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Stefanowska, J., Devir, S. and Hogeveen, H. 1997. Time study on
dairy cows in an automatic milking system with a selection unit
and one-way cow traffic. Can. Agric. Eng. 39:221-229. Twenty
four Holstein Friesian cows were kept in a loose housing system with
one-way traffic from the lying area to the feeding area through an
automatic milking system (AMS) and from the feeding area to the
lying area through a one-way gate. The AMS consisted of a double
compartment selection unit (SU), one milking stall (MS), a passage
from the SU to the MS, a passage from the MS to the feeding area,
and a passage directly from the SU to the feeding area. During the
sixth month of automatic milking, cows were observed for 24 h once
a week for three weeks. On average, cows came to the AMS 12.5
times per day: 3.4 times with milking and concentrate in the SU and
MS, 1.6 times with no milking but with concentrate in the SU, and
7.5 times with no milking and no concentrate. Leaving the SU lOok
the cows 24.4 s when they went to the MS during milking visits and
143.5 s for the remaining visits. Cows that were quicker to leave the
SU in the direction of the MS were slower to leave the MS (P < 0.0 I).
Cows placed their hind hoofs inside the MS voluntarily in 65% of the
visits; in the remaining visits the closing gate forced them to do this.
The average duration of leaving the MS was 51.4 s. This increased
with milk yield and daily concentrate allotment and also when the
cow kept her head in the trough when the exit-gate of the MS opened.
Cows stayed on average 238 s in the passage between the MS and the
feeding area. Statistically significant differences between individual
cows were found in the durations of leaving the SU and the MS, in
passing between the SU and the MS. and in standing in the passage
between the MS and the feeding area. It might be possible to increase
the capacity of the AMS by accelerating the movement of cows
through it. Cows that are not milked would get some concentrate
after passing through the SUo Cows that are milked would get some
concentrate during milking and some after leaving the AMS. Key
words: automatic milking, selection unit, behavior, cow traffic,
lay-out.

Vingt-quatre vaches hollandaises etaient gardees dans un systeme
de logemcnt, it stabulation assez libre, dont la circulation s'cffectuait
en sens unique de I'espace ou se couchaient les vaches it I'espace
d'affouragement par voie d'un systeme de traite automatique (STA),
et de I'cspace d'affouragement a l'espace de coucher par voie d'une
barriere qui ne s'ouvrait que dans un seul sens. Le STA consistait en
deux unites de selection (US), une stallc de traite (ST), un passage
qui menait des deux US jusqu'a la ST, un passage de la ST a I'espace
d'affouragement et un passage direct des US a la salle d'affourage
ment. Dans Ie sixieme mois de traite automatique on observait les
vaches trois fois pendant 24 heures aux intervalles d'une semaine. En
moyenne les vaches entraient dans Ie STA 12.5 fois par jour: elles
entraient dans Ie ST 3.4 fois, pour la traite et pour recevoir une
portion de forages concentres dans I'US et dans la ST; elles entraient

dans I'US 1.6 fois, pour recevoir une portion de forage concentre,
sans continuer ala ST; elles passaient 7.5 fois par Ie STA sans traite
et sans forage concentre. Pendant les visites pour la traite automat
ique les vaches prenaient 24.4 s pour sortir de I'US et d'aller ala ST.
Pendant les autres visites elles passaient 143.5 sen sortant de I'US.
Les vaches qui sortaient plus vites de I'US pour aller ala ST sortaient
plus lentement de la ST (P < 0.0 I). Les vaches menaient les panes de
derriere dans la ST volontairement pendant 65% des visites. Pendant
les autres visites c'etait la barriere en train de se fermer qui les
obligeait de Ie faire. En moyenne les vaches passaient 51.4 s en
sortant de la ST. La duree s'augmentait selon la production laitiere
des vaches et la portion quotidienne de forage concentre. Cela ce
passait egalement quand une vache restait avec la tete dans la
mangeoire apres I'ouverture de la barriere. En moyenne les vaches
demeuraient 238 s dans Ie passage qui menait de la ST it I'espace
d'affouragement. Les differences d'une signifiance statistique entre
les individuels se trouvaient dans Ie temps que prenaient les vaches
pour sortir de I'US et de la ST, pour passer entre I'US et la ST et pour
rester dans Ie passage entre la ST et I'espace d'affouragement. II
serait peut-etre possible d'augmenter la capacite du STA si on ac
cclerait Ie passage des vaches au travers du STA. Les vaches qui ne
sont pas traites recevraient de forage concentre apres qu 'elles passent
par I'US. Les vaches qui sont traites recevraient une partie de leur
portion de forage concentre pendant la traite et une partie apres
qu'elles sortent du STA.

