedding and manure
scraped out) a median of twice a day (IQR: 2 — 3 times/d), and fresh bedding was added as often
as once a day to once every 3 wk. Alleyways were cleaned a median of 8 times/d (IQR: 6 — 12
times/d). Automatic manure scrapers were more common on AMS farms (81%) than the use of
slatted floors (15%) or scraping by tractor/skid-steer (4%).

After transitioning to AMS, 36% of producers (39 respondents) changed feeding systems
(e.g., individual components to a mixed ration). At the time of the survey, 83% of AMS farms
provided a mixed ration and 17% provided individual feed components. The number of times
feed was delivered to cows stayed the same for 74% of farms after transition to AMS, decreased

for 14% and increased for 12%. Feed was delivered to the feed bunk a median of 2 times/d (IQR:
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1 — 2 times/d). The frequency that feed was pushed up to the bunk remained the same for 59% of
farms, increased for 38%, and decreased for 2%. Feed was pushed up in the feed bunk 4 times/d
(IQR: 2 — 9 times/d). The mean amount of space provided per cow along the feed bunk was 61 +
21 cm/cow. Headlocks were more common on AMS farms (55% of respondents) than rails
(33%), or other feed barriers such as feed stalls (12%). Farms had a median of 1.0 headlock/cow
(IQR: 0.8 — 1.1 headlocks/cow), with median headlocks widths of 61 cm (IQR: 61 — 61 cm).
Between water troughs, bowls or the use of both, the most common water delivery method on
AMS farms was water troughs, which was used by 90% of farms. There was a median of 26
cows/trough (IQR: 20 — 30 cows/trough). Farms that used both troughs and bowls were not

included in calculating this median.

24.3 Cow Health

Since transitioning to AMS, 66% of producers had changed their health management
practices. 80% of producers perceived that illness detection was easier with an AMS because of
the amount of information the robots provide on each animal (e.g., udder health reports, cow
weight and temperature measurements, milking reports, activity and rumination reports; 77% of
respondents), and because of the alarms that notify producers of issues (23% of respondents).
AMS made health detection more difficult for 19% of producers. Responses did not differ by age
of robots, although overall percentage of producers who reported that health detection was more
difficult was lower for Lely owners versus DelLaval owners (Table 2.2). The producers who
found health detection more difficult in AMS indicated difficulties as a result of no longer seeing
every cow (and her udder) twice a day (67% of respondents) and needing to rely on technology

(i.e., the AMS) to detect most health issues (33% of respondents). The most common health
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issues that were reported to have occurred since transitioning to AMS were lameness and
mastitis (Table 2.3). The most common health issues reported to have improved since
transitioning were reproduction/fertility, mastitis and lameness (Table 2.3). There were no
differences in perceptions of change in rates of lameness, mastitis, fertility and culling according
to the time since transition (Table 2.4).

Rate of lameness after transitioning to AMS was reported to have decreased for 42% of
producers, stayed the same for 38%, and increased for 20%. Forty-seven percent of producers
changed housing systems at the same time as transitioning to AMS. The proportion of these
producers that noticed an increase in lameness (17% of respondents) was greater than those that
experienced an increase in lameness but did not change housing system (5% of respondents; P <
0.001). Producers reported an increase in milk yield despite their perceived change in lameness:
there was no difference in the distribution of producers who stated an increase in milk yield in
tandem with an increase (21% of respondents), a decrease (44%), or no change in lameness
(35%). Since transitioning to AMS, 74% of farms indicate that they have been more able to
detect lame cows as a result of having more time observing cows and automatic detection (e.g.,
lame cows become fetch cows). AMS farms reported to have implemented various management
practices, such as footbath protocols, hoof trimming, and improving cow comfort to deal with
lameness (Figure 2.2). Thirty percent of producers reported that lame cows were culled more
often after transitioning to AMS.

Rate of clinical mastitis was reported to have decreased for 49% of producers, stayed the
same for 38%, and increased for 13%. There were more producers who reported an increase in
milk yield in tandem with a decrease in mastitis (54% of respondents), compared to those who

reported an increase in milk yield along with an increase (13%) or no change in mastitis (33%; P
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= 0.002). The most common method used on AMS farms of detecting clinical mastitis was to
rely on AMS-generated reports on milk conductivity, blood in milk, change in production, and
SCC for alarms, and to follow-up with a manual check (either using a California mastitis test or
manual stripping of milk). Reported change in bacterial count varied with 40% of producers
perceiving no change, 34% a decrease, and 26% an increase. There was a difference in the
distribution of producers who reported a change in bacterial count between Lely and DeLaval
producers; a larger proportion of DeLaval producers reported an increase in bacterial count and a
larger proportion of Lely producers reported no change (P = 0.01). Thirty-eight percent of
producers reported that mastitis cows were more likely to be culled after transitioning to AMS.
Conception rate was reported to have increased for 63% of producers, stayed the same for
31%, and decreased for 6%. Ninety percent of AMS farms used activity/behavior monitors. The
most common monitors used were activity collars (used by 51% of farms) and combination
activity and rumination collars (47% of farms). Leg activity monitors were only used by 2% of
farms. The approach to heat detection changed for 63% of AMS farms. Those producers reported
relying on computer information to reveal heats and less on visual observations of heat.
Activity/behavior monitors were the primary tools for heat detection on 76% of AMS farms.
Methods of heat detection used by the other 24% of respondents included solely visual
observations for heat, use of a timed artificial insemination program, and hormone testing with
Herd Navigator, software that aims to improve monitoring and intervention in reproduction,
udder health, feeding and feeding-related conditions (Herd Navigator; Lattec I/S, Hillergd,
Denmark). Although the main use for activity/behavior monitors was for heat detection, some

farms also used monitors to detect metabolic disorders, lameness, and mastitis.
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Culling rate was reported to have stayed the same for 59% of producers, increased for
25%, and decreased for 16%. There was a difference in the distribution of reported change in
culling rate between Lely and DeLaval producers (P = 0.003). More Lely producers perceived no
change in culling rate than DeLaval producers (45% versus 14%) and more Delaval than Lely
producers perceived an increase in culling rate (17% versus 7%). Median percentage of a
lactating herd culled because of the transition was 2% (IQR: 0 — 4%). The most common reasons
for culling after the transitioning to AMS were: reproduction/fertility issues, poor udder health,

lameness and other feet/leg issues, and teat placement/udder conformation (Table 2.5).

2.5 Discussion

This is the first study to provide comprehensive information regarding the perceived
impacts of transitioning to AMS on housing, farm management (inclusive of feeding and
cleaning practices), and cow health. The majority of producers perceived a positive transition to
AMS. Farms were able to increase herd size while maintaining the same cleaning and feeding
practices. Changing health management practices with AMS was necessary for most producers,
but the majority reported health detection to be easier. AMS increased conception rate, but had
little effect on reported rates of lameness and mastitis.

Median herd size of surveyed AMS farms was similar to the overall average herd size, 80
cows, of Canadian dairy farms (Canadian Dairy Information Centre, 2016). Farms operated with
a mean number of cows/robot that fell within the recommendation of 50 to 60 cows/robot
(DeLaval International AB, 2008; Hulsen and Rodenburg, 2008.).

Similar to other AMS studies (Bentley et al., 2013; Woodford et al., 2015) it was more

common for producers to build new facilities for the AMS than to retrofit an existing barn.
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Although the percentage is slowly decreasing, 72% of Canadian dairy farms still use tie-stalls
(Barkema et al., 2015). Changing housing system was more common in QC than other provinces,
as 88% of QC dairy farms house cows in tie-stalls (Canadian Dairy Information Centre, 2016).
Feed bunk space per cow met industry standards of 60 cm/cow. Frequency of feed delivery on
AMS farms was similar to a previous study; however, the average frequency of feed push-up at
the bunk was double in our study (Deming et al., 2013). Stocking density met the Canadian
Dairy Code of Practice’s (IDCOP) recommended best practice of 1 cow/stall (National Farm
Animal Care Council, 2009). Stalls in our study were, on average, wider by 2 cm compared to
what was reported in a recent study with 36 AMS farms in Canada and the States (Westin et al.,
2016). Stall widths in the current study met the minimum recommended width for cows
weighing between 545 and 636 kg according to the DCOP (National Farm Animal Care Council,
2009). Similar to the Westin et al. (2016) study, the use of rubber mats and mattresses was more
common on AMS farms than the use of deep-bedding. In addition, our results for stall cleaning
frequency (average of 2x/d) was comparable to the results of the Westin et al. (2016) study,
where 88% of AMS farms cleaned stalls > 1x/d. Results on the DCOP from the current study can
be found in Appendix 3.

Having a vast amount of information provided by the AMS was documented to improve
health detection in the current study, as well as others (see review by Barkema et al., 2015).
However, some producers reported it to be more difficult to detect changes in cow health. A
reason for this may be that despite theoretically having more time to observe their cows, AMS
producers may not actually be among the cows as often to visually detect changes (e.g., cows in

estrous; Kruip et al., 2002). Additionally, learning to understand and use the vast amount of
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information collected by the robot may prove to be an exceptional challenge when transitioning
to AMS (Bewley and Russell, 2010; Butler et al., 2012).

Producers reported no change in rate of lameness with the transition to AMS, although a
recent study observed a lower prevalence of lameness in their AMS herds than what was
previously documented in Canadian dairies with conventional milking systems (CMS; Westin et
al., 2016). Producers from the current study found lameness easier to detect with AMS, which is
not unexpected since lame cows visit the AMS less frequently, or are less likely to voluntarily
visit the robotic unit at all, than those that are not lame (Bach et al., 2007; Borderas et al., 2008;
Miguel-Pacheco et al., 2014). Borderas et al. (2008) showed that milk yield is negatively affected
when lameness causes a decrease in AMS visits. Interestingly, most producers who perceived an
increase in lameness still reported an increase in milk yield across the lactating herd. Hillerton et
al. (2004) reported that lameness prevalence increased considerably a year after farms
transitioned to AMS (unlike our study that determined no difference in perceptions of change in
lameness with time) but concluded that poorer locomotion after switching to AMS was likely
due to the change in housing that had occurred at the same time as the transition. In support of
that conclusion, this study determined that changing housing system at the same time as the
transition to AMS resulted in higher reports of increased lameness. Thus, Canadian dairies that
convert from tie-stall to free-stall barns at the same time as the transition to AMS should keep in
mind that barn design and management will have a greater impact on cow locomotion than the
change in milking system itself.

Almost half the respondents of our survey indicated a decrease in clinical mastitis with
the transition to AMS, and the next largest proportion of producers indicated no change. This

was complementary to the findings of Hovinen et al. (2009) where the frequency of mastitis
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treatments decreased from 4.8/10,000 cow-days with CMS to 4.0/10,000 cow-days in AMS
farms, although the difference was not significant. Furthermore, it is worth noting that a
significant proportion of producers who reported a decrease in incidence of clinical mastitis also
indicated an increase in milk yield (54% of respondents). This agrees with the idea that better
udder health is associated with greater milk production (Neijenhuis et al., 2010). Perceptions of
change in mastitis did not differ according to time since transition. To date there is no literature
documenting how the rate of clinical mastitis changes according to how long a herd has been
using AMS.

Geometric mean total bacterial count has been reported to increase by 4,000/mL to
11,000/mL after transitioning to AMS (Klungel et al., 2000; Rasmussen et al., 2002; de Koning
et al., 2003). Variation may be due to the range of transition periods used by these studies.
Rasmussen et al. (2002) compared data collected 1 yr before AMS to those collected 1 yr after
AMS was introduced on the same farms. Klungel et al. (2000) compared AMS farms that have
been in operation for at least 1 yr to (different) farms that operated CMS. Lastly, de Koning et al.
(2003) compared farm data collected up to 4 yr before transition to data collected between zero
to > 2 yr after the same farms transitioned to AMS. In contrast, producers in our study reported
no change in bacterial count after transitioning to AMS. The studies that have reported an
increase in bacterial count when transitioning to AMS are more than 10 yrs old. It is conceivable
that the AMS systems itself and management of these systems has improved over these years. To
substantiate that data, before and after transitioning need to be compared.

It has been hypothesized that AMS would negatively impact cow fertility, the ability to
conceive a calf, as a result of an expected increase in risk of negative energy balance (NEB,;

Kruip et al., 2002). Kruip et al. (2002) suggested that higher milking frequencies in AMS result
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in greater milk yield, but not necessarily a proportional increase in feed intake, which may
consequently lead to NEB. A NEB results in lower glucose and insulin levels, which are
important factors in fertility (Kruip et al., 2000). However, in agreement with several
experimental studies that have reported no negative effects on conception rate despite increased
milking frequency and milk production with AMS (Barnes et al., 1990; Devir et al., 1993; Kruip
et al., 2000; 2002), a large proportion of producers in our survey reported an increase in
conception rate.

