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ABSTRACT
To this day, Animal Welfare (AW) assessment on mega robotic dairy farms has not
been described. The objective of this study was to evaluate the status of the AW in the
world's largest robotic dairy farm. Three pens (VMS1 = 66 ± 1.53 average cows and
one milking robot; VMS2 = 124 ± 0.58 average cows and two milking robots and VMS3
= 186 ± 0.58 average cows and three milking robots) representative of the reality of
the farm, were evaluated in terms of behaviour and welfare of lactating cows. Visits
were made to field between January and March 2021 to apply the Welfare Quality®
protocol (WQ) repeating the evaluation twice for each pen, in separate months. It was
also evaluated the behaviour of the animals in the waiting yard, the registration was
carried out by direct visual observation (half a day per month, for three months,
between 08:00 and 14:00 hours) and by using video cameras (total 8 cumulative hours
per pen, between 08:00 and 21:00 hours). The effect of the treatment (pen) was
analysed using a procedure GLIMMIX analysis of variance. The LSMEANS adjusted
by Tukey were used to determine the difference between the comparisons. By applying
the WQ protocol, cows in VMS1 had an avoidance distance greater than VMS2 and
VMS3. We found no differences for the quantification of social behaviour (negative and
positive behaviours), resting, and clinical evaluation between pens. In the evaluation
of animal behaviour in the holding pen (waiting yard), we found a higher percentage of
cows ruminating in VMS1 than in VMS2 and VMS3, and in VMS2 compared to VMS3.
By analysing the videos, we found a higher frequency of displacement in VMS3. A
major frequency of allogrooming in VMS1. Cows in VMS2 had a higher frequency of
scratching against facilities. Tail movement was greater in VMS3 than VMS2 and
VMS1, and VMS1 was greater than VMS2. Self-grooming was greater in VMS3 than
VMS1 and VMS2, and in VMS2 over VMS1. In addition, we found a higher percentage
of cows in segment 1 compared to 2 and 3 in the three waiting yards. Overall, this
study shows that the wellbeing of lactating cows in a robotic mega-farm could be
adequate, however, differences are observed between barn designs (layouts), also,
the behaviour of the animals in the waiting yard may vary depending on the design.
Keywords: Automatic milking system, animal welfare, behaviour, mega-farms.
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RESUMEN
Hasta el día de hoy, la evaluación del bienestar animal (BA) en mega granjas lecheras
robotizadas no ha sido descrita. El objetivo de este estudio fue evaluar el estado del BA en
una mega-granja de producción de leche bovina. Tres patios (VMS1= 66±1,53 vacas promedio
y un robot de ordeño; VMS2= 124±0,58 vacas promedio y dos robots de ordeño y VMS3=
186±0,58 vacas promedio y 3 robots de ordeño) representativos de la realidad de la granja,
se evaluaron en términos de comportamiento y bienestar de las vacas en lactación. Se
realizaron visitas a campo entre enero y marzo de 2021 para aplicar el protocolo Welfare
Quality® (WQ) repitiendo la evaluación dos veces por cada patio, en meses separados. Se
evaluó también el comportamiento de los animales en el corral de espera, el registro fue
realizado mediante observación visual directa (medio día por mes, durante tres meses, entre
las 08:00 y 14:00 horas) y mediante el uso de videocámaras (total 8 horas acumulativas por
corral, entre las 08:00 y 21:00 horas). El efecto del tratamiento (patio) se analizó mediante un
procedimiento GLIMMIX de análisis de la varianza. Los LSMEANS ajustados por Tukey se
usaron para determinar la diferencia entre las comparaciones. Al aplicar el protocolo WQ, las
vacas en VMS1 tuvieron una distancia de huida mayor que VMS2 y VMS3. No encontramos
diferencias para la cuantificación de la conducta social (comportamientos negativos y
positivos), descanso, y evaluación clínica entre patios. En la evaluación del comportamiento
animal en el corral de espera encontramos un mayor porcentaje de vacas rumiando en VMS1
que en VMS2 y VMS3, y en VMS2 en comparación a VMS3. Mediante el análisis de los videos,
se encontró una mayor frecuencia de desplazamiento en VMS3. Una mayor frecuencia de
allo-grooming en VMS1. Vacas en VMS2 tuvieron una mayor frecuencia de rascarse contra
instalaciones. Movimiento de la cola fue mayor en VMS3 que VMS2 y VMS1, y VMS1 fue
mayor que VMS2. Self-grooming fue mayor en VMS3 que VMS1 y VMS2, y en VMS2 sobre
VMS1. Además, encontramos un porcentaje mayor de animales en el segmento 1 en
comparación al 2 y 3 en los tres corrales de espera. En general, este estudio muestra que el
bienestar de las vacas en lactación en una mega-granja robótica puede ser adecuado, sin
embargo, se observan diferencias entre patios, además, el comportamiento de los animales
en el corral de espera puede variar dependiendo del diseño.
Palabras clave: Ordeño automático, bienestar animal, comportamiento, mega-granjas.
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1. INTRODUCTION
Rapid adoption of automatic (robotic) milking systems for lactating cows is occurring
around the world (Tremblay et al, 2016a; King & DeVries, 2018; Pitkäranta et al, 2019).
It is estimated that in 2020 the amount of milking robots globally reached 50,000 units
(Marcos et al, 2020). Some of the reasons for its adoption are the search for a better
quality of life by farmers, improve the management, productivity and welfare of
livestock (Svennersten-Sjaunja & Pettersson, 2008; Castro et al, 2012; Jacobs &
Siegford, 2012b; Salfer & Endres, 2015). Additionally, in recent years, the global dairy
industry has experienced a constant increase in herd size and a concurrent decline in
labour (Cogato et al, 2021). All of this has led to farms to adopt more automation and
precision technology in recent years (Steeneveld et al 2015; Gargiulo et al, 2018;
Michie et al, 2020; Maroto et al, 2020), where milking robots do not have only been
seen as an alternative to traditional systems of milking, but also as a new way of drive
and managing the health of the herd and make the production system more efficient
(de Koning, 2011; Jacobs & Siegford, 2012b; Broucĕk & Tongel, 2017).
Until today, a large part of the research on the production system of milk with milking
robots have been carried out in family-type dairies, which are characterized by
generally having one group of cows with 50 to 70 cows associated with 1 milking robot
(Broucĕk & Tongel, 2017; Pitkäranta et al, 2019) and where some can reach already
200 cows with 2, 3 or 4 robots (Pitkäranta & Rodenburg, 2016). There is limited
information on the designs (Halachmi et al, 2002; Heurkens et al, 2016; Rodenburg,
2017), management practices (Jacobs et al, 2012b; Siewert et al, 2018; Salfer et al,
2018) and the effects of the installation of robots on productivity and animal welfare
(Wiktorsson & Sørensen, 2004; Broucĕk & Tongel, 2015) in these production systems
(Rousing et al, 2004; Rousing et al, 2007; Lexer et al, 2009), especially in large herds,
where the configuration of the groups of animals may be larger, having more than one
robot per group (Tremblay et al, 2016a, Tremblay et al, 2016b; Rodenburg, 2017;
Siewert et al, 2018). It is estimated that in 2016 there were about 60 farms with more
than 500 cows being milked with milking robots (Pitkäranta & Rodenburg, 2016) and it
has been reported that at present time there are already farms operating with more
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than 20 (Pitkäranta et al, 2019), 30 (Houin, 2019) or even more than 60 milking robots
(Meléndez et al, 2019).
On the other hand, the effort to develop methods to assess the well-being of the farm
animal has grown substantially since the late 1990s (Andreasen et al, 2013). Objective
measures of the level of animal welfare in dairy cows, have been developed in recent
years considering a series of indicators, based on principles and criteria (Botreau et al,
2007; Welfare Quality®, 2009), but these protocols have not been extensively
investigated or applied in large-scale robotic farms. Additionally, limited research has
been conducted to evaluate the association of these measures with management and
design factors in farms with robotic systems (Sørensen et al, 2002; Rousing et al,
2007). Several measurements have been used to evaluate animal welfare in robotic
milking farms, for example, heart rate, cortisol in blood and feces, rumination time and
behaviour, among others (Weiss et al, 2004; von Kuhlberg et al, 2021). However, the
measures need to be combined to determine the level of welfare in the animals on a
farm (de Vries et al, 2013).
Results of a survey of 9 large robotic milking farms (with more than 500 cows) in
Europe and North America showed that in addition to labour savings, an additional
perceived benefit was improved comfort and well-being of cows as a result of
eliminating the stress of taking them to the milking parlour (Pitkäranta & Rodenburg,
2016).Thus, the objective of designing a barn with a milking robot should be to create
a functional unit where the work is carried out efficiently, and an excellent well-being
and comfort of the cows guarantee good health and productivity (Pitkäranta et al,
2019). Based on field observations and a limited number of studies, the welfare of
milking animals in these large-scale robotic systems could vary depending on the
designs, group sizes, and traffic systems.
Based on the information above, a research proposal is presented to evaluate animal
welfare in a robotic mega farm, which has three types of pens design. The study
methodology includes the application of the Welfare Quality® protocol and the
observation of animal behaviour in the waiting yard before entering the milking robot,
for each of the types of pen design on the farm.
7

2. OBJECTIVES AND HYPOTHESIS
To this day, Animal Welfare (AW) assessment on mega robotic dairy farms has not
been described.
GENERAL OBJECTIVE
Evaluate the state of animal welfare in a mega-farm for bovine milk production that has
a robotic milking system with three different types of pen design.
SPECIFIC OBJECTIVES
I.

Quantify animal welfare using the Welfare Quality® protocol for 3 groups of
lactating cows milked with robots, under different types of pen design.

II.

Quantify the behaviour of the cows in the premilking waiting yard before enter
the milking robot.

III.

Compare the level of animal welfare and the behaviour of cows between the
different groups evaluated.
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3. MATERIALS AND METHODS
3.1 Location
This study was conducted at the facilities of the El Risquillo farm, owned by Agricola
Ancali Ltda., located in the south-central zone of Chile (37.6 S; 72.3 W), over the period
of December 2020 and March 2021.
3.2 Animals, pens and feed
The farm had 5,800 Holstein Frisian cows, 4,500 lactating cows (average) kept in freestall barn (without access to pasture) equipped with 72 milking robots (DeLaval
International AB, Tumba, Sweden). It is currently considered the largest robotic dairy
farm in operation worldwide (Meléndez, 2019). The lactating cows were distributed in
three different types of pens (characterized by the type of barn layout, number of
animals and the number of robots) over the study period. During the study period, the
farm had 16 groups of 65 cows in average with one milking robot per pen (VMS1), 16
groups of 120 cows in average with two robots per pen (VMS2) and 8 groups of 180
cows with three robots per pen (VMS3). The farm management plan to group the
animals considers 60% of cows with 2 or more lactations and 40% of cows in first
lactation; however, there was variation in the percentages between months, given the
need to keep the pen complete. Each pen is equipped with a pre-sort sorting gate that
allows the cows to be moved in a guided manner under the “Milk First” animal traffic
system. Every cow who voluntarily moved from the rest area was directed to a waiting
area (closed waiting yard) to be milked at the robot or was directed to the feeding area.
After milking, the cows were always directed to the feeding area. Cows then moved
from feeding areas to the rest areas, through one-way doors.
Access to the milking in the robot was determined based on the minimum interval
between milking or on the potential volume of milk stored in the udder, estimated from
production average of the last seven days by the Delpro® management software
(DeLaval International AB, Tumba, Sweden). Primiparous cows were able to access
to the robot milking every 5 hours or 8 kg of milk (DIM 1-120), every 8 hours or 8 kg of
9

milk (DIM= 121 to 90 days before the expected delivery date), and every 10 hours or
9 kg of milk (DIM 90 days before the expected delivery date). Multiparous cows were
able to access the milking robot every 5 hours or 10 kg of milk (DIM 1-120), every 8
hours or 10 kg of milk (DIM = 121 to 90 days before the expected delivery date), and
every 10 hours or 11 kg of milk (last 30 days). The average production per cow (during
the last six months) was 46.4 kg / day (4.464 average cows), resulting in a total farm
production of 207.129 kg / day. The cows were fed with a base PMR ration, plus
supplementation of concentrate assigned to each animal, which was dispensed
automatically at the milking station (robot), completing 26.6 ± 1.1 kg of total dry matter
per animal. The amount of daily concentrate to dispense per animal was established
in the Delpro® software according to the days in milk (DIM) and the milk production of
each animal. Access to water was ad libitum.
3.3 Treatment Groups
The study was designed considering three treatments; each corresponds to one pen
representative of the three types of pen on the farm. The first (VMS1) with 66 ± 1.53
average cows and one milking robot, the second (VMS2) with 124 ± 0.58 average cows
and two milking robots and the third (VMS3) with 186 ± 0.58 average cows and three
milking robots. A total of 380 cows were used with number of lactations between 1 to
6. The cows remained in the assigned pen until the end of the evaluations, with the
exception of cows that left for handling, drying or hospital reasons. Descriptive
statistics of the pens are presented in Table 1.
Table 1. Descriptive statistics of the pens (treatments) during the study period. The values are shown
in mean and standard deviation (mean ± SD), as well as in percentage (%) for the characterization of
the distribution of the number of lactations per treatment.
Treatment1

Variable

VMS1

VMS2

VMS3

Nº of lactating cows (mean)

66 ± 1.53

124 ± 0.58

186 ± 0.58

Milking cow per Nº of lactations* (%)

L1 (49%)

L1 (48%)

L1 (51%)

≥ L2 (51%)

≥ L2 (52%)

≥ L2 (49%)

Days in milk, DIM (mean)

239.31 ± 112.01

194.91 ± 100.28

193.91 ± 110.94

Milk Yield, (kg/cow per day)