INTRODUCTION

An automatic milking system (AMS) has to be integrated into
the cowshed and the management of the farm. The premise
of the optimum AMS is that cows should come voluntarily to
be milked at proper times. The management of cow traffic is
important. For cows in an AMS, there are some recommen
dations that should be followed. Pirkelmann (1992) stressed
the importance of feeding as a goal for cows and as an aid for
designers to achieve purpose-oriented movement of cows
through the AMS. According to Hurnik (1994), a new tech
nology should not be confusing for the cows and it should be
consistent with the manner and timing of all activities related
to milking. When cows receive cues that indicate an ap
proaching milking, they may participate in forthcoming
events (Hurnik 1992). Hamann (1994) underlined that, for
optimum interaction between the cows and the milking tech
niques, priority should be given to maximizing the
unconditioned milk-ejection reflex and to standardizing all
factors that may evoke conditioned reflexes. Albright (1992)
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Fig. 1. Lay-out of automatic milking system (AMS); SU - selection unit,
MS - milking stall.

feeding
area

lying
area

I forage
feeder --{>

exit-gates

2 3 4104
III H I

1.5 2.5 3.5

milking area

ing (Devir et al. 1996). The feeding area was accessible only
from the AMS and the cows could leave the feeding area only
through a one-way gate that opened towards the lying area.
The cows were fed ad libitum forage, composed of a mixture
of grass silage (60% dry matter), com silage (25% dry mat
ter), and sugar beet pulp (15% dry matter). Concentrate
according to production level was allocated only in the AMS
(SU and MS). One water trough was installed in the lying
area and two were installed in the feeding area (one each at
the beginning and at the end of the forage installation).

The AMS ("Prolion" Development, Vijfhuizen, The Neth
erlands) was situated at the end of the cow-shed (Fig. I) with
the entrance accessible from the lying area and the exit
opening onto the feeding area. The AMS consisted of a
double-compartment SU, one MS with "planned" capacity of
40 cows milked three times a day, a passage from the SU to
the MS, a passage from the MS to the feeding area, and a
passage from the SU to the feeding area, through which the
cows were routed when they were not milked. The selection
unit compartments were 0.9 m wide. The passages were 1.0 m
wide and had a solid concrete floor. In each compartment of
the SU, a trough for concentrate was fixed to the side. In the
MS, the trough was positioned in front of the cow. The cows
could enter and leave both compartments of the SU at the
front. They could enter and leave the MS from the side. The
floor in the MS had different sections, the front, which had a
platform 100 mm higher than the rest of the floor for the front
hoofs of the cows; the middle, which was slatted; and the
rear, which had two profiled places for the cows to place their
hind hoofs (Devir et al. 1996). Cows inside and outside the
AMS could see each other.
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ANIMALS, MATERIAL, AND METHODS

Experimental animals

The group of 24 Holstein Friesian cows consisted of six
primiparous and 18 multiparous cows. The mean lactation
number was 2.4 (range: 1-7 lactations). During the study, the
cows were in lactation an average of 153.3 d (range: 103
180). The average milking frequency was 3.4/d (range:
2.0-4.7), and the average milk yield was 25.9 kg/d (range:
16.2-38.4). The cows received an average of 7.8 kg/d (range:
1.0-16.0) of concentrate. The quantity of concentrate was not
changed during the observation time. The mean body mass of
the cows (measured in the SU) was 654 kg (±66.5).

