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Abstract

Choice tests may aid determining whether qualitative dietary restriction improves the welfare of feed-restricted broiler breeder
chickens (Gallus gallus domesticus). However, hunger-stress may reduce competency to choose by impairing learning. The effect of
chronic feed restriction on the ability of broiler breeders to learn a hunger-relevant discrimination task was investigated using a Y-
maze paradigm. The task was to associate black and white arms with large and small quantities of feed. Birds were reared to three
growth curves by means of severe (n = 12), moderate (n = 12) or very mild feed restriction (n = 12). Learning the task and selecting
the larger food option allowed birds to increase their feed intake. Time taken to traverse the Y-maze was also measured. Birds from
all treatment groups traversed the Y-maze more quickly over time, indicating that they had learnt that running down the Y-maze
arms was associated with a rewarding outcome (food). However, feed restriction significantly reduced their ability to associate the
black and white cues with differences in food quantity. Consequently, average pay-offs in terms of daily feed increments dispropor-
tionately accrued to the less feed-restricted treatment groups. It is concluded that feed restriction affected the performance of broiler
breeders in this task, perhaps by narrowing their attention such that they ignore potentially hunger-relevant contextual cues. However,
low overall group success rates demonstrate that this task was difficult to learn even for less severely feed-restricted birds. Therefore,
Y-maze choice tests may not be the most appropriate method for determining hungry broiler breeder dietary preferences.
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Introduction
Hunger is the most pressing welfare issue facing the

modern-day broiler breeder. Selective breeding for large

appetites facilitates rapid growth in birds destined for

consumption but also results in parent stock that must be

feed restricted to ensure optimal growth rates. Ad libitum
feeding regimes are associated with obesity and co-

morbid conditions, such as ascites syndrome

(Baghbanzadeh & Ducuypere 2008), increased lameness

(Kestin et al 2001) and reproductive failure (Robinson &

Wilson 1996). Thus, it is necessary to feed restrict broiler

breeders to 25–50% of ad libitum intake (Savory & Maros

1993). However, this results in a bird that experiences

chronic hunger for most of its life. By six weeks of age,

broiler breeders consume their daily ration within 5–7 min

(Savory & Maros 1993), show various behavioural and

physiological indicators of stress (Hocking et al 1993,

1996; de Jong et al 2002, 2003) and are prepared to work

for additional feed even when reared on double the recom-

mended ration of feed (Savory et al 1993).

A popular scientific approach has been to try to improve

satiety by modifying the quality of the feed ration. Low- or

non-nutritive fillers, such as ground oat hulls and/or appetite

suppressants (eg Zuidhof et al 1995; Savory et al 1996;

Rozenboim et al 1999; Vermaut et al 1999; Savory &

Lariviere 2000; Nielsen et al 2003; Hocking et al 2004;

Hocking 2006; Sandilands et al 2006) are added to the

ration to try and increase satiety without increasing energy

intake. However, the evidence that this improves welfare in

broiler breeders is unclear and variable (see: Savory et al
1996; Savory & Lariviere 2000; Nielsen et al 2003; de Jong

et al 2005; Sandilands et al 2005; Hocking 2006;

Sandilands et al 2006). Therefore, there is a need for addi-

tional methods. D’Eath et al (2009) suggested that choice

tests could be a valuable additional tool to enable us to

identify whether broiler breeders prefer traditional, quanti-

tative or qualitative dietary restriction. Buckley et al (2010)

used a T-maze closed economy choice test task to determine

hungry broiler breeder preferences for quantitative or qual-

itative dietary restriction. They found that whilst birds

easily learnt a food versus no food discrimination task, irre-
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spective of the food type offered, the birds failed to show a

preference for either diet in a similar food quality discrimi-

nation task. However, the same birds largely failed to learn

a food quantity discrimination task. Thus, the authors

concluded that the failure to show a preference was indica-

tive of a failure to learn the discrimination task and not a

lack of dietary preference per se. 

One possible explanation for the findings of Buckley et al
(2010) is that the birds were too stressed or aroused by

hunger and that this negatively affected their ability to learn

the more complex quantity and quality discrimination tasks.

The interaction between stress (whether acute, chronic or

both are present) and learning is complex. Experimentally

induced chronic stress was found to negatively affect acqui-

sition of food-rewarded cognitive spatial tasks in 75% of the

studies examined by Conrad (2010). Nicol and Pope (1993)

found that short-term feed restriction reduces social

learning in hens which may have implications for any hen

social preferences observed. If acute stress is experienced

during testing this may also affect cognition by affecting the

ability to learn or remember the key features necessary to

make an informed choice (Mendl 1999). However, rats

(Rattus norvegicus) in a Morris water maze performed

better when tested in cold, rather than warm, water (Sandi

et al 1997) suggesting that there is a positive relationship

between performance and stressor severity when the task is

relevant to removal or reduction of the stressor. 

This has implications for feed restriction as a stressor in

food-rewarded choice tests that have a strong discriminative

and associative aspect to the study design. Hunger is consid-

ered to be both a negative stressor (Dawkins 1990; D’Eath

et al 2009) and a positive motivator (Diano et al 2006).

Feed-choice tests for hungry broilers are stressor-relevant.

Using chronic feed restriction (to maintain 95, 85 and 75%

of ad libitum bodyweight), Richman et al (1970) observed

that rats learnt two different (but similar) food versus no-

food T-maze tasks faster the greater the difference between

their actual and ad libitum bodyweight (ie the more feed

restricted the rats were the quicker they learnt the task). This

suggests that hungry animals would learn a food-rewarded

discrimination task more quickly than a sated one. In

previous work (Buckley et al 2010), we found that chroni-

cally food-deprived broiler breeders easily learnt a food/no

food T-maze task, but most failed to learn a task in which

both options were rewarded but with different food quanti-

ties. However, discriminative tasks in which both options

are rewarded are generally considered to be more difficult to

learn than reward/no reward tasks (Capaldi & Molina

1979). Research by Yerkes and Dodson (1908) indicates

that the more difficult the task, the lower the arousal level

that is required for optimal learning. Thus, direct choice

tests where the broiler breeder has to learn a feed-quality

discrimination task may fail if the bird is trained and tested

under the conditions of feed restriction in which such a pref-

erence could be welfare-relevant. Therefore, there is a need

to identify the effects of feed restriction on broiler breeder

ability to learn a feed discrimination task in which both

options are differentially rewarded. 