49.94±11.14

49.03±12.71

48.08±11.80

1

VMS1: Group with one milking robot; VMS2 = Group with two milking robots; VMS3 = Group with three milking robots.
* Proportion of cows by number of lactations: 1 (L1), 2,3,4,5 and 6 (≥L2).
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The infrastructure and equipment of the pens of the three treatments were similar; barn
had concrete floor and rubber alley bands at the level of front legs in the feed line, sand
bedding in the cubicle, water troughs, swinging cow brushes, footbaths and natural
lighting during the day and artificial light support by the evening. The manure removal
system was by automatic scraper operation, with the exception of the feed alley of
treatment one (VMS1) where recycled green water (flushing system) was used.
Regarding the system of ventilation and cow cooling systems, the three treatments had
fans on the cubicles line and sprinkling on the feed line, with the exception of treatment
one (VMS1) where it also had installed fans. Routines for daily cleaning of cubicles
and sand refilling were similar for the three treatments. In relation to the location of the
milking robots in VMS2 was tandem type, parallel to the feeding line, VMS1 parallel to
the feeding line and VMS3 was parallel type, perpendicular to the feeding line
(Appendix 1).
3.4 Data Collection and Experimental Design
The pens selection was made at the beginning of the month of December 2020. The
criteria used was one pen for each type, which were balanced according to the number
of lactation and days in milk of the cows (Table 1). The first day of the field study was
considered as "test day" and defined the best location to perform evaluations in each
treatment. The next 3 days were the "measurement days". After a month, the farm was
visited again to carry out all the evaluations, until completing the 3 months of study. All
visits made during the study period were notified to the manager beforehand to avoid
disturbing the farm management program and to ensure that operators were informed
about the video recording. The study design was divided in three parts: (1) On farm
welfare assessment (2) Behaviour assessment (direct visual observation and recorded
video) of the animals in the waiting yard (3) Health and productivity dairy data recorded
assessment. For the purposes of this degree project, the first two parts are detailed.
3.5 Animal Welfare Assessment on Farm
The Welfare Quality® protocol (WQ) was use for animal welfare on farm assessment.
The same-trained observer collected all data between January and March 2021,
11

repeating the evaluation twice for each pen, in separate months. To ensure the
reliability of the observations, the observer was trained in a theoretical and practical
way during the year 2020 in field conditions in Catalonia, Spain. Before performing
each evaluation, the observer reviewed all the measures included in on-farm
assessment protocol (Welfare Quality, 2009) to guarantee and minimize intra-observer
variability. The three treatments were examined at each visit. Before data collection,
the sample size per treatment was calculated following the sampling recommendations
for clinical score specified in the Welfare Quality® assessment protocol for cattle
(Welfare Quality, 2009). The variables measured were:
1) The indirect evaluation (management-based and resource-based) included:
a) Interview with professionals of farm operations and application of survey
(Appendix 2).
b) Housing design measurement (water troughs, feed bunk, cubicles).
2) The direct evaluation (animal-based) included:
a) Human-animal relationship measurement (approximation test).
The avoidance distance in feed bunk line was measured, which corresponds to
the maximum approach distance of the observer to the cow without her
changing position. This distance delimits the area that the cow considers as its
own, within which it is safe. The objective of this test is to measure the humananimal relationship, since a positive response between them is indicative of
good behaviour. After traveling the feeder line for 20 minutes, the examiner
positioned himself in front of the selected cow, at a distance of 3 meters. From
that place, the evaluator with one of his arms (right) inclined towards the ground
(45º), began to approach the animal. The gait was smooth and of constant
speed, until the cow showed rejection towards the evaluator, moving her head
or previous train towards one of her sides. The distance (cm) between the
observer and the animal corresponded to the avoidance distance in the feed
bunk line.
b) Quantitative observation of social behaviour (quantification of social behaviour,
herd scan and lying down time).
12

i) Quantification of Social Behaviour: Group evaluation of the animals in a
certain time, in which different behaviours were registered, quantifying the
agonistic behaviours (Head butt, Displacement, Chasing, Fighting, Chasing
up), cohesive (Social licking or “allogrooming” and Horning) and others (Use
of swinging cow brush and drinking (use of water trough)) (Table2). The
objective of this test was to determine the balance between positive and
negative aspects (behaviours), as well as to identify and evaluate the
frequency of other individual behaviours. The behaviour of the animals was
evaluated in 3 segments per pen (Appendix 3): zone 1 (feed bunk line), zone
2 (line of cubicles, plus drinking area and swinging cow brush), and zone 3
(resting area and water trough). In this way, each segment was observed for
30 minutes per visit, and 90 minutes of observation was completed for each
treatment per visit, completing 60 minutes of observation per segment
(zone) and 180 minutes per pen (treatment) during the 3 months study. The
observation start time was recorded in each segment and the action that the
animals performed at that time was assessed. After the observation of the
group, the end time was registered and it was assessed again.
Table 2. Ethogram of behaviours assessed in each segment of the pen (treatment) under study.
Type of
behaviours

Item

Description

Head butt

Interaction involving physical contact where the actor is butting, hitting, thrusting,
striking or pushing the receiver with forehead, horns or horn base with a forceful
movement; the receiver does not give up its present position (no displacement, see
definition below).
Interaction involving physical contact where the actor is butting, hitting, thrusting,
striking, pushing or penetrating the receiver with forehead, horns, horn base or any
other part of the body with a forceful movement and as a result the receiver gives up its
position (walking away for at least half an animal-length or stepping aside for at least
one animal-width). Penetrating is defined as an animal shoving itself between two other
animals or between an animal and barn equipment (e.g. at feeding rack, at water
trough). If after a displacement, neighbouring animals also leave their feeding places
but physical contact as described above is not involved, this reaction is not recorded as
displacement.
The actor makes an animal flee by following fast or running behind it, sometimes also
using threats like jerky head movements. Chasing is only recorded if it follows an
interaction with physical contact. If, however, chasing occurs in the context of fighting
then it is not counted separately.
Two contestants vigorously pushing their heads (foreheads, horn bases and/or horns)
against each other while planting their feet on the ground in ‘sawbuck position’ and both
exerting force against each other. Pushing movements from the side are not recorded
as head butt as long as they are part of the fighting sequence. A new bout starts if the
same animals restart fighting after more than 10 seconds or if the fighting partner
changes.
The actor uses forceful physical contact (e.g. butting, pushing and shoving) against a
lying animal, which makes the receiver rise.
The actor touches with its tongue any part of the body (head, neck, torso, legs, and tail)
of another group mate except for the anal region or the vulva. If the actor stops licking

Displacement

Chasing
Agonistic
behaviours

Fighting

Chasing-up
Social Licking
(Allogrooming)
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Horning

for more than 10 s and then starts licking the same receiver again, this is recorded as
a new bout. It is also taken as a new bout, if the actor starts licking another receiver or
if there is a role reversal between actor and receiver.
Head play with physical contact of two animals: The animals rub foreheads, horn bases
or horns against the head or neck of one another without obvious agonistic intention.
Neither of the opponents takes advantage of the situation in order to become a victor.
It is taken as a new bout if the same animals start horning after 10 seconds or more or
if the horning partner changes.

Use of Swinging
Cow Brush
Drinking

The animal uses the automatic rotating brush to scratch and groom itself for more than
30 seconds or more continuously.
The animal actor drinks water from the water trough. If the animal actor stops drinking
for more than 20 s and then starts drinking again, it is recorded as a new episode.

Cohesive
behaviours
Other

ii) Herd scan: This test assessed comfort around resting. The evaluation
consisted of observing the location of the animal in the cubicle for all the
animals lying. In segments (zone) two and three of each pen (Appendix 3)
at a certain moment during the 60 minutes of quantification of social
behaviour ( that is, it was described how many of the cows lying in zone two
and zone three, were partially or completely lying outside the cubicle). The
number of total scans per segment per treatment was six (10 minutes each).
iii) Lying time: To complement the comfort around resting in the cubicles, during
the same 60 minutes of direct visual observation, the time of the animals
took to lie down in the cubicles in segments (zone) two and three (Appendix
3) of each treatment was recorded. In addition, the number of collisions with
the housing equipment (cubicle divider) when performing this action was
recorded. In total, seven cows were evaluated per segment for each pen.
c) Clinical evaluation
The objective was to determine the health status of the animals through clinical
observations. The evaluation was carried out by observing in front, behind and
on one side of the body of the cows selected at random from each group. The
variables measured were body condition, cleanliness (dirtiness), lameness, skin
lesions or alterations, and diseases (nasal discharge, ocular discharge,
hampered respiration, diarrhoea, vulvar discharge). The description of each
parameter of the clinical evaluation is presented in Table 3.
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Table 3. Description of the measurements made in the clinical evaluation using the Welfare Quality®
protocol.
Measure
Body
condition
Dirtiness

Integument
alterations
Diseases
Lameness

Description
Four regions assessed cavity around the tail head, loin, vertebrae and tail head/hipbones/spine/ribs.
Score: Regular body condition (score 0), very lean (score 1) and very fat (score 2). The last two scores were
recorded when at least 3 of 4 regions were very lean or very fat, respectively.
Three regions assessed lower hind leg, hindquarter and udder. Scores: 0 = clean, 2 = dirty. When assessing
lower hind leg, hindquarter and udder, dirty was defined as separate or continuous areas of dirt amounting to
the size of the palm of the hand.
Hairless patches and lesions/swellings at least 2 cm diameter assessed in 5 regions: neck/shoulder/back,
hindquarter, tarsus, flank/side/udder and carpus. Scores: 0 = no alteration, 1 = moderate alteration, 2 = severe
alteration.
Five assessed were evaluated: Nasal discharge / Ocular discharge / Hampered respiration / Diarrhoea / Vulvar
discharge. Score: 0 = Absence; 2 = Presence.
Three gait factors assessed timing of steps, temporal rhythm and weight bearing on feet. Scores: 0 = not lame,
1 = lame, 2 = severely lame.

In this study, the application of the Welfare Quality® protocol for cattle only intended
to evaluate the level of welfare of the animals in the treatments described previously,
in the context of a robotic mega-farm. Taking into account that each indicator is
important to guarantee the well-being, the aggregation of the different measures to
obtain a score global was not done (de Vries et al, 2013; Manteca, 2020).
3.6 Animal Behaviour Assessment in the Premilking Waiting Yard
Behaviour variables in the waiting yards area were assessed by means of direct visual
observation and recorder videos. The configuration and description of each waiting
yard (holding pen) are shown in Figures 1, 2 and 3.

Figures 1: Drawing of the waiting yard VMS1
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Figures 2: Drawing of the waiting yard VMS2

Figures 3: Drawing of the waiting yard VMS3

For direct visual observation, the same observer was located outside the waiting yard
area (3.5 meters away from the perimeter fence). The scan sampling system was used
in blocks of 10 minutes of continuous evaluation, which was repeated eight times
during the course of a half day (08:00-14:00 hours) per month, for each pen, during
the months of January, february and march 2021 (total 4 hours direct observation per
pen). Total dimensions of each waiting yard and divided into 3 segments (zone 3 =
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entrance to the pen, zone 2 = pre-waiting and zone 1 = positioning-input to the robot)
were registered.
For the behaviour assessed in recorded videos, the cameras were located at a height
of 3 meters in each waiting area and were arranged at an angle that would allow the
entire surface of the waiting yard to be covered. We used a static HD video camera
(model FMC IP, DeLaval, Sweden) with memory card installed in the device. The
recordings were carried out simultaneously in each waiting pen. Variables descriptions
of the area recorded on video are shown in Table 4.
Table 4. Descriptive variables recorded during the study period in the premilking waiting yard for each
treatment.
VMS1

Treatment1
VMS2

7.68
3.60
30.14
3.92

7.87
2.89
52.54
6.67

Item

Nº of cows, mean
Nº of cows, SD
Waiting yard area, sqm
Average area per cow, sqm

VMS3
8.76
4.36
56.86
6.49

1

VMS1: Group with one milking robot; VMS2 = Group with two milking robots; VMS3 = Group with three milking robots.

The cows were recorder for 24 consecutive hours, for three days prior to carrying out
the second (February) and third (March) evaluation visit in the farm. To obtain intraobserver reliability, after downloading the videos from all treatments, the same
observer evaluated 1-h records for each treatment on three separate occasions.
Videos were analyzed using "scan sampling" or instant scanning sampling for every
minute per hour, completing 8 hours of recording analysis per treatment (records were
analysed between 08:00 to 21:00 hours). During each scan sampling, the behaviour
of the animals presented in the premilking waiting yard was recorded. The behaviour
patterns was observed by scan sampling at 1 min intervals are described in Table 5.
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Table 5. Ethogram of behaviours evaluated by scan sampling in the premilking waiting yard for each
treatment.
Type
of
behaviours

Item

Description

Head butt

Urinate

Interaction involving physical contact where the actor is butting, hitting, thrusting,
striking or pushing the receiver with forehead, horns or horn base with a forceful
movement; the receiver does not give up its present position (no displacement, see
definition below).
Interaction involving physical contact where the actor is butting, hitting, thrusting,
striking, pushing or penetrating the receiver with forehead, horns, horn base or any
other part of the body with a forceful movement and as a result the receiver gives up its
position (walking away for at least half an animal-length or stepping aside for at least
one animal-width). Penetrating is defined as an animal shoving itself between two other
animals or between an animal and barn equipment (e.g. at feeding rack, at water
trough). If after a displacement, neighbouring animals also leave their feeding places
but physical contact as described above is not involved, this reaction is not recorded as
displacement.
The actor makes an animal flee by following fast or running behind it, sometimes also
using threats like jerky head movements. Chasing is only recorded if it follows an
interaction with physical contact. If, however, chasing occurs in the context of fighting
then it is not counted separately.
Two contestants vigorously pushing their heads (foreheads, horn bases and/or horns)
against each other while planting their feet on the ground in ‘sawbuck position’ and both
exerting force against each other. Pushing movements from the side are not recorded
as head butt as long as they are part of the fighting sequence. A new bout starts if the
same animals restart fighting after more than 10 seconds or if the fighting partner
changes.
The actor uses forceful physical contact (e.g. butting, pushing and shoving) against a
lying animal which makes the receiver rise.
The actor touches with its tongue any part of the body (head, neck, torso, legs, and tail)
of another group mate except for the anal region or the vulva. If the actor stops licking
for more than 10 s and then starts licking the same receiver again, this is recorded as
a new bout. It is also taken as a new bout, if the actor starts licking another receiver or
if there is a role reversal between actor and receiver.
Head play with physical contact of two animals: The animals rub foreheads, horn bases
or horns against the head or neck of one another without obvious agonistic intention.
Neither of the opponents takes advantage of the situation in order to become a victor.
It is taken as a new bout if the same animals start horning after 10 seconds or more or
if the horning partner changes.
The animal actor touches with his tongue any part of the facilities (floor, structures). If
the animal actor stops licking for more than 10 s and then starts licking the premises
again, this is recorded as a new episode.
The animal actor touches and rubs with his body any part of the facilities (floor,
structures). If the actor animal stops scratching for more than 10 s and then starts
scratching again, this is recorded as a new episode.
The animal actor touches with his tongue any part of his body (neck, torso, legs and
tail). If the animal actor stops licking itself for more than 10 s and then starts licking
again, it is recorded as a new episode.
The animal actor presents repetitive movement of the mouth, chewing the food bolus
repeatedly, observing alternations between swallowing and chewing. Which can be
recognized by the regular movement of the jaw bones and ears.
The animal actor stands up on its hind legs and positions the front legs at the sides of
the other, leaning the sternum against its rump.
Vocalization is defined as the emission of high-pitched sounds by an animal in response
to fear or events that cause pain such as falls, physical restraint, immobilization, and
door knocks. Vocalizations that occur without the involvement of fear or events involving
pain should not be recorded. Repetitive bellowing is recorded as a vocalization.
The actor animal shows repetitive tail movement, moving the tail in different directions
for more than 3 seconds.
The actor animal urinates during his stay in the waiting yard.