Housing

The cows were kept in a loose housing system with a slatted
floor. There was a lying area with 25 cubicles and a separate
feeding area (FA) with 12 feeders for automatic forage feed-

suggested that cows could be in
duced to cooperate within the
system by being trained instead of
being forced to conform.

Two types of cow traffic to the
AMS are free cow traffic and one
way cow traffic. In free cow
traffic, cows can always visit the
AMS and other parts of the cow
shed, whereas in one-way cow
traffic, cows are routed through
the AMS on their way from one concentrate ----lI::EL:l.B

part of the bam to the other (Devir
et al. 1993, 1996).

For both types of cow traffic, it
is possible to place a selection unit
(SU) to function as the entrance to
the AMS (Swierstra and Smits
1989). In the SU, the milking
status of a given cow is checked
and she is then either admitted to
the milking robot or diverted away
from it. The traffic of cows to the
AMS can be stimulated by provid
ing concentrates in the SU and a
one-way traffic situation. Devir et
al. (1996) achieved a rate of up to
98% of the planned number of vol
untary milkings under these
conditions. Because it was observed that some cows did not
want to leave the SU, especially when they were diverted
back to the herd without a visit to the milking stall (MS)
(Metz-Stefanowska et al. 1993), the SU was equipped with a
pusher (Devir et al. 1996).

To understand and optimize the capacity of an AMS, one
needs to know how the cows spend their time inside the AMS
and whether the system is really "friendly" to cows. There
fore the aim of this study was to analyse the type of visits the
cows made to the AMS (milking or no-milking) in relation to
the amount of time they spent in different parts of the AMS
and to the supply of concentrate.
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Table I: Data related to the use of the AMS per cow per day

Mean STD Range

Number of all visits to the AMS 12.5 4.6 (3.7 28.3)*

being:
no-milking visits with no concentrate 7.5 4.8 (0.3 25.0)

no-milking visits with concentrate 1.6 1.3 (0 6.7)
milking visits with concentrate 3.4 0.6 (2.0 4.7)

Total time spent in the AMS (min) 13 1.1 51.6 (58.1 197.6)
being:
time spent in the SU not followed by milking (min) 49.2 25.0 (2.6 113.4)

consisting of:
visits with no concentrate (min) 38.5 24.4 (2.6 111.2)
concentrate dispensed (min) 8.0 4.7 (1.0 17.6)
time spent after dispensing (min) 2.7 3.2 (0 11.8)

time spent in the SU followed by milking (min) 36.1 10.0 (15.6 54.2)
consisting of:
concentrate dispensed (min) 16.2 6.6 (6.8 29.2)
time spent after dispensing (min) 19.9 6.9 (8.0 32.5)

time spent on passing from the SU to the MS (min) 0.9 0.5 (0.2 1.9)
time spent in the MS (min) 31.6 7.6 (19.6 48.3)
time spent in the passage MS-FA (min) 13.3 8.5 (3.3 37.3)

* including one cow with lameness

Table II: The time the cows took to leave the SU (s)
during three kinds of visits

* The letters indicate statistically significant difference with

lRRELM analysis (P~0.05). A, B, C, D were used for
comparisons of no-milking visits; K, L, M, N, 0, P, R, S were
used for comparisons of visits rewarded with concentrate.

All visits Left SU Left SU Left SU

untouched touched after some
by pusher by pusher resistance

Except for the cleaning periods (from 0700 h to 0800 hand
for 20 min at 0000 hand 1600 h), the AMS was continuously
available. Upon entering the SU, the cow was identified and
a decision on milking and feeding was made. As a rule, three
types of decisions were possible in the SU: (I) milking
(concentrate in both SU and MS) (= milking visit); (2) no
milking, but concentrate in SU; and (3) no milking and no
concentrate in SU.