Unusual udder conformation, poor temperament, and issues with legs and feet can
negatively affect the usage of AMS units, and may increase culling rate (Meskens et al., 2001).
However, our results agree with Bentley et al. (2013), who reported little change in culling rate
with the transition to AMS. Surveyed individuals in our study reported culling an average
proportion of cows that were not able to adapt to the AMS compared to the documented culling
range of 0 to 3% (Rodenburg, 2002).

A larger proportion of DeLaval respondents found health detection more difficult with
AMS, perceived an increase in bacterial count, and reported a higher culling rate, compared to
Lely respondents. It was speculated that confounding variables such as age of AMS units and
geographical distribution of AMS brands across Canada could have influenced these differences.
However, there were no age differences between brands and the distribution of the 2 brands was
similar in all provinces, except Alberta. There may be some bias due to differing levels of
participation of each brand, as well as in each province. The distribution of brands and surveyed
AMS farms/province were not always representative of the true distributions across Canadian
provinces. In a milk quality study by de Koning et al. (2003), 32% of the variation in total

bacterial count was explained by difference between brands of AMS, although exact brands were
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not mentioned. To our knowledge, there is no literature that addresses specific brand differences
in these factors or reasons for possible differences between brands of AMS.

Like most surveys, there was a potential for misinterpretation of questions, recall bias (an
issue of remembering accurately), and social desirability bias (the tendency to respond
differently in the presence of an interviewer so as to appear in favourable light; Green and
Thorogood, 2013). Both phone and in-person surveys were conducted, but risk for interviewer
bias was minimized by asking questions strictly as they were written in the final version of the
survey and only providing standardized prompts when necessary. Producers may have been
influenced by post-product rationalization, a cognitive bias through which a purchaser of an
expensive product looks past any product faults as a way to justify their purchase (Cohen and
Goldberg, 1970). This bias may have distorted results to show more improvements on farm since
transitioning to AMS. Lastly, it should be noted that the possible differences after transitioning to
AMS may not be a result of just the new milking system, but also of the changes in housing and

management that accompanied that change.

2.6 Conclusions

Overall transition to AMS was perceived as successful for Canadian dairy producers.
With necessary changes to housing to accommodate the AMS, farms were able to increase herd
size while keeping cleaning and feeding practices the same. Producers needed to change health
management practices with AMS, but the majority reported health detection to be easier. AMS
increased conception rate, but had little effect on reported rates of lameness and mastitis.
Findings from this project provide a benchmark of the impacts of AMS on important aspects of
Canadian dairy farming, as well as provide producers, AMS manufacturers, veterinarians and

dairy advisors with more detailed knowledge on what to expect when transitioning to AMS.
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Table 2.1: Characteristics of the participating Canadian automatic milking system (AMS) farms

Province!

Item BC AB SK MB ON QC Maritimes ~ Overall®
Total surveyed (% of all 8 43 7 12 73 66 7 217
respondents) (4%) (20%) (3%) (6%) (34%) (30%) (3%)
Total in sampling frame 23 59 13 56 136 211 32 530
(% of sampling frame) (35%) (73%) (54%) 21%) (54%) (B1%) (22%) 41%)
Changed housing system 25% 389" 33% 25% 389" 749" 0% 47%
(% respondents)
Median herd size 83 108* 101 93 78 750 57 85
(lactating cows)

15t —3rd quartile 62-108 86-140 93-103 66-143 55-120 55-110 53 - 88 59-116
Median AMS units/farm 2 22 2 2 20 20 1 2

1St—3rdquartile 1-2 2-3 2-2 1-2 1-2 1-2 1-2 1-2

Mean number of lactating

55+9 51+ 7° 50+5 56+ 8 50 + 9° 51+ 10° 49 +7 51+9
cows/robot + SD

Brand of AMS (%

respondents)
Lely 100% 40% 71% 75% 90% 82% 86% 76%
DeLaval 0% 49% 14% 25% 10% 17% 14% 21%
Other’ 0% 12% 14% 0% 0% 2% 0% 3%

Median months since
transition to AMS

1% — 3" quartile 22 - 47 14 — 45 12 - 62 27-69 17 - 56 13 - 66 12 -27 15-57

43 29° 44 49 30° 27" 15 30

" Only AB, ON and QC could be tested for provincial differences due to small sample size in other provinces.
% Overall values included one anonymous respondent.

3 Other brands included BouMatic, Insentec and unspecified.

*® Medians and means within a row without a common superscript are significantly different (P < 0.05).
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Table 2.2: Percentage of producers by brand of AMS, organized by months since
transition, with changes in health management after transitioning to AMS

Brand
Item and Months since Transition' Lely DeLaval
Changed health mgmt. after transition
<24 mo’ 59% 100%
> 24 mo’ 65% 69%
Overall mean 63% 77%
Health detection has become easier with AMS
<24 mo 76% 100%
>24 mo 88% 69%
Overall mean 84% 77%
Health detection has become harder with AMS
<24 mo 6% 20%
> 24 mo 12% 44%
Overall mean 10%* 38%"
Changed approach to heat detection with AMS
<24 mo 53% 50%
> 24 mo 73% 67%
Overall mean 65% 62%
More able to detect lame cows with AMS
<24 mo 76% 100%
> 24 mo 77% 69%
Overall mean 77% 77%
More likely to cull lames cows with AMS
<24 mo 18% 67%
> 24 mo 31% 31%
Overall mean 26% 41%
More likely to cull cows with mastitis with AMS
<24 mo 29% 50%
> 24 mo 38% 44%
Overall mean 35% 45%
' There were no differences in proportions for each item by time since transition (within each
brand).

?Lely: n= 17 and DeLaval: n = 6.
3Lely: n =26 and DeLaval: n = 16.
b Means within a row without a common superscript are significantly different (P < 0.05).
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Table 2.3: Health issues that have occurred or improved since transitioning to AMS
(respondents listed > 1 health issue that had occurred/improved on their farm)

Ttem Number of Respondents
respondents (%)

Health issues that have occurred since

transition (52 respondents)
Lameness 32 62
Mastitis 18 35
None 13 25
Increased SCC 6 12
Other' 6 12
Reproduction/fertility 5 10
Udder health 2 4

Health issues that have improved since

transition (61 respondents)
Reproduction/fertility 21 34
Mastitis 18 30
Lameness 15 25
Udder health 7 11
None 7 11
Cow comfort 6 10
Decreased SCC 5 8
Less DA 4 7
Other” 4 7
Body condition 3 5
Transition cow health 3 5
Ketosis 2 3

! Other health issues that have occurred since transition included: afterbirth, decreased transition
cow health, increased total bacterial count, more muscle injuries, metritis, and ketosis.

? Other health issues that have improved since transition included: fewer injuries, earlier
detection of sick cows, less milk leakage, and rumination activity.
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Table 2.4: Percentage of producers with respective perceptions of change in cow health
after transitioning to AMS, organized by months since transition to AMS (n = 24
respondents for < 24 mo, n =42 respondents for > 24 mo)

Perceptions of Change
(% respondents)

Months since Transition' Increased Decreased Stayed the Same

Rate of lameness

<24 mo 21 54 25
> 24 mo 21 36 43
Overall mean 20 42 38

Rate of clinical mastitis

<24 mo 4 42 54
>24 mo 17 52 31
Overall mean 13 49 38

Bacterial count

<24 mo 25 29 46
> 24 mo 39 24 37
Overall mean 34 26 40

Conception rate

<24 mo 71 0 29
> 24 mo 61 10 29
Overall mean 63 6 31

Culling rate

<24 mo 17 13 71
> 24 mo 31 19 50
Overall mean 25 16 59

" There were no differences in distributions of perceived change for each item by time since
transition.
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Table 2.5: Reasons for culling after transitioning to AMS, from most common to least (n =
64)

Reasons for culling Number of Respondents
respondents (%)
Reproduction/fertility issues 38 59
Udder health (mastitis, high SCC) 33 52
Lameness and other feet/leg issues 30 47
Teat placement/udder conformation 27 42
Behaviour/temperament 17 27
Low production and milking speed 16 25
Age 7 11
Other causes unrelated tq AMS (e.g., being 6 9
unable to adapt to stalls, injury)
Other health issues (e.g., Johne’s Disease) 2 3
Good cull cow prices 1 2
Too many cows 1 2
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Figure 2.1: Histogram of number of cows/robot on AMS farms, where median number of
cows/robot was 52 (range of 27 to 75 cows; 208 respondents).
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Figure 2.2: Management practices implemented to deal with lameness on AMS farms (69
respondents per item).
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Chapter Three: Impact of Automatic Milking Systems on Producers’ Reports of Milking
Labour Management, Milk Production and Milk Quality in the Canadian Dairy Industry

3.1 Abstract

Automatic milking systems (AMS), or milking robots, are becoming widely accepted as a
milking technology that reduces labour and increases milk yield. However, the reported amount
of labour saved, changes in milk yield, and milk quality when transitioning to AMS vary widely.
The purpose of this study was to document the impact of adopting AMS on Canadian farms with
regards to reported changes in milking labour management, milk production, milk quality, and
participation in dairy herd improvement (DHI) programs. A total of 217 AMS producers from 8
Canadian provinces were surveyed. On average, after adopting AMS the number of employees
(full-time and part-time combined) decreased from 2.5 to 2.0, whereas time devoted to milking-
related activities decreased by 62% (5.2 to 2.0 h/d). Median milking frequency was 3.0
milkings/d and robots were occupied on average 77% of the day. Producers went to fetch cows a
median of 2 times/d, with a median of 3 fetch cows or 4% of the herd per robot/d. Farms had a
median of 2.5 failed or incomplete milkings/robot/d. Producers reported an increase in milk yield
and little effect on milk quality. Mean milk yield on AMS farms was 32.6 kg/cow/d. Median
bulk tank SCC was 180,000 cells/mL. Median milk fat on AMS farms was 4.0% and median
milk protein was 3.3%. At the time of the survey, 67% of producers were current participants of
a DHI program. Half of the producers who were not DHI participant had stopped participation as
a result of the transition to AMS. Findings from this study can act as a benchmark for future
Canadian dairy producers who decide to switch to AMS and aid in more successful transitions by

providing information on what to expect with the change.
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3.2 Introduction

Currently, there are about 25,000 dairy farms with automatic milking systems (AMS), or
milking robots, in the world (Barkema et al., 2015). In 2015, there were 530 AMS farms in
Canada (Chapter 2). An AMS has the benefit of reducing labour (Bentley et al., 2013; Woodford
et al., 2015), while increasing milk production (Bernier-Dodier et al., 2010; Hansen, 2015).
However, milk quality may be compromised with this technology (Hovinen and Pyorild, 2011).

Labour requirements are reduced with AMS because teat cleaning, milking and
separation of abnormal milk are integrated into the robotic unit. Labour is also modified with
AMS, as producers need to be on-call for alarms (fetch cows, robot maintenance, etc.) and must
adopt more data-based methods for identifying health and welfare issues (de Koning, 2010;
Butler et al., 2012). Labour savings with AMS in Europe have been reported to range from 18 to
38% (Sonck, 1995; Mathijs, 2004; Bijl et al., 2007), however these estimates have yet to be
made for Canadian AMS farms.

The average reported increase in milk yield with AMS ranges from 2 to 25% (Reinemann
and Davis, 2002; de Koning and Rodenburg, 2004; Bernier-Dodier et al., 2010). The positive
association between milk yield and AMS may be a result of more frequent milkings/d when
using AMS (Erdman and Varner, 1995; Melin et al., 2005). However, not all researchers agree
that milk frequency and milk yield are related (Migliorati et al., 2005; Spolders et al., 2004).

Milk quality has been reported to be slightly, but significantly, lower in AMS farms, with
the poorest quality found in the first 6 mo after introducing AMS (van der Vorst et al., 2002).
Several studies have shown that freezing point, FFA, and total bacterial count are higher after
transition to AMS, whether farms are in their first 6 mo, or 1 to 3 yr of transition (Klungel et al.,
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2000; Meskens et al., 2001; van der Vorst et al., 2002). The effect of AMS on bulk tank SCC
(BTSCC), however, has been variable. Bulk tank SCC either did not change ( Zecconi et al.,
2003; Salovuo et al., 2005; Helgren and Reinemann, 2006), increased (Kruip et al., 2002;
Rasmussen et al., 2002; de Koning et al., 2003), or decreased (Shoshani and Chaffer, 2002;
Bentley et al., 2013; Tousova et al., 2014).