Defecate

The actor animal defecates during his stay in the waiting yard.

Drinking

The animal actor drinks from the water trough positioned on the edge of the waiting
pen. If the animal actor stops drinking for more than 20 s and then starts drinking again,
it is recorded as a new episode.
The animal actor repeatedly turns his tongue, either in or out of the open mouth;
duration of at least 5 seconds.

Displacement

Agonistic
behaviours

Chasing

Fighting

Chasing-up
Social Licking
(Allogrooming)

Horning
Cohesive
behaviours
Lick facilities

Scratch against
Facilities
Self-Grooming
Others

Rumination

Ride
Vocalization

Tail movement

Oral stereotypy
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3.7 Statistical Analysis
Statistical analysed were performed using SAS v.9.4 software (SAS Institute, Cary,
NC, USA, 2002-2012) and a significance value of p <0.05 was established. Data were
presented as mean ± standard deviation (SD). The normality of the data and the
residuals of each of the variables was analysed using a procedure GLIMMIX analysis
of variance. The LSMEANS adjusted by Tukey were used to determine the significant
difference between the comparisons. In all cases, the pen was introduced as an
experimental unit.
3.7.1 Variables of the Welfare Quality® evaluations
Variables of the clinical evaluations of the Welfare Quality®, (dichotomous variables,
scored as 0 or 2) were expressed as the number of animals with a score of 2 on the
total number of animals evaluated. For the other variables (scored as 0, 1 or 2), the
data were expressed as the number of animals with a score of 1 or 2 of the total number
of animals evaluated. All these variables followed a binary distribution. The time taken
to lie down followed a normal distribution after a log10 transformation. In relation to the
approximation test, the dichotomous variable (the cow is touched - the cow is not
touched) followed a binomial distribution, while the avoidance (flight) distance had a
normal distribution. The model of each of these variables included the fixed effect of
the treatment (VMS1, VMS2 and VMS3) and the density of the pen on the day of the
visit was entered as a covariate. The number of specific behavioural events per animal
in 10 minutes interval obtained a poisson distribution. In this case, the model evaluated
the fixed effects of treatment (VMS1, VMS2 and VMS3) and segment (zone 1, 2 and
3) and their interaction. In this case, the density was also entered as covariate in the
model.
3.7.2 Waiting yard observations (direct visual observation)
To describe the specific behavioural in waiting yard area by direct observations, the
number of specific behavioural events per animal for 10 minutes obtained a poisson
distribution and the percentage of animals in rumination a normal distribution. The
model evaluated the fixed effects of treatment (VMS1, VMS2 and VMS3) and segment
(zone 1, 2 and 3) and their interaction.
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3.7.3Waiting yards observation (video recorded)
For waiting yard area by video recording observations, the number of specific
behavioural events per animal for 1 minute obtained a poisson distribution and the
percentage of animals in rumination and present in each one of the zones (segments)
of the waiting yard, a normal distribution. The model evaluated the fixed effects of
treatment (VMS1, VMS2 and VMS3).
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4. RESULTS
4.1 Animal Welfare Assessment on Farm.
The results of the evaluation of animal welfare using the Welfare Quality® protocol for
lactating cows are presented below.
4.1.1 Management-based and resources-based evaluation (Indirect evaluation).
The results of the evaluation of the resources, referring to the availability of cubicles,
feeders (feed bunk spaces), and drinkers (water troughs) per treatment are listed in
Table 6, 7, and 8, respectively.
Table 6. Descriptive statistics for the availability of cubicles for the resting of the animals for each
treatment. Values are shown as mean, standard deviation and percentage (%).
Treatment1
Item

VMS1

VMS2

VMS3

Nº of cubicles available

69

116

154

Nº of cows, mean ± SD

66±1.53

124±0.58

186±0.58

Density (Average cows / cubicles),%

95±2.2

107±0.5

121±0.4

1

VMS1: Group with one milking robot; VMS2 = Group with two milking robots; VMS3 = Group with three milking robots.

Table 7. Descriptive statistics for the availability of feeders (feed bunk space per animal) for each
treatment. Values are shown as mean, standard deviation and percentage (%).
Treatment1
Item
Linear meters of feed bunk (used)*
Nº of cows, mean ± SD
Linear meters feed bunk / average cow
Nº. Headlocks (70 cm / animal) (used)
Density (average cows / Headlocks),%

VMS1
51.80

VMS2
74.20

VMS3
82.60

66±1.53

124±0.58

186±0.58

0.78
74
89±2.1

0.59
106
117±0.5

0.44
118
157±0.5

1
VMS1: Group with one milking robot; VMS2 = Group with two milking robots; VMS3 = Group with three milking robots.
*Linear meters of feeders used: corresponds to the effective surface always measured with food.

Table 8. Descriptive statistics for the availability of drinkers (water trough) for each treatment. Values
are shown as mean and standard deviation.
Treatment1

Item
No. of Drinkers (water trough) available, units
Total linear centimeters (length) of water troughs, cm
Nº of cows, mean ± SD
Linear centimeters of drinker / animal
1

VMS1
3
615

VMS2
5
1430

VMS3
3
1110

66±1.53

124±0.58

186±0.58

9.37±0.22

11.56±0.05

5.98±0.02

VMS1: Group with one milking robot; VMS2 = Group with two milking robots; VMS3 = Group with three milking robots.
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The visual inspection carried out on the drinkers of each one of the treatments, to
evaluate the cleanliness of water points, the water flow and operation of the drinkers
were the same in all the treatments. The water trough were clean and worked correctly.
4.1.2 Evaluation of variables animal-based or direct evaluation.
4.1.2.1 Human-animal relationship measurement.
The impacts of the treatment on the measurement of the human-animal relationship
by the approximation test at the feed bunk line area are provided in Table 9.
Table 9. Human-Animal Relationship Measurement, Approximation Test. Values are shows as
percentage (%) and centimeters (cm).
Treatment1

Item
VMS1
82
6.10b
81.09a

No. of cows evaluated
% of cows allowed to be touched
Average avoidance distance, cm

VMS2
110
19.09a
53.54b

VMS3
128
26.56a
49.21b

P value
N.A.
0.0029
0.0003

a, b: Different letters in the same row indicate significant differences between treatments (p <0.05); N.A: Does not apply.
1
VMS1: Group with one milking robot; VMS2 = Group with two milking robots; VMS3 = Group with three milking robots.

The percentage of cows allowed to be touched was affected by the treatment (P =
0.0029). A smaller proportion of the cows were allowed to touch in the VMS1 treatment
group compared to the VMS2 (P = 0.0368) and VMS3 (P = 0.0021) treatments. It was
also finding an effect of the treatment on the measured average avoidance distance in
centimeters (P <0.0001), being significantly higher (81.09 cm) in VMS1 compared to
VMS 2 (53.54 cm) (P = 0.0003) and (VMS3 (49.21 cm) (P <0.0001).
4.1.2.2 Quantitative observation of social behavior.
4.1.2.2.1 Quantification of social behavior.
The impacts of treatment on measures of animal behavior are provided in Table 10
and 11.
Table 10. Frequencies of agonist social activity (head butt, displacement, fighting, chasing and chasingup), cohesive social activity (allo grooming and horning) and other activity (use of the cow brush and
drinking) per animal in periods of 10 minutes, for each of the three treatments. Average, standard
deviation, minimum, and maximum values are displayed.
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VMS1

VMS2

VMS3

Item
Max.

Avg.

Head butt

Avg.
0

S.D.
2

Min.
0

0.1

0.02

S.D.
0

Min.
0

Max.
0.11

Avg.
0.02

S.D.
0.1

Min.
0

Max.
0.2

Displacement

0.01

0

0

0.1

0

0

0

0.06

0.01

0

0

0.16

Fighting

0

0

0

0

0

0

0

0

0

0

0

0

Chasing

0

0

0

0

0

0

0

0

0

0

0

0

Chasing-up

0

0

0

0

0

0

0

0

0.01

0

0

0.06

Negatives behaviours*

0.02

0.1

0

0.2

0.03

0

0

0.16

0.04

0.1

0

0.2

Allo-grooming

0.09

0.1

0

0.3

0.11

0.2

0

0.63

0.1

0.1

0

0.5

Horning

0

0

0

0.08

0

0

0

0.11

0

0

0

0.07

Positives behaviours**

0.09

0.1

0

0.3

0.11

0.2

0

0.63

0.1

0.1

0

0.5

Use of cow brush

0.07

0.1

0

0.28

0.05

0.1

0

0.18

0.05

0.1

0

0.23

Drinking

0.07

0.1

0

0.19

0.05

0.1

0

0.14

0.05

0.1

0

0.18

VMS1: Group with one milking robot; VMS2 = Group with two milking robots; VMS3 = Group with three milking robots.
Avg.: Average; S.D.: Standard deviation; Min.: Minimum; Max.: Maximum.
* Negative behaviours (sum of head butt, displacement and chasing-up).
** Positive behaviours (sum of horning and allo grooming).

Table 11. Frequencies of agonistic social activity (head butt, displacement, fighting, chasing and
chasing-up), cohesive social activity (allo grooming and horning) and other activities (use of the cow
brush and drinking) per animal in periods of 10 minutes, per segment, for each of the three treatments.
Average and standard deviation values are shown.

Item

Head butt

Displacement

Fighting

Chasing

Chasing-up

Negative
behaviours*

Treat. Segm.

VMS1

VMS1

VMS1

VMS1

VMS1

VMS1

Avg. ±
S.D.

1

0.01±0.04

2

0.00±0.00

3

Treat. Segm.

Avg. ±
S.D.

1

0.03±0.04

2

0.00±0.02

0.01±0.03

3

1

0.03±0.04

2

0.01±0.03

3

Treat. Segm.

Avg. ±
S.D.

1

0.03±0.08

2

0.03±0.03

0.02±0.03

3

0.00±0.00

1

0.01±0.02

1

0.02±0.06

2

0.01±0.02

2

0.00±0.02

0.00±0.00

3

0.00±0.00

3

0.00±0.00

1

0.00±0.00

1

0.00±0.00

1

0.00±0.00

2

0.00±0.00

2

0.00±0.00

2

0.00±0.00

3

0.00±0.00

3

0.00±0.00

3

0.00±0.00

1

0.00±0.00

1

0.00±0.00

1

0.00±0.00

2

0.00±0.00

2

0.00±0.00

2

0.00±0.00

3

0.00±0.00

3

0.00±0.00

3

0.00±0.00

1

0.00±0.00

1

0.00±0.00

1

0.00±0.00

2

0.00±0.00

2

0.00±0.00

2

0.01±0.02

3

0.00±0.00

3

0.00±0.00

3

0.02±0.03

1

0.04±0.08

1

0.05±0.07

1

0.06±0.09

2

0.01±0.03

2

0.01±0.03

2

0.05±0.02

VMS2

VMS2

VMS2

VMS2

VMS2

VMS2
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VMS3

VMS3

VMS3

VMS3

VMS3

VMS3

Allo-grooming

Horning

Positive
behaviours**

Use of cow brush

Drinking

VMS1

VMS1

VMS1

VMS1

VMS1

3

0.01±0.03

3

0.02±0.03

3

0.02±0.03

1

0.18±0.08

1

0.24±0.21

1

0.22±0.20

2

0.06±0.07

2

0.08±0.09

2

0.03±0.04

3

0.04±0.06

3

0.01±0.03

3

0.04±0.05

1

0.00±0.00

1

0.01±0.04

1

0.00±0.00

2

0.01±0.03

2

0.00±0.00

2

0.00±0.00

3

0.00±0.00

3

0.00±0.00

3

0.01±0.03

1

0.18±0.08

1

0.24±0.21

1

0.22±0.20

2

0.06±0.07

2

0.08±0.09

2

0.03±0.04

3

0.04±0.06

3

0.01±0.03

3

0.04±0.05

1

N.A

1

N.A

1

N.A

2

0.21±0.07

2

0.16±0.01

2

0.16±0.04

3

N.A

3

N.A

3

N.A

1

N.A

1

N.A

1

N.A

2

0.10±0.04

2

0.09±0.03

2

0.11±0.05

3

0.11±0.04

3

0.06±0.05

3

0.03±0.05

VMS2

VMS2

VMS2

VMS2

VMS2

VMS3

VMS3

VMS3

VMS3

VMS3

VMS1: Group with one milking robot; VMS2 = Group with two milking robots; VMS3 = Group with three milking robots.
Treat. = treatment; Segm. = Segment; Avg. = Average; S.D. = Standard deviation.
Segm. 1 = Feed bunk; Segm. 2 = Line of cubicles, drinker and swinging cow brush; Segm. 3 = Cubicle and drinking fountain area.
* Negative behaviours (sum of head butt, displacement and chasing-up).
** Positive behaviours (sum of horning and allo grooming).