When the exit-gate of the SU opened, the cow saw which
passage was accessible to her (either to the MS or to the
feeding area). If she refused to leave within 5 s after the
opening of the exit-gate, a mechanical device pushed her
rump. The pusher moved along a rail up to the exit-gate of
the SU. In the MS, a another pusher was installed to push the
cow's body from behind 5 s after the opening of the exit-gate.
The exit of the AMS consisted of two one-way gates at the
end of the passages from the SU and the MS to the feeding
area.

The cowshed was illuminated by natural light during the
day and dim artificial light at night.

Data collection

The study was carried out during the sixth month of an
experiment that lasted seven months (Devir et aI. 1995). Each
cow's behaviour was recorded from the side of the AMS
during three periods of 24 hours, within an interval of one
week. The observations started at the SU and ended at the exit
of the AMS.

During all of the visits of the cows to the SU, the observa
tions recorded whether or not it was necessary to use the

No-milking visits
and no concentrate
in the SU

No-milking visits,

but with
concentrate in the
SU

Milking visits
and concentrate
in the SU

n=509
148.5
A*

n=86
115.0
A,K

n=241
24.4

L

n=64
46.9

B

n=14
68.0
B,M

n=198
19.1

p

n=237
93.6

B

n=39
93.5
B,N

n=36
39.2

R

n=208
242.2

C

n=33
160.3
D,O

n=7
100.7

S

CANADIAN AGRICULTURAL ENGINEERING Vol. 39. No.3 July/August/September 1997 223



where:
y =response variable,
B= vector of fixed effects with design matrix X,

Jl =vector of random effects with design matrix Z, and

e = residual error term, that is usually, but not necessarily,
assumed to be normally distributed with mean 0
and constant variance 0 2.

Effects and random components were estimated using it
erative Reweighted Restricted Maximum Likelihood
(lRREML) as described by Engel (1997). The fixed effects
were type of visit, concentrate in the SU (yes or no), and
reaction to the pusher (untouched, touched, resisted leaving)

and their significance was tested with
the Wald test (Rao 1973); the random
component was a cow.

Analyses

The data analyses were executed in two steps. In the first
step, descriptive statistics were used to evaluate the use of the
AMS and the behavior of the cows during milking visits.

In the second step, the data were analysed with a General
ised Linear Mixed Model as is described in Engel and Keen
(1994). This statistical model, which is an extension of the
Generalised Linear Model (McCullagh and Neider 1989)
consists of fixed and random effects and can be written as:

urination were observed between the SU and the one-way
exit-gate from the AMS.

The following data were recorded automatically: milk
yield; concentrate allotment; body mass (measured during
every visit to the SU); and other recorded times related to the
use of the AMS.

From these data were calculated the duration of the stay in
the SU, the time it took to leave the SU, the time it took to
pass from the SU to the MS, and the duration of the stay in
the MS.

(1)y=XB +ZJl + e

Table III: Data on the milking visits in the AMS

pusher to remove the cow. Three categories were defined: (1)
the cow left the SU untouched by the pusher; (2) the cow left
the SU after being touched by the pusher; (3) the cow resisted
leaving the SU with the pusher pressing her body.

During the milking visits of the cows, the observations
took into account the following:

Voluntary arrival in the MS This was expressed in per
centage of visits that a cow placed her hind hoofs voluntarily
inside the MS when entering. Otherwise the closing of the
entrance-gate forced her to place them inside.

Position of the head relative to the trough in the MS Two
positions were identified: head in the trough and head above
the trough. The number of times that a cow kept her head in
the trough was given in percent. The position of the cow's
head was observed at five moments: when the cow entered
the MS and the entrance-gate was closed; when the robot
began the positioning of the automatic cluster attachment;
when milking began; when milking ended; and when the
exit-gate opened.

Time needed to leave the MS The time was measured from
the opening of the exit-gate of the MS until the four hoofs of
the cow were outside of the MS.

Time needed to leave the AMS The time was measured
from the moment that the four hoofs of the cow were outside
the MS until the cow had passed through the one-way gate
exit to the feeding area (FA). The difference in time between
leaving the AMS and leaving the MS was used to calculate
the duration of the stay in the MS-FA passage.

