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Abstract

It has been argued that the welfare of gestating sows is higher in groups than singly in stalls, in part because group housing offers
them more space and social contact. This study set out to ascertain how important access to a group pen was to dominant sows
housed in stalls, using a measure of motivation. Subjects were trained to perform a panel-pressing task, then housed in a stall and
permitted each day to work for a day’s access to a fully slatted group pen containing two familiar, subordinate sows at a stocking
density of 2.7m2 per pig. Social ranking was determined by observations at mixing and from feed competition tests. The fixed-ratio
schedule was increased daily and the highest schedule reached (the reservation price) was used as a measure of motivational strength.
To interpret this measure, it was compared with the highest schedule that subjects reached when working for access to the last 1/16th

of their estimated ad libitum daily food intake after having consumed the first 15/16ths free. Sixteen subjects were tested, eight
working for access to the group pen first and eight for access to the food first. Seven subjects yielded useable data: four reached a
higher schedule working for food and three reached a higher schedule working for the group pen. Overall, subjects attached no more
importance to a day’s access to the group pen than to the last 1/16th of their estimated ad libitum food intake. It is likely that the
subjects were close to satiation when working for food because consumption frequently fell substantially short of the ‘ad libitum’
allowance. These results suggest that dominant, stall-housed sows are only weakly motivated to gain access to a fully slatted group
pen, although motivation might be higher when deprived of access to the group pen for longer than one day, if tested at a different
time of day or if the quality of the group space was improved; these three possibilities still need to be tested.
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Introduction

It is estimated that 60–70% of sows in the US are housed in

stalls throughout gestation (Barnett et al 2001). However, it

is often argued that the welfare of sows is better in group

housing systems, in part because of the increased space and

social contact (Scientific Veterinary Committee 1997;

Bracke et al 1999; Bracke et al 2002). Group housing is a

general term used to describe a variety of housing systems

that may differ in the method of food delivery, flooring, pen

size and group size, but all group housing systems offer

more space and social contact than stalls. In order to focus

on these two factors, this study aimed to compare stalls with

small, stable groups without straw bedding.

When comparing stall housing with group housing systems

of this kind, the main welfare concerns are aggression in

groups, versus the physical and behavioural restriction of

stalls. Aggression mainly occurs at mixing (Meese & Ewbank

1973; Friend et al 1983; Dolf 1986; McGlone 1986; Luescher

et al 1990) and when sows are competing for food (Csermely

& Wood-Gush 1986; Edwards 1992; Gjein & Larssen 1995).

The level of aggression at feeding time depends on the

method of feeding and aggression can be substantially

reduced by the use of feeding stalls (Edwards et al 1993;

Barnett 1997; Andersen et al 1999). However, some aggres-

sion may also occur when competing for resources other than

food, including preferred lying areas (Edwards 1992).

Gestation stalls severely restrict the sow’s ability to move

(Baxter & Schwaller 1983; Curtis et al 1989) and sows

housed in stalls may develop decubitus ulcers (pressure

sores) (Bäckström 1973; Gjein & Larssen 1995), which, in

humans, are often painful (Freedberg et al 2003). It has

also been suggested that an inability to exercise in stalls

may lead to lameness (Marchant & Broom 1996);

however, comparisons between stalls and small groups

without straw have found no difference in the incidence of

lameness (Morris et al 1997), perhaps because pigs

perform little voluntary exercise when given additional

space (Blackshaw & McVeigh 1986).

Gestation stalls also restrict the sow’s ability to interact with

other pigs. Sows housed in stalls have difficulty establishing

stable dominance relations with their neighbours (Jensen

1984; Dolf 1986; Broom et al 1995) and it has been

suggested, though not demonstrated, that this results in

chronic stress. Stall-housed sows also spend less time
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performing social behaviour (Morris et al 1993), but it is not

known whether this affects their welfare. Matthews and

Ladewig (1994) attempted to measure motivational strength

for social contact in individually housed growing pigs, but

serious methodological concerns have been raised, including

the very short duration and limited quality of contact

permitted (Mason et al 1998; Jensen et al 2004), and the

measure of motivation that was used (Kirkden et al 2003).

Furthermore, Matthews and Ladewig (1994) were unable to

quantify the value of social contact with any degree of

precision, finding that it was worth more than a view of an

empty pen but less than food. Barnett et al (1989) compared

motivational strength for social contact between sows housed

in groups and stalls by observing how they allocated their time

in a choice test between food and social contact. Although

they found no difference in motivational strength, the study

revealed little about the motivation of sows to live in a group

because the social contact was with unfamiliar sows.

Studies have consistently reported a higher incidence of

stereotypy in stalls than in small groups without straw

(Barnett et al 1985; Jensen 1988; Morris et al 1993;

Vieuille-Thomas et al 1995; Pol et al 2002), but this finding

is difficult to interpret. Stereotypies develop when an

animal is frustrated (Mason 1991), but it is not clear

whether physical confinement is the cause of the frustration.

Lawrence and Terlouw (1993) have argued that hunger is

the motivation underlying the development of stereotypy in

sows and physical confinement merely shapes the sows’

behaviour into a few simple and highly repetitive routines.