Dairy herd improvement programs offer a wide range of services such as collecting and
analysing herd data and milk samples, and consolidate information for producers to use to
improve herd management and milk quality, as well as for national evaluations of dairy cattle
and milk quality (Valacta, 2015; CanWestDHI, 2016). Enrolment, however, is entirely voluntary
and services come with a cost. The program’s effectiveness for national evaluations depends on
producer participation. There has been concern regarding reduced participation in DHI programs
with the growing popularity of AMS because this technology provides a profuse amount of data
per cow that was not previously available to producers on farm (Ontario Ministry of Agriculture,
Food and Rural Affairs, 2010). Once producers make the large investment for an AMS, it is no
surprise that they may be reluctant to pay for DHI services. To date, there has been no published
documentation of change in the use of DHI programs with the transition to AMS.

The objective of this study was to determine producers’ reports of change in milking
labour management (milking-related activities), milk production, milk quality, and the use of

DHI programs on Canadian farms after the transition to AMS.

3.3 Materials and Methods

This research was part of a larger study aimed at determining the impact of transitioning
to AMS on producers’ perceptions of farm management and cow health in the Canadian dairy

44



industry. As such, detailed descriptions of the methodology are presented in Chapter 2.
Institutional human ethics certification was acquired prior to contacting participants (University
of Calgary, certification no. REB14-0149_MQOD1). Participants provided consent before surveys

were conducted.

3.3.1 Farm Selection and Data Collection

Alberta Milk (Edmonton, AB, Canada), Dairy Farmers of Manitoba (Winnipeg, MB,
Canada), Lely Canada (Woodstock, ON, Canada) and DelLaval Canada (Peterborough, ON,
Canada) provided the contact information for producers currently using AMS. We compiled the
contact information to create our sampling frame. Surveys were conducted from May 2014 to the
end of June 2015. All producers in our sampling frame (total of 530 AMS producers) were
contacted and data was collected by telephone, email and in person on those willing to
participate. AMS respondents were from British Columbia (BC; n = 8), Alberta (AB; n = 43),
Saskatchewan (SK; n = 7), Manitoba (MB; n = 12), Ontario (ON; n = 73), Quebec (QC; n = 66),
New Brunswick, and Nova Scotia. New Brunswick and Nova Scotia were grouped together and
are referred to as the ‘Maritimes’ (n = 7). Producers were initially contacted by phone with the
General Survey (described below). After completing the General Survey, producers who were
interested were emailed a link with follow-up questions. Producers who could not be contacted
by phone were emailed a link to the Combined Survey (described below), which contained the
General Survey and follow-up questions. Surveys that were terminated before completion were

excluded from the study.
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3.3.2 Surveys

The General Survey addressed the following: changes to housing, milk production, milk
quality, and milking labour management, current milking statistics, experience with cow
training, challenges and solutions experienced during the transition, changes in quality of life and
overall level of satisfaction with AMS. The Combined Survey contained the following: the
General Survey questions, more detailed questions on topics covered in the General Survey, in
addition to new questions related to cow health, participation in a DHI program, and use of the
Dairy Code of Practice. The follow-up to the initial survey solely consisted of questions unique
to the Combined Survey. Sample sizes per question varied depending on which survey was
answered and because respondents had the option to skip questions. The total number of
respondents for General Survey questions was 217, while the number of respondents for the

follow-up questions, which were specific to the Combined Survey, was 69.

3.3.3 Statistical Analyses

All statistical analyses were performed with R (version 3.2.2; The R Foundation for
Statistical Computing Platform, 2015). A P-value < 0.05 was considered statistically significant.
Data analyses primarily included descriptive statistics (means, SE, medians, 1st — 3rd quartiles,
percentages), where normally distributed results are presented as means + SE whereas results
with non-normal distribution are presented as medians with 1st — 3rd quartile (IQR).

Due to the small number of Insentec and BouMatic users, only data of farms using Lely
and DeLaval AMS were used where comparisons between brands were made. Chi-square test or,
for cases that involve frequency counts less than 5, Fisher’s exact test was used to compare

categorical, frequency data (e.g., when comparing perceptions of change in milk yield, which
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was answered as either increased, decreased, or stayed the same, after transition by brand).
ANOVA and Tukey’s post-hoc procedure were used to compare > 3 group means for normally
distributed variables, and a two sample t-test was used for comparing two group means. Kruskal-
Wallis test with Dunn's test post-hoc were used to compare > 3 group medians of variables that
were not normally distributed and Wilcoxon Rank Sum and Signed Rank test when comparing
two medians (e.g., when comparing average milking frequency/d by brand). Differences between
paired groups (e.g., number of employees and time devoted to milking-related activity before and
after the transition) were tested by pairwise comparison using a paired t-test. A linear regression
was used to assess the strength of associations between change in number of employees with
change in herd size, as well as between milk yield and BTSCC with milking frequency, herd
size, cows/robot (for farms that stayed within the AMS dealer recommendation of < 60
cows/robot), and time since transition to AMS. A subcategory of respondents in their first 2 yr of
transition was used when analyzing relationships of variables with time since transition to AMS.
The underlying assumptions for linear regressions were assessed prior to running the models.

Bulk tank SCC was log transformed to meet the assumptions.

3.4 Results
3.4.1 Milking Labour Management

Mean number of employees (full time and part time employees combined) decreased by
20% with the adoption of AMS (Table 3.1). Reported time devoted to milking-related activities
(preparing and cleaning the AMS, fetching cows, and addressing alarms versus preparing and
cleaning the parlour, and moving cows to the holding pen in conventional milking systems) also

decreased with AMS (Table 3.1). DeLaval owners reported a mean decrease of 2.5 + 0.3 h/d in
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time spent on milking-related activities, while Lely owners reported a larger decrease of 3.4 +
0.2 h/d (P = 0.005). Although the current time spent on milking-related activities was not
different between the two brands: Lely owners spent 1.9 + 0.1 h/d on milk-related activities and

DeLaval owners spent 2.4 + 0.3 h/d (P = 0.14).

3.4.2 Milk Production and Quality

Median milking frequency was 3.0 milkings/cow/d, with Lely owners reporting a higher
milking frequency than DelLaval owners (Table 3.2). Robots were occupied on average 77% of
the day. There was a median of 3 fetch cows/robot/d, which equated to fetching 4% of a
herd/robot/d, and each cow was fetched a median of 2 times/d. Producers waited a median of 12
h (IQR: 10 — 12 h) before fetching early lactation cows, with a maximum waiting period of 15 h.
Producers waited a median of 14 h (IQR: 12 — 15 h) for late lactation cows, with a maximum
waiting period of 24 h. AMS farms reported 2.5 failed or incomplete milkings/robot/d.

After adopting AMS, 81% of producers reported that milk yield had increased. Milk fat
and milk protein content were reported to have stayed the same for 56% and 79% of farms,
respectively. Reported change in BTSCC varied with 43% of respondents stating a decrease,
37% noticing no change, and 20% reporting an increase. Distributions of reported change in milk
yield, BTSCC, milk fat, and milk protein were not different between farms that transitioned < 24
mo and > 24 mo to AMS (Table 3.3). Distributions of reported change were different between
Lely and DeLaval owners for milk yield and milk fat content, but not for BTSCC or milk protein
content (Table 3.4).

Overall, milk yield on AMS farms was 32.6 kg/cow/d, with no differences among AMS
brands (Table 3.5). Median milk fat content on AMS farms was 4.0%, with DelLaval owners
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reporting a higher percentage than Lely owners. Median milk protein content on AMS farms was
3.3%, with no differences by brand. Geometric mean BTSCC was 180,000 cells/mL, with no
differences between the 2 predominant brands.

A simple linear regression was calculated to predict milk yield based on milking
frequency with the robot. Milk yield increased 2.3 kg/cow/d for each additional milking visit (P
= 0.002). Milk yield and time since transition to AMS were not associated (3, = 0.02, P = 0.75),
and neither were milk yield and herd size (3, = 0.003, P = 0.43) or milk yield and cows/robot (3,
= -0.08, P = 0.06). There was no association between log-transformed BTSCC and cows/robot
(B, = 0.004, P = 0.17), log-transformed BTSCC and herd size (3, = 0.001, P = 0.09), or log-

transformed BTSCC and time since transition to AMS (3, = -0.008, P = 0.26).

3.4.3 DHI Participation

At the time of the survey, 67% of producers were currently DHI participants. Of the 22
respondents who were not current participants, 11 (50%) were DHI participants prior to
transitioning to AMS. Most producers (93%) were satisfied with the information that can be

retrieved from the AMS computer program.

3.5 Discussion

This is the first study to provide comprehensive information regarding the impacts of
adopting AMS on reports of change in milking labour management, milk production and quality,
and participation in DHI programs in Canada. Farms reported an increase in milk yield with little

effect on milk quality, and reduced the number of employees and time devoted to milking-related
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activities after the transition to AMS. Two thirds of producers were participants of a DHI
program at the time of the survey but adoption of an AMS appears to reduce participation.

The decrease in time devoted to milking-related activities after transition to AMS was
similar to the 75% milking-labour savings documented in Iowa, USA, by Bentley et al. (2013).
The number of employees also decreased with the transition to AMS in the current study,
although the difference was small. A reason why the difference in number of employees before
and after the transition was not larger may be that farms were reducing the amount of family
labour first before decreasing the number of employees. This has also been suggested by Bijl et
al. (2007) who found a significant but small decrease in number of employees (strictly external
workers) when comparing AMS to conventional milking systems (CMS). Furthermore, since
labour becomes more data-based with AMS (Butler et al., 2012), it is possible that a certain
amount of time saved on milking labour is transferred to another type of labour that is more
computer-oriented.

The average proportion of cows fetched per day (4%) was on the lower end of a
previously documented range in Canada (4 to 25% of a herd; Rodenburg and House, 2007). In a
study on a single farm, Munksgaard et al. (2011) documented an 83% occupation rate/d in both
forced and free traffic AMS. Our study showed a lower occupation rate (77%) despite having a
larger cows/robot ratio (51 cows/robot) than the Munksgaard et al. (2011) study (35 cows/robot).
The respondents of the current study reported an average number of failed or incomplete
milkings/d that was half the reported average of a recent North American AMS study (Tremblay
et al., 2016). This difference in finding may be a result of comparing producers’ reported values

in the current survey study and AMS-generated data in the Tremblay et al. (2016) study.
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The reported change in milk yield was similar to direct measurements of other studies
(e.g., Wagner-Storch and Palmer, 2003; Hansen, 2015; Woodford et al., 2015): milk production
increased with the transition from CMS to AMS. The average milk yield of 32 kg/cow/d is
typical for North American AMS dairy farms (Tremblay et al., 2016). Similar to the results of
DeVries et al. (2011), milk yield was positively associated with milking frequency in the current
study. Melin et al. (2005) determined a 9% increase in milk yield when milking frequency
increased from 2.1 + 0.1 to 3.2 + 0.1 times/d in an AMS with control gates and an open waiting
area. Conversely, a study that increased milking frequency of AMS cows by adding flavoured
and appetizing substances to feed delivered at the milking unit determined that milk yield was
not affected by increased milking frequency (Migliorati et al., 2005). A more recent study
suggests that improvements in milk yield, as a result of increased milking frequency with AMS,
are limited to first-lactation cows (Spolders et al., 2004).

Milk fat and milk protein were reported to have stayed the same after transition to AMS,
but BTSCC varied with farmers reporting an increase (20%), decrease (43%) and no change
(37%) in BTSCC. Researchers who have measured these milk parameters have reported a variety
of change with AMS. Tousova et al. (2014) documented an increase in milk fat and protein
content, but a decrease in BTSCC with the use of AMS with their Czech Fleckvieh cows. Milk
fat and protein percentage levels were similar to our study, while BTSCC was lower at 164,000
cells/mL (Tousova et al., 2014). In an experiment done in Israel, cows milked in AMS had lower
fat content and BTSCC than those milked conventionally, with no difference in milk protein
(Shoshani and Chaffer, 2002). Similar to the current study, SCC, milk fat and protein content did
not change after transitioning to AMS (Klungel et al., 2000; Svennersten-Sjaunja et al., 2000). In

a Finnish study, milk fat content increased after the introduction of AMS from 3.9 to 4.2% while
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BTSCC increased from 142,000 to 208,000 cells/mL, although the change in BTSCC was not
significant (Salovuo et al., 2005). Rasmussen et al. (2002), Kruip et al. (2002), and de Koning et
al. (2003) documented an increase in BTSCC, reporting average BTSCC between 193,000 and
302,000 cells/mL. on AMS farms. Van der Vorst et al. (2002) showed that BTSCC on AMS
farms in Denmark, Germany and The Netherlands initially increased during the first 1 to 2 yr of
introducing AMS (BTSCC of 202,000 to 312,000 cells/mL) but improved after some time
(191,000 to 277,000 cells/mL). The median time since farms transitioned to AMS in our study
was > 2 years (Chapter 2), which may explain the low geometric mean BTSCC. Additionally,
studies reporting an increase in BTSCC were all conducted more than a decade ago, and AMS
have been improved since (Tremblay et al., in press). It is therefore possible that problems
reported in the earlier days of AMS implementation have been largely resolved.