The present study investigated the ability of broiler breeder

chickens (Gallus gallus domesticus), reared on three

different levels of feed restriction, to learn a complex feed

quantity discrimination task. It is assumed that birds prefer

a larger over a smaller quantity of feed, which means that

‘success’ can be measured as number of choices for the

larger feed reward. It was hypothesised that the degree of

feed-restriction-induced arousal will alter task learning

ability and the maintenance of the learnt response. It was

predicted that there would be a negative relationship

between the degree of feed restriction and bird performance

in the discrimination task due to its complexity. The latency

of birds to make a choice was also measured. It was

predicted that birds would become faster at making a choice

as they learnt to associate the ends of the Y-maze arms with

the presence of feed.

Materials and methods

Subjects
Fifty-two Ross 308 broiler breeders were obtained as day-

old chicks. At 14 days, the birds were ranked and blocked

according to weight and randomly allocated to a treatment

(level of feed restriction). The four treatment groups were:

Ad libitum (n = 16); Eighty% (n = 12); Forty% (n = 12); and

Control (n = 12). The Ad libitum birds were used only to

establish ad libitum intake and did not take part in the

choice test training/testing. 

Housing and husbandry
Birds were spot-brooded in five groups (n = 16 each) until

day 14 in 1 × 1 m (length × width) pens containing wood

shavings, a perch and a drinker allowing ad libitum access to

water. From day 14, birds were individually housed (two

rooms, 26 pens in each room, with treatments equally

distributed across both rooms) in pens 0.5 × 1.0 m with

visual access to another bird (from the same treatment to

reduce stress that could result from differential bird size or

access to feed). Producer recommendations for

lighting/heating were followed with a gradual reduction in

light hours (from 23 h on day 1 to 8 h on day 10) and heating

(from 31°C on day 1 to 21°C on day 21) (Aviagen 2006).

However, shed temperatures frequently exceeded recom-

mendations during the last few study weeks due to external

ambient temperature: (mean [± SD])/maximum/minimum

temperature, 23.4 (± 2.1)˚C/33˚C/19˚C and

22.1 (± 1.8˚C)/32˚C/19˚C for rooms 1 and 2, respectively. 

Nutrition and feeding

Feed type

Birds were fed a standard broiler starter crumb (Laser SP

Starter Crumb, BOCM Pauls Ltd, Ipswich, UK) containing

205 g crude protein (CP) kg–1 and 12.5 MJ ME kg–1 until

day 28. They were then switched to a custom-made grower

mash diet (Target Feeds Ltd, Whitchurch, UK) containing

150 g CP kg–1 and 11.5 MJ ME kg–1. After switching, poor

diet acceptance rapidly reduced growth rate and increased

within-group bodyweight coefficient of variance (CV). The

reason for this poor acceptance was unknown but likely to
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relate to an aspect of diet quality. Consequently, birds were

switched back to the original diet on day 33 and fed this for

the remainder of the experiment.

Feeding regime (day 1–41)

All birds were fed ad libitum during the first week and a

restricted allowance during the second according to

producer recommendations (Aviagen 2007). From 14 days,

birds were fed according to their treatment protocol.

Ad libitum birds were fed ad libitum for the study duration.

Feed intake was measured once daily between 0800–0845h

via a weigh-back technique to ascertain feed intake for the

previous 24-h period. For all other treatment groups, birds

were fed once daily at 0845–0915h until day 42. All birds

were individually weighed daily at 0800–0900h (before

being fed) until day 49 and twice weekly thereafter. The

Control group were fed to maintain them on the recom-

mended growth curve for Ross 308 broiler breeders reared

to have 5% egg production at 25 weeks of age (Aviagen

2007), with quantities adjusted as necessary. This is the

most common rearing strategy adopted worldwide by

producers of Ross 308 parent stock. The average feed intake

per bird per day was calculated daily for the Ad libitum and

Control birds and used to calculate feed allowance for birds

in the Forty% and Eighty% groups. Therefore, the Control

group experienced the most severe level of feed restriction,

The Eighty% group the least severe and the Forty% group

were intermediate between these two groups.

Individual birds in the Forty% and Eighty% groups received

an allowance according to the following formula:

Allowance = mean control intake + (P × [mean ad libitum
intake – mean control intake])

Mean intake refers to intakes recorded on the previous day

and the P-values were 0.4 and 0.8 for the Forty% and

Eighty% treatments, respectively.

The formula was used instead of using the more simple

approach of either calculating feed intake for the different

feed-restricted treatment groups as a proportion of

ad libitum intake or as a multiple of the commercial

quantity of feed restriction. The rationale for adopting this

approach was to ensure that the relative degree of feed

restriction was constant between groups at all times. 

Feeding regime (day 42–72)

Between days 42 and 48, the Control, Forty% and

Eighty% birds were fed 1/5 of the Control birds’ daily

ration five times per day at 75-min intervals in prepara-

tion for training and testing. The Forty% and Eighty%

birds were fed the remainder of their feed allowance at the

end of the day. Unconsumed feed was removed between

2000 and 2200h and added to the same bird’s end-of-day

ration the following day. This was only necessary occa-

sionally for some Eighty% birds and was never needed

for the Forty% birds. This feed removal protocol was

maintained until the end of the study.

Experimental apparatus
Both rooms housed an identical experimental set up. The

experimental apparatus comprised a plywood Y-Maze (see

Figure 1 for dimensions) and 12 wooden goal boxes (pens

containing a food bowl) with manually operated trapdoors.

The food bowls were circular (diameter: 18 cm, height:

6 cm, volume: 0.5 L) allowing immediate visual assess-

ment of the quantity of feed contained by the relative

amount of the base of the bowl that was covered by feed.

The Y-Maze was mounted on castors to make it easy to

move, allowing rapid sequential testing of several birds.

The arms lined up with the goal-box openings. Each bird

had access to the same two goal boxes during each free-

choice trial. The start pen had an opaque roof and a clear

Perspex trapdoor. Removable painted wooden inserts

fitted the insides of both arms, which allowed either arm

to be coloured black or white. A camera was attached by a

rod to the back of the start box and angled to allow all

activity that occurred in the Y-maze (excluding the start

box) to be observed. The camera was connected by cable

to a DVR system (Xvision, Croydon, Surrey, UK) that was

remotely located in a separate room. 

Testing procedure 

General procedure

The task was to associate the black and white arms of the Y-

maze with large and small food rewards (or vice versa). The

black arm was associated with the larger reward for half of

the birds (selected at random within treatment) and with the

smaller reward for the remainder. The feed rewards were

supplied within the goal boxes (one reward per goal box,

with the feed supplied in identical bowls).