The quantification of the behavior frequencies of the cows for the agonist behaviors
(head butt (P = 0.4622), displacement (P = 0.7932) and chasing-up (P = 0.2787) were
not affected by the treatment. However, for the variable chasing-up, an effect of the
segment was found, a significant statistically difference between segment 1 and
segment 3 (P = 0.0279) in VMS3. For the set of negative behaviors, no effect of the
treatment (P = 0.4581) was found. During the measurement period, no events were
found in the three treatments for the agonist behaviors chasing and fighting.
The quantification of the frequency for the cohesive behaviors Horning (P = 0.6542)
and Allo grooming (P = 0.2118) were not affected by the treatment. However, an effect
per segment was found for this last behavior, with a higher frequency being observed
in cows in segment 1 compared to segments 2 (P = 0.0005) and 3 (P <0.0001). For
the set of positive behaviors, no treatment effect was found (P = 0.2153), but a
significant effect of the segment was found (P <0.0001), observing a higher frequency
of these positive behaviors in cows located in segment 1 (feed bunk line) compared to
segments 2 (P = 0.0005) and 3 (P <0.0001).
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For the other behaviors, use of the automatic swinging cow brush (P = 0.6556) and
drinking (P = 0.0856), no treatment effect was found. However, for this last behavior,
a significant difference was found between the use of drinkers (water trough) in
segments 2 and 3 (P = 0.0284) in VMS3.
4.1.2.2.2 Herd scan.
Treatment impacts on comfort around resting respect to animal lying partly or
completely outside the lying area measurements are provided in Table 12.
Table 12. Herd Scan. Comfort at the level of cubicles. The values are shown as percentage (%).
Treatment1
Item
VMS1

VMS2

VMS3

135
0.08
0.00

175
0.00
0.00

175
0.00
0.00

No. of cows evaluated
Cows lying partially outside the cubicle,%
Cows lying completely outside the cubicle,%
1

VMS1: Group with one milking robot; VMS2 = Group with two milking robots; VMS3 = Group with three milking robots.

4.1.2.2.3 Time needed to lie down.
Treatment impacts on comfort around resting respect to time to lie down and animal
colliding with housing equipment during lying down are provided in Table 13.
Table 13. Time needed to lie down and animal colliding with housing equipment during lying down. The
values are shown as mean ± standard deviation and percentage (%).
Treatment1
Item

Time to lie down, seconds
Collisions when lying down,%

VMS1

VMS2

VMS3

P value

4.46a±0.50
7.69

4.83a±0.51
6.66

4.93a±0.43
7.14

0.4045
N.D.

1
VMS1: Group with one milking robot; VMS2 = Group with two milking robots; VMS3 = Group with three milking robots.
a, b: Different letters in the same row indicate significant differences between treatments (p <0.05); N.D. Undetermined.

The time to lie down was not affected by the treatment (P = 0.4045).
4.1.2.3 Clinical evaluation.
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The impacts of treatment on clinical evaluation measures for lactating cows on the farm
are provided in Table 14.
Table 14. Effect of treatment on animal welfare (clinical evaluation using Welfare Quality® protocol).
Treatment1
Severity and body region
Item

VMS1

VMS2

VMS3

P value

Nº of cow assessed

83

111

129

NA

Very lean, %

2.56

1.89

2.38

0.9478

Very fat, %

6.17

4.59

2.38

0.5677

Udder, %

1.20

0.00

3.10

0.6931

Hindquarter, %

6.02

5.41

16.28

0.0831

Lower hind leg, %

19.28

17.12

34.11

0.0853

Total dirtiness, %

20.48

21.62

46.51

0.1101

Moderate (hindquarters), %

0.00

0.90

0.78

0.9893

Severe (hindquarters), %

0.00

0.00

0.78

0.9966

Moderate (Tarsus), %

1.20

2.70

0.78

0.4999

Severe (Tarsus), %

0.00

0.00

0.00

-

Moderate (flank/side/udder), %

0.00

0.00

0.00

-

Severe (flank/side/udder), %

1.20

0.90

0.00

0.9783

Moderate (Carpus), %

2.41

1.80

0.00

0.9571

Severe (Carpus), %

0.00

0.00

0.00

-

Moderate (neck, shoulder, back), %

0.00

0.00

1.56

0.9961

Severe (neck, shoulder, back), %

0.00

0.00

0.79

0.9966

Moderate (All body region), %

3.66

3.64

3.15

0.9721

Severe (All body region), %

1.25

0.93

1.60

0.9054

Nasal discharge, %

0.00

2.70

2.33

0.8516

Ocular discharge, %

15.66

7.21

3.88

0.6154

Hampered respiration, %

1.20

0.00

1.55

0.9782

Diarrhoea, %

0.00

0.00

0.00

-

Vulvar discharge, %

0.00

0.00

0.00

-

Moderately lame, %

4.82

4.50

3.88

0.6517

Severely lame, %

0.00

0.00

0.00

-

Body condition

Dirtiness

Integument alterations

Diseases

Lameness
1

VMS1: Group with one milking robot; VMS2 = Group with two milking robots; VMS3 = Group with three milking robots.
Significant differences between treatments (p <0.05); N.A: Does not apply; -: No analysis of variance due to no observations on
this variable.

4.2 Animal Behavior Assessment in the Premilking Waiting Yard.
4.2.1 Direct visual observation.
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Descriptive statistics and treatment and segment effects on measurements of animal
behavior in the premilking waiting yard are provided in Table 15, 16 and 17.
Table 15. Descriptive statistics of the number of animals for each segment of the waiting yard and
percentage (%) of animals per position (standing or lying down) observed in the premilking waiting yard
for each treatment, during the evaluation of the behaviour by direct visual observation.
Item

Avg. ±
S.D.

Treat. Segm.

Number of animals observed

% of animals standing / % of
animals lying down

1

2.89±1.35

2

1.54±1.24

3

2.37±1.51

T.P.

100 / 0.00

VMS1

VMS1

Treat. Segm.
1

5.60±1.86

2

4.89±1.87

3

2.25±1.21

T.P.

100 / 0.00

VMS2

VMS2

Avg. ±
S.D.

Avg. ±
S.D.

Treat. Segm.

VMS3

VMS3

1

7.25±3.41

2

5.06±2.49

3

3.64±2.25

T.P.

100 / 0.00

VMS1: Group with one milking robot; VMS2 = Group with two milking robots; VMS3 = Group with three milking robots.
Treat. = Treatment; Segm. = Segment; Avg. = Average; S.D. = Standard deviation; T.P. = The entire holding pen (sum of the
three segments). Segm. 3 = Entrance to the corral; Segm. 2 = Pre-waiting zone; Segm. 1 = Positioning and entry to the milking
robot.

Table 16. Frequencies of agonistic social activity (head butt, displacement, fighting, chasing and chasing
up), cohesive social activity (allo grooming and horning) and other activity (self-grooming, lick facilities,
urinate, defecate, drinking) by animal and percentage (%) of animals ruminating, in periods of 10
minutes of observation, for each of the three treatments. Average, standard deviation, minimum, and
maximum values are displayed.

Treatment1
Item

VMS1

VMS2

VMS3

Avg.

S.D.

Min.

Max.

Avg.

S.D.

Min.

Max.

Avg.

S.D.

Min.

Max.

Head butt

0.16

0.36

0

2.0

0.06

0.12

0

0.5

0.08

0.11

0

0.5

Displacement

0.07

0.2

0

1.0

0.05

0.1

0

0.4

0.08

0.13

0

0.4

Fighting

0

0

0

0

0

0

0

0

0

0

0

0

Chasing

0

0

0

0

0

0

0

0

0

0.03

0

0.3

Chasing-up
Negative
behaviours*
Allo-grooming

0

0

0

0

0

0

0

0

0

0

0

0

0.23

0.44

0

2.0

0.12

0.18

0

0.8

0.16

0.22

0

0.7

0.03

0.11

0

0.5

0

0.04

0

0.3

0.01

0.06

0

0.4

Horning

0.05

0.28

0

2.0

0

0.05

0

0.5

0.01

0.05

0

0.3

Self-grooming

0.05

0.17

0

1.0

0.13

0.50

0

4

0.18

0.27

0

1.2

Lick facilities

0.03

0.17

0

1.3

0.01

0.08

0

0.7

0.04

0.15

0

1

Urinate

0.04

0.25

0

2.0

0.02

0.08

0

0.4

0.02

0.08

0

0.5

Defecate

0.06

0.28

0

2.0

0.03

0.14

0

1

0.04

0.1

0

0.5

N.A

N.A

N.A

N.A

0.09

0.21

0

1

N.A

N.A

N.A

N.A

0

100

44.02

33.58

0

100

54.07

32.27

0

100

Drinking
Ruminating, %

66.98 31.87

1

VMS1: Group with one milking robot; VMS2 = Group with two milking robots; VMS3 = Group with three milking robots.
Avg.: Average; S. D.: Standard deviation; Min.: Minimum; Max.: Maximum.
* Negative behaviours (sum of head butt, displacement, Chasing-up).

Table 17. Frequencies of agonistic social activity (head butt, displacement, fighting, chasing and
chasing-up), cohesive social activity (allo-grooming and horning) and other activity (self-grooming,
licking facilities, urinating, defecating, drinking) by animal and percentage of animals ruminating, in
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periods of 10 minutes of observation, for each of the three segments of the premilking waiting yard in
the three treatments. Average, standard deviation, minimum, and maximum values are displayed.

Variable

Head butt

Displacement

Fighting

Chasing

Chasing-up

Negative behaviours*

Allo-grooming

Horning

Self-grooming

Lick facilities

Urinate

Treat.

VMS1

VMS1

VMS1

VMS1

VMS1

VMS1

VMS1

VMS1

VMS1

VMS1

VMS1

Defecate
VMS1

Segm.

Avg. ± S.D.

1

0.28±0.34

2

0.17±0.49

3

Treat.

Segm.

Avg. ± S.D.

1

0.14±0.13

Segm.

Avg. ± S.D.

1

0.14±0.10

2

0.04±0.09

2

0.07±0.14

0.00±0.00

3

0.02±0.10

3

0.00±0.02

1

0.18±0.30

1

0.11±0.11

1

0.18±0.16

2

0.01±0.05

2

0.04±0.10

2

0.05±0.08

3

0.00±0.00

3

0.00±0.00

3

0.00±0.02

1

0.00±0.00

1

0.00±0.00

1

0.00±0.00

2

0.00±0.00

2

0.00±0.00

2

0.00±0.00

3

0.00±0.00

3

0.00±0.00

3

0.00±0.00

1

0.00±0.00

1

0.00±0.00

1

0.00±0.00

2

0.00±0.00

2

0.00±0.00

2

0.01±0.05

3

0.00±0.00

3

0.00±0.00

3

0.00±0.00

1

0.00±0.00

1

0.00±0.00

1

0.00±0.00

2

0.00±0.00

2

0.00±0.00

2

0.00±0.00

3

0.00±0.00

3

0.00±0.00

3

0.00±0.00

1

0.46±0.49

1

0.25±0.17

1

0.32±0.21

2

0.18±0.49

2

0.09±0.17

2

0.13±0.21

3

0.00±0.00

3

0.02±0.10

3

0.01±0.05

1

0.02±0.08

1

0.01±0.05

1

0.00±0.00

2

0.00±0.00

2

0.01±0.06

2

0.04±0.10

3

0.08±0.17

3

0.00±0.00

3

0.00±0.00

1

0.00±0.00

1

0.00±0.00

1

0.00±0.00

2

0.12±0.45

2

0.00±0.00

2

0.03±0.08

3

0.05±0.22

3

0.02±0.10

3

0.00±0.00

1

0.02±0.10

1

0.10±0.18

1

0.10±0.14

2

0.04±0.15

2

0.08±0.19

2

0.37±0.35

3

0.09±0.25

3

0.21±0.85

3

0.05±0.13

1

0.00±0.00

1

0.03±0.14

1

0.00±0.02

2

0.11±0.30

2

0.00±0.03

2

0.08±0.17

3

0.00±0.00

3

0.00±0.00

3

0.04±0.20

1

0.00±0.00

1

0.01±0.05

1

0.02±0.08

2

0.12±0.45

2

0.05±0.11

2

0.01±0.05

3

0.01±0.07

3

0.01±0.05

3

0.02±0.10

1

0.06±0.19

1

0.00±0.02

1

0.01±0.05

2

0.13±0.46

2

0.03±0.07

2

0.08±0.14

VMS2

VMS2

VMS2

VMS2

VMS2

VMS2

VMS2

VMS2

VMS2

VMS2

VMS2

VMS2
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Treat.

VMS3

VMS3

VMS3

VMS3

VMS3

VMS3

VMS3

VMS3

VMS3

VMS3

VMS3

VMS3

Drinking

Ruminating, %

VMS1

VMS1

3

0.00±0.00

3

0.07±0.24

3

0.02±0.08

1

N.A

1

N.A

1

N.A

2

N.A

2

0.27±0.29

2

N.A

3

N.A

3

N.A

3

N.A

1

55.65±31.09

1

25.28±28.57

1

26.21±21.01

2

61.46±37.36

2

46.42±29.40

2

67.94±27.70

3

86.11±14.93

3

61.08±33.71

3

68.68±27.73

VMS2

VMS2

VMS3

VMS3

VMS1: Group with one milking robot; VMS2 = Group with two milking robots; VMS3 = Group with three milking robots.
Treat. = Treatment; Segm. = Segment; Avg. = Average; S.D. = Standard deviation; N. A = Not applicable.
Segm. 3 = Entrance to the corral; Segm. 2 = Pre-waiting zone; Segm. 1 = Positioning and entry to the milking robot.
* Negative behaviours (sum of head butt, displacement and chasing-up).