Physiological measures of stress have yielded contradictory

findings, although mostly negative. Some studies have

reported higher basal cortisol concentrations in sows in stalls

compared with sows in small groups without straw (Barnett

et al 1981; Barnett et al 1989 Experiment 1), but other studies

have found no difference (Barnett et al 1985; Barnett et al

1989 Experiment 2; Barnett et al 1991; Nicholson et al 1993;

Pol et al 2002). In addition, no difference has been found in

the cortisol response to adrenocorticotropic hormone (ACTH)

injection (Friend et al 1988; Von Borell et al 1992; Nicholson

et al 1993), or in the status of the immune system (Von Borell

et al 1992). The findings of most studies that stress levels are

no higher in stalls than in groups might indicate that behav-

ioural restriction in stalls does not cause significant frustration,

or that the frustration caused by behavioural restriction is

balanced by the stress caused by aggression in the group. It is

also possible that the performance of stereotypy is a coping

response that reduces physiological stress levels; however,

studies investigating the relationship between stereotypy and

cortisol concentration in sows have also produced contradic-

tory findings (Cronin & Barnett 1987; Terlouw et al 1991; Von

Borell & Hurnik 1991). Alternatively, the physiological data

might be misleading, because it has been argued that basal

cortisol concentrations and the cortisol response to ACTH

injection are poor measures of chronic stress (Rushen 1991).

These studies present a rather confusing picture of the

welfare benefits of group housing in sows. The development

of decubitus ulcers in stalls, when this occurs, represents a

clear welfare disadvantage of stall housing, but it remains

unclear as to whether sows also suffer from frustration or

stress as a result of physical and behavioural restriction.

The sows’ psychological state, as well as their health,

needs to be evaluated to give a complete assessment of

the housing systems.

A measure of the strength of sows’ motivation for access to a

group pen could help to clarify the picture in several ways.

First, a measure of motivation would provide an estimate of

the net value of the group pen environment. Positive factors,

such as reduced physical and behavioural restriction, and

negative factors, such as increased aggression, would both

contribute to the sow’s assessment of the group pen; therefore,

a measure of motivation would give an idea of how the sow

weighs up these qualitatively different variables. Second,

when using measures of motivation it is relatively easy to

ascertain which aspects of the environment the animal is

responding to because the response is a programmed instru-

mental (goal-directed) act with well-defined consequences.

The objective of this study was to ascertain whether

gestating sows housed in stalls were strongly motivated to

gain access to a group pen containing familiar sows.

Because social rank is likely to have a substantial effect on

the quality of the group environment, it was necessary to

distinguish dominant animals from subordinate animals;

only dominant sows were used as subjects in this study

because of a limited experimental period. It was reasoned

that if motivation for the group pen was not strong in

dominant sows then it would probably not be strong in

lower ranking animals either (see Discussion).

In order to estimate the strength of an animal’s motivation

for a resource, it is necessary to compare the resource of

interest with some other resource of known value — a

comparator. Food is a suitable comparator because its value

varies in a reliable manner — from very high to very

low — depending on how much has already been eaten. If

the willingness to pay for access to the resource of interest

is equal to, or greater than the willingness to pay for access

to food when hungry, the resource must be of substantial

value to the animal. Conversely, if the willingness to pay

for access to the resource is equal to, or less than the will-

ingness to pay for access to food when close to satiation,

the resource must be of little value.

Many previous studies have used food as a comparator but

few have controlled the hunger level. Dawkins (1983),

Duncan and Kite (1987), Olsson and Keeling (2002), and

Cooper and Appleby (2003) compared the willingness to

pay for a resource of interest with the willingness to pay for

food after specific periods of food deprivation to obtain

conclusions such as “hens paid as much for access to a nest

box before laying as they did for food after 20 hours of food

deprivation” (Duncan & Kite 1987); and “hens paid 75% as

much for access to a perch at dusk as they did for food after

24 hours of food deprivation” (Olsson & Keeling 2002). In

the present study, a variant on this approach was used.

Instead of depriving subjects of food for a fixed period of

time before measuring their willingness to pay, their food

consumption during the course of the day was limited to a

specific proportion of their daily ad libitum intake. Hunger

can be understood either as a period of deprivation or as a

degree of satiety, and either variable can be manipulated to
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produce a scale of hunger. Hunger level at the time of

testing was also confirmed retrospectively, by measuring

the amount of food left uneaten at the end of the test period.

Materials and methods

Subjects

Ninety-six Yorkshire × Landrace sows were mixed,

approximately 3–10 days after breeding, into 16 groups of

six animals. All sows had previous experience of both

group and stall housing.

Housing and apparatus

The experiment ran from September 2003 to May 2004.

Temperature in the experimental building was maintained

between 17°C and 29°C. Artificial lighting was provided

between 0700h and 1900h each day, and the windows were

blacked-out to minimise the amount of daylight that entered

the building outside these hours.

The experimental building had a fully slatted floor and was

fitted with two rows of gestation stalls, each stall measuring

0.6 × 2.1 m (width × depth). When the rear gates of the stalls

were removed, they opened on to a 1.7 m deep pen area

behind, permitting group pens to be created with full-length

feeding stalls. In order to permit subjects to walk voluntarily

from a gestation stall to a group pen (Figure 1), some of the

stalls (bottom of figure) were turned around. A race led from

the gate of one of the reversed stalls (the ‘test stall’) to a

one-way swing gate, which opened into the group pen. The

group pen accommodated three sows — including the

subject animal — with a space allowance of 2.7 m2 per sow.