The two dietary rewards were 1/5 of the Control bird’s daily

ration + or –25% (12 versus 7.2 g, average pay-off if no

preference was shown: 9.6 g per trial). These quantities

were modified after the 20 forced trials (4 days) and 60 free-

choice trials (12 days) had been completed to 1/5 of the

Control bird’s ration at 67 days + or –50% to increase the

contrast between the two options and recruit additional

‘successful’ birds (15 vs 5 g, average pay-off if no prefer-

ence was shown: 10 g per trial). Learning the colour-portion

quantity association enabled birds to supplement their diets

by an additional maximum of 12.5 g per day (trials 1–60)

and 25 g per day (trials 61–100). 

Each bird was given five trials per day (75 min apart). Birds

were held in the start box for 30 s prior to release. Each trial

ended with entry into one of the goal boxes which was then

closed and the bird given approximately 20 min to consume

the ration. The end-of-day ration was unaffected by indi-

vidual performance during trials.

Any of the feed in the goal box that was chosen by the bird

but not consumed during each trial, irrespective of whether

the larger or smaller option was selected, was added to the

end-of-day ration of that individual bird. The feed associ-

ated with the option not chosen by the bird was discarded.
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Although this was not recorded systematically, it was noted

that Control birds never left feed obtained on the daily trials,

while birds in the Forty% group occasionally left a ‘fine

covering’ and the Eighty% group frequently left substan-

tially more (even when the portion of feed obtained was the

smaller of the two possible options).

Test apparatus habituation

Days 42–48: Each bird was given five 20-min

exploratory sessions (once daily for five days) within the

Y-Maze to habituate them to the apparatus. Part of the

birds’ daily feed allowance was sprinkled throughout the

maze to encourage exploration.

Forced-choice trials

Days 49–52: Birds in the treatment groups Control, Forty%

and Eighty% were each given 10 white runway forced trials

and 10 black runway forced trials over the four days. These

were balanced to ensure that the birds experienced the black

arm and the white arm on the right side of the maze five

times and vice versa. The feed quantities associated with the

black and white arms and the feeding protocol are outlined

in the general procedure section above.

Free-choice trials

Days 53–72: Birds experienced 100 free trials in which the bird

could choose which Y-maze arm to enter. All other conditions

(including feed quality and availability) remained the same.

Feed quantity and contrast was increased after 60 free trials.

Measurement of latency to enter a goal box

All trials (forced and free) were video-recorded for later

analysis of latency to make a choice. Latency to make a choice

was measured from the time point at which the Perspex barrier

was lifted until the time point the bird’s head reached the feed

bowl located in the one of the two goal boxes (measured in s).

Six days of free-choice footage were selected for analysis.

These were days 53 and 54, days 61 and 62 and days 69 and

70, representing the start, middle and end of the test period.

Latencies were recorded for all trials that occurred on these

days. All latency measurements were carried out twice by

the same person. Where a difference between recorded

latency occurred (< 10% of clips watched), the clip was

viewed a third time and the mean of the two closest meas-

urements recorded. Where a difference was observed this

was never more than 1 s.

© 2011 Universities Federation for Animal Welfare

Figure 1

Experimental set-up showing Y-Maze and test pen (goal box) dimensions (not to scale).
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Statistical analysis and blocking

Blocking

Treatments were balanced across the two rooms. Within

room, birds (n = 18) were blocked into three groups (n = 6)

(balanced for treatment/colour-diet quantity combination)

and testing order initially randomised within block (this

order was maintained for the study duration).

During free trials, within-bird trials were grouped into

blocks of 20 consecutive trials. Within blocks, trials were

balanced for colour/side presentation with order of presen-

tation randomised within and between birds. 

Success criterion

Individual birds were defined as having learnt the task if

they choose the larger feed reward ≥ 15 out of 20 times per

trial block (P ≤ 0.042, individual binomial probability). In

the analysis of the effect of colour combination on task

success, only data recorded in blocks during which birds

had learnt the task were included. 

Statistical analysis

Individual bird performance was analysed using

Probability Distribution Calculations for Binomial data.

The Generalised Linear Mixed Models (GLMM) statis-

tical test (logit-transformed binomial distribution, Schall

method) was used to analyse dietary treatment level

performance and to generate logit-transformed predicted

means (group means per phase and overall performance).

The variable of interest was ‘food option chosen’ and the

fixed effects investigated included treatment, phase (1–2),

trial block (1–5), room, and colour associated with the

larger food option. Bird was used as the random effect

(with trial nested within bird). Phase one represented the

first 60 free-choice trials (trial blocks 1–3), phase two the

last 40 trials (trial blocks 4–5) and overall performance all

100 free-choice trials (trial blocks 1–5). The statistical

package used was Genstat version 11.1 (VSN International

Ltd, Hemel Hempstead, UK). 

Using the logit-transformed predicted means, post hoc
group analyses of differences from 0.5 were calculated

using χ2 to compare for differences from 0 at 1 degree of

freedom using a Chi-squared (χ2) distribution table (Petrie &

Watson 1999). Due to the unplanned removal of one

Eighty% bird after 60 trials, ‘success’ data was transformed

from number of birds to proportion of birds that met the

individual success criterion/treatment group before

graphical representation.

A Linear Mixed Model was used to investigate effects of

treatment on latencies and comparisons between latencies at

the start, middle and end. Within group tests to compare

changes between latency at the beginning and end of the

study were performed using the matched-pairs Student’s t-
test. Two birds in the Eighty% group were excluded from

the latency analysis due to either incompleteness of data

(one bird) or aberrant behaviour (latency increased during

the experiment, probably due to leg problems). 

Ethical considerations
This study was carried out under the Animals (Scientific

Procedures) Act 1986 and approved by the Scottish

Agricultural College’s and Roslin Institute’s ethics commit-

tees. The Home Office Code of Recommendations for the

housing of poultry was met or exceeded at all times. Birds

were euthanised by an approved Schedule One method

(barbiturate anaesthetic overdose). The relevant predeter-

mined humane end-points used in this study were as

follows: (i) birds weighing less than 90% of the target

commercial weight at any stage were to be fed supplemen-

tary feed and any that failed to gain sufficient weight by

supplementary feeding were to be euthanised (no birds were

euthanised on this basis); (ii) although this study was

designed to finish before birds would reach high body-

weights and associated problems, such as lameness and

respiratory problems, and birds showing signs of such

problems were to be removed from the study and

euthanised: one bird (Eighty% group) was removed due to

lameness, two birds (Ad libitum group) due to lameness and

the study was terminated 4 days early (day 72) because of

thermal discomfort related to high room temperatures.