Milking frequency and the difference in time spent on milking-related activities were
larger for the Lely brand versus Delaval, while milk fat content was greater for DeLaval versus
Lely. There were no brand differences in average herd size or number of cows/robot, and there
were significantly more free flow robots of both brands than there were directed traffic robots
(Chapter 2), so differences in milking frequency and time devoted to milking-related activities
cannot be the result of these 2 variables. To our knowledge, there is no literature that addresses
specific brand differences in any of these variables or provides explanations for differences
between brands of AMS.

With the large amount of data generated by an AMS on farm, producers using this
technology may decide to cease participation in a DHI program (Barkema et al., 2015). The
proportion of herds in Canada enrolled in an official (recognized) DHI program decreased from

43.1 to 42.7% from 2014 to 2015 (Canadian Dairy Information Centre, 2016). In the same year,
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the proportion of dairy farms in Canada that used AMS increased from 5.6 to 6.8% (Canadian
Dairy Information Centre, 2016). It is not possible to determine if this decrease in participation
in DHI programs was an immediate result of farms transitioning to AMS, as herd-types (AMS or
otherwise) were not specified. In our study, 11 (50%) of 22 AMS respondents, who were not
DHI participants, had left DHI as a result of adopting AMS. Moving forward it will be important
for DHI organizations to find ways to make their programs attractive to AMS users; losing AMS
farms in DHI programs may compromise their effectiveness in making national evaluations of
dairy cattle and milk quality.

Survey limitations have been described previously (Chapter 2). In general, the main
issues were the potential for misinterpretation of questions, recall bias, social desirability bias,
and post-product rationalization (a bias that causes a purchaser of an expensive product to see
through product faults as a way to justify their purchase; Cohen and Goldberg, 1970).
Additionally, changes in housing and management that occurred at the same time as the

transition to AMS (Chapter 2) may have influenced differences after the installation of AMS.

3.6 Conclusions

Farms using an AMS have reported an increase in milk yield with little effect on milk
quality, and a decrease in the number of employees and time devoted to milking-related activities
after the transition to AMS. Findings from this study can act as a benchmark for future Canadian
dairy producers who decide to switch to AMS and aid in more successful transitions by

providing information on what to expect with the change.
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Table 3.1: Number of employees and time spent on milking related activities (means + SE) of farms before and after transition
to automatic milking systems by herd size.

Herd Size (number of lactating cows)

<358 59-285 86 —-116 > 117

(n = 54) (n = 55) (n=51) (n=51) Overall

Mean number of employees

Prior to AMS 1.8+0.2° 22+0.2° 2.7+03% 34+04° 25+0.1

Current 14+0.2° 1.8+0.2° 22+03% 2.6+0.3° 20+0.17
Mean time spent on milking-
related activities (h/d)

Prior to AMS 41+03" 44 +0.2" 5.6 +0.3" 7.0+0.6° 52+02

Current 14+0.1° 1.7+02% 21+02° 30+0.3° 20+0.17

“® Means within a row without a common superscript are significantly different (P < 0.05).
" Different from overall value prior to AMS (P < 0.001).
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Table 3.2: Distribution of milking variables by automatic milking system brand.

Brand
Lely DeLaval Overall'

Median milkings/d/herd 3.0° 2.8° 30

1™ — 3" quartile 29-32 27-30 28-32

Respondents (n) 164 44 212
dR;)}lla;ortn (;Zflufagt]is)n rate (% of 78 +2 75+ 3 77+ 1

Respondents (n) 40 18 61
Median number of times cows 9 9 5
are fetched/d

1* — 3" quartile 2-2 2-3 2-3

Respondents (n) 43 22 69
Median number of fetched a a
cows/robot 3 4 3

1* — 3" quartile 2-4 2-5 2-5

Respondents (n) 42 22 68

1* — 3" quartile 1.0-30 1.6-29 1.2-30

Respondents (n) 41 22 64

" Overall values include respondents with all brands of AMS.
*»Medians and means within a row without a common superscript are significantly different (P <
0.05).
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Table 3.3: Percentage of producers reporting change in milk yield and milk quality after
transitioning to AMS, organized by months since transition to AMS.

Reported Change (% respondents)

Stayed the Respondents

Time since Transition' Increased  Decreased Same (n)
Milk yield
<24 mo 79 6 15 87
> 24 mo 83 3 14 118
Overall mean® 81 4 14 205
Bulk tank SCC
<24 mo 24 41 35 86
> 24 mo 16 45 39 116
Overall mean 20 43 37 202
Milk fat
<24 mo 22 13 65 23
> 24 mo 36 14 50 42
Overall mean 29 15 56 681
Milk protein
<24 mo 4 9 87 23
> 24 mo 15 7 78 41
Overall mean 12 9 79 671

'Distributions of perceived change for each item did not differ by time since transition.
* Overall mean includes three respondents that did not provide information on time since
transition.
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Table 3.4: Percentage of producers who reported change in milk yield and milk quality
after transitioning to AMS, by brand and overall across all brands.

Brand
Lely DeLaval Overall'

Milk yield?

Increased (%) 85 65 82

Decreased (%) 3 9 4

Stayed the same (%) 11 26 14

Respondents (n) 158 43 205
Bulk tank SCC’

Increased (%) 17 23 20

Decreased (%) 43 47 43

Stayed the same (%) 39 30 37

Respondents (n) 155 43 202
Milk fat®

Increased (%) 17 55 29

Decreased (%) 21 0 15

Stayed the same (%) 62 45 56

Respondents (n) 42 22 68
Milk protein’

Increased (%) 10 5 9

Decreased (%) 10 10 12

Stayed the same (%) 81 86 79

Respondents (n) 42 21 67

" Overall means include respondents with all brands of AMS.
* Distribution of reported change by brand were different (P < 0.05).
* Distributions of reported change were not different by brand.
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Table 3.5: Differences between brand of AMS in milk production and milk quality.

Brand
Lely DeLaval Overall'

?ﬁgj‘fofv /Sd];: milk yield 326+03" 323405 326+03

Respondents (n) 157 45 206

. 2

Gomnen S e

1™ — 3" quantile 150 — 216 145 - 200 150 — 209

Respondents (n) 144 35 182
Median % milk fat 3.9° 4.0° 40

1* — 3" quantile 38-40 39-42 38-4.1

Respondents (n) 43 22 69
Median % milk protein 3.3° 3.3° 33

1™ — 3" quantile 32-34 32-33 32-34

Respondents (n) 42 22 68

" Overall values include respondents with all brands of AMS.

* Back-transformed log of bulk tank SCC.

*»Medians and means within a row without a common superscript are significantly different (P <
0.05).
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Chapter Four: Producer Experience with Transitioning to Automatic Milking: Cow
Training, Challenges, and Impact on Quality of Life

4.1 Abstract

Despite the growing popularity of automatic milking systems (AMS), or milking robots,
in Canada, there is little documentation of how Canadian dairy producers experience the
transition to this milking technology. The objective of this national study was to document the
experiences of Canadian dairy producers during the transition to and use of AMS. This paper
reports on producers experiences with cow training, challenges during the transition and their
solutions, and impact of the AMS on quality of life. AMS producers (n = 217) were surveyed
from 8 Canadian provinces. Overall, producers experienced a positive transition to AMS.
Producers perceived that AMS improved profitability, quality of their lives and their cows’ lives,
and had met expectations, despite experiencing some challenges during transition such as
learning to use the technology and data, cow training, demanding first few days, and changing
health management. Less than half of the AMS producers (42%) trained cows or heifers to use
the AMS before the first milking with the robot. For those who implemented training, it took an
average of 1 wk to train a cow or heifer to use the AMS. It took a median of 30 d for an entire
herd to adapt to the AMS, whether or not cow training took place. On average, 2% of a herd was
culled for not adapting, or not voluntarily milking, when otherwise physically and behaviourally
normal. With AMS, producers gained more time flexibility, found work to be less stressful and
physically demanding, found employee management easier, and improved herd health and

management. The vast majority (86%) of producers would recommend transitioning to AMS.
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4.2 Introduction

In Europe, the United States, Australia, and New Zealand, automatic milking systems
(AMS), or milking robots, have had a positive effect on the quality of producers’ lives
(Reinemann and Smith, 2000; Bergman and Rabinowicz, 2013; Molfino et al., 2014; Woodford
et al., 2015). When operating optimally, AMS have many benefits: improved cow health, easier
health detection (Chapter 2), increased milk production (Chapter 3), more interesting/less routine
activities (Woodford et al., 2015), needing less labour (Hansen, 2015), and a more flexible
lifestyle (de Koning, 2010). Many of these benefits may only become apparent after a
transitional period. This transitional period has yet to be documented in detail in Canada.

Training is an important aspect of transitioning to AMS and involves exposing the animal
to the sounds and mechanical movements of the AMS prior to first milking (Jago and Kerrisk,
2011). Introducing heifers to the AMS prior to calving had a positive impact on milking
intervals, frequency of feeding, and milk production after calving (Widegren, 2014). AMS
companies recommend following a cow-training program to help with the transition to and use of
AMS. However, the programs are not standardized, often differing in method, duration and
specificity, and little is known about whether or not producers invest time in cow training or
what methods they use.

During the transition to AMS, producers experience many changes (e.g., building
modifications and cow health management; Chapter 2), some of which are more challenging than
others. This technology is growing in popularity in Canada: the proportion of Canadian dairy
farms that use AMS grew from 5.6% in 2014 to 6.8% in 2015 (Canadian Dairy Information
Centre, 2016). Still, there is limited documentation of how producers experience the transition

and how AMS has impacted the quality of Canadian dairy producers’ lives. The objective of this
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study was, therefore, to describe how Canadian dairy producers experience the transition to and
use of AMS, focusing on experiences with cow training, challenges during the transition, and

impact on their quality of life.

4.3 Materials and Methods

This research was part of a larger study aimed at determining the impact of transitioning
to AMS on producers’ perceptions of change in farm management and cow health in the
Canadian dairy industry. Methodology of the study is presented in detail in Chapter 2.
Institutional human ethics certification was received prior to contacting participants (University
of Calgary, certification no. REB14-0149 MOD1). Consent was received prior to each survey

and surveys that were terminated before completion were excluded from the study.

4.3.1 Farm Selection and Data Collection

In short, provincial milk boards (Alberta Milk, Edmonton, AB, Canada, and Dairy
Farmers of Manitoba, Winnipeg, MB, Canada), Lely Canada (Woodstock, ON, Canada) and
DeLaval Canada (Peterborough, ON, Canada) provided access to producers who were using
AMS in the country. Producers’ contact information was compiled to make our sampling frame.
All producers in our sampling frame were contacted and data were collected on those willing to
participate. Surveys were conducted from May 2014 to the end of June 2015. AMS farms were
surveyed in British Columbia (BC; n = 8), Alberta (AB; n = 43), Saskatchewan (SK; n = 7),
Manitoba (MB; n = 12), Ontario (ON; n = 73), Quebec (QC; n = 66), New Brunswick, and Nova
Scotia by telephone, email and in person. New Brunswick and Nova Scotia were referred to

collectively as the ‘Maritimes’ (n = 7). Producers were initially contacted by phone with the
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General Survey and, those who were interested, were emailed a link with follow-up questions.
Producers who could not be reached by phone were emailed a link to the Combined Survey,

which contained the General Survey and follow-up questions.

4.3.2 Surveys

The General Survey included questions about changes to housing, milk production, milk
quality, milking labour management, AMS milking statistics, experience with cow training,
challenges and solutions experienced during the transition, changes in quality of life, and overall
level of satisfaction with AMS. The Combined Survey contained all questions from the General
Survey, as well as more in-depth questions on topics covered in the General Survey, and
questions related to cow health and participation in a dairy herd improvement program. The
follow-up to the initial survey consisted of questions exclusive to the Combined Survey. Sample
size varied per question since respondents had the option to skip questions. There were 217
respondents for General Survey questions, and 69 respondents for the follow-up questions, which

were specific to the Combined Survey.

4.3.3 Statistical Analyses

Statistical analyses were performed with R (version 3.2.2; The R Foundation for
Statistical Computing Platform, 2015). A P-value < 0.05 was considered statistically significant.
Data analysis primarily included descriptive statistics (means, SE, medians, 1st — 3rd quartiles,
percentages). Results with normal distribution are presented as means + SE, and results with

non-normal distribution are presented as medians with 1st — 3rd quartiles (IQR). Since producers
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were given the option to skip to questions without providing an answer, sample sizes were
calcuated as the number of respondents per question.