Leftover concentrate in the MS When the cow left the MS,
a visual check was done to determine whether there was
concentrate left (weighing was not possible without disturb
ing the access to the AMS).

Elimination The occurrence and the place of defecation and

Mean

Chance to be milked during the visit in the SU (%) 30.5
Time taken to leave the SU for milking (s) 24.9
Time taken to pass from the SU to the MS (s) 16.3
Voluntary placing of hind hoofs inside the MS (%) 65.0
Visits with head in the trough (%):

after arrival 95.3
begining of cluster attachment 89.5
begining of milking 83.8
end of milking 59.4
when exit-gate opened 36.7

Concentrate left (% of visits) 21.8
Time taken to leave the MS (s) 51.4
Time spent in the MS-FA passage (s) 238
Portion of concentrate (kg) per milking
visit offered in:

SU 0.85
MS 1.10

224

STD Range Linear regression analyses were per-
formed to find relations between all the

11.6 (11.6 - 42.8) variables mentioned in the data collec-
8.9 (15.3 - 46.3) tion. The possible single explanatory
7.2 (5.0 - 30.3) variables were checked separately with

21.1 (10-100) a Student t-test.
There were four variables related to

7.6 (72.7 - 100) milking visits in the AMS, namely: how
10.1 (66.7 - 100) long the cows took to leave the SU, how
9.3 (62.5 - 100) long they took to pass through the SU-

20.1 (16.7 - 100) MS, how long they took to leave the
20.6 (0.7 - 72.7) MS, and how long they stayed in the

MS-FA passage. These variables were
27.5 (0 - 90.9) analysed with a linear regression model
32.3 (6.4 - 144.4) with a cow as independent variable and
143 (71 - 611) the logarithm of the four variables as

response variable. All analyses were
carried out with the Genstat 5 statistical

0.48 (0.1 - 1.71) package (Genstat 5 Committee 1993).
0.28 (0.47 - 1.65)
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Table IV: Explanations for some variables related to the use of the AMS by other variables

Explaining variable (sign of effect: +/-)

Total time spent in the AMS per day number of all SU visits (+)

number of SU visits not followed by milking (+)

number of SU visits followed by milking (+)

Time spent in the SU per day during no-milking visits number of all SU visits (+)

number of SU visits not followed by milking (+)

stage of lactation (+)

Time spent in the SU per day during milking visits number of SU visits followed by milking (+)

concentrate per day (+)

stage of lactation (-)

Time spent in the MS per day number of SU visits followed by milking (+)

concentrate per day (+)

milk yield (real and FCM) per day (+)

stage of lactation (-)

Number of SU visits not followed by milking not found

Time taken to leave the SU for milking not found

Time taken to pass from the SU to the MS not found

Voluntary placing of hind hoofs inside the MS not found

Head kept in trough when exit gate of the MS opened not found
after milking

Level of
significance *

***
***
*

***
***
*

***
*
*

***
***
***
*

Concentrate left after milking

Time taken to leave the MS

Time cows spent in the MS-FA passage
(per day & event)

---------------~-. -----

concentrate allotment per day (+)

concentrate portion in MS (+)

head kept in trough when exit of MS opened after milking (+)

concentrate per day (+)

time taken to leave the SU for milking (-)

not found

**
**

*
**
*

* The level of statistical significance is given as: *** - P$O.OO I, ** - P$O.O I, * - P$O.05.

RESULTS

General information about the use of the AMS

On average, the cows came to the AMS 12.5 times a day. Of
these visits, 7.5 were no-milking and no-concentrate visits
(Table I). On average, the cows received concentrate in the
SU during 40% of all visits. During 1.6 visits a day, the cows
were not milked, but they received concentrate in the SU.
During 3.4 visits a day, the cows were milked and they got
concentrate in the SU and the MS. The cows spent on average
131.1 min a day in the AMS. Of this time, 31.1 min were
spent in the MS (27.5%). The mean time each of the cows
spent in the SU was 85.3 min a day, of which 24.2 min were
spent on concentrate intake. The duration of visits to the SU
without milking but with concentrate was 38.5 min per cow

per day. The mean time that each of the cows spent in the SU
after eating concentrate during no-milking visits was 2.7 min
a day. The mean time each of them spent in the SU after
eating concentrate during milking visits was 19.9 min a day.
During this time, the cow was kept in the SU, where she had
to wait for free access to the milking stall.