Results

Treatment growth curve and feed intake
The growth curve of the control birds was similar to that

of the producer’s recommended target growth rate up to

the start of the trial at 49 days of age (Figure 2). Birds on

all treatments were successfully reared to their target

growth curves, with only a small amount of variation. The

mean (± SEM) coefficient of variation (CV) across time

points and standard deviation associated with each

treatment group was: Ad libitum group: 5.2 (± 0.9)%;

Control group: 4.7 (± 1.5)%; Forty% group: 3.8 (± 1.3)%;

Eighty% group: 5.0 (± 1.7)%. No overlap in bodyweights

between groups was observed between days 21–70. This

CV was small and well within producer recommended

standards (Aim: < 12%; Aviagen 2006). 

The average daily intake of the Ad libitum birds increased

from an average of 46.3 g on day 14 to 235.1 g on day 70.

During this same period, the average daily feed allocation to

the Control birds increased from 29 to 50g.

Effect of treatment and stage of testing on latency to
enter a goal box 
Treatment (F

2,31
= 12.84, P < 0.001) and stage of testing

(start/middle/end) (F
2,62

= 103.8, P < 0.001) affected

latency to enter a goal box but there was no interaction

between treatment and stage of testing (F
4,62

= 1.13,

P = 0.352). Post hoc testing using a series of paired

Student’s t-tests indicated that birds from all treatment

groups ran faster as they learnt to associate the ends of the

Y-maze with food (Eighty% group, t = 6.48, df = 9,

P < 0.001; Forty% group, t = 8.51, df = 11, P < 0.001;

Control group, t = 7.11, df = 11, P < 0.001). However, as

can be seen from Figure 3, the more severe the feed

restriction the faster the birds ran at all stages of testing.
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Figure 2

Bodyweight (g) by broiler breeder age and treatment group. Recommended target represents the producer’s recommended target
growth rate for feed-restricted broiler breeders grown to have 5% production at 25 weeks of age (shown for comparison). No error
bars are shown as the SEM was so small as to be graphically indiscernible. The average SEM for each treatment was as follows: Ad libitum
group = 23 g; Control = 25.5 g; Eighty% group = 25.6 g; Forty% group = 25.5 g.

Latency to enter goal box by treatment and stage of testing. Two Eighty% birds were omitted from the analysis (see text).

Figure 3
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Effect of treatment on ability to learn task
Overall, six Eighty% birds, three Forty% birds and one bird

in the Control group were considered to have learnt the task.

One Forty% bird and one Control bird achieved this

criterion on the first or first and second free-choice testing

blocks but subsequently performed no better than chance

for the remainder of the blocks.

A significant preference for the smaller reward option was

never observed in any of the 180 individual blocks

(36 birds × 5 blocks). Furthermore, only one Control bird

was successful, in trial block one only, but two Forty% and

five Eighty% birds (not including one successful Eighty%

bird that was euthanised earlier in the study) were

successful at the same time.

Analysis of group performance indicated that treatment

affected the ability of the birds to learn the task

(F
2, 30.8

= 4.88, P = 0.014). Post hoc analysis revealed that,

at the group level, only birds in the Eighty% group

showed a preference for the larger feed option over the

first sixty trials (Phase one)(χ2 = 8.16, P < 0.01), the last

forty trials (Phase two) (χ2 = 6.76, P < 0.01) and across all

trials (χ2 = 8.60, P < 0.01). The other treatment groups

showed no preference. There were no significant effects

of room (F
1, 29.2

= 0.12, P = 0.729) or colour associated

with the larger food reward on the performance of

successful birds (F
1, 6.7

= 2.4, P = 0.167).

Effect of level of feeding motivation on maintenance
of response once learnt
Using all bird data, there was no effect of number of free-

choice trials (analysed in blocks of twenty consecutive

trials) on performance (F
4, 279.2

= 0.43, P = 0.788) and no

interaction between treatment and block number

(F
8, 348.6

= 0.60, P = 0.775) with the average treatment

performance remaining similar across all blocks of twenty

trials. The numbers of ‘successful’ birds were too low to

repeat the analysis using only these birds. Figure 4 shows

the proportion of birds in each treatment group that were

successful over each of the five consecutive blocks. 

Due to a lack of sufficient individuals within each treatment

group meeting the task criterion for success, it was not

possible to investigate the effect of feeding motivation on

maintenance of the learnt response. 

Effects of Phase one and Phase two on performance
A comparison between group (ie analysed at the treatment

group level) bird performance in Phase one and Phase two

demonstrated that there was no significant increase in

performance across these two phases (F
1, 91.7

= 0.11,

P = 0.737) and no interaction between phase and treatment

group (F
2, 92.2

= 0.09, P = 0.910). 

One additional Forty% bird achieved the inclusion criteria

during Phase two in which there was a greater contrast

between the feed rewards. Three of the six ‘successful’

Animal Welfare 2011, 20: 469-481

Figure 4

The proportion of birds by treatment and block achieving ≥ 15/20 choices for the larger food option (ie ‘successful’ birds).
A score of 15/20 was associated with P = 0.042 (binomial probability). n = 36; n = 12 per treatment (for Eighty% n = 11 for blocks 4–5
as one bird was euthanised).
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Eighty% birds showed a temporary decline in performance

during the first 20-trial block in Phase two but all three birds

showed a significant preference (≥ 15/20 choices for the

larger feed reward) by the second 20-trial block in Phase two.

Side biases
Side biases were prevalent with most birds (n = 30) demon-

strating a highly significant side preference (ie they selected

their preferred side more than 66 times out of 100 trials,

P < 0.001). Figure 5 illustrates the severity of the side biases

where present with most birds picking their preferred side

on more than 90% of all trials. 

All of the birds that did not meet the criterion for

success (n = 26) demonstrated a highly significant side

bias (P < 0.001). Of the birds that did meet the ‘success

criteria’, four also showed a highly significant side pref-

erence (P < 0.001). 

An analysis of the two birds that met the inclusion

criterion initially but then lost this preference indicated

that the birds deviated from their chosen side preferen-

tially to select the colour associated with the larger feed

reward. The Forty% bird deviated from her preferred side

(right side) nine times in 100 trials, in all cases when the

larger feed reward was on the left side (9/9 deviations

occurred when the larger food reward was associated

with the left side; P = 0.02).

The Control bird that initially met the inclusion criteria

significantly preferred the right side overall (69 choices

for the right side; P < 0.001). Over the first five days of

the free-choice tests (she met the success criterion in

block one, days 1–4) she deviated from the right side only

when the left side was associated with the larger feed

reward (8/8 deviations; P = 0.008). 