Brand comparisons were only made between Lely (n = 165) and DeLaval (n = 45) due to
the small sample sizes of Insentec (n = 2) and BouMatic (n = 2) users. Chi-square test or Fisher’s
exact test, for cases that involved frequency counts < 5, was used to compare categorical,
frequency data (e.g., when comparing by brand the proportions of respondents who train cows,
heifers, or both, to use AMS). ANOVA and Tukey’s post-hoc procedure were used to compare
group means for normally distributed variables (a two sample t-test was used when comparing
means of two groups). Kruskal-Wallis test with Dunn's test post-hoc were used to compare > 3
group medians of variables that were not normally distributed and Wilcoxon Rank Sum and
Signed Rank test when comparing two medians.

Producers were asked to score four statements (“AMS has improved profitability”, “AMS
has improved quality of my life”, “AMS has improved quatliy of my cows’ lives”, and “AMS
has met expectations™) on a scale from 1 (strongly disagree) to 5 (strongly agree). Kendall’s tau
was used to measure the strength of associations between the scores of each statement.
Spearman’s correlation coefficient was used to measure the strength of associations between
scores and time since transition to AMS (inclusive of all respondents), herd size, and producer
age group (< 35, 35 — 45, 46 — 56, > 56 yr).

Open-ended questions were analyzed with inductive, thematic analysis (Green and
Thorogood, 2013). Responses for open-ended questions were coded for re-occurring themes or
patterns, which were then quantified for the purpose of describing how common those themes

were among our respondents (Green and Thorogood, 2013).
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4.4 Results
4 4.1 Information Sources

In total, 217 producers were surveyed in 8 provinces across Canada. Complete
demographic description of respondents can be found in Chapter 2. The most commonly used
sources of information that producers consulted prior to adopting AMS were: the supplier of
AMS, other farmers, individual farm visits (veterinarians or consultants), and technical farm
magazines and newspapers (Table 4.1). Sources that producers reported as “Other” in Table 4.1
included traveling to Europe to visit AMS farms and searches on the Internet. The least consulted
information sources were TV or radio programs, blogs and podcasts. Overall, 93% of producers
were satisfied with the level of support received from their preferred sources of information.
Median level of satisfaction with the support provided by the professional advisors like
veterinarians, consultants and specialists (56 respondents) was 4 (IQR: 3 — 4) on a scale of 1

(very dissatisfied) to 5 (very satisfied).

4.4.2 Cow Training

Overall, 42% of producers trained either cows or heifers (Table 4.2). Eighteen percent of
AMS farms trained heifers before calving, with no differences by brand (P = 0.35). Nearly all
producers (99%) supervise a cow’s first milking with AMS. Small training groups of < 20 cows
were more common (63% of respondents) than group sizes of > 20 (37%). On average, farms
that trained cows to use AMS (n = 42 respondents) required cows to visit the AMS a median of 2
times/d (IQR: 2 — 3 times/d) during the first and second week of training, with no differences by
brand of AMS. Producers often provided feed in the AMS during training of cows and heifers,

but were less likely to have the robot arm spray teats with disinfectant (to create awareness of the
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arm) as part of cow and heifer training (Table 4.2). The majority of producers (60%) allowed
cows to be more than 6 h late before fetching them during the first 2 wk of training.

For producers who used a training program, it took a median of 7 d to train a cow or
heifer (Table 4.2). Comparatively, producers who did not train cows or heifers before first
milking with the AMS believed that it would take 7 d (IQR: 3 — 10 d) to train cows and 7 d (IQR:
5 — 10 d) to train heifers. It was estimated for an entire herd a median of 30 d (IQR: 14 — 76 d) to
adapt to the AMS. The number of days it took for an entire herd to adapt to the AMS did not
differ if training of cows and/or heifers had or had not occurred (P > 0.30). There were no brand
differences in the number of days for a herd to adapt (P = 0.61). The median proportion of a herd
culled for not adapting (i.e., for not voluntarily milking while otherwise normal in appearance
and behaviour) was 2%, with a range of 0 to 40%. There were no brand differences in proportion

of a herd culled for not adapting (Table 4.2).

4.4.3 Challenges and their Solutions during Transition

AMS producers encountered a wide variety of challenges when transitioning to and using
AMS (Table 4.3). Some of the main challenges producers experienced during transition
included: learning to use the AMS (some found the technology “complicated” and felt
overwhelmed with the amount of data it produced); cow training (breaking the cows’ routine and
difficulty training heifers and old cows); issues with nutrition (balancing feed and the cost of
feed); trusting the AMS and changing mindset (accepting that the farm requires a different style
of management and is now more computer-reliant, and having to change their own routines);
having an extremely demanding first few days/weeks at start up (needing to recruit extra help or

not having enough help, requiring an intense amount of physical labour to push cows through the

65



AMS, and trying to keep employees motivated); and having to change health management (to
deal with feet/leg, heat detection, reproduction and mastitis issues, and to manage cow health
more on an individual animal basis). Other challenges that were experienced by a very small
number of producers (1 to 2 respondents/challenge) included general maintenance for the AMS,
having little knowledge about cows as a first time dairy owner, managing cow traffic to the
AMS, making too much milk, needing more robots at start-up, and simply not enjoying the
technology. Common solutions to most of the listed challenges in Table 4.3 were time and
patience, to be proactive, and to be willing to ask for help from others (e.g., dealer, other AMS

farmers, nutritionists, etc.).

4.4.4 Quality of Life

Overall, producers scored all improvement and expectation statements positively (median
scores of 4 or 5 on the scale of 1 to 5), indicating a high level of satisfaction (Table 4.4). Lely
users more strongly agreed that their AMS had improved their quality of life, and more strongly
agreed that their AMS had met expectations, when compared to DeLaval users (Table 4.4).

There was a negative correlation between scores given to “AMS has met expectations”
and time since transition (rs = - 0.16, P = 0.02). There were also a negative correlation between
herd size and scores given to “AMS has improved quality of my life” (r;=-0.17, P=0.01) and
“AMS has met expectations” (rs = - 0.15, P = 0.03). There were no differences between
improvement and expectation scores and the producers’ age groups (P > 0.17). There was a

positive correlation between every comparison of the 4 improvement and expectation statements

(Table 4.5).
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The most commonly reported improvements to quality of life since transitioning to AMS
were increased flexibility with time (97% of producers), work being less stressful and less
physically demanding on their body (37%), easier employee management (14%), and indirectly
through improved herd health and better herd management (11%). Some producers elaborated
that they can now spend more time with their families, attend meetings, get more sleep, and have
time for other farm chores and crop duties. With less physical work required, a few producers
noted an improvement in their health, as they previously experienced neck and back issues when
milking with the parlour. Employee management was described as being easier with AMS
because of several reasons: some producers no longer have any employees to deal with or have
fewer employees; not needing to rely on employees as much with robotic milking; and being
able to hire and train employees with limited cattle experience relatively quickly, if the producer
would like to or needs to go away for a while. Other improvements to quality of life included
greater job satisfaction and better work conditions, increased production, profit and efficiency,
and lastly, having greater involvement of and interest from the younger generation.

Median score for annual workload after switching to AMS (on a scale of 1 — very small
workload, to 5 — very heavy workload) was 3 (IQR: 2 — 3). There was no difference between
brands of AMS (P = 0.73). Switching to AMS was only part of a farm succession plan or
strategy for 46% of producers, with no differences by brand (P = 0.29).

Most surveyed producers (86%) would recommend transitioning to AMS to other
farmers. Only 1% would not recommend AMS to other producers and 13% stated the
recommendation would depend on whom they were recommending the technology to, as some
farmers are “less tech-savvy”. Proportions of producer recommendations did not differ by brand
(P>0.36).
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4.5 Discussion

This is the first study to provide detailed information about how Canadian dairy
producers experience the transition to AMS, and first to comprehensively describe experiences
with cow training, challenges during the transition (and their solutions), and impact on quality of
life. Producers experienced a positive transition to AMS and would recommend AMS to other
dairy producers. Less than half of the AMS producers trained cows or heifers to use the AMS
before the animal’s first milking with the robot. Despite some challenges, producers perceived
that AMS improved profitability, quality of life and their cows’ lives, and had met expectations.

Similar to the current study, in Sweden the top 3 information sources used for making the
adoption decision were other producers, supplier of AMS, and advisors (Bergman and
Rabinowicz, 2013). Interestingly, unlike the Canadian producers surveyed in our study, the
Swedish producers in the Bergman and Rabinowicz (2013) study were not satisfied with the
level of support provided by the advisors and believed that the advisors were not knowledgeable
enough about AMS.

AMS companies often recommend a training program to help cows adapt to the AMS.
Training usually entails bringing cows to the AMS unit from 1 to 4 times/d (without milking, but
providing high concentrate feed) for 3 to 14 d before start-up (DeLaval International AB, 2008;
Hulsen and Rodenburg, 2008). Producers who trained cows used group sizes that were smaller
than the recommended training group size of 25 to 30 cows (Hulsen and Rodenburg, 2008). Our
study showed that producers took 1wk to train cows or heifers to adapt to the AMS. Other

studies that trained (Jacobs and Siegford, 2012b) or did not train (Spolders et al., 2004) cows,
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reported a similar average of 7 to 8 d for a cow to adapt to an AMS. The average time for an
entire herd to adapt was 30 days, similar to what has been suggested by Rodenburg (2002).

A study conducted in Ontario, Canada documented that producers culled an average of 0
to 3% more cows with AMS due to close teat placements, unusual udder conformation that made
it difficult for the robot to scan for teats, and “lazy” cows that involuntarily attended milkings
when otherwise normal in appearance and behaviour (Rodenburg, 2002). In the current study, the
proportion of a herd culled exclusively due to “laziness”, as defined by Rodenburg (2002), fell
within the higher end of this range, which suggests that culling cows in AMS due to poor teat
placement and udder conformation was less common than culling lazy cows. It was speculated
that despite the reported benefits of providing exposure to the AMS prior to first milking (e.g.,
fewer fetch cows, positive impact on milking intervals and milk production; Jago and Kerrisk,
2011; Widegren, 2014), surveyed producers might have chosen not to train cows to use the AMS
because of the extra time and effort needed to do so.

The negative correlation between the statement “AMS has met expectations” and time
since transition to AMS, which implied that satisfaction with AMS decreased with time, is
understandable as older AMS units may start to require more maintenance or since newer models
of AMS may have improved and have less problems than older versions. It could also be that
producers with more recently installed AMS units were under the influence of post-product
rationalization, which occurs when a purchaser of an expensive product sees through product
faults as a way to justify their purchase (Cohen and Goldberg, 1970). Rather than interpreting the
older AMS farms as being less satisfied, it could be viewed that this bias influenced a higher

score for meeting expectations in younger AMS farms.
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Two other correlations showed that quality of producers’ lives improved to a lesser extent
on AMS farms with larger herd sizes, and that expectations with AMS were also met to a lesser
extent on AMS farms with larger herd sizes. There were no differences in herd size between
producers who experienced an increase, decrease or no change in milk yield or in bulk tank SCC
(Chapter 3), so the associations cannot be due to reduced milk production or quality. It was
speculated that producers with larger herds would not score the statement “AMS has improved
quality of my life” as positively as producers with smaller farms since larger farms would not be
able to decrease the number of employees (i.e., employee management) to the same extent as
smaller farms. However, there was no association between the change in herd size and change in
number of employees with the transition to AMS (Chapter 3). Further research is required to
fully understand the extent of these relationships and the possible causes for their negative
associations.

Challenges experienced by the producers were diverse, but not unusual. Being on-call
and feeling overwhelmed by the amount of information the AMS produced were challenges that
have been experienced by other producers (e.g. Hansen, 2015). Changing practices and having
less contact with cows were challenges that took time for producers to get used to. For some
producers, physical contact with their cows plays a big role in job satisfaction (Meskens et al.,
2001). Among Swedish producers, having reduced contact with cows was an important reason
for not installing AMS (Bergman and Rabinowicz, 2013).

As shown in the solutions expressed by producers in our study, and as documented by
Hansen (2015), it is clear that experiences and opinions of other AMS farmers (local and
international) are important to producers who are considering or in the process of transitioning to
AMS. As such, it may be beneficial to implement an international, online, producer-based, AMS
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forum so knowledge can flow (more easily) between farmers. Furthermore, producers can make
the transition easier by planning ahead in detail (e.g., finding a good contractor for renovations or
building a new facility, and recruiting friends or hired-hands to help push cows through the robot
the first few days), anticipating challenges that might not be a direct result of AMS (e.g., feet and
leg issues when switching from tie-stall to free-stall housing), and opening the lines of
communication and building a positive relationship with veterinarians, nutritionists, and the local
AMS dealer so that a network of professionals is available to help with changes in cow health
and technical issues with the AMS.