Visits to the SU

Table II shows data about the visits to the SU during the
observation periods. Of 836 observed visits, 509 were no
milking visits without concentrate. During 86 visits, the cows
received concentrate in the SU, but they were not milked. All
no-milking visits to the SU were analysed together (n=595).
Of these, the cows left the SU untouched by the pusher 13.1 %
of the time. Of the remaining visits, the cows left the SU after
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Table V: Analysis of four chosen variables related to the behavior of cows
during milking visits in the context of differences between and within
24 cows (6-14 repetitions per cow)

Mean time Coefficient of variation Proportion of individual
(s) (%) of cow means cow's effect in total

variance (R2
) (%)

being touched by the pusher (46.4%) or after offering some
resistance to the pusher (40.5%). The supplementing of con
centrate in the SU did not affect the time it took the cows to
leave the SU during no-milking visits. Nevertheless, the
cows that got concentrate in the SU and that resisted the
pusher spent less time leaving (P::;0.05) than the cows that got
no concentrate.

The 241 milking visits were compared with 86 no-milking
visits, when there was concentrate in the SU (n=327). The
type of visit and the reaction of the cows to the pusher
affected how long it took them to leave the SUo The cows left
the SU quicker if the visit was followed by milking (P::;0.05).
In 82.1 % of the milking visits, the cows left the SU un
touched by the pusher.

In the MS

Table III gives data on the milking visits to the AMS. The
probability that a cow would be milked during a visit to the
AMS was on average 30.5%. When the exit-gate of the SU
opened and the passage to the MS was accessible, it took the
cowan average of 24.9 s (±8.9) to leave the SU and an
average of 16.3 s (±7.2) to pass between the SU and the MS.
Concentrate was always offered in the MS, the mean portion
being 1.1 kg.

The cows placed their hind hoofs inside the MS voluntar
ily in 65% of the visits. In the remaining 35%, the cows were
pushed inside the MS by the closing entrance gate. In the
course of the cows' stay in the MS, their heads were seen
above the feeding trough more and more. When the exit-gate
of the MS opened, the cows kept their heads in the trough in
36% of the visits. Leftover concentrate in the MS was seen
on average after 22% of the milking visits. This was attrib
uted mainly to cows with a high daily concentrate allotment.

On average, the cows left the MS in 51.4 s after being
milked. They remained in the MS-FA passage for an average
of 238 s (±143) before finally leaving the AMS through the
one-way gate.

The cows urinated in the SU in 64.7% of all observed cases
and they defecated in the MS-FA passage (after being
milked) in 80.0% of all observed cases.

Relations between variables during milking visits

Table IV shows the results of regression analyses to find
explanatory variables for the cows' use of the AMS. Leftover

19.7
51.9

32.3
29.9

DISCUSSION

During the whole experiment (Devir et al. 1995) and during
our observations, the cows came to the AMS voluntarily. In
our study, the cows went from the lying area to the feeding
area via the AMS an average of 12.5 times a day, which is
more than the 6-9 voluntary roughage intake periods a day
that Pirkelmann (1995) estimated for each cow. Presumably,
there are other reasons than the wish to eat forage and con
centrate, or the wish to be milked, that contribute to a cow's
decision to visit the AMS. The average chance of finding a
concentrate reward in the SU was 40%. There are reports that
cows pay a visit to the AMS sooner after an unrewarded visit
to the SU than they do after a rewarded visit (Ketelaar-de
Lauwere and Benders 1994). When there is more than one
concentrate dispenser, the number of visits is relatively
higher (Metz-Stefanowska and Spahr 1989; Pirkelmann
1995; Livshin et al. 1995; Wierenga and Hopster 1991). The
cows might have been attracted to the AMS not only because
of concentrate, but also for social reasons. Cows are socially
facilitated animals that observe the actions of other animals
(Hurnik 1994). Curiosity may have also played a role, espe
cially because the cows were kept indoors. Water was not a
motivator to go from the lying area to the feeding area, as it
was available in both areas.