The pen could also be enlarged to a width of six feeding

stalls, to accommodate a group of six sows. Four sets of

Animal Welfare 2006, 15: 119-130

Figure 1

The experimental arrangement to accommodate a group of six sows showing the route taken by the subject animal from the test
stall to the group pen.
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Table 1   Time schedule for subject animals working first for the group pen, then for food.

1 T = Familiarisation and training phase of experiment; P = Working for group pen phase; F = Working for food phase.
2 Day 1 was 3–5 days post-breeding. The experiment ended 46–49 days post-breeding.
3 FR = Fixed ratio schedule: when a specific number of panel presses had been performed the latch holding the gate closed was released.
4 X differed between subjects, ranging from day 12–13.
5 Y differed between subjects, ranging from day 17–20.

Day1,2 Location of subject Procedure

T1–3 Group of 6 Familiarisation of all sows with each other. Observation of agonistic interactions on days 1–2.
Feed competition test and weighing on day 3. Subject animal chosen.

T4–6 Group of 3 Familiarisation of subject animal with pen-mates. Observation of agonistic interactions on day 4.
Feed competition test on day 6.

T7–8 Remote stall Familiarisation with stall neighbours.

T9–10 Test stall Familiarisation with test stall. Training to work for access to food in pen on day 10, FR1–153.

P1–2 Group of 3 Re-familiarisation with pen-mates. Observation of agonistic interactions on day 1.

P3–9 Various Fed in remote stall at 0800h, then moved to test stall at 0930h. Operant test, working for
access to group pen, 0930h–1030h, FR1. Left in chosen environment until 0800h the next day.

P10–X4 Various As P3–9, except that FR increased daily.

PX+1 Various As P3–9, FR1. Observation of agonistic interactions and feed competition test.

F1–10 Test stall Measurement of ad libitum food intake, 0800h–1700h. Weighing on day 1.

F11–12 Test stall On day 11, subject re-trained to work for access to food in pen at 0800h, FR1. On days 11–12,
fed 15/16ths of estimated ad libitum intake, 0800h–1600h. Operant test, working for access to
the last 1/16th in pen feeding stall, 1600h–1700h, FR1.

F13–Y5 Test stall As F12, except that FR increased daily.

FY+1 Test stall As F12, FR1. Weighing.
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these apparatus were constructed in the building, permitting

four groups of sows to be run simultaneously.

A group size of three sows was chosen in the group pen to

maximise the likelihood that a social hierarchy would be

established quickly and maintained throughout the experi-

ment. In larger groups, spontaneous changes in the

dominance order have been observed, typically among

middle and low ranking pigs, more than one week after

mixing (Meese & Ewbank 1973; Martin & Edwards 1994;

Arey 1999). The space allowance is consistent with

Whittemore’s (1998) recommendation that sows should be

allowed 1.0 m2 per 100 kg body weight, which is increased

when group size is small. It also conforms to the European

Union Council Directive 2001/88/EC, which stipulates an

area of 2.47 m2 per sow when the group size is less than six.

At times when the subject animal was permitted to work for

access to the group pen, the front gate of the test stall was

replaced with a modified gate that had an operant panel

attached above the trough (Figure 2). The modified gate was

held shut by a solenoid-operated latch mechanism. When a

specified number of panel presses had been performed (a

fixed ratio [FR] schedule) the latch holding the gate closed

was released. The subject animal was then able to push the

stall gate open, walk along the race and push through the

one-way swing gate into the group pen (Figure 3).

Operation of the apparatus was controlled by a PC

connected to a Switch and Sense 8 interface (Measurement

Computing Corporation, Middleboro, MA, USA) running a

program written in Visual Basic.

Black plastic sheeting was fixed between the reversed stalls

and the group pen (Figure 1); in combination with the boards

and the opaque swing gate (Figure 3), this prevented the

subject animal from seeing into the group pen from the test

stall, thereby minimising cues received from the group pen

while working (Warburton & Mason 2003). A 51 × 102 mm

(length × height) wire mesh was also attached to the sides of

the test stall to prevent biting through the bars. This was done

to control the subject’s social environment in the test stall,

© 2006 Universities Federation for Animal Welfare

Figure 2

The operant panel.
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Figure 3

A sow walking from the test stall to the group pen.

Table 2   Time schedule for subject animals working first for food, then for the group pen.

1 T = Familiarisation and training phase of experiment; P = Working for group pen phase; F = Working for food phase.
2 Day 1 was 3–10 days post-breeding. The experiment ended 56–65 days post-breeding.
3 FR = Fixed ratio schedule: when a specific number of panel presses had been performed the latch holding the gate closed was released.
4 Y differed between subjects, ranging from day 17–19.
5 X differed between subjects, ranging from day 17–19.

Day1,2 Location of subject Procedure

T1–3 Group of 6 Familiarisation of all sows with each other. Observation of agonistic interactions on days 1–2.
Feed competition test and weighing on day 3. Subject animal chosen.