Animal welfare, as defined by Fraser (2009), encompasses 3 objectives: 1) to ensure
good physiological health of animals, 2) to minimize unpleasant affective states such as pain,
fear and distress, and 3) to allow animals to live in a way that is natural for the species (i.e., to
allow expression of innate behaviours). With the limitations of the survey questions, the current
study can only indicate impacts of AMS on perceptions of quality of the animals’ lives and on
the physiological aspects of animal welfare. Cow welfare improved with the transition to AMS,
as indicated by producers’ scores given to the statement “AMS has improved quality of my
cows’ lives”. This study has also documented that welfare improved with AMS because of
improved detection of health issues (Chapter 2). Other studies have documented improvements
to cow welfare in terms of this technology providing cows more control over their daily time
budget (Driessen and Heutinck, 2015; Lind et al., 2000), better cow health and increased
production (Woodford et al., 2014; Hansen, 2015), and improved cow comfort (de Koning,
2010).

Overall, transitioning to AMS had a positive effect on the quality of producers’ lives.
Improvements to producers’ lives with the transition to AMS were very similar to what other
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studies have documented abroad (e.g., in Australia, New Zealand and Norway): more flexible
working hours, which improved producers’ family and social life (Molfino et al., 2014);
improved health of producers with the reduced physical workload (see review by Meskens et al.,
2001); as well as increased job satisfaction on AMS farms in New Zealand and Norway
(Woodford et al., 2014; Hansen, 2015). Producers in the current study, like those in Australia
(Molfino et al., 2014), felt their expectations around AMS were met, and like producers in
Sweden (Bergman and Rabinowicz, 2013), would recommend transitioning to this new
technology to others. Despite that the existence of a farm successor has shown to increase the
probability of investing in an AMS, less than half of our AMS respondents switched as part of a
farm succession plan.

Limitations have been described previously for this study (Chapter 2). In general, the
main issues were the same as for all surveys: potential for misinterpretation of questions, recall

bias, social desirability bias, and post-product rationalization.

4.6 Conclusions

Overall, producers experienced a positive transition to AMS and the majority of
producers would recommend this technology to others. Our findings benchmark the experiences
of Canadian dairy producers during the transition to and use of AMS, which will help producers
make a more informed decision about adopting AMS and will make future transitions easier by

detailing what should be expected of the change.
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Table 4.1: Sources of information Canadian dairy producers consulted with prior to
adopting AMS (respondents chose > 1 preferred information source; n = 78 respondents).

Respondents

Information Sources No. Y%
Supplier of AMS ("Dealer") 58 74
Other farmers 57 73
Individual farm visits (veterinarians,

21 27
consultants)
Technical farm magazines and newspapers 21 27
On-farm demonstrations/workshops 16 21
Local/regional meetings (educational or
. . 11 14
industrial)
Other 8 10
Instructional videos and DVDs 5 6
Research papers or university extension

3 4
fact sheets
Newsletters 2 3
Webinars 2 3
TV or radio programs 1 1
Blogs 1 1
Podcasts 0 0
None of the above 0 0
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Table 4.2: Training practices used by AMS producers.

Brand'
Item Lely DeLaval Overall’
Respondents who...* (%)
Train cows only 6 4 6
Train heifers only 21 29 22
Train both cows and heifers 13 16 14
Do not train at all 59 51 58
Respondents (n) 165 45 214
Provide feed during training (%)
Cows 92° 86° 88
(respondents, n) (25) (14) 42)
Heifers 92° 85° 90
(respondents, n) (25) (13) (40)
Spray teats during training (%)
Cows 55% 31° 47
(respondents, n) (22) (13) (38)
Heifers 45° 38" 45
(respondents, n) (25) (13) (38)
Median (IQR, no. respondents)
days to train
Cows* 7 > 7
(3-10,30) 3-11,7) (3-10, 38)
. 6° 7 7
Heifers (3-9,55) 4-17,17) (3-9,73)
Median proportion of herd culled 1%* 3%* 2%
(IQR, no. respondents) 0-3%,97) 2-5%,31) (1-3%,130)

" Only Lely and DeLaval were tested for differences (where sample sizes were > 10) due to small
sample sizes of other brands.

2 Overall values include other brands (Insentec, BouMatic) and anonymous respondents.

3 There were no differences in distribution of respondents by brand.

*Item was not tested for brand differences due to small sample sizes.

> Medians and proportions within a row without a common superscript are significantly
different (P < 0.05).
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Table 4.3: Challenges experienced by producers (n = 201) during the transition to and use

of AMS and respective solutions.

Challenge
(No. respondents with that

Solutions
(No. respondents with those solutions)

challenge)'
Learning to use the AMS Time and patience (42), getting help from thf: dealer (10?, trial
(n = 68) and error (8), get help from younger generation (4), talking to

other AMS producers (2), attend seminars (1)

Cow training
(n=51)

Time and patience (28), creating small groups for training (5),
recruiting extra help for the training period (4), suggests others
to implement training programs (3), culling/selling cows that
could not learn (1)*

Feed balance and nutrition
(n=31)

Working with a nutritionist or feed consultant (18), trial and
error (6), switching feed companies (4), being a better observer
(3), talking to other AMS farmers (in Canada and abroad) (2)

Trusting the AMS and
changing mindset
(n=30)

Time and patience (23), trusting what the dealers had to say (3)*

Demanding first few

Time, patience and effort (15), recruiting extra help (10),
focussing on working efficiently (1), educating and encouraging

days/week
(ays ;;/)f):e ° employees (1), suggests transitioning in March vs. May in order
n=
for the transition to be done before field work season (1)*
Feet and leg: trim and check hooves often (be proactive) (7),
. implement use of footbath (3)

Ch health

anging hiea Heat detection: be a better observer (2), use activity monitor (2)
management . . .
(n=21) Reproduction: implement new observation system (2), learn to

plan ahead (1)
Mastitis: be more vigilant and proactive (2)

Non-AMS transition issues
caused by converting from
tie stall to free stall
(n=20)

Time and patience to allow cows to adjust (14), some use force
to get them to get up (3), install mats to prevent slipping (3),
implement trimming schedule and use of footbath for feet/leg

issues (2)

Building modifications
(n=17)

Time to plan it out well (8), effort to “just do it” (4), talking to
other AMS farmers (2), help from dealer (1)*

Technical issues
(n=17)

Technical issue-specific solution (3), self taught to fix issues (2),
help from dealer (2), talking to other AMS farmers (1), replacing
the robot (1), preventative maintenance (1), trying not to get
frustrated (1)*
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Table 4.3: Continued.

Challenge
(No. respondents with that
challenge)

Solutions
(No. respondents with those solutions)

Feet and leg issues
(n=16)

Implement more frequent trimming and use of footbath
(preventative maintenance) (10), install non-slip mats (1), build
pack pen for lame cows (1), changed diet (1)*

Being on call
(n=15)

Time to adjust and accept it (5), hire help (2), stay on top of
maintenance (2), do better at checking and cleaning the AMS
unit before bed (1)

Poor service from dealer
and lack of support from
others

(n=14)

Learning to solve problems by oneself (4), talked to other
farmers (2), switching dealers (1), making complaints noticed by
dealer (1)?

Decreased milk quality
(n=9)

Changing management (e.g., routing cows differently within the
barn so they can be examined easier and more frequently) (2),
culling high SCC cows (1), giving it time as SCC returned to
normal on its own (1), dealer fixed spray apparatus (1)

Finances
(n=16)

Creating a budget (2), time and profit (2), being more efficient
(1), re-financing the operation (1)

Employee management and
training
(n=0)

Communicate and work patiently with employees (3), create an
SOP (1)

"Respondents were allowed to list more than one challenge (i.e., number of respondents for each

challenge are not necessarily independent of one another).

? Some producers did not have a solution to this challenge.
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Table 4.4: Average and median quality of life statement scores by brand and across all
brands.

Brand'
Item Lely DeLaval Overall®
Improved profitability
: st rd : 4a 4a 4
Median (1% — 3" quartile) (3_5) (34 (3_5)
Mean + SE 39+0.1 35+0.2 38+0.1
Improved quality of producer’s
life
. s Ard . 5 4° 5
Median (1% — 3" quartile) 4_5) 4-5) 4_5)
Mean + SE 45+0.1 43+0.1 45+0.1
Improved quality of cows’ lives
. s Ard . 5 5t 5
Median (1% — 3" quartile) 4_5) 4_5) 4_5)
Mean + SE 45+0.1 43+0.1 45+0.1
Met expectations
. s Ard . 5 4° 5
Median (1% — 3" quartile) 4_5) 4-5) 4_5)
Mean + SE 44+0.1 42+0.1 44+0.1

"Only Lely and DeLaval were tested for differences (where sample sizes were > 10) due to small
sample sizes of other brands.

? Overall values include other brands (Insentec, BouMatic) and anonymous respondents.

b Means within a row without a common superscript are significantly different (P < 0.05).
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Table 4.5: Associations between producers’ improvement and expectation statement scores (scored on a scale of 1-strongly
disagree, to 5-strongly agree) using Kendall’s tau (7).

AMS has. . Im[.)rov.e‘d Improved quality of Improved q,ua.lity of Met expectations
profitability my life my cows’ lives
Improved t=0.20 t=0.30 t=042
profitability P=0.001 P <0.001 P <0.001
Improved quality of t=0.32 t=0.33
my life P <0.001 P <0.001
Improved quality of t=0.34
my cows’ lives P <0.001

Met expectations - - - -
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Chapter Five: General Conclusions and Future Perspectives

5.1 Summary of Work

The aim of this project was to explore how Canadian dairy producers transitioned to
AMS. Overall, Canadian dairy producers perceived their transitions to AMS as successful.
Changes to housing were necessary but cleaning and feeding practices stayed the same after
installing AMS. Changes made to housing and management practices (within the limits of this
survey) largely met industry standards. Farms were able to increase their herd size and increase
milk yield, while decreasing the number of employees and time devoted to milking labour
management. In another survey, farms increased herd size and decreased time devoted to milking
labour management with AMS (Bentley et al., 2013). The reported increase in milk yield agrees
with many other published studies (Wagner-Storch and Palmer, 2003; Hansen, 2015; Woodford
et al., 2015). The average milk yield of AMS farms in this study, 32 kg/cow/d, was typical for
North American AMS dariy farms (Tremblay et al., 2016). A decrease in the number of
employees with the transition to AMS has also been found in the Netherlands (Bijl et al., 2007).

There was little effect on milk quality: milk fat and protein levels were reported to stay
the same, BTSCC either decreased or stayed the same, but total bacterial count varied in reported
change. Experimental studies have shown a variety of change in BTSCC, milk fat, and milk
protein with AMS (Klungel et al., 2000; Shoshani and Chaffer, 2002; Tousova et al., 2014).
Unlike our results on perceived change in total bacterial count, most studies have documented
increased bacterial count with AMS (Klungel et al., 2000; Rasmussen et al., 2002; de Koning et

al., 2003).
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Producers needed to change health management practices with this technology, but the
majority of producers found health detection easier. Improvement to health detection in AMS
was a result of the vast amount of information provided, which has been reported by other
studies (see review by Barkema et al., 2015). The perceptions of change in mastitis and lameness
(which were reported to have decreased or stayed the same) and conception rate (which was
reported to have increased) showed similarities to experimental studies on cow health in AMS
(Hovinen et al. 2009; Kruip et al., 2002; Westin et al., 2016).

The DCOP was a source of reference for 20% of producers (results presented in
Appendix 3). Producers believed that AMS positively impacted how well their farm now
followed the requirements of the DCOP. A revised DCOP with improved relevance to AMS may
increase the currently low use of the DCOP as a source of reference when making plans to adopt
this technology.

Participation in DHI decreased with the transition to AMS among our respondents,
although 67% were current participants. DHI programs must find ways to attract or maintain
attractiveness to AMS users. Losing AMS farms in DHI programs may negatively affect their
effectiveness in making national evaluations of dairy cattle and milk quality.