In modern dairying, there is an increasing need for auto
matic sorting of cows (Carrano 1994). In our study, this
sorting took place in two compartments of the SU. Some
times a cow penned in a compartment had to wait because the
MS was occupied, because the cow in the other compartment
had priority, or because the exit passage was occupied by a
cow leaving the other compartment. The expectation was that

concentrate after milking was related
to the total daily concentrate allotment
(P<O.O I) and to the size of the portion
offered in the MS (P<O.O I). Leftover
concentrate could not explain the rate
of incidence of the cow keeping her
head in the trough while the exit-gate
of the MS opened after she was
milked. The cows left the MS more
slowly when they kept their heads in
the trough while the exit-gate of the
MS opened (P<0.05), when their daily
concentrate allotment was larger
(P<O.O I) and when it took them a
shorter time to leave the SU (P<0.05).

Individual cow effect

Table V gives four variables of the same kind (all durations)
that are related to the use of the AMS. There were significant
differences between cows for all of the variables (P<O.OO I).
The variation, in terms of the coefficient of variation of cow
means, was largest for the time the cows stood in the MS-FA
passage (60.1 %). The individual cow effect explained the
largest part of the variance (51.9%) in the time it took to pass
from the SU to the MS. Total variation consisted of between
cow variation (individual cow variation) and within-cow
variation. This means that within-eow variation was relatively
smallest for the time it took to pass from the SU to the MS.

35.7
44.2
45.3
60.1

24.9
16.3
51.4

238.0

Chosen variable

Duration of:
leaving the SU (s)
passing the SU-MS (s)
leaving of the MS (s)
staying in the MS-FA

passage (s)
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visits to the AMS might involve a substantial amount of
queuing and waiting (Metz and Ketelaar-de Lauwere 1995).
In our study, the average time each cow spent in the MS
every day (31.6 min) was 24.1 % of the total time she spent in
the AMS every day. Not all of the remaining time the cows
spent in the AMS was useless; they spent part of it eating
concentrate in the SU. If the expected time each cow had to
spend waiting in the SU for access to the MS exceeded 20
min, then she was diverted from the SU. It is difficult to
estimate the consequences of waiting in the SU without
knowing for certain what the decision of the system will be.
lt seems that waiting does not let the cows participate in the
events that announce the approach of milking. It might be
wise, therefore, to give a waiting cow some information that
she will soon be milked. Diverting her to the waiting area
immediately after she is sorted would serve this purpose.

The cow knew what decision the AMS had taken when the
exit-gate of the SU opened. It is logical that the cows that
resisted took longer to leave the SU. But there are two other
striking factors that influence the time it takes for cows to
leave the SU. The first of these is the different distribution of
interactions between the cows and the pusher during no-milk
ing and milking visits. The second is the significant statistical
difference that was always present for SU-leaving during
no-milking and milking visits within the same category of
interactions with the pusher. In comparison, visits with con
centrate and those without showed statistically significant
differences only in the category 'left SU after some resis
tance,' Le. when cows got nothing they resisted the pusher
more. From the cow's reactions to the pushers and from the
duration of SU-leaving, the conclusion is that it is a better
experience for the cow to send her on to an MS for her next
concentrate reward than to divert her away from the SU (even
after dispensing of some concentrate in the SU).

When the exit-gate of the SU was open and the cow could
go to the MS, she passed quickly between the SU and the MS,
a phenomenon that was also observed in an earlier study
(Metz-Stefanowska et at. 1993). The cows were eager to go
to the MS, probably because they always received concen
trate there. This agrees with the results of Marchal et al.
(1994), who found that if concentrate were supplemented in
the MS, the cows entered faster.

