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ABSTRACT 
 
At around day 11 of life, chicks show a tendency to move out of sight of their mother 
before returning and regaining social and visual contact. A series of experiments was 
conducted to investigate the role of this voluntary 'out-of-sight' behaviour on the 
development of spatial memory in young chicks.  Performance on various spatial tests 
was compared between chicks reared in environments providing the opportunity to move 
out-of-sight of an imprinting object (occlusion-experienced chicks) and occlusion-naive 
chicks. As in natural conditions, a peak in out-of-sight behaviour was found on day 11 
compared with days 10 or 12 (ANOVA, F2,20=20.2, P<0.001). Occlusion-experienced 
chicks walked more than occlusion-naive chicks when released into a large novel arena? 
(ANOVA, F1,14 = 11.9, P<0.01), but otherwise showed similar degrees of dispersal. 
Occlusion-experienced chicks tended to show better retrieval of a visually displaced 
imprinting stimulus than occlusion-naive chicks (Chi-squared test, χ2=6.3,df=3 P=0.09).  
Occlusion-experienced chicks tended to make fewer orientation errors in the first 
(Kruskal-Wallis, χ2=7.0, df=3, P<0.07) and subsequent trials (Kruskal-Wallis, χ2=7.6, 
df=3, P=0.05) of the retrieval test. Chicks making at least one orientation error had spent 
less time out-of-sight of the imprinting stimulus on day 11 than chicks making no 
orientation errors (ANOVA, F1,18= 6.5, P<0.05). In contrast, experimentally manipulating 
the amount time that chicks were out-of-sight of an imprinting stimulus (by confining the 
chicks) had no effect on performance in displacement or detour tests. Results suggest that 
egocentric orientation in chicks is improved by allowing them to express out-of-sight 
behaviour in early life. The implications of providing appropriate stimulation during early 
life in ameliorating crowding and hysteria in large commercially-housed flocks is 
discussed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

INTRODUCTION 
 
The notion that early environmental enrichment has beneficial effects on behaviour and 
brain structure has received widespread interest since the early 18th century. Scientific 
evidence for enrichment-induced behavioural and neural changes has widespread 
applications in promoting child development (Carnegie Task Force on Meeting the Needs 
of Young Children 1994), improving recovery from brain damage (e.g. Stein and Glasier, 
1995), improving husbandry of animals in zoos and farms (Mellen and MacPhee, 2001) 
and in ensuring appropriate brain function and behaviour of rodents used for research 
(Würbel, 2001). Spatial memory and the corresponding neural systems, which mature 
relatively late, appear particularly prone to enrichment-induced reconfiguration (ref?). 
Spatial memory refers to the mental processes whereby spatial information about the 
surrounding environment is accumulated, stored and retrieved to carry out spatial tasks. A 
large body of evidence has shown that exposure to an enriched environment (compared to 
a relatively barren environment) improves spatial memory in humans and other mammals 
(e.g. Renner and Rosenzweig, 1987; Sneddon et al, 2000).  

One issue regarding the development of spatial memory that has proved elusive is 
in identifying the critical environmental factors that lead to enrichment-induced changes 
in behaviour. One exception is the recent work by Williams et al (2001) showing that 
mice reared in a “physically” enriched environment (by adding nesting material and toys) 
had improved performance in a water maze compared to mice reared in social groups but 
without physical enrichment. Although Williams et al’s (2001) study differentiated 
between the effects of social and physical factors on spatial memory, it did not identify 
the critical factor in the physical environment that gave rise to improved performance in 
the water maze. Perhaps the change in locomotory patterns brought about by the presence 
of the toys, or the disappearance and reappearance from view of toys behind each other as 
the mice move around the cage was the critical factor leading to improved performance in 
the water maze. It may be that enrichment has a non-specific effect  in reducing fear 
through the interaction with novel objects (as found in chicks; Candland, 1963), or 
increasing activity in a novel environment (as found in pigs, Wemelsfelder et al, 2000), 
both of which could lead to improvements in performance in the water maze. Clearly, 
identifying the critical factors in the development of spatial memory is methodologically 
challenging and may have important applications in ensuring complete spatial cognition 
abilities in captive animals. 