© 2011 Universities Federation for Animal Welfare

Prevalence of side biases over the 100 trials, as indicated by the number of choices for the left side of the Y-maze, according to each
individual bird in each treatment group. The grey bars indicate the birds that met the criterion for success (picking the larger
option ≥ 15/20 times in a single block) and the white bars indicate that they did not meet this criterion. The study was balanced such
that the larger diet option could be found at the end of the left and the right arm of Y-maze an equal number of times. The dashed lines
indicate the highly significant (P < 0.001) threshold (< 34/100 choices for the left side or > 66/100 choices for the left side). NB Bird
P1773 (Eighty% group) was euthanised after 60 trials. Her number of choices have been adjusted (original: 31/60) and all results are there-
fore expressed as a proportion.

Figure 5
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Discussion
The data indicated clearly that chronic feed restriction nega-

tively affected the birds’ ability to learn a complex feed

quantity discrimination task. However, feed restriction did

not totally prevent the birds from learning anything. Rather,

it influenced what was learnt. The birds entered a goal box

faster (irrespective of treatment) with time indicating that

the all birds learnt to associate the end of the Y-maze with a

positive outcome (food) and that there was an increase in

associative strength with the number of trials. Increased

speed seems unlikely to be due to larger birds being able to

run faster (since the size of the birds increased over the

experiment; see Figure 2). In support of this, it was noted

that the weight of the Controls at the end was similar to the

Forty% birds at the start of the trial but the latency was

shorter in the Controls at the end compared to the Forty%

birds at the start. Thus, in the absence of learning the asso-

ciation, the default strategy of ‘unsuccessful’ birds appeared

to be to access feed as quickly as possible.

These findings are interesting when placed in the context of

other research that has investigated the effect of feed restric-

tion on cognitive processes (eg Nicol & Pope 1993; Diano

et al 2006; Ferreira et al 2006; Deng et al 2009). Broadly

speaking, the effects of feed restriction can be divided into

two areas: firstly, those caused by nutritional stress (specific

nutritional deficits having effects on the animals physiolog-

ical status) and, secondly, those caused by psychological

stress (the experience of hunger). The broiler breeders in

our study were experiencing different degrees of feed

restriction from two weeks of age. In a review of the

cognitive effects of early malnutrition, Strupp and Levitsky

(1995) report that early nutritional stress is associated with

increased emotional reactivity, cognitive inflexibility, and

attentional changes with a more narrow focus of attention

that endures post malnutrition. These suggest that malnutri-

tion is associated with changes in neuronal development, so

this is a plausible explanation for our findings. However, it

is important to note that commercial broiler breeders are

feed restricted to levels equivalent to our controls to

optimise physical health and no other physical signs of mal-

or under-nutrition have been identified. Although it remains

possible that there are negative effects of feed restriction on

broiler-breeder cognition, despite the birds being in good

health, it seems more likely that treatment differences in this

study resulted from hunger stress rather than direct nutri-

tional effects on brain development. 

Most studies using feed restriction as the psychological

stressor or motivator do not use food-rewarded tasks when

examining the effects of feed restriction on learning and

memory. This is presumably because as feed restriction

increases the motivation to obtain food (Conrad 2010), the

hunger-stress and motivation effects on performance would

be confounded. Where food has been used as a reward, the

task has been a simpler food/no food reward paradigm. In

such cases, a positive association was found between the

degree of feed restriction and task acquisition, because of

the effect of restriction on motivation (Eisman et al 1956:

deprived of food for 4 h, 22 h and 45.5 h before training;

Richman et al 1970: adult rats feed restricted to maintain

75, 85 and 95% of ad libitum feed bodyweight). To the

authors’ knowledge, there is no published research looking

at the effect of feed restriction on ability to learn a feed-

restriction-relevant complex discrimination task in which

both options are food rewarded. This may be due, in part, to

the confounding variable of learning ability and motivation

in this type of task. However, there are relatively few

studies that ask an animal to learn a discrimination task in

which both options are rewarded. However, there are

occasions in which this approach may be appropriate and

determining the preferences of feed-restricted broiler

breeders for qualitative or quantitative dietary restriction is

one of these. The effects of feed restriction on broiler-

breeder learning ability could have been quantified in a non-

food-rewarded paradigm. However, the results of this

approach may not have translated into learning ability when

faced with a task that is likely to be highly arousing to

severely feed-restricted birds.

The Yerkes-Dodson Law predicts that the optimal arousal

level for learning difficult tasks will be lower than for

simple tasks (Yerkes & Dodson 1908). Whilst this study

was not an explicit test of the Yerkes-Dodson Law, the

results partially support this interpretation: a lower level of

arousal (ie a lower level of chronic feed restriction) was

necessary for successful learning of this complex task. By

comparison, in a previous study (Buckley et al 2010), more

severely restricted birds (equivalent to the Controls in this

study), were able to learn a simpler food/no food task.

In some studies, using non-food rewarded tasks in rats,

different levels of chronic feed restriction resulted in an

inverted U-shape relationship with learning or memory or

both (Ferreira et al 2006; Deng et al 2009). Ferreira et al
(2006) compared memory and learning in rats chronically

feed restricted to 70 and 40% of ad libitum intake with rats

fed ad libitum throughout the study. They found that feed

restriction improved learning but that the less severely feed-

restricted rats showed evidence of more rapid avoidance

learning and showed improved memory of this learning

than either the ad libitum or 40% feed-restricted rats. Deng

et al (2009) found that mild feed restriction (80% of

ad libitum intake) resulted in improved long-term memory,

whereas it was unchanged from ad libitum performance in

rats feed restricted to 40 and 20% of ad libitum intake.

Different levels of injected ghrelin (an appetite-stimulating

hormone) produced similar effects when mice

(Mus musculus) were tested on T-maze tasks (Diano et al
2006). This indicates that cognitive processes are sensitive

to the degree of feed restriction. Further, synapsin-deficient

animals (synapsin proteins are associated with learning and

memory) have been shown to be memory-impaired (see, for

example, Michels et al 2005; Porton et al 2010). Deng et al
(2009) found that synapsin production was up-regulated

with relatively mild feed restriction (80% of ad libitum
intake), similar to ad libitum levels at 60% restriction but

down-regulated with increasingly severe feed restriction
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(40 and 20% of ad libitum intake). However, in the present

study, there was no evidence of an inverted U-shaped

pattern to task-learning ease. Instead, the relationship was

linear: the less hungry the bird, the greater the likelihood

that it would learn the task. This was interesting because

although the 80% group were the least ‘hunger-stressed’

they would also have been the group least motivated by a

food reward. It is possible that this inverted U-shaped curve

could have been observed if ad libitum-fed birds had been

used in the choice test but this seems unlikely. The

‘successful’ birds in the 80% treatment group frequently did

not eat the entire portion of feed they had access to which

suggests that, although motivated to access food rewards,

these birds were not as hungry as the other treatments. Low

levels of arousal may partially explain why half of the 80%

group failed to learn the task. However, overall, the least

hungry birds found the task easiest to learn.