The quantification of the frequency of behaviour of the cows in the waiting yard for
agonist head butt behaviour (P = 0.1539) were not affected by treatment. However, a
statistically significant difference was found between segment 1 and segment 3 (P =
0.0007) of VMS1. For the displacements behaviour, a significant treatment effect was
not found either (P = 0.5718). However, a statistically significant difference was found
between segment 1 and segment 2 (P = 0.0013) and 3 (P = 0.0003) of VMS1, and
between segment 1 and segment 2 (P = 0, 0127) and 3 (P = 0.0002) of VMS3. During
the evaluation period, no event was recorded in any of the three treatments for the
agonist behaviours of chasing-up and fighting. In addition, the chasing behaviour was
found in a very low frequency (only in VMS3), so it was not possible to perform statistics
to examine the differences in the means of the three treatments.
The quantification of negative (aversive) behaviours was not affected by the treatment.
However, a statistically significant difference was found between segment 1 of VMS1
and segment 2 (P = 0.0207) and 3 (P <0.0001) of VMS1, and between segment 1 of
VMS3 and 3 of VMS3 (P = 0.0022).
The quantification of the frequency for the cohesive behaviour allo grooming did not
find a significant effect per treatment (P = 0.0718), however, a statistically significant
difference (P = 0.0306) was found between segment 2 and 3 of VMS1 treatment. The
horning behaviour was found in a very low frequency, so it was not possible to perform
statistics to examine the differences in the means of the three treatments.
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For the variable “Self-Grooming”, no significant effect was found per treatment (P =
0.0726). However, a statistically significant difference (P = 0.0348) was found between
segment 2 of the VMS2 treatment and segment 3 of the VMS3 treatment. Other
behaviours such as licking facilities (P = 0.2581), urinating (P = 0.4574), defecating (P
= 0.2454) were not affected by the treatment.
For the variable percentage (%) of ruminating animals, a significant effect was found
by treatment (P <0.0001). A higher proportion of cows showed rumination behaviour
in the VMS1 treatment group compared to the VMS2 (P = 0.0010) and VMS3 (P =
0.0435) treatments. In addition, a statistically significant difference was found between
segment 1 of VMS1 with segment 3 of VMS1 (P = 0.0076) and with segment 1 of VMS2
(P = 0.0067), between segment 2 of VMS1 and segment 1 of VMS2 (P = 0.0022), as
well as between segment 3 of VMS1 and segments 1 (P <0.0001), 2 (P = 0.0012) and
3 (P = 0.0262) of VMS2, and segment 1 (P = 0.0430) of VMS3. In addition, a difference
was found between segment 1 of VMS2 and segment 3 of VMS2 (P = 0.0008), and
between segment 1 of VMS3 and segments 2 (P <0.0001) and 3 (P <0.0001) of VMS3.
4.2.2 Observation by video cameras.
Descriptive statistics and treatment effects on measurements of animal behaviour in
the premilking waiting yard using video recording are provided in Tables 18 and 19.
Table 18. Descriptive statistics of the number and percentage of animals for each segment of the waiting
yard and percentage of animals by posture (standing or lying down) observed in the premilking waiting
yard for each treatment, during the evaluation of the behaviour by means of video camera observation.
Item

Treat. Segm.

1
Number and
percentage of VMS1
animals

Treat. Segm.

3.49±1.77

1

(46.43±16.61)
2
3

% of animals
standing /%
VMS1
of animals
lying down

Avg. ± S.D.

T.P

1.67±1.36

Treat. Segm.

4.16±1.46

1

(54.84±13.68)
VMS2

(19.25±13.17)
2.50±1.23

2
3

(34.31±14.72)
100 / 0.00

Avg. ± S.D.

VMS2
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T.P

2.49±1.21

5.18±2.39
(62.53±16.75)

VMS3

(31.86±12.06)
1.20±1.14

2
3

(13.29±11.47)
100 / 0.00

Avg. ± S.D.

VMS3

T.P

1.83±1.55
(19.63±13.75)
1.72±1.39
(17.83±12.52)
100 / 0.00

VMS1: Group with one milking robot; VMS2 = Group with two milking robots; VMS3 = Group with three milking robots.
Treat. = treatment; Segm. = Segment; Avg. = Average; S.D. = Standard deviation; T.P. = Entire pen waiting (sum of the three
segments).
Segm. 3 = Entrance to the corral; Segm. 2 = Pre-waiting zone; Segm. 1 = Positioning and entry to the milking robot.

Table 19. Frequencies of agonistic social activity (head butt, displacement, fighting, chasing and
chasing-up), cohesive social activity (allo-grooming and horning) and other activity (licking facilities,
urinating, defecating, tail movement, vocalization, ride, scratch against facilities, oral stereotypy,
drinking) per animal and percentage of animals ruminating, in periods of 1 minute of observation, for
each of the three treatments. Average, standard deviation, minimum, and maximum values are
displayed.

Treatment1
Item
VMS1

VMS2

VMS3

Avg.

S.D.

Min.

Max.

Avg.

S.D.

Min.

Max.

Avg.

S.D.

Min.

Max.

Head butt

0.02

0.05

0

0.3

0.02

0.06

0

0.5

0.02

0.06

0

0.5

Displacement

0.01

0.04

0

0.4

0.01

0.05

0

0.5

0.03

0.07

0

0.5

Fighting

0

0.04

0

1.0

0

0.04

0

1

0

0

0

0

Chasing

0

0.04

0

1.0

0

0

0

0

0

0

0

0

Chasing-up

0

0

0

0.0

0

0

0

0

0

0

0

0

Allo-groming

0.01

0.04

0

0.4

0

0.03

0

0.28

0

0.01

0

0.16

Horning

0

0.04

0

1.0

0

0

0

0

0

0

0

0

Self-grooming

0.01

0.04

0

0.3

0.03

0.07

0

0.5

0.04

0.08

0

0.66

Lick facilities

0

0.02

0

0.3

0

0.02

0

0.33

0

0.03

0

0.5

Urinate

0

0.03

0

0.5

0

0.02

0

0.16

0

0.02

0

0.25

Defecate

0

0.02

0

0.3

0

0

0

0.11

0

0.01

0

0.33

Tail movement

0.06

0.13

0

0.8

0.03

0.1

0

1

0.12

0.17

0

0.8

Vocalization

0

0.01

0

0.2

0

0.01

0

0.17

0

0.02

0

0.25

Mount (ride)

0.00

0.00

0

0

0.00

0.00

0

0.08

0.00

0.01

0

0.11

Scratch against
facilities

0

0.02

0

0.3

0.01

0.03

0

0.25

0

0.03

0

0.5

Oral stereotype

0

0.01

0

0.2

0

0.03

0

0.5

0

0.01

0

0.17

Drinking

N.A

N.A

N.A

N.A

0.05

0.09

0

0.5

N.A

N.A

Ruminating (%)

48.3

23.27

0

100

41.16

16.79

0

100

32.8 20.00

N.A N.A
0

100

1

VMS1: Group with one milking robot; VMS2 = Group with two milking robots; VMS3 = Group with three milking robots.
Avg.: Average; S.D.: Standard deviation; Min.: Minimum; Max.: Maximum; N.A: Does not apply.