We propose that the domestic chicken (Gallus gallus domesticus) provides a 
useful model for investigating the critical factors in the development of spatial memory. 
As a precocial animal, chicks hatch with well-developed brains and rapidly learn a great 
deal about their environment, including maternal (e.g. Bateson, 1981) and food 
recognition (Nicol and Pope, 1996). As in mammals, early experience of the 
disappearance and reappearance of objects (hereafter termed occlusion experience) is 
crucial in the development of the ability to remember the location of hidden objects in 
birds (e.g. parrots, Pepperberg et al, 1997; magpies, Pollok et al, 2000). In the domestic 
chick, improvement in search behaviour following visual displacement of an imprinting 
object was found in occlusion-experienced chicks at 12 days of age but not at 4 days of 



age (Freire and Nicol, 1999). The age effect in the domestic chick may be related to a 
sensitive phase for the development of spatial cognition at around 11 days of age. In 
brief, chicks reared in semi-natural and indoor conditions show a sudden peak in moving 
out-of-sight of the mother on day 11 (Workman and Andrew, 1989; Vallortigara et al 
1997) and a similarly timed viewing bias towards the left eye (Dharmaretnam and 
Andrew 1994) and hence an almost exclusive involvement of the right hemisphere. The 
right hemisphere shows particular involvement in topographical orientation and spatial 
reasoning in chicks (Rashid and Andrew, 1985; Andrew, 1991) and the peak in moving 
out-of-sight, viewing bias and hemispheric dominance on day 11 suggest a period of 
effective spatial learning. Thus the domestic chicks’ precocial nature, including the 
ability to imprint on an inanimate object and the apparent sensitive phase for 
development of spatial memory at around 11 days makes the chick  an excellent model 
for investigating the development of spatial cognition. 

Considerable scientific effort is currently directed towards improving farm animal 
welfare in commercial production systems. Such effort aims to improve the match 
between the animal’s expectation of the environment and the actual environment, either 
by modifying the animal through genetic selection (e.g. Muir and Craig, 1998) or 
modifying the environment (e.g. cages for hens, Appleby et al, in press). Important 
beneficial changes in behaviour have been achieved through enrichment during rearing of 
captive cats (Shepherdson et al, 1993) and rats (reducedphysiological stress in adulthood 
even after a short enrichment period; Anisman et al, 1998). However, the possibility of 
shaping behaviour during development, so that the animal has a better match with its 
environment,  has attracted relatively little attention from farm animal scientists (but see 
Sneddon et al (2000) for an exception). One possible benefit of enrichment-induced 
improvement in spatial memory is in reducing the problems associated with poor 
navigation and uneven distribution of chickens in large groups (I've moved the rest fof 
this para to Intro to Expt 1)  

In the following series of experiments we examined the effect of occlusion 
experience on spatial memory. Experiment 1 aimed to determine if providing the 
opportunity for occlusion experience of occlusion influenced the behaviour and 
distribution of birds in large barren pens. The opportunity for occlusion experience was 
provided by allowing chicks voluntarily to move out of sight of an imprinted object by 
providing opaque screens within the pen. Experiment 2 compared the spatial memory, 
assessed by displacement and detour tests, of birds provided with the opportunity for  
occlusion experience, with birds with no occlusion experience. Additional controls for 
the effects of the screens were included in this experiment.  Lastly, we experimentally 
manipulated occlusion experience to investigate its effect on spatial memory (Experiment 
3). To our knowledge, this procedure allows a hitherto unattained degree of reduction of 
the possible critical experiential factors associated with enrichment-induced changes in 
spatial memory. 

 
EXPERIMENT 1 

 
The aim of Experiment 1 was to examine the hypothesis that dispersal in a large pen is 
dependent on the adequate development of spatial memory. In commercial systems, birds 
sometimes crowd in particular areas in large barren pens, often near the walls and corners 



which increases mortality due to hysteria and has other deleterious effects on welfare 
(Channing et al, 2001; Cornetto and Estevez, 2001). Such “clumped” distribution also 
promotes social avoidance and may limit some chickens’ access to resources such as nest 
boxes (Freire et al, in press), thereby limiting production. It may be that clumped 
distribution patterns arise because birds have not developed appropriate cognitive skills 
to navigate adequately in the centre of a pen, and prefer to stay near the walls where they 
can use visual landmarks.  
The experimental predictions were that  occlusion-experienced birds would be  further 
apart and would move around the pen more than occlusion-naive birds since they would 
have the knowledge and skills to re-find companions. We also predicted that occlusion-
experienced birds would use the centre of the pen more than occlusion-naive birds, as 
reported for birds in pens with vertical panels (Cornetto and Estevez, 2001).  
 