In our study, we believe that the birds on different treat-

ments differentially experienced hunger-stress. Although

we did not formally measure either physiological or behav-

ioural indicators of stress, there is sufficient scientific

evidence to support this interpretation (eg Hocking et al
1993, 1996; de Jong et al 2002, 2003). In agreement with

these reports, we observed spot-pecking, stereotypic

behaviour (pacing) and excessive drinker manipulation in

our control birds indicating that the birds were frustrated by

being feed restricted. It is considered that, in addition to the

chronic stress of feed restriction, the birds also experienced

acute arousal during training/testing (due to the association

between the apparatus and food). Acute stress or arousal

may enhance learning where there is convergence in time

between the stressor and the learning task and where

learning the task removes the stressor (Joels et al 2006, but

see Schwabe & Wolf 2010). However, chronic stress is a

potent negative barrier to effective learning and memory

(Joels et al 2006; Conrad 2010). Severe levels of chronic

feed restriction (50% of ad libitum intake) are associated

with poor cognition in juvenile rats (Young & Kirkland

2007). This level of feed restriction roughly approximates to

our 40% group during training/testing. The Control group

were considerably more feed restricted (circa 25–33% of

the intake of ad libitum-fed birds of the same age).

In our study, the task was food rewarded and therefore

relevant to reducing the stress of feed restriction. This

aspect should have increased the likelihood of the birds

learning the task. The potential relative gains (propor-

tional extra daily feed allowance) were higher for the

Control group. Therefore, these birds had a much greater

incentive to learn. However, this was not realised in terms

of performance in the Y-maze. 

Schwabe et al (2010) point out that stress affects both the

quantity and quality of the learning experience. Stress

affects the quantity of information processed in various

ways that lead to both increased and reduced performance

in cognitive tests dependent upon what is measured

(Mendl 1999). The quantity of information processed by

the birds may have been negatively affected by chronic

feed restriction in several ways. 

Firstly, the birds may have experienced attentional

narrowing. Attentional narrowing can be defined as

focusing of attention on the central features of a task or

event whilst ignoring more peripheral or less salient

features of the same task or event (see Mendl 1999).

Severe chronic feed restriction in growing rats leads to a

failure of the rats to attend to environmental stimuli

(reduction in perceptual learning) that were apparently

unconnected to immediate biological needs (Rogers et al
1986). Stress also decreases attendance to ‘redundant’ cues

(cues that are introduced to a training situation which

provide no additional information regarding the correct

response; Levitsky [1979], reported by Rogers et al
[1986]). These studies indicate that ‘attentional narrowing’

can occur under conditions of stress. Easterbrook (1959)

highlights that when peripheral cues are important for task

performance, ignoring these cues leads to performance

error. However, it is also possible that, in our study, the

birds that failed the task did so because they attended to

too many cues and, therefore, failed to sufficiently attend

to the cues that were relevant to learning the task.

Secondly, Mendl (1999) suggests that stress/arousal may

increase errors by speeding up decision-making such that

the animal does not attend to all the relevant information

before making a decision. Although birds were given an

enforced period of observation before making a decision

(30 s in the start box) the birds may have attended more to

the Perspex barrier between them and food and only

attended to runway stimuli once released. In our study, the

hungriest birds ran faster, probably reflecting their greater

motivation. Therefore, these would have had less time to

assimilate the colour information. 

Finally, holding birds in the start box for 30 s prior to

release may have further increased arousal resulting in a

concurrent reduction in learning. Van Rooijen and Metz

(1987) found that feed-restricted pigs (Sus scrofa) working

for food in a food/no food T-maze task failed the task when

held in the start box for 5 min. Reducing the time to 30 s

significantly improved performance (although this was

confounded with the additional number of trials). Thus,

holding the birds for less time might have improved

performance. However, we consider this unlikely as the

birds (especially controls) were highly aroused generally

and focused on trying to escape both the home pens (prior

to testing) and the start box. Therefore, we think it is more

likely that they simply did not process the relevant informa-

tion prior to release from the start box.

It is likely that the poor performance also reflected changes

to the quality of learning. The default strategy of all birds

that failed to learn the task was to show a positional bias irre-

spective of treatment. Chickens have been demonstrated to

show low levels of spontaneous alternation (Hughes 1989;

Haskell et al 1998). Increased perseverance in this study was

reinforced by the provision of a food reward. With hindsight,

this was a study weakness that could be addressed in any

future work utilising a Y-maze, through the use of forced

trials and occasional ‘probe’ choices in which the animal

could choose which arm to enter. Nonetheless, positional

biases were more common among the hungrier treatments. 

© 2011 Universities Federation for Animal Welfare
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The stress of feed restriction may have reinforced the

tendency to persevere as a function of habit. Hunger stress

has been associated with positional biases in both pigs (Van

Rooijen & Metz 1987) and starlings (Sturnus vulgaris)

(Talling et al 2002). Shocking mice upon entry to one of the

goal boxes in a T-maze reduced stimulus-response learning

(avoidance of shocks) and increased habitual responding

that resulted in increased exposure to electric shocks

(Mitchell et al 1985). In food devaluation studies, stressed

humans show a habitual, rather than a goal-directed,

strategy (Schwabe & Wolf 2009). In our study, one Control

bird and one Forty% bird initially showed a significant pref-

erence for the larger reward in the first trial block after the

forced trials but then developed strong side biases. The

pattern of deviations from the preferred side suggests this

initial preference was genuine and not due to chance. As the

trials progressed, it is expected that the level of feed restric-

tion became increasingly severe. Stress-induced habitual

learning may have resulted in the much poorer performance

in subsequent trial blocks, including reluctance to change

behaviour even when quantity contrast was increased.

Despite the fact that feed restriction did affect the birds’

ability to learn the task in this experiment, it is also clear that

it was difficult to learn even for birds in the least feed-

restricted group. It is not clear why. However, several factors

may have affected this: the tendency of chickens to show

low spontaneous alternation (Hughes 1989; Haskell et al
1998), combined with the free-choice methodology in which

side biases were reinforced by food rewards may have stim-

ulated the likelihood of side biases. Alternatively, insuffi-

cient trials, inter-trial length (but see Sarason et al 1956;

D’Amato 1960) or absolute or relative food quantities (the

smaller the contrast the more difficult discrimination will be

and the longer the task takes to learn: see Hill & Spear 1963;

Clayton 1964) may have affected performance. However, it

is worth noting that most of the ‘successful’ birds had learnt

the task within 60 free-choice trials. Alternatively, a species-

specific difficulty associating relatively distal colour cues

with food quantities rather than food location per se could

have affected task performance. However, Phillips and

Strogan (2007) found layer hens could associate feed

qualities with colours with far fewer trials, suggesting that

the task was potentially learnable. Combined with our

previous work (Buckley et al 2010), this study suggested

that the free-choice Y-maze method used here would not be

particularly useful in evaluating broiler breeder preferences

for qualitative or quantitative dietary restriction.