T4 Group of 3 Familiarisation of subject animal with pen-mates. Observation of agonistic interactions and feed
competition test.

T5 Remote stall Familiarisation with stall neighbours.

T6 Test stall Familiarisation with test stall. Training to work for access to food in pen, FR1–153.

F1–10 Test stall Measurement of ad libitum food intake, 0800h–1700h.

F11–12 Test stall Fed 15/16ths of estimated ad libitum intake, 0800h–1600h. Operant test, working for access to
the last 1/16th in pen feeding stall, 1600h–1700h, FR1.

F13–Y4 Test stall As F11–12, except that FR increased daily.

FY+1 Test stall As F11–12, FR1.

FY+2 Test stall Fed nothing for 24 h.

T1–3 Group of 6 Familiarisation of all sows with each other. Observation of agonistic interactions on days 1–2.
Feed competition test and weighing on day 3.

T4–6 Group of 3 Familiarisation of subject animal with pen-mates. Observation of agonistic interactions on day 4.
Feed competition test on day 6.

T7–8 Remote stall Familiarisation with stall neighbours.

T9–10 Test stall Familiarisation with test stall. Re-training to work for access to food in pen on day 10 at 0800h, FR1.

P1–2 Group of 3 Re-familiarisation with pen-mates. Observation of agonistic interactions on day 1.

P3–9 Various Fed in remote stall at 0800h, then moved to test stall at 0930h. Operant test, working for
access to group pen, 0930h–1030h, FR1. Left in chosen environment until 0800h the next day.

P10–X5 Various As P3–9, except that FR increased daily.

PX+1 Various As P3–9, FR1. Observation of agonistic interactions and feed competition test.

because preliminary observations revealed that dominance

relationships with neighbouring sows were disrupted by

periods of absence from the test stall, which occurred when

the subject was earning access to the group pen each day.

Experimental procedure

The experimental procedure consisted of three phases.

Phase 1: selection, familiarisation and training of subjects.

Phase 2: measurement of the willingness to pay for a day’s

access to the group pen. Phase 3: measurement of the willing-

ness to pay for access to the last 1/16th of the estimated

ad libitum daily food intake, after consuming the first 15/16ths

free. In a cross-over experimental design, subjects from the first

eight groups were scheduled to work first for access to the

group pen (Table 1) and subjects from the remaining eight were

scheduled to work first for access to the food (Table 2).

Phase 1: selection, familiarisation and training of subjects

Groups of six sows were mixed in the group pens. All

agonistic interactions were recorded for 3–8 h on the day of

mixing (day 1) and, if necessary, also on day 2. Aggressive

interactions resulting in either retreat or in the submissive

‘head tilt’ behaviour were used to assess dominance relations,

after Jensen (1984). On day 3, pairwise feed competition tests

were carried out to obtain a second assessment of social

ranking, following the procedure described by Marchant

Forde (2002). Finally, one subject animal was selected from

each group that was dominant to at least four other sows.
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For the familiarisation procedure, the group of six sows was

split-up. The size of the group pen was reduced to a width of

three feeding stalls and the subject was placed in this pen

with two subordinate sows, while the three remaining sows

were housed in stalls. Of these three remaining animals, two

later served as neighbours whenever the subject was housed

in a stall; the third animal played no further part in the exper-

iment, but remained housed in a reversed stall that was not

adjacent to the test stall. The subject’s social rank was re-

assessed in the group of three by observing agonistic interac-

tions on the day of re-grouping (day 4) and by feed

competition tests on day 6, to check that it had not been

altered by re-grouping. On day 7, the subject was transferred

to a remote stall (Figure 1), with a subordinate neighbour on

each side. On day 9, the subject was moved with two neigh-

bours to the test stall and on day 10, the subject underwent

training in this test stall. Subjects that were scheduled to

work first for food received an abbreviated form of this

procedure and were trained on day 6 (Table 2). Before

working for access to the group pen, they received the full

familiarisation procedure.

Subjects were trained to work for access to food rations in the

group pen, while pen-mates were shut into feeding stalls. Each

subject was trained in a single morning, before feeding. Food

was initially smeared on the panel to initiate pressing; pushing

through the two gates was trained by holding the gates open to

a decreasing extent. At first most subjects found pushing

through the one-way swing gate into the pen aversive,

probably because it was opaque and weakly loaded to push

back against them. However, the subjects completely

overcame their aversion once they had learned that the gate

yielded to their pushes. Once the subject was performing the

task quickly and consistently on FR1, the schedule was

increased to FR5, FR10 and FR15, at a rate of two or more

trials per schedule, until the subject was performing multiple

presses quickly. A brief session of re-training occurred later in

the experiment when subjects were about to start working for

their second resource type. Re-training occurred in the

morning before feeding and consisted of three trials on FR1,

working for access to food in the group pen.