For producers who trained their animals, it took on average 7 d to train a cow or heifer.
Studies have reported a similar average of 7 to 8 d for a cow to adapt to the AMS (Spolders et
al., 2004; Jacobs and Siegford, 2012b). However, most producers in the current study did not
train cows. Whether or not training occurred, it took an average of 30 d for an entire herd to

adapt, which was similar to what Rodenburg (2002) had been previously documented.
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Challenges experienced during the transition included learning to use the technology and
data, cow training, demanding first few days, and changing health management. The list of all
challenges was diverse but not unusual (see review by Meskens et al., 2001). Based on the most
common solutions to the challenges, it may be beneficial to implement an international, online,
producer-based, AMS forum so knowledge can flow more easily between farmers. Producers can
also make the transition easier by planning in detail for the build/renovations and the labour-
intensive start-up, anticipating challenges that might not be a direct result of AMS, and opening
the lines of communication and building a relationship with veterinarians, nutritionists, and the
local AMS dealer so that a network of professionals is available to help with changes in cow
health and technical issues with the AMS.

Animal welfare (as defined in Chapter 1) had improved with the adoption of AMS in
terms of perceptions of quality of the animals’ lives and on the physiological aspects of animal
welfare. When asked, producers reported that the quality of their cows’ lives had improved and
as a result of their animals being less stressed. This technology had also improved cow welfare
by improving detection of health issues.

Overall, AMS had improved perceived profitability, quality of producers’ lives, and met
expectations. Improvements to producers’ quality of life were similar to what other studies have
documented: gaining more time flexibility, work being less stressful and physically demanding,
easier employee management, as well as improving herd health and management (Meskens et al.,
2001; Woodford et al., 2014; Hansen, 2015). The majority of producers would recommend

transitioning to AMS to other dairy producers.
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5.2 Limitations

Limitations to this survey were like what applies to most surveys. There was a potential
for recall bias, misinterpretation of questions, interviewer bias, social desirability bias, and post-
product rationalization. Recall bias is an issue of remembering accurately. This bias was
minimized by letting producers skip questions if they could not accurately remember a particular
detail of the transition. Misinterpretation of questions was reduced by first running a pilot study,
determining which questions caused confusion and then making necessary changes. There was
also an opportunity for interviewers to clarify questions during phone and in-person surveys.
Risk for interviewer bias (during phone and in-person surveys) was minimized by asking
questions strictly as they were written in the final version of the survey (which was the same as
the online survey), and by only providing standardized prompts and clarifications when
necessary. Social desirability bias is the tendency to respond differently in the presence of an
interviewer so that one appears in favourable light (Green and Thorogood, 2013). Interviewers
(students from Canadian universities) first introduced themselves before conducting phone and
in-person surveys. It was made clear that the study was being conducted through the University
of Calgary, independent of AMS companies. Informing the producers that the study was being
conducted as part of a university project, and not in the interest of AMS companies, allowed
producers to understand that they had nothing to gain or lose by giving their honest account of
the transition. Producers may have been influenced by post-product rationalization, a cognitive
bias through which a purchaser of an expensive product looks past any product faults as a way to
justify their purchase (Cohen and Goldberg, 1970). This bias may have distorted results to show

more improvements on farm since transitioning to AMS.
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There may have been a bias created by the type of respondents who chose to participate
in the survey. We could not collect data on those who did not want to participate, thus it is not
known if those AMS producers experienced a different transition. As well, the results were
bound by the limits of the survey questions that were asked. The survey was designed to address
many aspects of farming in a fair amount of detail without compromising its completion by
being too long. Alas, not every question that was thought up during the design of the survey
could be included in the final version. Lastly, it should be noted that the possible differences
after transitioning to AMS may not be a result of just the new milking system, but also of the

changes in housing and management that accompanied the installation of the AMS.

5.3 Implications

This national survey is the first to document the impacts of transitioning to AMS on
producer perceptions of change in important aspects of Canadian dairy farming in tandem with
determining how producers experience the transition. Findings from this study provide a
benchmark of impacts of AMS: housing changes were necessary, feeding and cleaning practices
stayed the same, cow health and milk quality were maintained, time devoted to milking related
activities decreased while herd size and milk production increased, producers’ quality of life and
animal welfare improved, participation in DHI decreased, and the DCOP had a limited role in the
transition to AMS. Our findings also provide a benchmark of producer experiences during the
transition (with specific regard to cow training and general challenges and solutions). This study

can help producers make a more informed decision about adopting this technology and can act as
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a transitioning tool by providing producers, AMS dealers, veterinarians, and dairy advisors, with

more detailed knowledge on the expectations, challenges and solutions when switching to AMS.

5.4 Future Perspectives

Future studies may further validate that producer perceptions of change during the
transition to AMS reflect reality by comparing DHI records and AMS-generated data with the
perceived changes. Specific to this study, perceptions of change and other reported values can be
compared with data collected on Alberta AMS farms by King et al. (in prep.). Further work
could evaluate the effect of time during transition (e.g., 1 mo versus 6 mo versus 1 and 2 yrs after
transition) on the aspects of dairy farming that were looked at in this thesis. The effects of time
since transition to AMS would be clearer by conducting a study that follows farms during the
transition. Ensuring that many aspects are assessed (e.g., cow health, milking labour
management, milk production and quality, producers’ quality of life, etc.) would provide an all-
encompassing depiction of changes that should be expected at various points of transition.

This survey could serve as a model in other countries for assessing how farms are
transitioning to AMS. It would be beneficial to collect a more representative sample of AMS
producers by province/state, as well as collect a more representative sample of each AMS brand
by province/state. Doing so would allow for stronger provincial/state and brand comparisons of
the impacts of transitioning AMS. Studies could further evaluate AMS brand differences in

various aspects of transitioning and determine why, if any, differences exist.
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10.

11.

12.

13.

APPENDIX 1: THE GENERAL SURVEY

Canadian Dairy Producers’ Transition to Automatic Milking Systems:
A National Survey Study (General Survey)

Farm Name:

Email:

Province: British Columbia Alberta Saskatchewan Manitoba
Ontario Quebec New Brunswick Nova Scotia

Prince Edward Island

When did you install your AMS? (MM/YYYY)

What brand of AMS system (e.g., DeLaval, Lely, etc.) did you install?
Did you change housing system (e.g., tie stall to free stall)? Yes No First Farm

If you selected ‘yes’ for [the question above], what type of farm did you have previously?

Free stall Tie stall Bedding Pack
Did you build a new barn? Yes No
How many employees work at the farm? ____ full-time, _____ part-time
How many employees worked at the farm prior to transitioning to AMS? ______ full-time,
______part-time
What is your average milk yield (over the past year)? ______kg/cow/day, or kg/cow/year

How has milk yield changed on a per cow basis after transitioning to AMS?
Increased Decreased Stayed the same

What is your average bulk tank SSC (over the past year)? cells/ml
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14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

How has bulk tank SCC changed after transitioning to AMS?
Increased Decreased Stayed the same

On average, how often are cows milked in the AMS unit per day? times/day

How much time did you spend milking PRIOR to AMS (including moving cows to parlour,
preparing parlour, milking time and cleaning milking parlour)? hrs/day

How much time do you currently spend milking (including fetching cows, preparing and
cleaning AMS units)? hrs/day

How many lactating cows did you milk prior to transitioning to AMS?
How many lactating cows do you milk currently?
How many AMS units (robots) do you have?

What type of robots do you have? B Free flow Directed traffic: feed-first
Directed traffic: lying-first

[s there any training done with the cows prior to first milking with the robot? Yes No
Do you use a training program for heifers? Yes No

How many days on average does it take to traina cow? Aheifer? _____,  days

How long did it take your lactating herd to become adapted to the robot (during transitioning)?

months

Did you have any cows that were not able to adapt to the robot? @ Yes No
How many cows did you cull when transitioning to the AMS for not adapting to the robot (lazy
cows only, not other confirmation or production issues)? cows
On a scale of 1 - 5 (1- strongly agree, to 5- strongly disagree), how would you rate the following
statements:

a) AMS has improved profitability A1 B2 A3 @4 @5

b) AMS has improved quality of my life A1 B2 B3 B4 @5

c¢) AMS has improved quality of my cows’ life A1 B2 B3 B4 @5
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29,

30.

31.

32.

33.

Could you name two improvements to your quality of life since transitioning to AMS? (Please
provide answer in the space below)

[s there anything you miss from your previous lifestyle with the milking parlour? (Please
provide answer in the space below)

Could you name two challenges you had during transitioning to AMS? (Please provide answer in

the space below)

What were your solutions to these two challenges? (Please provide answer in the space below)

On a scale of 1 - 5 (1- strongly agree, to 5- strongly disagree), were your expectation met after
transitioning to AMS? @1 B2 B3 @4 @5

34. Would you recommend switching to AMS to other farmers? Yes No

35.

Would you be willing to participate in a more detailed, online survey that will take a maximum
of 30minutes? Yes No

If you are interested, a link to the survey will be emailed to you (please ensure Q2 is
completed).

Thank you Kindly!
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APPENDIX 2: THE COMBINED SURVEY

Canadian Dairy Producers’ Transition to Automatic Milking Systems: A National
Survey Study (Combined Survey)

SECTION 1 - GENERAL INFO

1. Farm Name:

2. Email:

3. Province: British Columbia Alberta Saskatchewan Manitoba
Ontario Quebec New Brunswick Nova Scotia
Prince Edward Island

4. Youare: Full owner Part owner Employee responsible for herd

5. Are you the primary decision maker? Yes @ No

6. Age: Under 35 35-45 46 - 56 Over 56
7. Gender: Male Female

8. Education: Complete or partial high school education

Complete or partial college/university education
Complete or partial postgraduate studies

9. When did you install your AMS? (MM/YYYY)

10. What brand of AMS system (e.g., DeLaval, Lely, etc.) did you install?
11. Did you change housing system (e.g., tie stall to free stall)? Yes No First Farm

12. If you selected ‘yes’ for [the question above], what type of farm did you have previously?
Free stall Tie stall Bedding Pack

13. Did you build a new barn? & Yes No
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14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

How many employees work at the farm? full-time, part-time

How many employees worked at the farm prior to transitioning to AMS? full-time,
part-time

On a scale of 1-5 (1-very small workload, to 5- very heavy workload), how would you
characterize your average annual workload after switching to AMS? A1 B2 B3 B4 @5

What top 3 sources of information did you consult prior to adopting the AMS system?
Supplier of AMS (“Dealer”)
Technical farm magazines and newspapers
Newsletters
Local/regional meetings (educational or industrial)
Research papers or university extension fact sheets
Veterinarians
Consultants
Other farmers
On-farm demonstrations/workshops
TV or radio programs
Instructional videos and DVDs
Webinars
Podcasts
Blogs
Other:
None of the above

Were you satisfied with the level of support received from these sources? Yes No

In particular, were you satisfied with the level of support you received from the FIRST source
you chose? Yes No

In particular, were you satisfied with the level of support you received from the SECOND source
you chose? Yes No

In particular, were you satisfied with the level of support you received from the THIRD source
you chose? Yes No

If you utilize professional advisors, how satisfied are you with the level of support provided (on
a scale of 1- very dissatisfied, to 5- very satisfied)? A1 B2 B3 B4 @5

Was switching to an AMS system part of a farm succession plan/strategy? Yes No
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SECTION 2 - MILKING LABOUR MANAGEMENT, PRODUCTION AND QUALITY
1. Whatis your average milk yield (over the past year)? kg/cow/day, or kg/cow/year

2. How has milk yield changed on a per cow basis after transitioning to AMS?
Increased Decreased Stayed the same

3. What is your average milk fat content (over the past year)? %

4. How has milk fat content changed after transitioning to AMS?
Increased Decreased Stayed the same

5. What s your average milk protein content (over the past year)? %

6. How has milk protein content changed after transitioning to AMS?
Increased Decreased Stayed the same

7. What is your average bulk tank SSC (over the past year)? cells/ml

8. How has bulk tank SCC changed after transitioning to AMS?
Increased Decreased Stayed the same

9. On average, how frequently do cows visit the robot per day? times/day
10. How many hours per day does the AMS spend milking? hrs

11. How many times are cows fetched per day? times/day

12. What is the average number of cows fetched per robot per day?

13. How many hours do you wait before fetching cows in... a) Early lactation? hrs
b) Late lactation? hrs

14. How many failed milkings occur per day?

15. How much time did you spend milking PRIOR to AMS (including moving cows to parlour,
preparing parlour, milking time and cleaning milking parlour)? hrs/day

16. How much time do you currently spend milking (including fetching cows, preparing and
cleaning AMS units)? hrs/day
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SECTION 3 - HOUSING, MANAGEMENT AND FEED

1. Number of lactating cows (not including dry cows):
2. Number of lactating cows prior to AMS (not including dry cows):
3. How many AMS units (robots) do you have?

4. What type of robots do you have? @ Free flow Directed traffic: feed-first
Directed traffic: lying-first

5. What type of feed is provided? Mixed ration Individual forages
6. Did you switch feeding systems since transitioning to AMS? Yes No
7. How many times per day are cows delivered feed in the bunk?