Animal welfare implications and conclusion
Chronic feed restriction is a potent stressor that negatively

affected broiler breeder performance in this complex task,

even though the task was relevant to removal of the stressor,

a factor known to improve task success. Therefore, most of

the birds did not express a preference for a larger food

reward in this choice test. This study further demonstrates

the negative effects that commercial feed restriction has on

broiler breeders, in this case by reducing the broiler

breeders’ performance in a food-quantity discrimination

task. Although the mechanism leading to reduced perform-

ance is unclear, in the wider context, this may provide addi-

tional support for the concerns (Mendl 1999) that, firstly,

stressors may render choice tests for identifying ‘wants’

problematic and, secondly, stressors may negatively affect

an animal’s ability to function in its environment by reducing

its ability to assimilate information favourable to its welfare.

Acknowledgements 
The authors would like to thank the Universities Federation for

Animal Welfare for funding this study, Caroline

McCorquodale (Roslin Institute, UK) and Biomathematics and

Statistics Scotland for statistical support, and James Allison

and George Ashcroft for their joinery assistance. The Roslin

Institute is supported by the BBRSC and the Scottish

Agricultural College by the Scottish Government (RERAD).

References
Aviagen 2006 Ross 308: Parent Stock Management Manual pp 1-
86. Aviagen: Midlothian, UK 
Aviagen 2007 Ross 308: Parent Stock Performance Objectives pp 1-
19. Aviagen: Midlothian, UK 
Baghbanzadeh A and Decuypere E 2008 Ascites syndrome
in broilers: physiological and nutritional perspectives. Avian
Pathology 37: 117-126
Buckley LA, Sandilands V, Tolkamp BJ and D’Eath RB 2010
Quantifying Hungry Broiler Breeder Dietary Preferences using a
Closed Economy T-Maze Task. Proceedings of the 44th Congress for
the International Society of Applied Ethology p 232. 4-7 August 2010,
International Society for Applied Ethology, Uppsala, Sweden
Capaldi EJ and Molina P 1979 Element discriminability as a
determinant of serial-pattern learning. Animal Learning and
Behavior 7: 318-322
Clayton KN 1964 T-maze choice learning as a joint function of
the reward magnitudes for the alternatives. Journal of Comparative
Physiological Psychology 58: 333-338
Conrad CD 2010 A critical review of chronic stress effects on
spatial learning and memory. Progress in Neuro-psychopharmacology
& Biological Psychiatry 34: 742-755
D’Amato MR 1960 Distribution variables in simple discrimination
learning in rats. Canadian Journal of Experimental Psychology 14: 216-219
D’Eath RB, Tolkamp BJ, Kyriazakis I and Lawrence AB
2009 ‘Freedom from hunger’ and preventing obesity: the animal
welfare implications of reducing food quantity or quality. Animal
Behaviour 77: 275-288
Dawkins MS 1990 From an animals’ point of view: motivation,
fitness, and animal welfare. Behavioral and Brain Sciences 13: 1-61
de Jong IC, Enting H, van Voorst AS and Blokhuis HJ 2005
Do low density diets improve broiler breeder welfare during
rearing and laying? Poultry Science 84: 194-203
de Jong IC, van Voorst AS and Blokhuis HJ 2003
Parameters for quantification of hunger in broiler breeders.
Physiology and Behaviour 78: 773-783
de Jong IC, van Voorst AS, Ehlhardt DA and Blokhuis HJ
2002 Effects of restricted feeding on physiological stress parame-
ters in growing broiler breeders. British Poultry Science 43: 157-168
Deng L, Wu ZN and Han PZ 2009 Effects of different levels
of food restriction on passive-avoidance memory and the expres-
sion of synapsin 1 in young mice. International Journal of
Neuroscience 119: 291-304

Animal Welfare 2011, 20: 469-481

https://doi.org/10.1017/S0962728600003110 Published online by Cambridge University Press

https://doi.org/10.1017/S0962728600003110


480 Buckley et al

Diano S, Farr SA, Benoit SC, McNay EC, da SI, Horvath
B, Gaskin FS, Nonaka N, Jaeger LB, Banks WA, Morley
JE, Pinto S, Sherwin RS, Xu L, Yamada KA, Sleeman
MW, Tschop MH and Horvath TL 2006 Ghrelin controls hip-
pocampal spine synapse density and memory performance.
Natural Neuroscience 9: 381-388
Easterbrook JA 1959 The effect of emotion on cue utilization
and the organization of behavior. Psychological Review 66: 183-201
Eisman E, Asimow A and Maltzman I 1956 Habit strength as
a function of drive in a brightness discrimination problem. Journal
of Experimental Psychology 52: 58-64
Ferreira FR, Spini VBMG, Lopes EJ, Renata FF, Moreira
EA, Amaral MAF, Cunha ALLS, Borges APS, Marson LB
and Ribeiro GCC 2006 Effect of feed restriction on learning,
memory and stress in rodents. Bioscience Journal 22: 91-97
Haskell MJ, Forkman B and Waddington D 1998 An inves-
tigation into the occurrence of spontaneous alternation behaviour
in the domestic hen. Behavioural Processes 43: 43-51
Hill WF and Spear NE 1963 Choice between magnitudes of
reward in a T-maze. Journal of Comparative Physiological Psychology
56: 723-726
Hocking PM 2006 High-fibre pelleted rations decrease water
intake but do not improve physiological indices of  welfare in food-
restricted female broiler breeders. British Poultry science 47: 19-23
Hocking PM, Maxwell MH and Mitchell MA 1993 Welfare
assessment for broiler breeder and layer females subjected to
food restriction and limited access to water during rearing. British
Poultry Science 34: 443-458
Hocking PM, Maxwell MH and Mitchell MA 1996
Relationships between the degree of feed restriction and welfare
indices in female broiler breeders. British Poultry Science 37: 263-278
Hocking PM, Zaczek V, Jones EKM and Macleod MG 2004
Different concentrations and sources of dietary fibre may
improve the welfare of female broiler breeders. British Poultry
Science 37: 263-278
Hughes RN 1989 Lack of spontaneous-alternation in favor of perse-
veration in domestic fowls and pigeons. Behavioural Processes 20: 85-92
Joels M, Pu ZW, Wiegert O, Oitzl MS and Krugers HJ
2006 Learning under stress: how does it work? Trends in Cognitive
Sciences 10: 152-158
Kestin SC, Gordon S, Su G and Sorenson P 2001
Relationships in broiler chickens between lameness, liveweight,
growth rate and age. Veterinary Record 148: 195-197
Levitsky DA 1979 Malnutrition and the hunger to learn. In: DA
Levitsky (ed) Malnutrition, Environment and Behaviour pp 161-179.
Cornell University Press: Ithaca, NY, USA
Mendl M 1999 Performing under pressure: stress and cognitive
function. Applied Animal Behaviour Science 65: 221-244
Michels B, Diegelmann S, Tanimoto H, Schwenkert I,
Buchner E and Gerber B 2005 A role for synapsin in associa-
tive learning: the Drosophila larva as a study case. Learning and
Memory 12: 224-231
Mitchell D, Osborne EW and Oboyle MW 1985 Habituation
under stress: shocked mice show non-associative learning in a T-
Maze. Behavioral and Neural Biology 43: 212-217
Nielsen BL, Litherland M and Noddegaard F 2003 Effects of
qualitative and quantitative feed restriction on the activity of
broiler chickens. Applied Animal Behaviour Science 83: 309-323 