MATERIALS AND METHODS 
 
The subjects were 32 unsexed broiler chicks obtained from a commercial hatchery (Pine 
Manor Hatchery, Indiana) at one day of age. This is standard commercial practice. Chicks 
were randomly paired and placed in a cardboard box littered with wood-shavings and 
measuring 55 x 40 cm and 60 cm high. A drinker was placed in one corner so that birds 
could not walk around it, and starter crumbs placed in a shallow dish to provide ad 
libitum food and water. The temperature was 300C and the light:dark cycle was 12:12h. 
At 8 days of age two 20 x 20 cm wooden screens were placed in eight randomly chosen 
boxes parallel to the shorter sides and 20 cm apart (treatment MO (EXPLAIN mo ETC 
HERE  AS FIRST TIME IT APPEARS - IS EXPLAINED IN FULL IN EXPT 2, BUT 
THAT'S TOO LATE). The remaining 8 boxes were not altered and provided no 
opportunity to experience occlusion (Treatment E). At 14, 21, 28 , 25 AND 42??? days of 
age each pair of chicks was released (EACH PAIR SEPARATELY, OR ALL PAIRS 
TOGETHER?) into a large (370 x 240 cm) enclosure. A feeder was placed in the centre 
of the pen (diameter 40cm, 60cm high) and a drinker (diameter 35cm, 20cm high) 
suspended centrally and 100cm from the feeder. Chicks were filmed from above for the 
entire light period on days 14, 21, 28, 35 and 42. Scan sampling every minute for 5 
minutes commencing on the hour every two hours (DID CHICKS GO BACK TO THEIR 
HOME PEN  - IN ORIGINAL PAIRS - AFTER 2 HOURS??) was used to record the 
distance of each chick from the feeder and its previous location and the distance between 
each chick. (IF YOU RECORD 1 PAIR EVERY 2 HOURS IT WILL TAKE 32 HOURS 
- SO SOME CHICKS WOULD HAVE BEEN 15 DAYS OLD WHEN TEST 
STARTED??) We used a blind procedure to record behaviour from the video recordings 
by allocating each pen a random number (from 1 to 16) that was displayed on the video 
recording and the corresponding rearing treatment was not disclosed until completion of 
the behavioural observations. 
 
RESULTS 
(Give STUff on data analysis here - like for expt 2. Were data normally distributed? Type 
of Anova, repeated measures etc…??) 
 



Birds provided with (I don't like the word informal here - check elsewhere but maybe 
replace with 'the opportunity to experience occlusion' or even 'voluntary occlusion 
experience') experience of occlusion between 8 and 14 days of age moved more when 
released into a large pen than occlusion-naive birds (Figure 1: ANOVA, F1,14 = 11.9, 
P<0.01). However, differences in movement were not observed at 28 days of age or 
thereafter (ANOVA, treatment-age interaction, F4,55 = 5.6, P<0.01). Indeed movement in 
all birds declined rapidly with age as is typical for broiler chickens due to fast growth rate 
(ANOVA, Age effect, F1,14 = 14.0, P<0.0001; Preston and Murphy, 1989). Mean distance 
from the centre of the pen when not feeding did not differ between treatments (means 
(±SE) Treatment MO= 88.3±11.8cm, Treatment E= 95.9±11.4cm, ANOVA F1,14 = 1.2, 
NS). Similarly, distance between birds did not differ between treatments (means (±SE) 
Treatment MO= 32.9±4.1cm, Treatment E= 29.2±4.5cm, ANOVA F1,14 = 2.5, NS). 
 

Figure 1: Mean (SEM) distance moved per minute for birds with 
(Treatment MO) and without (Treatment E) informal experience of 

occlusion.  
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Brief Discussion here - highlight result and then state problems of just having 2 
treatments - lack of control for other effects of screen. Problems of getting chicks from 
commercial hatchery - this leads nicely into next expt.  
 

EXPERIMENT 2 
 
The aim of Experiment 2 was to 1) verify that day 11 is the peak age at which chicks 
move out-of-sight of an imprinting stimulus  and 2) to test the hypothesis that occlusion 
experience around 11 days of age improves spatial cognition. (Most of what I have 
deleted here can go in methods - some already is in methods)  



The tests of spatial cognition were chosen to be within the known capability of domestic 
chicks. A visual displacement test involved confining the chick in a small cage and 
displacing the imprinting stimulus behind one of two opaque screens (Regolin et al. 
1995a). Once released, the chick’s retrieval of the displaced imprinting stimulus indicates 
some memory for the stimulus and perhaps its location (Vallortigara et al, 1998). A 
detour test involved placing the chick behind a clear screen in view of the imprinting 
stimulus such that contact with the imprinting stimulus is possible only by leaving sight 
of it and walking around an occluding screen (Regolin et al., 1995b). Since most 
landmarks near the imprinting stimulus are out-of-sight during the detour, correct 
orientation in this test indicates not only memory for the object, but also some form of 
memory for its location (Vallortigara et al., 1999). 
 