In 35% of the visits, the cows were forced to place their
hind hoofs inside the MS by the closing entrance-gate. There
were large individual differences between the cows in the
voluntary placing of hind hoofs inside the MS, but no possi
ble explanation for this could be found. Probably sidewards
access to the MS is more difficult for the cow than forwards
access to the SU. The lay-out of the MS (e.g. floor, gates)
deserves further research.

During a milking visit, the cows were generally much
slower to leave the MS than they were to leave the SU. The
time it took them to leave the MS could be related to daily
concentrate allotment, but not to the size of the portion given
during the MS visit, nor to the amount of leftovers in the MS.
The cows that resisted leaving the MS often kept their heads
in the trough when the exit-gate opened. Keeping the head in
the trough when the exit-gate of the MS opened was not
related to leftovers. The cows often licked the empty trough.
Dispensing of concentrate during automatic milking has cru-

cial meaning for the capacity of the AMS. The cow should
finish her portion during milking. Whipp (1992) estimated
that a cow can eat a maximum of 2.6 kg of concentrate during
an average milking of 6.75 min. Our cows had smaller por
tions than this. Some of them wanted more, others left part of
their portion.

An interesting relationship was found between the dura
tion of MS-leaving and SU-leaving during milking visits.
Cows that left the MS slower were those that left the SU
quicker. This can be attributed to the motivation of the cows
to get concentrate.

Despite rather large differences in body mass between
cows (500-750 kg), the rate of movement through the AMS
(leaving/passing) was not influenced by size. Although the
dimensions of the gates and passages were somewhat smaller
than those recommended by CIGR (1994), especially for
large cows, they were sufficient for all of the cows.

It appeared that many cows did not return directly to the
herd after being milked and leaving the MS; they remained
in the MS-FA passage. Similar observations were made by
Marchal et at. (1994) and by Mottram et at. (1995). No
explanation for this behaviour could be found. The MS-FA
passage was not accessible from the feeding area; it was a
preferred place for defecation.

There were distinct differences between cows in the four
investigated durations in the AMS. The cows were most free
to decide how long they wanted to stay somewhere in the
passage behind the AMS. But sometimes two cows stood
there (one behind the other) and they could influence each
other as to how long they stayed there. The time it took a cow
to leave the SU and the MS was influenced by the pushers.
The time it took to pass between the SU and the MS was
solely dependent on the cow, and individual cow effect was
most visible in this variable.

Cows urinated often in the SU and defecated more often in
the MS-FA passage. Metz-Stefanowska et at. (1992) ob
served that cows defecated more often inside the MS during
adaptation to the AMS and later, during MS-leaving. This
was confirmed by Marchal et at. (1994). In research on the
dunging behaviour of cows milked in a traditional milking
parlour, it was observed that cows urinated more in the
holding pen and defecated more while exiting the milking
parlour (Hidari et at. 1982; Suzuki et at. 1983).

CONCLUSIONS AND RECOMMENDATIONS

Providing concentrate only in the AMS ensured a high
number of visits to the SU. The visits of cows that will not be
milked in the AMS should be streamlined to get them out of
the AMS as efficiently as possible. It should be considered to
supply cows that will not be milked with concentrate in
another place, outside the selection unit. This would speed up
the traffic through the selection unit.

The sequence: decoy into the AMS with concentrate, hold
in a closed SU pending an unknown decision, remove by
pusher if not needed, is an invention of humans. It may not
be clear to cows.

Because the cows spent so much time in the double-com
partment SU (on average 1.5 h a day), they strained the
capacity of the MS, which was 40 cows a day. For the MS to
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function efficiently at full capacity under these conditions,
the SU should have three compartments.

It was difficult to achieve efficient functioning of the
AMS, given the behavior of the cows. Further technical
modifications to the AMS are possible. These include the use
of two milking stalls, "walk-through" selection for milking,
and selection only in the milking stall. The implementation
of modifications should take place only after they have been
tested in behavioral studies with cows.
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