Phase 2: measurement of the willingness to pay for access to
the group pen

On the day after training, the subject was returned to the

group pen and their social rank was re-assessed by

observing agonistic interactions. Two days later, the subject

was moved back to the test stall and permitted to work for

access to the group pen. The procedure on this and subse-

quent days was as follows. The subject was fed at 0800h in

a remote stall (see Figure 1) to avoid the development of an

association between food and one of the housing environ-

ments. The level of aggression in the pens around feeding

time was extremely low because of the presence of full-

length feeding stalls, so removal of the subject from the pen

at this time should not have affected the quality of the group

environment. At 0930h, the subject was moved to the test

stall and allowed up to 1 h to work. The subject remained in

the chosen environment (the test stall or the group pen) until

0800h the following morning.

Subjects were permitted to work for seven days on a FR1

schedule, to give them time to learn that the reinforcer had

changed from food to pen access. The schedule was then

increased daily, following an ascending series (FR10,

FR20, FR30, FR40, FR55, FR70, FR85, FR100, FR120,

FR140 etc) until the subject failed to earn access to the

group pen. The schedule on which the subject failed was

repeated for a second day and if the subject failed again,

the highest schedule completed was recorded as the reser-

vation price for a day’s access to the group pen. On the

following day, the schedule was returned to FR1 to

confirm that the subject was still motivated to gain access

to the group pen. On this day, the subject’s social rank was

also re-assessed by observing agonistic interactions in the

group pen and by feed competition tests.

Phase 3: measurement of the willingness to pay for access to food

For 10 days, the subject was housed in the test stall and

allowed to eat ad libitum between 0800h and 1700h. The

trough had a limited capacity but most of the food was

consumed in the morning and it was possible to ensure an

ad libitum intake by filling the trough three times before

1200h. Daily intake was measured and the last seven days’

consumption was averaged to obtain an estimate of ad libitum

intake. Previous studies have used 10 day (Lawrence et al

1989) and 14 day (Lawrence & Illius 1989) periods to

estimate ad libitum food intake in boars. Preliminary obser-

vations showed that average intakes obtained in sows by

day 10 were similar to those obtained by day 14.

The subject was then required to work once per day for

access to the last 1/16th of the estimated daily food intake.

The procedure was as follows. A quantity of food equal to

15/16ths of the daily ad libitum intake was placed in the

subject’s trough between 0800h and 1200h, at the same

times of day as when the subject had been fed ad libitum.

At 1600h, the stall gate was replaced with the modified

gate (Figure 2). Any food remaining in the trough of the

stall gate was weighed and placed in the trough of the

modified gate. The subject then had up to 1 h to work on

the operant schedule for access to the last 1/16th of feed,

which was located in one of the feeding stalls of the group

pen; the subject’s pen-mates were confined in the other two

feeding stalls. If the subject gained access, then any food

remaining in the trough of the modified gate was weighed

and added to the food that the subject had earned in the

trough of the feeding stall. The subject was deemed to have

finished eating when no feeding had occurred for 10 min,

at which point the subject was returned to the test stall and

received no further food that day.

The subject was permitted to work for the first two days on a

FR1 schedule. Then the schedule was increased daily,

following the same series used in Phase 2, until the subject

failed to earn access to the food. The schedule on which the

subject failed was repeated for a second day and if the subject

failed again, the highest schedule completed was recorded as

the reservation price for food after consuming 15/16ths of the

estimated daily ad libitum intake. On the next day, the

schedule was returned to FR1, to confirm that the subject was

still motivated to gain access to the food.

© 2006 Universities Federation for Animal Welfare
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Data analysis

To confirm that the subjects were aware that the reinforcer had

changed from food to pen access during the seven preliminary

trials on FR1 at the start of Phase 2, the latency of the subject to

enter the pen — defined as the time elapsed between pressing

the panel and pen entry — was measured during each trial. A

General Linear Modelling (GLM) analysis was run to test

within-subjects for linear and quadratic effects of trial number

upon latency to enter the pen. Latency measures were log trans-

formed to obtain a normal distribution. Because subjects were

hungry during Phase 2, being fed only the standard sow ration,

latency to enter the pen was expected to increase across trials as

the sows learned that the resource had changed to pen access.

Reservation prices for the group pen and food were compared

using t-tests for unequal variance, following a standard cross-

over analysis procedure designed to distinguish the effects of

resource type from those of testing period or resource order

(Jones & Kenward 2003 p 21). The procedure simulated a

split-plot ANOVA by using a series of three t-tests, thereby

permitting the assumption of homogeneity of variance to be

relaxed. The series of tests first checked between-subjects

whether the effects of resource type and order were separable,

then tested within-subjects for the simple effects of resource

type and order of testing. Resource type and order were

separable if the testing period had a similar effect upon the

reservation price for access to the group pen as it had upon

the reservation price for access to food.

Results

Valid motivational data were obtained from seven subjects:

three working for access to the group pen first and four working

for access to the food first. Data from the remaining groups of

animals could not be used for the following reasons: no animal

in the group was dominant to four others, so a suitable subject

could not be chosen (one group); the subject lost dominant

status during the experiment (two groups); the subject was

apparently unable to regulate food intake (three groups);

malfunction of the apparatus (two groups); and a methodolog-

ical irregularity (one group). Three sows appeared to be unable

to regulate their food intake and consumed as much food as was

put in their troughs. Although more food was provided each day,

the sows’ intake continued to increase; when intake exceeded

11.5 kg the trials using these subjects were abandoned.