MATERIALS AND METHODS 
 
The subjects were 48 broiler chicks (unsexed chicks, Pine Manor Hatchery, Indiana) 
obtained as fertile eggs at 18 days of incubation. (State advantage that this will give 
compared with getting from hatchery) Chicks were reared in isolation to encourage 
maximal social attachement to the imprinting object, from about 2 hours after hatching to 
7 days of age in a cardboard box measuring 30 x 25 cm and 30 cm high, at a temperature 
of 350C and a light:dark cycle of 12:12h. In order to encourage pecking and eating, the 
floor of the box was lined with white paper and sprinkled with chick starter crumbs that 
we periodically tapped with a round dowel. Additional starter crumbs and water were 
available ad libitum from clear Perspex petri dishes. A yellow tennis ball was suspended 
10cm above the floor by string in the centre of the box to provide an imprinting stimulus 
(broiler chicks have previously been found to imprint on tennis balls; Freire and Nicol, 
1999). 

At eight days of age, chicks were paired up, one chick marked with blue spray 
paint on the back and randomly assigned to one of four rearing treatments.LIST ALL 4 
CLEARLY HERE E.G. TREATMENT E - AN EMPTY PEN, TREATMENT MO - 
MAXIMAL OCCLUSION EXPERIENCE WITH 2 OPAQUE SCREENS, 
TREATMENT SO, SOME OCCLUSIONS EXPERIENCE WITH 1 OPAQUE 
SCREEN, AND TREATMENT C, CONTROL WITH 2 TRANSPARENT SCREENS. 
(then give any additional detail needed) Each treatment consisted of wood shavings in a 
box measuring 55 x 40 cm and 60cm high. A drinker was placed in one corner so that 
birds could not walk around it, and starter crumbs placed in a shallow dish to provide ad 
libitum food and water. The temperature was 300C and the light:dark cycle was 12:12h. A 
yellow tennis ball was suspended in the centre of the box. Twelve chicks were reared in 
six “empty” boxes as described above (Treatment E). The other three rearing treatments 
contained two 20 x 20 cm screens placed centrally and parallel to the shorter side of the 
box, 10cm from the ball such that the ball was between the two screens. The screens were 
opaque and made of wood (0.5cm thick) for 12 chicks so as to provide “maximum 
occlusion” experience (Treatment MO). For 12 further chicks, one screen was wooden 
and the other transparent (0.3cm thick acrylic sheet) to provide “some occlusion” 
experience (Treatment SO). For a further 12 chicks both screens were transparent acrylic, 
thus providing no opportunity to gain experience of occlusion (control, Treatment C). 
Chicks were filmed from above for the entire light period on days 10, 11 and 12. Scan 



sampling every 15 minutes for the entire light period was used to record if a chick was 
out of sight of either the ball or the other chick. 

At 13 days of age chicks were presented with two tests in a balanced order. 
Chicks were placed in their rearing pen for at least 3 hours between each test. Chicks 
were filmed from above during the tests to record behaviour. We used a blind procedure 
to record behaviour by allocating each chick a random number (from 1 to 48) that was 
displayed on the video recording and the corresponding rearing treatment not disclosed 
until completion of the behavioural observations. 
 
Visual displacement test 
 The test apparatus (shown in Figure 2) consisted of a circular arena made of 
plastic measuring 90cm in diameter and 70cm high, with wood shavings on the floor. A 
circular wire start cage (20cm diameter, 30cm high) was placed adjacent to the outer 
wall. Two opaque screens (wooden, 20 x 20cm) were placed 40cm from the start cage as 
shown in Figure 2. Each chick was confined in the start cage in isolation in view of a 
suspended tennis ball (at X on Figure 2). When the chick was oriented towards the ball, 
the ball was moved away from the chick to point Y between the screens and then to the 
left or right (with the direction balanced between treatments) and the chick released. In 
fact, a ball had been placed behind the other screens prior to introducing the chick. A 
correct response was approach to within 5cm of the displaced ball, whereas an incorrect 
response was approach to the other ball. A test was deemed invalid if a chick did not 
approach a ball within 5 minutes. The outcome (correct, incorrect or invalid) and time 
taken from release to approach of a ball were noted for each chick (identified from the 
assigned number) from video recording. 
 