The quantification of the behavioural frequencies of cows in the premilking waiting yard
for agonist head butt behaviour was not affected by treatment (P = 0.2472). For the
displacement variable, a significant effect was found per treatment (P <0.0001),
observing a higher frequency of this behaviour in the cows of the VMS3 treatment
compared to the VMS1 (P <0.0001) and VMS2 (P = 0.0001). During the evaluation
period, no event was recorded in any of the three treatments for the agonist behaviour
of chasing up and very low frequency of behaviours events such as chasing (one in
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VMS1) and fighting (one in VMS1 and one in VMS2) were recorded, so no statistics
could be performed to examine the differences in the means of the three treatments.
The quantification of the frequency for cohesive social licking behaviour (Allogrooming) was affected by the treatment (P = 0.0001). A higher frequency of this
behaviour was observed in the cows of the VMS1 treatment compared to the VMS2 (P
= 0.0404) and VMS3 (P <0.0001) treatments. During the evaluation period, only one
horning event (VMS1) was observed, so it was not possible to perform statistics to
examine the differences in the means of the three treatments.
For the variable “Self-Grooming”, a significant effect was found per treatment (P
<0.0001). A higher frequency of this behaviour was observed in the cows of the VMS3
treatment compared to the VMS1 (P <0.0001) and VMS2 (P = 0.0001) treatments, as
well as a higher proportion of animals performing this behaviour in VMS2 treatment
group compared to VMS1 treatment (P = 0.0010). For other behaviours, such as licking
facilities (P = 0.5472), urinating (P = 0.6562), defecating (P = 0.1196), vocalizing (P =
0.8990), riding (P = 0.1881) and oral stereotypy (P = 0.0500) were not affected by the
treatment. For drinking behaviour, no analysis of variance was performed since the
only treatment that presented a drinking source (one water trough) in the waiting yard
was VMS2.
For the variable tail movement, a significant effect was found per treatment (P
<0.0001). A higher frequency of this behaviour was observed in the cows of the VMS3
treatment compared to the VMS1 (P <0.0001) and VMS2 (P <0.0001) treatments, and
in VMS1 over VMS2 (P = 0.0004). For the variable scratching against the installation,
a significant effect was found per treatment (P = 0.0233). A higher frequency of this
behaviour was observed in the cows of the VMS2 treatment compared to the VMS1
treatment (P = 0.0169).
For the variable Rumination (%), a significant effect was found by treatment (P
<0.0001). A higher proportion of cows (48.25%) showed rumination behaviour in the
VMS1 treatment group compared to the VMS2 treatments (41.16%) (P <0.0001) and
VMS3 (32.83%) (P <0.0001), as well as a higher proportion of ruminant animals was
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found in the VMS2 treatment group compared to the VMS3 treatment (41.16% and
32.83%, respectively; P <0.0001).
For the variable % of animals per each segment in the waiting yard (1 (P = 0.001), 2
(P = 0.001) and 3 (P = 0.001)) a significant effect was found per treatment. A higher
percentage of cows (62.53%) was observed in segment 1 of the VMS3 treatment
compared to the VMS2 treatments (54.84%; P <0.0001) and VMS1 (46.43%; P <0,
0001). As well as the VMS2 treatment over VMS1 (54.82% and 46.43%, respectively;
P <0.0001). A higher percentage of cows was observed in segment 2 of the VMS2
treatment (31.86%) compared to the VMS1 (19.25%) (P <0.0001) and VMS3 (19.63%)
(P < 0.0001). A higher percentage of cows (34.31%) was observed in segment 3 of the
VMS1 treatment compared to the VMS2 (13.29%) (P <0.0001) and VMS3 (17.83%) (P
< 0.0001). As well as segment 3 in the VMS3 over VMS2 treatment (17.83% and
13.29%, respectively; P <0.0001).
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5. DISCUSSION
5.1 Animal Welfare Assessment on Farm.
The main objective of this study was to investigate the influence of pen design on the
animal welfare of lactating cows in a mega farm with milking robots.
5.1.1 Management-based and resources-based evaluation or indirect evaluation.
High stocking densities (overpopulation) of dairy cows in relation to the number of
cubicles and feeding spaces has been suggested as one of the most important risks
for the welfare of cattle kept under a stall system with cubicles (Freestall), milked in a
conventional system of mechanical milking (EFSA, 2009). The return of cows from the
milking parlour in groups may subsequently result in synchronized feeding and resting
behaviour (DeVries and von Keyserlingk, 2005). In contrast, on farms with automatic
(robot) milking systems, cows are milked individually instead of a synchronized group
(Jacobs & Siegford, 2012b), also lead to a more asynchronous feeding behaviour
(Wagner-Storch and Palmer, 2003), being the feeding pattern characteristic of each
individual (Melin et al, 2005). Therefore, it is possible that cows that are milked
individually on robotic farms can also eat and then lie down more asynchronously
compared to those that are milked in conventional systems. Leading to the suggestion
that it may be possible to have less feeder space per cow (Jacobs & Siegford, 2012b),
or even fewer stalls (cubicles) to lie down on robotic farms (Witaifi et al, 2018).
In relation to the feed bunk space per cow, our measurements agree with the range
found by Deming et al. (2013), who evaluated thirteen robotic farms in Canada finding
an average of 70 cm (range 30 to 100 cm), and with was found by Salfer & Endres
(2015), who described a range of 25.90 to 106.68 centimeters, with an average of 50
cm per cow, when evaluating 52 robotic farms in the states of Minnesota and
Wisconsin, USA. Also with the results of Matson et al. (2021) who found a range of 9.1
to 140 cm, with an average of 64 cm, evaluating 177 robotic farms with Holstein cows
in Canada, whose average was positively associated with higher milk production.
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In our study, in the VMS1 treatment there was no overpopulation of animals in relation
to feeders and cubicles, maintaining an average of 66 animals. This is in line with
Halachmi et al (2002), who under a simulation study and under specific conditions of
one farm determined as operational optimum without affecting animal welfare that a
milking robot could milk up to 71 cows, and for this, it would be necessary to have 36
positions at the feed bunk and 60 cubicles. In VMS2, we did have moderate
overcrowding at the feed bunk level (117%) and at the cubicles level (107%). This
would also be in line with was described by Halachmi et al (2002) who stated that for
a pen with two milking robots with 132 cows, at least 103 positions in the feed bunk
(128%) and 105 cubicles (125%) would be necessary, thereby suggesting that 105
cubicles could prevent any interference with animal welfare.
Water intake in a herd is associated with the number and size of drinkers (Pinheiro et
al 2004; Teixeira et al., 2006). Regarding the number of drinkers in our study, in the
three treatments there were at least three drinkers groups (water trough) per pen. What
would be in line with what was proposed by Halachmi et al. (2002) who with simulation
models found that, to satisfy the demand for drinking water in lactating cows, in a
robotic system, there should be at least three drinkers located in different sections of
the pen. Regarding the linear centimeters (length) of drinkers per animal Pitkäranta et
al. (2019) recommend 9 cm per animal as a key factor for the production and welfare
of the animals, which would be in accordance with what was found in VMS1 and VMS2,
but not with what was found in VMS3 where the average value found (5.98 cm) would
be a limiting factor. In the three treatments of this investigation, the linear centimeters
of drinkers are within the range found by Matson et al. (2021) who evaluated 177
robotic farms with Holstein cows in Canada, finding an average of 7.9 linear cm per
cow, with a range of 0.1 to 22.9 cm.
5.1.2 Evaluation of animal- based variables or direct evaluation.
5.1.2.1 Human-animal relationship measurement.
The human-animal relationship is essential for animal welfare because it affects the
emotions of animals (des Roches et al, 2016). There are few studies in robotic farms,
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but it has been described that the frequency and type of interactions between humans
and cows can deeply alter the relationship (Rousing et al, 2006; Ebinghaus et al, 2018).
In our study, the percentage of cows that allowed themselves to be touched was
affected by the treatment, finding a lower proportion (6%) in VMS1 compared to VMS2
(19%) and VMS3 (27%). In addition, it was found that the average avoidance distance
was affected by the treatment, finding a bigger distance in VMS1 (81cm) compared to
VMS2 (54cm) and VMS3 (49cm). These results could be related to the personnel staff
who work with the animals in each yard, since they are different people, with different
attitudes and experiences, and also with different workloads (animals per operator), as
described when conducting the interview and survey of those responsible for farm
operations, where VMS1 is the treatment that presented the highest workload with 33%
(animals per operator) and where movements were described as faster and more
abrupt.
As has been described by other authors (Munksgaard et al, 2005; Rushen et al, 2012),
the human-animal relationship would not be directly associated with the characteristics
of the farm (for example, housing or milking system) but would vary with the attitudes
of the personnel and with the handling. Rushen et al. (1999) described that cows have
the ability to recognize the operator who mistreats them. The results of des Roches et
al. (2016) confirm that cows' fear of people is related to negative attitudes shown by
farmers.
5.1.2.2 Quantitative observation of social behaviour.
The evaluation of behaviour as an indicator of animal well-being can help to know how
animals cope with their environment and their physiological condition (Fraser, 1985).
5.1.2.2.1 Quantification of social behaviour.
Regrouping and increasing animal stock density can affect animal welfare (Talebi et
al, 2014). In this research we did not find evidence that a higher frequency of agonist
(negative) behaviours, such as head butt and displacements, were related to the type
of treatment, this despite having different densities (animals / cubicles, animals /
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drinkers and animals / feeders). Furthermore, we also did not observe fighting and
chasing (persecution) behaviours in any of the three treatments. These results are in
contrast to other studies that have reported a significant increase in agonist
behaviours, especially displacement in the feed bunk segment when the density of
animals is increased in relation to the linear centimeters of feed bunk (Huzzey et al,
2006; Val-Llaillet et al, 2009). This difference can be explained by the type of system,
where these last studies were carried out in conventional milking farms where the
return of cows from the milking parlour in groups can result in a subsequent
synchronized feeding, drinking and resting behaviour, increasing this type of behaviour
(DeVries and von Keyserlingk, 2005; Cardot et al, 2008). In contrast to robot systems
where cows have less synchronous behaviours (Wagner-Storch & Palmer, 2003;
Jacobs and Siegford, 2012b).
On the other hand, Witaifi et al. (2018) found a greater amount of displacements at the
feed bunk level with overcrowding of 150% compared to 120 and 100%, in an
experiment that also had the same overcrowding rates at the cubicle level. The
difference that was found in VMS3 could be given that in our investigation the
overcrowding was not the same at the feed bunk level (157%) as at the cubicle level
(121%). Occasionally we observed some agonistic behaviours (head butt) in the feed
bunk area immediately in front of the robot exits in VMS3. This is consistent with some
researchers who have described a “blocking behaviour” of some cows that do not allow
the exit of the cow that finished her milking session on the robot (Stefanowska et al,
1999; Jacobs et al, 2012a). On the other hand, in VMS2, we also observed some
agonistic behaviours among the cows that left the robot, with those that remained in
the waiting yard, but these interactions did not reach what Stefanowska et al, (1999)
found, that describe aggressive interactions in more than 50% of the observation time.
An explanation for the agonistic behaviours that occurred in all the treatments may be
related to the effect of regrouping or mixing animals (Nogues et al, 2020), a common
practice on the farm due to the fact that animals leave or enter for reasons of handling
or treatments and it is necessary to maintain a number of animals per milking system
(robot). The results of our study show in general for the three treatments a low
frequency of agonistic behaviours when compared with those found in other milk
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production systems without milking robot (Popescu et al, 2013;) and other types of
conventional or organic farms (Schulz et al. , 2020).
In the present study, no significant effect was found between treatments for the
"chasing-up" behaviour (a cow that was resting is forced to stand up and leave the
cubicle). However, this behaviour could only be observed in VMS3 where
overcrowding at the cubicle level was higher (121%) compared to lower overcrowding
rates in VMS1 (95%) and VMS2 (107%). This finding agrees with other studies that
examine the effect of cow overcrowding (high stock density) in relation to the number
of cubicles available to lie down, which showed higher frequencies of agonistic
behaviours as the percentage of overcrowding increases (Witaifi et al, 2018; Fregonesi
et al, 2007). On the other hand, the over density in VMS3 would be in line with was
proposed by Halachmi et al. (2000), who stated that in a robot system the number of
cows can be at least 20% greater than the number of cubicles. However, Witaifi et al
(2018) found that, at a density greater than 120%, changes in the behaviour of animals
could be observed, which may affect their health and well-being.
In relation to cohesive (positive) behaviours, in this research we found no evidence
that a higher frequency of allo grooming and horning were related to the type of
treatment. However, we did find a higher frequency of these events, especially allo
grooming in segment 1 (feeding area) compared to segments 2 (area with beds,
drinkers and cow brush) and 3 (area of beds and drinkers). Allo-grooming (social
licking) behaviour fulfills several functions in cattle and this behaviour can be used to
assess social stability and maintenance of social bonds in cows (de Freslon et al,
2020).
In our work, we observed that this behaviour was carried out mainly at the head and
neck level. This is in agreement with Sato et al (1991) who found that around 78% of
social licks appear to be located on the head and neck, where cows cannot access on
their own. As it was mentioned before, there was a greater frequency of this behaviour
at the feed bunk, which is consistent with some studies that have described this
behaviour as more frequent at the this level (Val-Laillet et al. 2009), especially after
delivering fresh food, which agrees with our observations made during the morning
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period, the time where the day's food ration is delivered, and after this the feed only
approaches mechanically to the cows every hour. This behaviour would have a
potential role in reducing the tension between the animals (Boissy et al, 2007) that
compete for food, and would reflect the “friendship in the cows”, because it is correlated
with preferential associations between partners in the feeder (Val-Laillet et al, 2009).
For other behaviours such as drinking and using the automatic swinging cow brush for
scratching and grooming, no treatment effect was found. The swinging cow brushes
located in each treatment were used in a high frequency by the animals, observing
their use by different animals throughout the day. The use of a mechanical brush
makes it easier for cows to groom themselves, particularly in body regions that are
difficult to reach, such as the head and neck or the upper hindquarters (Andreasen &
Forkman, 2012). This can help satisfy this natural behaviour and keep them clean, as
well as possibly reduce frustration or stress due to boredom when housed in free-stall
barns (Devries et al, 2007).
On the other hand, water is considered the most important nutrient for the health and
performance of cows in dairy herds (NRC, 2001; Golher et al., 2021), and the lack of
water can affect health, behaviour and animal performance (Cardot et al, 2008).
Regarding to the use of water trough (drinking) as mentioned above, no treatment
effect was found, but a segment (location) effect was found. In VMS3, the drinker
located at the end of the pen (segment 3, bed area and drinker) was less used than
the drinkers that were closer to the milking robots (Segment 2). Although it has been
described that the pattern of water consumption in cows in systems that have a milking
robot is mainly due to individual factors (Melin et al, 2005), the location of the drinker
is a factor to consider (Golher et al., 2021), as well as environmental conditions
(McDonald et al, 2020), since it has been described that more than 40% of the cows
will drink water after leaving the milking robot (and within the subsequent 30 minutes)
(Ŝoch et al, 2013).
5.1.2.2.2 Herd scan and time needed to lie down.
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Regarding the time required to lie down, no treatment effect was found. In all
treatments, an average of <5.20 seconds was obtained, a value that is within what is
considered normal in Welfare Quality (2009) and that is lower than that found by
Blanco-Penedo et al. (2020) when evaluating farms in six European countries with
cubicle systems that had robots or conventional milking parlours, where the average
was 6.00 seconds (range 5.20 to 7.25).
In addition, no differences were found between treatments in the percentage of cows
colliding with the housing equipment during lying down, obtaining values lower than
8%, which is in line with what was stated in Welfare Quality as normal (≤20%) and that
it is lower than was found by Blanco-Penedo et al. (2020), who reported an average of
35.3% of collisions.
On the other hand, a treatment effect was not obtained for the measurement of cows
lying partly or completely outside the cubicle. A very low frequency was observed in all
the treatments, obtaining a percentage ≤3%, a value considered normal by Welfare
Quality (2009), and lower than the average of 5.7% found by Blanco-Penedo et al.
(2020). It is worth mentioning that the cubicles in this farm were sized to satisfy the
size for adult cows (Consorcio Lechero, 2019).
5.1.2.3 Clinical evaluation.
Regarding body condition, we found low proportions of very thin or very fat cows and
this were not affected by the treatment. This suggests that the cows in this farm
maintained in the studied treatments have adapted well to the conditions offered and
do not present marked negative effects on the energy balance. These results are in
line with those described by other authors who indicate that when switching to robot
systems, no changes are observed in the body condition of the animals (Dearing et al,
2004; Bugueiro et al, 2018). Jerram et al. (2020) found that 89% of the cows had an
acceptable (good) body condition after moving from a conventional milking system to
a robotic one (free traffic). In our study, this percentage was higher in the three
treatments (VMS1 = 92%; VMS2 = 94%; VMS3 = 95%). Furthermore, our results would
be in line with those found by Villettaz et al. (2019) who evaluated twenty robotic farms
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in Canada finding an average of 2.3% of very thin cows (≤2) and 2.5% of very fat cows
(≥4), using a 5-point scale.
To assess hygiene on a farm and see if improvements can be made, measuring cow
cleanliness is more appropriate than measuring hygiene in the environment (Dohmen
et al, 2010). In this study, the percentages of dirty cows were not affected by the
treatment (upper hindquarter, lower hindquarter and udders). However, we observed
higher proportions of cows with dirty upper (16%) and lower (34%) hindquarters in
animals kept in VMS3 compared to VMS1 (6% and 19%, respectively) and VMS2 (5%
and 17%, respectively), representing a moderate problem as described by Welfare
Quality (2009). This could be related to the higher stock density of animals in this
treatment and that also during the study period (summer months) the manure removal
system presented two failures according to the survey interview carried out with farm
operations personnel and inspection sheet (log) of the equipment. An important factor
contributing to the overall cleanliness of the facility, and therefore the cow, is the floor
and the frequency with which the floor is scraped (Magnusson et al., 2008). According
to Schreiner & Ruegg (2003), the frequency of passage of the scraper can influence
the hygiene of the lower hindquarters. Despite the above, the values found in VMS3
would be consistent with Salfer et al (2018), who found an average of 39% of cows
classified as dirty when using a 5-point score that combines the evaluation of udders
and lower hindquarters, in robotic farms in the USA that had a cubicle and sand
housing system.
It should be noted that, in our study, in the three treatments, the percentages of dirty
udders (<4%) were in agreement with what was described as normal (recommended
<10%) by Welfare Quality (2009) and what was found by Villettaz et al. (2019) in
Canada where the average for 20 robotic farms was 2% dirty udders. Also, were
substantially lower than that described by Dohmen et al. (2010) who evaluated more
than 100 robotic farms in the Netherlands, finding that on average only 4% of the
udders were completely free of dirt, and that 96% had dirt to varying degrees. The type
of bedding material and farm management (Ward et al, 2002) may give this difference.
Andreasen & Forkman (2012) when studying different types of bedding material
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concluded that sand was associated with better animal welfare (less integument
alterations, better hygiene and fewer lame cows) in relation to other types of surfaces.
The alterations of the integument reflect that the animal well-being is compromised,
since the wounds and inflammations can be painful, and the areas (patches) without
hair suggest a lack of adaptation to the environment (Brenninkmeyer et al, 2016). The
percentages of cows with moderate and severe integument alterations were not
affected by the treatment. When we examined the alterations of the integument by
body region (upper hindquarter, tarsus, flank and udder, carpus, neck table, scapula
and back), none were affected by the treatment and it should be mentioned that the
cubicles in our study were adequate according to the measures currently
recommended for adult cows (Consorcio Lechero, 2019).
The results obtained in this study are better to those published by Westin et al. (2016),
who evaluated 43 farms with a stall system (cubicles) and milking robots in Canada
and the USA, finding percentages of 27% and 31% for alterations at the carpal and
tarsal levels, respectively, when using a four-point scale. Also, lower than those found
by Villettaz et al. (2019) who evaluated twenty robotic farms in Canada finding 39%
lesions in the tarsus, 34% in the carpus and 20% in the neck. In addition, the results
are lower than those found in other investigations where they have evaluated different
types of cow housing (Popescu et al, 2014; Fernandez et al, 2020; Blanco-Penedo et
al, 2020) and those found by Salfer et al. (2018) for severe tarsal injuries, when
evaluating 54 robotic farms in the USA, which had different types of bedding material.
It is widely accepted that the clinical signs associated with disease and the incidence
of health problems and bodily injuries are useful as measures of animal well-being,
because any alteration in health means a decrease in well-being (Broom, 1991). The
percentage of cows with nasal discharge, ocular discharge and difficult breathing was
not affected by the treatment. The percentage of cows in the three treatments, with
nasal discharge was below 5% (VMS1 = 0%, VMS2 = 2.7% and VMS3 = 2.3%) and
the percentage of difficult breathing under 3.5% (VMS1 = 1.2%, VMS2 = 0% and VMS3
= 1.6%) set by Welfare Quality (2009) as warning thresholds. These results are in line
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with those of other publications where a low incidence of these indicators is described,
and that they would not be influenced by the housing system (Popescu et al. 2013).
However, for the variable of percentage of cows with ocular discharge, we found a
percentage higher than the warning threshold (3%) in VMS3 (3.8%) and for the alarm
threshold (6%) in VMS1 and VMS2 (16% and 7%, respectively). A possible explanation
could be the time of year where the evaluation was carried out, since an increase in
"ocular discharge" has been described in the summer period in different farms
associated with a greater amount of wind (Schulz et al, 2020). In VMS1 treatment, it
could be a probable cause, given the location of this pen at one end of the farm where
the prevailing summer winds are higher.
The percentage of cows with diarrhoea and vulvar discharge found was 0% in the three
treatments, not representing a welfare problem in the three treatments evaluated in
this farm. This can be explained because cows with clinical signs of diarrhoea and
vulvar discharge are quickly identified, separated and treated in the hospital pen, in an
area specially dedicated to treating these types of conditions.
The negative implications of lameness for the welfare and productivity of cows in
robotic milking farms have been well documented (Bach et al, 2007; Borderas et al,
2008; Miguel-Pacheco et al, 2014; King et al, 2016). The percentage of cows with
moderate and severe lameness in this investigation was not affected by treatment.
During the evaluation, a low percentage of cows with moderate lameness was obtained
in the three treatments (<5%) and no animals with severe lameness were found in any
treatment. This can be explained because in the farm, there is a rigorous preventive
plan in terms of the use of footbath in all pens, as well as hoof clinical examination and
hoof trimming of all animals and cows with clinical lameness. The animals are
separated and treated in the hospital pen in an area especially dedicated to treat these
types of conditions.
These results differ from other findings in similar barn systems (with cubicles) where
they have found higher percentages of cows with moderate and severe lameness on
farms with conventional milking systems (Fernández et al, 2020) or with robots milking
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system (Jerram et al, 2020; Salfer et al, 2018) or in researches that have studied farms
with different types of milking and housing systems (Blanco-Penedo et al, 2020). It has
been described that the difference in the prevalence of lameness would be related to
the high variability in the type of facilities and management practices in the different
farms (Solano et al, 2015).
5.2 Animal Behaviour Assessment in the Premilking Waiting Yard.
A well-planned holding pen (waiting yard) is essential for robot milking systems
(Guzhva et al, 2016). Regarding the number of animals (average) that remain in the
waiting pen, Halachmi (2009) found 2.12 ± 1.25 animals in the waiting pen. In our
study, we found in all observations a higher average number for each of the treatments.
These differences may be due to the housing system, animal trafficking system, pen
size and the type of farm management (Halachmi, 2009).
Certainly, the goal of the holding area is to encourage the approach of new cows to be
milked by the robot by providing a large area for a queue of cows (Jacobs et al, 2012).
In our study, in all treatments we always found a greater number of cows located in
zone 1 in relation to zone 2 or 3 of the holding pen. This is in line with what was found
by Scott et al. (2015) who have found that a greater proportion of cows are located in
the area immediately adjacent to the automatic milking system, gradually decreasing
the number of cows towards other areas further away from the waiting yard. However,
in our study, in VMS1 we found that a higher average number of cows were in segment
(zone) 3 compared to zone 2, this could be given because in zone 3 the floor has
rubber coverage and also gets the projection of the wind generated by the fans of the
line of cubicles.
Regarding the posture of the animals, in none of the treatments was observed a cow
lying in the waiting pen, differing from that found by Scott et al. (2015) who observed
and described a probability between 0.9% to 1.8% of cows lying in the waiting pen.
This may be due to the type of housing and management system, since in his case it
was evaluated in cows kept in a pasture-based automatic milking system with voluntary
cow traffic.
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Very few research has been conducted on the effect on the behaviour of different
designs of holding pens (waiting yard) and adjacent alleys in farms with milking robots
(Jacobs et al, 2012; Scott et al, 2015). In a closed holding pen, cows of different ranks
compete to enter the milking station and are exposed to a variety of social interactions
(Guzhva et al, 2016). Such interactions could increase standing time and delay milking
(Melin et al., 2006), which can result in stress, lameness, impaired animal well-being,
and reduced performance. Thus, the monitoring of social behaviour and aggressions
in the waiting area is interesting from both perspectives of the efficiency of the milking
robot and for animal welfare (Guzhva et al, 2016).
Aggressive behaviour has negative effects on the welfare of animals not only because
it can cause injuries and stress, but also because aggressiveness itself is associated
with a negative affective state (Manteca, 2020). To maintain the health and animal
well-being of dairy cattle at adequate levels, an analysis of the behaviours that occur
among cows should be performed (Guzhva et al, 2018). Direct observations and
analysis of recorded video material are two of the most common approaches used for
these purposes (Guzhva et al, 2016).
In our study, when we evaluated the behaviour by video cameras, we found a higher
frequency of displacement in the VMS3 waiting yard. Furthermore, we found a higher
frequency of this behaviour in segment (zone) 1 when we evaluated the behaviours by
direct visual observation. This could be explained because the concentrate feed
offered in the robots would be the greatest motivator to visit the station (Prescott et al,
1998), but this, would affect the social interactions of the cows that are waiting to
access this resource, similar to what happens around a concentrate feed automatic
dispenser (Herlin & Frank, 2007). Furthermore, it is described that the size of the group
in which a cow is introduced can affect its behaviour. A cow introduced into a larger
group may experience more agonistic behaviour compared to a cow introduced into a
smaller group, as the cow in the larger group may have to compete with more cows to
access resources (Jensen & Proudfoot, 2017).
Due to the information above, several authors have considered important to consider
a large waiting room located in front of the robot, since it can reduce social competition
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for access to it, particularly for low-ranking cows (Ketelaar-de Lauwere et al., 1996;
Uetake et al., 1997; Hermans et al., 2003; Melin et al., 2006; Halachmi, 2009, Jacobs
& Siegford, 2012b) and for cows with high milking frequency (Helmreich et al., 2014).
Ipema (1997) indicated that for a waiting pen with one robot and a guided traffic
system, 1.3 square meters per cow should be considered and 33 m2 of free space
around the selector gate should be considered. In our research, the square meters per
cow (average) observed during the study period were 3.96 m2 in VMS1, 6.67 m2 in
VMS2 and 6.49 m2 for VMS3, being higher than that indicated by Ipema (1997).
Appropriate social behaviour is especially important in a farm with milking robots,
because competition for access to the robot occurs (Broucĕk & Tongel, 2015).
Although we did not measure the dominance effect in our study, we observed that the
larger cows entered the holding pen in VMS3 and almost immediately entered the first
robot. This would agree with what was observed in the study by Bach et al. (2009),
where cows with a higher dominance value spent less time in the waiting area.
Affiliative behaviours are social interactions of a positive nature that contribute to
maintaining cohesion and the proper functioning of the group (Manteca, 2020). Allogroming is probably one of the most important affiliative social behaviours in cows
(Brownlee (1950) cited by von Keyserlingk et al., 2008). This behaviour has been
described as allowing the establishment, maintenance and reinforcement of social ties,
improving group cohesion and helping to maintain social stability, reducing social
tension and would have calming effects. Animals in a group often lead affiliative
behaviours toward just a few individuals. These preferential relationships depend on
individual recognition capacity, which has been demonstrated in many species of
animals (Manteca, 2020). In addition, it has been described (Tresoldi et al, 2015) that
the provision of small spaces probably brings greater proximity between animals,
which would facilitate social interactions. This could be the explanation why we found
a higher frequency of Allo-groming behaviour in VMS1 where the group size in terms
of the number of animals is lower than compared to VMS2 and VMS3.
Grooming is an innate behaviour that can help cattle to cope with stress (Van Erp et
al, 1994 cited by Velasquez-Muñoz et al, 2019). If a cow cannot find other animals to
46