Visual inspection of the curves tracking ad libitum intake

over time in the 12 subjects that were able to regulate food

intake, indicated that consumption was in most cases fairly

stable across the last 7 days, showing no clear directional

trend, although fluctuations were sometimes quite large (the

coefficient of variation was on average 11.1%). The

ad libitum daily food intake for these animals was on average

7.4 ± 0.2 kg. Their average body weight when starting to eat

ad libitum was 200 ± 9 kg, although food intake was not

correlated with body weight (r = 0.141, n = 12, P = 0.66).

All seven subjects that yielded valid motivation data were

dominant to their pen-mates and stall neighbours before

working for access to the group pen, and maintained their

dominant status in the group throughout the experiment.

There was a very high level of agreement between the two

methods used for assessing social rank, although the

procedures focused on high ranking subjects; the social

status of these individuals is often easier to discern.

Subjects had a wide range of parities — ranging from 1 to

6 (mean = 2.9) — and body weights. Mean body weight

was 203 ± 12 kg at the start of Phase 3 (eating ad libitum)

and 218 ± 8 kg at the start of Phase 2 (working for access

to the group pen).

The estimated ad libitum daily food intake for these seven

subjects is shown in Table 3. The table also shows the

median quantity of food left uneaten when the subjects

worked for food, expressed either as a percentage of their

estimated ad libitum intake or as a percentage of the food

they earned (equal to 1/16th of their estimated ad libitum

intake plus any food left uneaten in the trough of the test

stall). It can be seen that total daily food consumption fell

short of the estimated ad libitum intake (median shortfall:

7.0%) and that most subjects left a large proportion of the

food they earned uneaten (median: 70.0%), indicating that

most or all subjects were close to satiation when working

for the last 1/16th of their estimated ad libitum intake.

The subjects’ behaviour when gaining access to the group pen

confirmed that the seven preliminary trials on FR1 were suffi-

cient for them to learn that the reinforcer had changed from

food to pen access. On the first trial, the subjects were

expecting to receive a food reward and moved quickly through

the race and into the group pen, as observed during training;

median latency to enter the group pen was 13 s. However,

Animal Welfare 2006, 15: 119-130

Table 3   Ad libitum food intakes and quantities left uneaten when working for food.

Subject Estimated ad libitum daily food

intake in kg: mean (± SE)

Food uneaten as a % of estimated

ad libitum daily intake: median (25th

and 75th percentile)

Food uneaten as a % of quantity

earned: median (25th and 75th

percentile)

A2 7.1 (± 0.5) 0.8 (0.8, 1.4) 11.4 (9.3, 19.5)

B2 7.5 (± 0.3) 7.0 (4.9, 8.6) 70.0 (51.5, 88.5)

D2 7.4 (± 0.3) 4.6 (4.0, 6.6) 41.7 (40.0, 56.8)

C3 6.4 (± 0.2) 0.9 (0.4, 2.7) 12.5 (6.7, 28.6)

D3 7.3 (± 0.2) 12.2 (10.4, 13.6) 100.0 (98.2, 100)

D4 7.3 (± 0.5) 8.9 (3.0, 13.4) 83.3 (26.1, 99.3)

C5 9.5 (± 0.2) 18.8 (12.4, 21.0) 100.0 (100, 100)
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Figure 4

The time course of changes in the median latency of hungry sows
to enter the group pen after the reward in the group pen had
changed from access to food (prior to trial 1) to access to two
subordinate sows (trials 1–7). Latency to enter the group pen was
defined as the time that elapsed between pressing the panel on a
FR1 schedule and pen entry.
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during the course of the next six daily trials, the median latency

was substantially increased (Figure 4). The subjects walked

more slowly and paused more frequently, interacting with the

floor and walls of the race, and the swing gate. GLM analysis

showed both linear (F
1,40

= 15.23, P = 0.0004) and quadratic

(F
1,40

= 4.50, P = 0.040) effects of trial number upon latency to

enter the pen, indicating that latency increased during the

course of the seven trials and that on average it reached a

maximum during day 4; median latency to enter the pen area

on day 4 was 155 s and by day 7 it was 102 s.

Figure 5 shows the reservation prices obtained when subjects

worked for a day’s access to the group pen and when they

worked for access to the last 1/16th of the estimated ad libitum

daily food intake, distinguishing test period 1 from test

period 2. The effect that period, or resource order, had upon

reservation price tended to be greater for access to the group

pen than for access to food, but the difference was not signif-

icant (t
5

= 1.21, P = 0.29), indicating that the effect of resource

type was separable from that of resource order. There was an

order effect (t
5

= 3.61, P = 0.023): a higher price was paid for

whichever resource was received second. However, when the

order effect was taken into account, resource type had no

effect on the reservation price (t
5

= 1.35, P = 0.25). The dotted

lines (treatment means) show that the reservation price tended

to be higher for access to food than for access to the group pen,

but this difference was not significant.

Neither the reservation price for food, nor the reservation

price difference — defined as the reservation price for the

group pen minus the reservation price for food — was corre-

lated with the quantity of food left uneaten, expressed either

as a percentage of ad libitum intake (reservation price:

r
s

= –0.02, n = 7, P = 0.97; reservation price difference:

r
s
= 0.71, n = 7, P = 0.071), or as a percentage of food earned

(reservation price: r
s

= –0.06, n = 7, P = 0.90; reservation

price difference: r
s

= 0.74, n = 7, P = 0.058), although the

reservation price difference showed a non-significant

tendency to increase with both measures of food left uneaten.