Nicol CJ and Pope SJ 1993 Food deprivation during observa-
tion reduces social learning in hens. Animal Behaviour 45: 193-196
Petrie A & Watson P 1999 Statistics for Veterinary and Animal
Science. Blackwell Science Ltd: Oxford, UK
Phillips CJ and Strojan ST 2007 The ability of chickens to
select nutritive and avoid toxic concentrations of heavy metals in
feeds. Journal of Sustainable Agriculture 30: 31-45
Porton B, Rodriguiz RM, Phillips LE, Gilbert JW IV, Feng
J, Greengard P, Kao HT and Wetsel WC 2010 Mice lacking
synapsin III show abnormalities in explicit memory and condi-
tioned fear. Genes, Brain and Behaviour 9: 257-268
Richman CL, Gardner JT, Montgomery MD and
Benewicz KL 1970 Effects of body weight loss on position and
brightness discrimination tasks. Learning and Motivation 1: 218-225
Robinson FE and Wilson JL 1996 Reproductive failure in over-
weight male and female broiler breeders. Animal Feed Science and
Technology 58: 143-150
Rogers PJ, Tonkiss J and Smart JL 1986 Incidental-learning is
impaired during early-life undernutrition. Developmental
Psychobiology 19: 113-124
Rozenboim I, Kapkowska E, Robinzon B and Uni Z 1999
Effects of fenfluramine on body weight, feed intake and reproduc-
tive activities of broiler breeder hens. Poultry Science 78: 1768-1772
Sandi C, Loscertales M and Guaza C 1997 Experience-
dependent facilitating effect of corticosterone on spatial mem-
ory formation in the water maze. The European Journal of
Neuroscience 9: 637-642
Sandilands V, Tolkamp BJ and Kyriazakis I 2005
Behaviour of food restricted broilers during rearing and lay:
effects of an alternative feeding method. Physiology and
Behaviour 85: 115-123
Sandilands V, Tolkamp BJ, Savory CJ and Kyriazakis I 2006
Behaviour and welfare of broiler breeders fed qualitatively restrict-
ed diets during rearing: Are there viable alternatives to quantitative
restriction? Applied Animal Behaviour Science 96: 53-67
Sarason IG, Sarason BR, Miller M and Mahmoud P
1956 The role of the intertrial interval in discrimination and
reversal learning. Journal of Comparative Physiological
Psychology 49: 77-79
Savory CJ, Hocking PM, Mann JS and Maxwell MH 1996 Is
broiler breeder welfare improved by using qualitative orather
than quantitative food restriction to limit growth rate? Animal
Welfare 5: 105-127
Savory CJ and Lariviere JM 2000 Effect of qualitative and
quantitative food restriction treatments on feeding motivational
state and general activity level of growing broiler breeders.
Applied Animal Behaviour Science 69: 135-147
Savory CJ and Maros K 1993 Influence of degree of food
restriction, age and time of day on behavior of broiler breeder
chickens. Behavioural Processes 29: 179-190
Savory CJ, Maros K and Rutter SM 1993 Assessment of
hunger in growing broiler breeders in relation to a commercial
breeding programme. Animal Welfare 2: 131-152
Schwabe L and Wolf OT 2009 Stress prompts habit behavior
in humans. Journal of Neuroscience. 29: 7191-7198
Schwabe L and Wolf OT 2010 Learning under stress
impairs memory formation. Neurobiology of Learning and
Memory 93: 183-188

© 2011 Universities Federation for Animal Welfare

https://doi.org/10.1017/S0962728600003110 Published online by Cambridge University Press

https://doi.org/10.1017/S0962728600003110


Too hungry to learn?   481

Schwabe L, Wolf OT and Oitzl MS 2010 Memory formation
under stress: quantity and quality. Neuroscience and Biobehavioral
Reviews 34: 584-591
Strupp BJ and Levitsky DA 1995 Enduring cognitive effects of
early malnutrition: a theoretical reappraisal. The Journal of Nutrition
125(8S): 2221-2232
Talling JC, Inglis IR, Van Driel KS, Young J and Giles S
2002 Effect of hunger on starlings’ preferences for food
sources associated with variability or uncertainty. Behaviour
139: 1223-1235
Van Rooijen J and Metz J 1987 A preliminary experi-
ment on T-maze choice tests. Applied Animal Behaviour
Science 19: 51-56

Vermaut S, De Coninck K, Bruggeman V, Onagbesan O,
Flo G, Cokelaere M and Decuypere E 1999 Evaluation of
jojoba meal as a potential supplement in the diet of broiler breed-
er females during laying. British Poultry Science 40: 284-291
Yerkes RM and Dodson JD 1908 The relation of strength of
stimulus to rapidity of habit-formation. Journal of Comparative
Neurology and Psychology 18: 459-482
Young GS and Kirkland JB 2007 Rat models of caloric intake
and activity: relationships to animal physiology and human health.
Applied Physiology, Nutrition, and Metabolism 32: 161-176
Zuidhof MJ, Robinson FE, Feddes FE, Hardin RT, Wilson
JL, McKay RI and Newcombe M 1995 The effects of nutrient
dilution on the well-being and and performance of female broiler
breeders. Poultry Science 74: 441-456

Animal Welfare 2011, 20: 469-481

https://doi.org/10.1017/S0962728600003110 Published online by Cambridge University Press

https://doi.org/10.1017/S0962728600003110