groom, they will approach the walls, pipes, wood, or similar materials of the pen and
try to groom themselves with them (Goncu et al, 2019). In our study, we found a higher
frequency of this “scratching behaviour” with the infrastructure in VMS2 where there
was a greater number of pipes compared to VMS1 and VMS3. Given the tandem type
location for the robots, where it exists a sleeve of exit of animals that crosses a portion
of the holding pen.
Stewanowska et al (1999) reported a decrease in cow movement in the robot exit alley
when other cows were present in the holding pen. In our research, this type of
behaviour was observed in the VMS2 where the cows that were in the waiting yard
looked and could interact through the infrastructure with the cows that come out of the
milking robot, which is not the case with the design in VMS1 and VMS3. Furthermore,
in our study we found a higher frequency of Self-grooming in VMS3, compared to
VMS2 and VMS1, as well as VMS2 over VMS1. These results could be explained by
what was described by Wincler et al. (2003) cited by Napolitano et al. (2009) who
indicated that higher levels of auto-hygiene can only be observed when enough space
has been provided to the animals to carry out this behaviour. Furthermore, it could be
explained by the access to the swinging cow brushes resources in the pens, especially
in VMS3 since the number of cows per brush is greater than the one found in VMS2
and VMS1.
Increased defecations, urination and vocalizations are indicators of acute stress and
acute fear in cattle (De Passillé et al., 1995; Grandin, 1998; Temple et al, 2018). In the
present study, no significant effect was found between treatments for these three types
of events, and these behaviours were observed in a very low frequency. These
behaviours could have been performed by animals that had been in the treatment
group for a short time, since it has been described that new environments have been
associated with increased stress levels in cattle (Grandin, 1997; Rushen et al, 1999).
According to Jacobs & Siegford (2012a), this type of behaviour decreases rapidly after
the first day of the transition from a conventional milking system to a robotic one.
Individuals who cannot fulfill their behavioural needs become frustrated and may
develop stereotypies such as tongue rolling or licking surfaces, which are considered
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signs of reduced animal well-being (Redbo et al., 1996). Redbo (1992) also found that
high-yielding cows showed more stereotypes than low-yielding cows. In the present
study, no significant effect was found between treatments for these two types of
behaviours (tongue rolling or licking surfaces), and were observed in a very low
frequency. Stereotypies often evolve in aversive situations, often related to frustration,
and in limiting monotonous environment, but the motivational causes behind
stereotyped behaviours are not entirely clear (Redbo et al., 1996). Restricted feeding
and diets that provide short-lived feeding behaviours increase the risk of stereotyping
in cattle and also increase the time spent performing stereotypes (Redbo et al., 1996;
Redbo & Nordblad, 1997).
The tail in cattle is essential for insect control, especially to remove flies (Eicher et al,
2001). The lateral movements of the tail are often used for the removal of flies,
especially in times of high temperatures (Becker et al, 2020). In our study, we found a
higher frequency of tail movement in VMS3. This could be explained by the greater
proximity of this pen to one of the slurry management areas where there is generally a
greater number of flies. In addition, it could be explained because in VMS3 there was
no shadow projection for most of the day, unlike VMS1 and VMS2. However, according
to de Oliveira & Keeling (2018), regarding the movement of the tail, there is a clear gap
in knowledge that relates it to emotional expression in cattle. They carried out a study
with cows in a farm with milking robots and stated that, based on their results, tail
wagging in cattle could even be associated with a positive valence emotion. More
research needs to be done to determine the difference found between treatments.
Lindström & Redbo (2000) demonstrated that oral feed handling is a behavioural
necessity in cattle, regardless of ruminal load. This indicates that a certain amount of
rumination per day is important, not only to maintain good production and health, but
also for cattle to express their natural behaviour. Rumination is under voluntary control
and, therefore, the animal will stop rumination if it is disturbed (Philips, 2002), if it
experiences any event that causes pain or illness (Fraser, 1980) or if it is subjected to
significant overcrowding (Grant & Albright, 2001). Cows can chew while standing, but
preferably do so lying down (Albright, 1993). Rumen behaviour is often associated with
reduced alertness (Philips, 2002; Dijkstra et al, 2012).
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In our study, we found animals ruminating in the waiting yard in the three treatments.
Finding an average percentage of animals ruminating between 33 to 67%. This is
online and would be superior to what was found by Scott et al. (2015) who worked with
cows milked in a robotic rotary system and found a probability of finding animals
ruminating in the waiting pen between 33 and 37%, depending on the incentives and
feeding management. In addition, it would agree with what they observed in relation to
the fact that the highest probability of finding animals ruminating was found in the group
with the highest production, which we observed in VMS1 compared to VMS2 and
VMS3.
Different farm advisory nutritionists consider that a dairy herd has a healthy ruminal
function when at least 40% of the cows are ruminating at any time (Eastridge, 2000;
DeVries et al, 2009). In our study, we found a percentage higher than 40% in VMS1
and VMS2 when performing visual observation and through video cameras. However,
in VMS3, an average percentage greater than 40% was observed in direct visual
observation but not in video camera observations (32.83%), this difference could be
related to management factors per day of observation or by effects of group size where
in this last group we also observe more agonist displacement behaviour. However, the
direct visual observation methodology seems to be a good way to estimate the video
camera observation methodology, for this and other behaviours evaluated in the
waiting pen.
Finally, given the global trend of concentration of dairy cattle in increasingly large herds
and the use of robotic milking systems in mega-farms, more research will be necessary
to further evaluate the impact of these systems on animal welfare.
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6. CONCLUSIONS
1. The type of pen did not have a significant effect on the majority of the animal-based
o direct indicators (negative and positive behaviours, resting, and clinical evaluation)
used to evaluate the animal welfare through Welfare Quality® protocol. We only found
differences for the human-animal relationship welfare criteria where the cows in VMS1
had a greater avoidance distance and a lower percentage that allowed themselves to
be touched, compared to VMS2 and VMS3. However, this difference would be given
by the type of management and interactions with the personnel working staff in that
section of the farm and not by the direct effect of the type of pen design.
2. In the evaluation of animal behaviour in the premilking waiting yard by direct visual
observation and by video cameras, we found a significant effect of the pen for the
percentage of cows ruminating. In VMS1, this behaviour was greater than the one
found in VMS2 and VMS3, and in VMS2 greater than VMS3. Which could be explained
by the group size and the design of the waiting yard.
3. Through the analysis of the videos of the animal behaviour in the premilking waiting
yard, a higher frequency of the cohesive allogrooming behaviour was found in VMS1.
This could be due to the search for social containment, since this same group of
animals presented the greatest avoidance distance in the test to measure the humananimal relationship.
4. Through the analysis of the videos of animal behaviour in the waiting yard, a higher
frequency of displacement agonist behaviour was found in VMS3, which could be given
by a greater number of animals and greater competition when they access to the
milking robot resource.
5. By analysing the videos of the animal behaviour in the waiting yard, a higher
frequency of Self-grooming behaviour was found in VMS3 compared to VMS1 and
VMS2 and in VMS2 over VMS1. This could be explained by the size of the group, the
size of the waiting yard and the resources available for grooming in the different pens.
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6. Cows in VMS2 had a higher frequency of scratching against facilities, which could
be given by the design of the waiting yard area where there is a greater amount of
infrastructure, such as metal tubes that make up the exit gap (sleeve exit alley).
7. Tail movement was greater in VMS3 than VMS2 and VMS1, and VMS1 was greater
than VMS2. This result could be due to the presence of flies, direct sunlight, but more
research is needed to evaluate this finding.
8. The number and percentage of cows in the waiting yards was higher in segment 1
(positioning and entry to the milking robot) compared to 2 (pre-waiting area) and 3
(entry to the pen). This would indicate that the premilking waiting yard would be fulfilling
its function in terms of guiding and focusing the cows to enter the milking robot quickly
and expeditiously.
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APPENDIX 1