Discussion

Ad libitum food intake was on average 7.4 ± 0.2 kg per day,

which was 3.3 ± 0.1 times the sows’ normal gestation ration

of 2.3 kg per day and 4.1 ± 0.2 times their energy requirement

for maintenance plus pregnancy (National Research Council

1998). This figure is consistent with a study by Bergeron et al

(2000), in which multiparous Yorkshire × Landrace sows fed

ad libitum consumed 7.2 ± 0.2 kg per day.

Three sows appeared unable to regulate their food intake,

consuming more than 11.5 kg per day; ad libitum intake

could not be ascertained, so these subjects were excluded

from the study. It is unlikely that their exclusion affected the

findings of the experiment. Among sows included in the

study, there was no correlation between ad libitum food

intake and motivation for access to food, defined either as

the reservation price of food (r = 0.32, n = 7, P = 0.48), or as

the reservation price difference (r = 0.25, n = 7, P = 0.59).

All experimental subjects, when offered 15/16ths of their

estimated ad libitum intake and required to work for the

last 1/16th, consumed less food than they did when feeding

ad libitum; there are two possible reasons for this.

(1) They were reluctant to empty their troughs. Although

all sows were capable of cleaning out their troughs, and

invariably did so when fed their normal 2.3 kg daily

ration, it is possible that they found it onerous to eat the

last bits of food from the bottom and did not do so when

feeding motivation was low. (2) Motivation to eat the last

1/16th was lower when it was earned as a discrete ration

late in the day than when it was available throughout the

day and perhaps eaten as part of a larger meal. It is known

that a positive feedback process increases feeding motiva-

tion during the course of a meal (Le Magnen 1971;

Wiepkema 1971), whereas the effects of this feedback

wane during periods of non-feeding (Houston & Sumida

1985; Haskell et al 1996).

It was apparent that feeding motivation was low when the

last 1/16th of feed was made available at 1600h. First, sows

always had some uneaten food remaining in their troughs

at this time. Second, when subjects earned access to the

last 1/16th they frequently ate little or none of it. In all

cases some food was left uneaten in the trough at the end

of the trial. Therefore, it seems reasonable to conclude that

most subjects were close to satiation when working for the

last 1/16th. Furthermore, the fact that the reservation price

for food was not correlated with the quantity of food left

uneaten indicates that subjects that left a small amount

uneaten were not appreciably more hungry than subjects

that left a large amount uneaten, suggesting that all

subjects were close to satiation.

Because subjects often showed little interest in the food they

earned, it is pertinent to ask whether they might have had

other motives for operant responding besides feeding.

Possible motives include monitoring a remote part of the

environment and exercising a degree of control over the

environment. Rats persist for more than 30 days in visiting

the empty arms of a maze (Cowan 1977; Wilkie et al 1992)

and this behaviour has been attributed to information

gathering (Inglis et al 2001). Many species also exhibit

© 2006 Universities Federation for Animal Welfare
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‘contrafreeloading’, in which they choose to work for access

to food when similar food is freely available, and may then

fail to eat much of the earned food. This behaviour may also

serve an information gathering function (Inglis et al 1997;

Bean et al 1999). It has been suggested that animals are also

motivated to exert control over positive aspects of their envi-

ronments, although there is little empirical work to support

this (Sambrook & Buchanan-Smith 1997). There is no

evidence that these motivations are strong (Inglis et al 1997

indicate that ‘contrafreeloading’ occurs mainly when cost is

low, occurring little at moderate FR levels), but they may

support a low level of responding. Because the earned food

was made available in the same location as the group pen,

these motives would have had a similar effect upon

responding for both reinforcers, with no net effect upon the

relative value of the group pen.

After working for access to food, sows passed through an

open pen area on their way to the feeding stall, but showed

no tendency to remain in this space. Mean latency to enter

the feeding stall, after completing the operant schedule, was

just 29 ± 5 s. Therefore, a preference for pen housing over

stall housing is not considered to be a possible motive for

the response in these trials.

When working for access to the group pen, subjects were

clearly aware that the reward had changed from food to pen

access. This was apparent from a marked decline in the rate

at which they traversed the race for access to the group pen

during the first few days of working on FR1 for pen access.

When the reservation prices were analysed, it was found

that the order in which the two resources (the group pen and

food) were made available affected the price that sows were

prepared to pay for them. Most subjects paid a higher price

for whichever resource they received second. The most

likely reason for this effect of order is that subjects did not

have sufficient experience with the series of operant

schedules before testing. Schedules with a greater ratio

requirement than FR1 are known as partial reinforcement

schedules because not every response is rewarded. On an

ascending series of FR schedules the rate of reinforcement

declines across trials, approaching non-reinforcement,

which is known as extinction. Therefore, the use of an

ascending series of FR schedules effectively measures an

animal’s resistance to extinction. However, resistance to

extinction is affected by training. Animals become more

persistent in the face of non-reward when they have experi-

ence of responding on partial reinforcement schedules, a

phenomenon known as the partial-reinforcement extinction

effect (Domjan & Burkhard 1986 p 150). Psychological

studies that have run animals repeatedly through an

ascending series of FR schedules have found that the

highest schedule completed is either constant (eg Roberts

et al 1989; Czachowski et al 2003; Li et al 2003) or

increasing (eg Ward et al 1996; Czachowski & Samson

1999) from one series to the next. Stable responding is

typically achieved by running subjects through one or more

dummy series before generating data for analysis.