8. How has the number of times feed is delivered to cows changed since transitioning to AMS?
Increased Decreased Stayed the same

9. How many times per day is feed pushed up to cows in the bunk?

10. How has the number of times feed is pushed up to cows changed since transitioning to AMS?
Increased Decreased Stayed the same

11. How many groups of lactating cows do you manage?
12. If multiple groups are managed, are cows grouped by any criteria? Yes No

13. If you selected ‘yes’ to the question above, what are the criteria? (Please provide answer in the
space below)

14. How many lying stalls do you currently have?
15. What is the total length of the feed bunks? inches, or cm

16. What type of feed barrier do you use? Rail @ Headlocks Other:
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17.

18.

19.

20.

21

22

23.

24,

25.

26.

27.

28.

29,

30.

31.

32.

33.

If using headlocks, how many headlocks are there?

How wide are the headlocks? ______inchesor___cm

[s your barn: Free stall Bedding pack

How wide are free stalls spaced? _______inches,or______cm

. If you have bedding pack, how much space is available for the lactating cows?

. What type of bedding do you use with AMS?

Deep-bedding: sand

Deep-bedding: shavings/sawdust
Deep-bedding: other

Rubber mat/mattress/water mattress

If you selected ‘Deep-bedding: Other’, please specify what kind:

feet?, or
metres?

If you use rubber mats/mattresses/water mattresses, do you use bedding on top? @ Yes & No

If you selected ‘yes’ to the question above, what type? Sand Shavings/sawdust

Other:

How often are stalls cleaned (i.e., dirty bedding and manure scraped out) per day?

How often is fresh bedding added to stalls?

How much fresh bedding is added to stalls? lbs, or kg, or

How frequently is the barn alleys cleaned per day?

How is the barn alleys cleaned? Automatic scraper Tractor/skid-steer scraped

Slatted floor

What type of water source is used? Bowl Trough Both

How many bowls are there in total?

How many troughs are there in total?
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34. If troughs are used, what is the volume of the trough? X X inches, or

cm

SECTION 4 - COW HEALTH
4.1 General
1. Have your health management practices changed since transitioning to AMS? Yes No

2. What are the two main animal health issues that have occurred since transitioning to AMS?
(Please provide  answer in the space below)

3. What are the two main health issues that have improved since transitioning to AMS? (Please
provide answer in the space below)

4. Has AMS made health detection easier? Yes No

5. Ifyou selected ‘yes’ to the question above, how so? (Please provide answer in the space below)

6. Has AMS made health detection more difficult? Yes No

7. Ifyouselected ‘yes’ to the question above, how so? (Please provide answer in the space below)

8. What data is the most valuable for detecting health issues? Please rank the following options
from 1 (most valuable) to 5 (least valuable).

Activity levels

Milking frequency

Robot visit frequency

Milk yield

Milk abnormalities

O 0O O O O
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9. From whom do you get information for managing cattle health in the AMS system? (Check all
that apply) Veterinarian AMS advisor Other:

10. Please rank these in order of your opinion of how much they cost your business (1 - affects your
business the most, to 3 - affects your business the least):
o Lameness
o Mastitis
o Fertility

11. Do you use any type of activity/behavior monitors with your AMS? Yes No

12. If you selected ‘yes’ to the question above, what type do you use? (Check all applicable)
Activity collar
Activity and rumination collar
Leg activity
Other:

13. If you use any type of activity/behaviour monitors, for what purpose do you use them? (Check
all applicable)
Heat detection
Disease detection: lameness
Disease detection: metabolic disorders
Disease detection: mastitis
Calving
Other:

4.2 Lameness
1. Has your rate of lameness changed since transitioning to AMS?
Increased Decreased Stayed the same

2. Have you been more able to detect lame cows since transitioning to AMS? Yes No
3. Ifyouselected ‘yes’ to the question above, why?

More time observing cows Automatic detection
Other:
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4. What management practices did you implement to deal with lameness since transitioning to

AMS?
Improve housing
Improve flooring
Improve hygiene
Improve comfort
Hoof trimming
Footbath protocol
Genetics (leg/feet conformation)
Other:

5. Have you been more likely to cull lame cows since transitioning to AMS? @ Yes No
4.3 Mastitis
1. Has your rate of clinical mastitis changed since transitioning to AMS?

Increased Decreased Stayed the same

2. How many cases of clinical mastitis have you had over the past year?

3. On average, how many cases of clinical mastitis did you have before transitioning to AMS?

4. Has your bacterial count changed since transitioning to AMS?
Increased Decreased Stayed the same

5. What s your bacterial count (over the past year)?

6. What was your bacterial count before transitioning to AMS?

7. How do you detect clinical mastitis? (Please provide answer in the space below)

8. Have you been more likely to cull cows with mastitis since transitioning to AMS? & Yes

4.4 Fertility

1. Whatis your primary tool for heat detection? 0 Activity/Behaviour monitor
o Other:

2. Hasyour approach to heat detection changed? Yes No
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3. Ifyouselected ‘yes’ to the question above, how has your approach changed? (Please provide
answer in the space below)

4. Has your conception rate changed since transitioning to AMS?
Increased Decreased Stayed the same

4.5 Culling
1. Has your culling rate changed since transitioning to AMS?
Increased Decreased Stayed the same

2. By how much has your culling rate changed since transitioning to AMS? %
3. How many cows did you have to cull because of the transition to AMS?

4. What have the 3 most important reasons for culling been since transitioning to AMS? (Please
provide answer in the space below)

SECTION 5 - TRAINING

1. Isthere any training done with the cows prior to first milking with the robot? Yes No
2. Do you use a training program for heifers? Yes No
3. How many days on average does it take to train a cow? A heifer? ,

4. How long did it take your lactating herd to become adapted to the robot (during transitioning)?
months

5. Did you have any cows that were not able to adapt to the robot? @ Yes No

6. How many cows did you cull when transitioning to the AMS for not adapting to the robot (lazy
cows only, not other confirmation or production issues)? coOws

7. Did training occur before calving? @ Yes No
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8. What group size do you use during training? <20 20-40 40 - 60 > 60

9. How frequently (number of times per day) were cows required to visit the robot during the first
week of training? times/day

10. How frequently (number of times per day) were cows required to visit the robot during the 2nd

week of training? times/day
11. During cow training do you: a) Provide feed? Yes No
b) Spray teats? Yes No
12. During heifer training do you: a) Provide feed? Yes No
b) Spray teats? Yes @ No

13. Do you supervise the first milking of a heifer? Yes No

14. What is your fetching rate during training (first two weeks)?

15. During training (first two weeks), how late do you allow cows to be before fetching?
B<2hours @2-4hours @B4-6hours @ >6hours

|
SECTION 6 - QUALITY OF LIFE

1. Onascale of 1 -5 (1-strongly agree, to 5- strongly disagree), how would you rate the following

statements:
a) AMS has improved profitability A1 B2 A3 @4 @5
b) AMS has improved quality of my life A1 B2 B3 @4 @5
c¢) AMS has improved quality of my cows’ life A1 B2 @3 B4 @5

2. Could you name two improvements to your quality of life since transitioning to AMS? (Please
provide answer in the space below)

3. Isthere anything you miss from your previous lifestyle with the milking parlour? (Please
provide answer in the space below)
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4. Could you name two challenges you had during transitioning to AMS? (Please provide answer in
the space below)

5. What were your solutions to these two challenges? (Please provide answer in the space below)

6. Onascaleof1 -5 (1-strongly agree, to 5- strongly disagree), were your expectation met after
transitioning to AMS? A1 B2 B3 B4 @5

7. Would you recommend switching to AMS to other farmers? Yes No
|
SECTION 7 - Milk Recording Program

1. Areyou a participant in a milk recording program (e.g., DHI/Valacta)? Yes No
2. Ifyou selected ‘no’ to the question above, were you prior to transitioning to AMS? & Yes @ No

3. Are you satisfied with the information that you can retrieve from the computer program of the
AMS? Yes No

4. Ifyou selected ‘no’ to the question above, what would you like to see improved? (Please provide
answer in the space below)

SECTION 8 - Dairy Code of Practice

1. Onascale of 1-5 (1-limited, to 5- extensive), how would you rank your knowledge of the
requirements of the Dairy Code of Practice? A1 B2 A3 B4 @5

2. Did you refer to the Code of Practice when making plans to transition to AMS? Yes No
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3. Onascale of 1-5 (1-no improvement, to 5- significant improvement), how would you rank the
impact AMS has had with regards to how well your farm follows the requirements of the Dairy
Code of Practice? @1 A2 @3 @4 @5

Thank you Kindly!
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APPENDIX 3: DAIRY CODE OF PRACTICE AND AUTOMATIC MILKING SYSTEMS

- A SUMMARY OF RESULTS

The Code of Practice for the Handling and Care of Dairy Cattle (DCOP) was developed
by the National Farm Animal Care Council and Dairy Farmers of Canada. The DCOP considers
current dairy management practices and identifies welfare hazards and ways to assure animal
welfare (National Farm Animal Care Council, 2009). The DCOP is science-informed and
includes requirements and recommendations for best practices on dairy farms. However, usage
of and compliance to the Dairy COP on AMS farms has not been documented.

A subset of 11 recommendations in the Dairy COP were addressed in the survey.
Compliance was calculated by comparing producers’ responses to the subset of
recommendations. For example, question 24 in ‘Section 3 — Housing, Management and Feed’ of
the Combined Survey asked “If you use rubber mats/mattresses/water mattresses, do you use
bedding on top?” This question was used to calculate compliance in the recommendation to
provide bedding when using mattresses (page 7; National Farm Animal Care Council, 2009).

On a scale of 1 to 5 (1-limited, to 5-extensive), producers ranked their knowledge of the
requirements of the Dairy COP a neutral score of 3 (IQR: 2 — 4). Producers’ self-ranked
knowledge of Dairy COP requirements were not associated with producers’ age groups. The
COP was used as a source of reference when making plans to transition to AMS to 20% of
producers. Producers believed that their AMS has had a positive impact on how well their farm
currently follows the requirements of the Dairy COP: the median score on a scale of 1 to 5 (1-no

improvement, to 5-significant improvement) was 4 (IQR: 3 —4).
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Compliance to a subset of 11 recommendations in the Dairy COP was high (> 85%
compliance) for 9 of the 11 recommendations. In the subset of recommendations, 6 were in
‘Section 1 Accommodation, Housing and Handling Facilities’, 3 in ‘Section 3 Health and
Welfare Management’ and 2 in ‘Section 2 Feed and Water’. The only exceptions, with poor
compliance, were for the recommendations on providing adequate linear feed bunk space per
cow in ‘Section 1 Accommodation, Housing and Handling Facilities’ and ‘Section 2 Feed and
Water’ (Table A3.1).

Currently, the Dairy COP addresses dairy farming in terms that are often neither specific
to CMS nor AMS. A revision to the Dairy COP that incorporates the differences in dairying with
AMS is essential, as the use of this technology is growing in popularity. Furthermore, a revised
Dairy COP with improved relevance to AMS may increase the currently low use of the Dairy
COP as a source of reference when making plans to adopt this technology. Increasing the use and
awareness of the Dairy COP with upcoming AMS farms may increase overall industry

compliance to requirements and recommendations.
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Table A3.1: Compliance to a subset of AMS-applicable Dairy COP recommendations that
were addressed in the survey

Recommendation/

Section Sub-Section . Compliance n
Requirement
1.1 - Housing 1.1.2a - provide bedding o
. 96% 53
Systems even when using mattresses

1.5a - provide one stall for

. 94% 62
each cow in each group

1.5f - clean alleyways

1.5 - Space
regularly

Allowances

100% 65

1-
Accommodation,
Housing and
Handling Facilities

1.5g - provide adequate
linear feed bunk space (e.g., 54% 57
24in, 60cm, per cow)

1.7a - in free stall and

bedded-pack barns: provide

24in (60cm) per cow fence 54% 57
line feeding space for mature

milking cows

1.7 - Feeding
Area

1.9 - Pastures,
Yards and
Transfer Alleys

1.9k - flush and/or scrape

o
alleyways 2-3 times per day 100% 65

2.2f - provide adequate
linear feed bunk space (e.g., 54% 57

2.2 - Nutrition 24in, 60cm, per cow)

2 - Feed and Water  and Feed
Management 2.21 - ensure continuous
access by pushing up feed in 89% 66
the bunk

3.5¢c - ensure alleyways are

- 0

3.5 - Lameness cleaned daily 100% 65
3 - Health and 3.6 - Mastitis 3.6g - use a stocking density 949 62
Welfare ’ of at least one stall per cow
Management

3.10 - Manure 3.10a - scrape or flush traffic

Management and area and walkways daily 100% 65

Cleanliness

Scoring
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