A. - Drawing of the pen (treatment) VMS1.

64

B. - Drawing of the pen (treatment) VMS2.
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C. - Drawing of the pen (treatment) VMS3.
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APPENDIX 2
A. - Questionnaire: Farm Management Survey (adapted from Gustafsson, L. 2017).
A1. Overview
All survey questions are based on management routines regarding animals housed in groups with VMS,
not in other parts of the dairy.
Are you in charge of the groups of milking cows? Yes / No
How many years of experience in milk production do you have?
What kind of production is it? What is expected for the future? Conventional / Organic
How many milking cows are there in overall? How many in VMS?
What breeds do you have among dairy cows and how many cows of each breed? Crossbreeds
are stated as "crossbreed".
How much milk do the cows produce on average each year? Expressed as kg ECM / cow, rolling
12 months.
How often are you seeking information from any of the following items if you are having a
problem in the herd?
Never

Moderately
rare

Moderately
Often

Always

Experience groups
News scientific paper from consultants
Personal consultation (agency or veterinarian)
Searching on internet
Internet forums or groups on social media
Contacts with other farmers
Books / papers
Which of the following do you think is most important to reach a profitable production?
Rank the 2 most important, where 1 is most important and 2 second most important.







Health (Udder health, leg/hoof health etc.)
Milking (Milk quality, return, efficiency etc.)
Work load (Easy working environment, self-propelled system)
Feed (Quality, feed ration, feeding strategy)
Breeding (Fertility, breeding material, exclusion of cows)
Other

Is there another factor that you think is equivalent important?
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A2. Management
What do you think of your knowledge in DelPro?
 Very limited
 Moderately limited
 Moderately good
 Very good
Would you work more in DelPro if you had more knowledge of it?
 Yes
 No
Have you bought consultation in how to take advantage of DelPro? (More than what you received
when VMS was installed)
 Yes
 No
How is the milking permission controlled?
 Automatic
 Automatic with exception for individual cows
 Adjusted manually for each cow
Do you use feed tables in DelPro to control concentrate ration in automatic feeders and/or in the
milking unit?
 Yes all cows are fed according to the tables
 Yes, some cows/groups are fed according to feed tables
 No, all concentrate feed is controlled manually
 No, the feeding consulter is transferring data directly to DelPro
What bulk tank cell score would you estimated that you have had on average the latest 12
months?
 Less than 150 000
 151 000 – 250 000
 251 000 – 350 000
 More than 350 000
How much percentage (%) of the cows is incomplete milked on average each day?
You can find the percentage incomplete cow on the first page in DelPro (monitor board) or under the
page system statistics.
At which milk flow rate is the teat cups removed? State as grams/minute
What level of vacuum do you use during milking? State as kPa
Is there a feature in DelPro that you are missing?
How often do you check following key indicators?
Less
Every
than
week
every
week
Concentrate intake
Time since last milking
Incomplete cows
Milk yield
Number of milking per cow and day
Number of milking per milking unit
Number of gate passages
Number of visits in milking unit
Time in waiting area
Cow Monitor (page in DelPro)
Conductivity
OCC (Online cell counter)
MDi (Mastitis detection index)
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A few
times
per
week

Every
day

A few
times per
day

Missing
the
function

A3. Animal places
In following questions, we want you to state what is true for the total number of cows in the AMS groups.
What is the main type of feed front used?
o Neck rail
o Feed fence (headlocks)
o Others
If you have neck rail, state number of meter:
If you have feed fence (headlocks) or others, state number of places:
How many drinking places are there? Water bowls should be states as number of pieces, and water
troughs is stated as number of meters
Number of water bowls are:
Number of lineal meter water troughs is:
Number of lying places are:
What bedding material is used in the cubicles?
o Only concrete
o Math without soft foundation
o Mattress
o Water bed
o Deep straw, more than 10 cm
o Other: (Textbox)
How much litter is used in the cubicles?
o More than 3 cm
o 3 cm or less
Total number of milking units (VMS) per group is:
Number of groups with milking cows is: With group, we mean cows that are separated in different
sections
If it is two groups or more: Are the grouping of cows based on any criteria?
1-2 choices is possible
o No, the groups are not separated on any specific criteria
o Milk yield
o Number of lactations
o Number of days since calving
o Udder health
o Pregnancy status
o Newly calved
o Other:
Do you have different traffic systems for different groups? Why?
o Yes
o No
o It is only one group
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A4. Barn Designs and Cow Traffic System
In the following questions, we want you to answer what is true for all the groups, especially that
you think has the best functioning.
How many animals are there in the group? Min/Max
Are the lying area and the roughage area separated from each other with one-way gates?
 Yes
 Yes, but there are cubicles in the roughage area as well
 No
Is there a selection gate that is selecting cows to milking?
 No
 Yes, where the cows are leaving the combined lying- and roughage area
 Yes, where the cows are leaving the lying area
 Yes, where the cows are leaving the roughage area
Do you have concentrate feeders?
 Yes, in the combined lying- and roughage area
 Yes, in the lying area
 Yes in the roughage area
 Yes, in a separated pen
 No
How many concentrate feeders are there in the group? The milking unit is not counted as a
concentrate feeder
What type of waiting area is there in front of the milking unit/units?
 No waiting area (possibility to close temporary can occur)
 Closed waiting area (the cows must pass the milking unit to exit)
 Closed waiting area + VIP-lane (selected cow are waiting in a row and are prioritized to
enter the milking unit)
 VIP- lane (all cows are waiting in a row)
 Other, explain:
Which do you think works best? Why?
How much footbaths by group of animals? Frequency of use? Products?
Hoof trimming system? Type? Frequency of use per cow?
How are the cows exiting to the recreation pen or pasture?
 Selection gate after the milking unit
 Selection gate from lying area
 Selection gate from the roughage area
 One-way gate from lying area
 One-way gate from the roughage area
 One-way gate after the milking unit
 It is open for the cows to come and go as they want
 Other: (textbox)
How are the cows entering the barn from recreation pen or pasture?
 Selection gate
 One-way gate to the roughage area
 One-way gate to the lying area
 It is open for the cows to come and go as they want
 Other:
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A5. Routines
Do you have defined routines for the cow management?
 Yes
 No
How many cows are you fetching to the milking unit per day? If you are fetching the same cow
more than once, count all fetches
How many times per day are the cubicles cleaned?
How many times per day is the manure removed from the paths? Scrapers / flushing /manual
How many times per week is the milking unit cleaned on the outside?
Never

Is it routinely?

Moderately
rare

Moderately
often

Always

Do you control that incomplete cows are completely
milked?
Do cows enter the milking unit before calving?
Do you help the cow to come to the milking unit in the
first days after calving?
Are you re-teaching the robotic arm if you are having
trouble finding one or more teats?

Which of the following routines do you think is the most important to prioritize every day?
Rank the 2 most important where 1 is the most important and 2 is the second most important
 Fetch cow to the milking unit (incomplete cows, cows with long milking intervals, cows
with high SCC etc.)
 Help cows that have been standing in the waiting area for a long time to get into the
milking unit
 Clean cubicles
 Look over key indicators to find outliers
 Clean the milking unit
 Other:
Is there another factor that you think is equivalent important?
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A6. Feeding
In the following questions, we want you to answer what is true for all the groups, especially that you
think has the best functioning.
What type of feed are you using?
What is before the “+” refers to the feed served in the feed bunk
 Total mixed ration + rewarding feed in milking unit
 Partly mixed ration + additional concentrate in milking unit and automatic feeders
 Only roughage + concentrate in the milking unit
 Only roughage + concentrate in the milking unit and automatic feeders
 Other:
How many times per day is feed delivered in the feed bunk?
How long is the biggest stop in feed delivery during night? State as the number of hours
Is the feed pushed forward in the feed bunk so that the cows can have easier access it?
 No
 No, the cows can always reach the feed
 Yes, number of times per day:
Which of the following feeding factors do you think is the most important to achieve a high
production?
Rank the 2 most important, where 1 is the most important and 2 the second most important
 Feed is delivered often
 It is always feed in the feed bunk
 The feed should taste good and attract the cows
 The feed is adjusted after each individual cow’s energy balance
 The feed in the milking unit should taste better than other feed
Is there another factor that you think is equivalent important?
Are you happy with your feeding strategy, cow traffic and routines or is there something you
would like to change?
Do you have anything to add concerning the questions in the survey?
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A7. Human-Animal Relationship
VMS1
Cattle type (Breed-Group conformation)
Intense sensory stimuli
• Noises
• Others (dusty wind)
Learning by conditioning (-): presence of people

•
•
•
•

Blows
Screams
Jostling
Impatience (sudden and unpredictable movements)
Learning by conditioning (+): presence of people
• Petting

•
•
•
•

Make slow and anticipated movements

•
•
•
•
•
•

Shift Manager / Module Manager

Provide prizes (small amounts of feed)
Talk to them in a good way (soft and calm tone)

Place the hand on the body of the cow
Number of people interacting with cows per day
Operators (every 12 hrs)
Alimentation
Cleaning (peripheral)
Health services

Reproduction
Turnover between groups (frequency)
Workload (No. of animals x shift; No. animals x person)
Variables affected by the relationship
• Feed intake (dry matter intake)
• Leftover or remnant food
• Rumination (hours / day)

•
•
•

Milk production (cow / day)
Fertility (pregnancy rate)

Lameness
Physiological variables
• Heart rate
• Plasma cortisol concentration
Staff training
• Cow Movement (Balance Point & Blind Spot)
Flight Distance
Personnel accident rate
Indicators in milking
• Frequency of steps
• Frequency of kicks
• Defecating, urinating, and vocalizations
Erratic (Stray) voltage measurements
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VMS2

VMS3

Interview guide
Overview





For how long have you had VMS?
Are you happy with your VMS? Have you always been?
Which have been the greatest challenges to reach a good production in VMS?
Which have been the most important factors to reach a high production in VMS?








Tell me about your feeding strategy
How often do you deliver feed? (Manually/automatic)
Have you seen any relationships between feeding strategy and cow traffic?
Have you had any other feeding strategy? In that case: Why did you change?
Which feeding factors do you think is the most important for a good production?
Are you happy with your feeding strategy?







What are your thoughts about placing of water, access of water etc.?
Are you happy with the barn layout?
Are you happy with your traffic system?
Is there something that you are not happy with?
Is there something you have had made different if you had built the barn today?

Feed

Building

Management













What is your strategy with occupancy?
 Do you have other animals than cows in the group? (Heifers, dry cows etc.)
 How do you think occupancy affect the production?
How do you work to use the capacity of the milking unit?
Which parameters do you think is most important to control the capacity of the milking
unit?
How do you use DelPro as a work tool?
 Which parameter do you think is most important to check?
 Which interventions do you make when you find a deviating key indicators?
 Do you think you have enough knowledge to take advantage of DelPro?
Tell me about your strategy about fetching cows to the milking unit
 Do you fetch cows or are you avoiding it?
 How do you avoid fetching cows?
 Why do you think some cows do not visit the milking unit voluntary?
Are you milking all cows in VMS?
 Do you feed a need for an additional milking system?
What actions do you take when the number of milking is decreases?
What do you do with cows that do not visit the milking unit voluntary?
 Take them out of production, change settings, take to another milking system, etc.?
What in your work do you think differs from farms with lower production?
What are you greatest inspiration to do changes? Consulters, salespersons, other
farmers etc.?

Human-Animal Relationship
 What is your strategy with staff training?
 Do you think is important assess animal welfare in your farm?
Final question
 What is the strength on your farm?
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APPENDIX 3
Segments per pen (treatment): zone 1 (feed bunk line), zone 2 (segment with line of cubicles,
water trough and swinging cow brush), and zone 3 (segment with line of cubicles and water
trough).
A. - Drawing of the pen (treatment) VMS1.

B. - Drawing of the pen (treatment) VMS2.

C. - Drawing of the pen (treatment) VMS3.
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