Widowski and Duncan (2000) obtained a similar effect of

order in hens. Instead of using an ascending series of FR

schedules, Widowski and Duncan (2000) progressively

increased the force required to make a single response,

requiring subjects to push through a weighted door. Their

subjects tended to pay a higher price for whichever of two

resources they received second. In contrast, a study by

Olsson et al (2002), in which the force requirement of a

single response was also increased, found that hens paid a

higher price in the first series of schedules than in the

second. However, subjects were given free access to the

reinforcer when they failed to complete the schedule at the

end of the first series, which may have reduced their moti-

vation to work in the second series.

It is logically possible that some change in the environment,

such as ambient temperature, was responsible for the effect

of order; however, this is unlikely to have been the case.

Although daily temperature readings were not obtained,

subjects were evenly balanced with respect to season. Two

subjects (A2 and B2) that received pen access first in the

autumn were balanced with two subjects (D4 and C5) that

received food first in the spring. The remaining subjects, one

having received pen access first (D2) and two having

received food first (C3 and D3), all worked in the winter.

Although the order in which the resources were presented

affected the reservation price, the effects of resource type were

separable from those of resource order. It was found that the

reservation price for a day’s access to the group pen was no

greater than the reservation price for access to the last 1/16th of

the estimated ad libitum daily food intake. Because most or all

of the subjects were close to satiation when working for the

last 1/16th, it follows that motivation for a day’s access to the

group pen was no greater in dominant sows than motivation

for food when close to satiation; in other words, motivation for

a day’s access to the group pen was low.

Several qualifications must be appended to this statement.

(1) Subjects were deprived of access to the group pen for

no longer than one day during the period of operant testing.

Motivation might have been higher in sows housed in stalls

Animal Welfare 2006, 15: 119-130

Figure 5

Reservation prices for access to the group pen and access to the
last 1/16th of daily ad libitum food intake, in test period 1 and test
period 2. The reservation price is defined as the highest FR
schedule completed for access to a resource and has no units.
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for longer periods. Sows in commercial units are normally

housed continuously in stalls for most of their gestation, a

period of approximately 16 weeks. (2) Subjects worked for

pen access in the morning and might have exhibited a

higher motivation later in the day. When sows are allowed

to move freely between stalls and a communal lying area

throughout the day, in an un-bedded enclosure, the propor-

tion of time spent in the communal area has been found to

be higher during the night (H Vermeer, personal communi-

cation). Time spent in the communal area was also higher

in winter than in summer, suggesting that ambient temper-

ature was a factor, although, as in the present study, the

temperature did not fall below 18°C. (3) Only dominant

sows were tested. It is reasonable to expect that if motiva-

tion for access to a group pen is not strong in dominant

sows, it will not be strong in lower ranking animals either.

There is evidence that the welfare of lower ranking sows is

poorer than that of dominant animals. In small, static

groups with feeding stalls, low ranking individuals exhibit

higher injury levels than dominant animals in the first

month after mixing (O’Connell et al 2003), spend less time

feeding (Andersen et al 1999), and have a lower farrowing

rate and smaller litters (Nicholson et al 1993). The reduced

pregnancy rate and litter size could be mediated by

increased fear or stress (Kongsted 2004). It has been

argued that motivational strength for access to resources

reflects the perceived quality of the resources (Dawkins

1990) and it follows that motivation for access to a group

pen is likely be no stronger in low ranking sows than in

dominant sows. However, this hypothesis has not been

tested empirically, so the findings for dominant sows must

be extrapolated to lower ranking animals with caution.

(4) The group pen was rather small and bare. It permitted

full social contact and locomotion, but little else. There

was sufficient space for all three sows to lie down simulta-

neously in the communal area, but they tended to compete

for preferred lying places. The space allowance is consis-

tent with regulations for the group housing of sows in the

EU, but EU systems must also incorporate a solid concrete

lying area and access to a manipulable material for the

performance of foraging activities (European Directives

2001/88/EC and 2001/93/EC). It may be that such modifi-

cations to the environment, some of which are only

possible in a group housing system (eg the provision of

straw, which would block the drainage system beneath the

slatted floors of stalls), would increase the sows’ motiva-

tion for access to the group pen.

Conclusions and animal welfare implications

This study provides no evidence that stall-housed gestating

sows perceive the increased social contact and space offered

by a group pen to be important. However, further research

needs to be carried out to ascertain whether increasing the

period of prior confinement in the stall, increasing the

quality of the pen environment, or altering the time of day

at which the sow has access to the pen increase the

perceived value of the group pen. It also needs to be

confirmed that low-ranking sows do not attach more value

to a group pen than dominant sows.
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