Figure 2: Plan of the visual displacement apparatus. The chick was confined in the start 
cage while the imprinting object was moved from its start position X to point Y and then 
made to disappear behind one of the screens. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Detour test 
 The test apparatus consisted of an 80cm square pen 70cm high, with wood 
shavings on the floor. A tennis ball was suspended centrally beside one side. Four 10 x 10 

X Start cage 

Ball start position Y 



cm wooden posts were placed 15cm apart in the centre of the apparatus as shown in 
Figure 3. The start position of the chick was between two wooden posts with an acrylic 
screen (0.3cm thick) between the chick and the ball. In order to reach the ball, the chick 
had to move around one of the posts. When the chick approached to within 5cm of the 
imprinting object it was allowed to remain there for 15s, before being replaced at the start 
position. Each chick was replaced a total of 4 times (hence receiving 5 detour trials). If a 
chick failed to reach the ball within 25 minutes the test was terminated and the chick 
returned to its rearing box. From the overhead video recordings, the time taken to 
approach the ball was recorded for each trial. An orientation error was counted if a chick 
that was out-of-view of the ball returned to a position where it was in-sight of the ball but 
behind the acrylic screen, or if a chick moved away from the ball (defined as turning the 
head and body and moving towards or crossing the dashed lines marked on Figure 3). 
 
 
Figure 3: Plan of the detour behaviour apparatus. The chick was placed at X in view of 
an imprinting object behind a transparent acrylic screen. Once the chick has moved out of 
view, each crossing or moving towards the dashed lines was recorded as an orientation 
error. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I STILL THINK THE DOTTED LINE SHOULD GO RIGHT ACROSS FROM LEFT 
OT RIGHT, NO??? 
 
ANALYSIS 
 
Detour latencies conformed to the requirements for parametric analysis following Ln 
transformation and were analysed by a repeated measures ANOVA using a split plot 
design, with rearing treatment as a between subjects comparison and trial as a within 
subject comparison (SPSS Base 10.0, SPSS inc, Chicago, Illinois). The number of errors 
made during detour trials did not conform to parametric requirements, and the data were 
divided into the number of errors shown on the first trial (representing spontaneous 
detour behaviour). The mean number of errors from trials 2, 3, 4 and 5 for each chick was 
also used in non-parametric analysis. Latencies to reach the correct imprinting stimulus in 
the displacement test were normally distributed following Ln transformation. 

X 
Transparent screen 

Chick start position 

Ball 



 The order of presentation of the displacement and detour tests had no effect on the 
outcome in the displacement test (comparing first with second test, 12 and 9 chicks chose 
correctly, 4 and 1 chicks chose incorrectly and 8 and 14 chicks had invalid tests 
respectively, Chi-squared test, χ2 = 3.9, P>0.1). No evidence was found that order of 
presentation of the tests had an effect on the latency to approach the correct displaced 
imprinting object (mean first= 87.3±22.8s, mean second= 43.7±23.6, ANOVA F1, 20 =2.2, 
P>0.1). Similarly, order of presentation of the tests had no effect on detour latency (mean 
first= 110.3±16.2s, mean second= 88.6±16.2s, ANOVA F1,39=1.1, P>0.3) or on the 
number of errors made (median first= 1.0(IQR??0-2.5), median second= 1.0(IQR??0-
1.8), Mann-Whitney U=191.5, P>0.6). Since no evidence was found that order of 
presentation of the tests had a significant effect on any of the variables, order effect was 
omitted from further analysis. 
 
 
 
 
 
RESULTS 
 
Out-of-sight behaviour in rearing pens 

Chicks were frequently seen to move around the wooden and transparent screens, 
and in this respect the wooden screens proved effective in providing experience of 
occlusion events. We expected occlusion of the imprinting object and the other chick to 
be most important in learning about occlusion events. The percentage of time spent out-
of-sight of either the ball or the other chick was compared between treatments using the 
mean percentage of time spent out-of-sight for each box (since pairs of chicks were not 
independent). The time out-of-sight of either the ball or the other chick was greater in 
Treatment MO than in Treatment SO (Figure 4, ANOVA, F1,10= 25.8, P<0.001). 
Percentage of time spent out-of-sight was also greatest on day 11 than on days 10 or 12, 
(Figure 4, ANOVA, F2,20=20.2, P<0.001). The peak in out-of-sight behaviour on day 11 
appeared greater in Treatment MO than in Treatment SO (Figure 4, ANOVA 
treatment/day interaction, F2, 20=5.0, P<0.05). 
 
 
Figure 4: Mean percentage of time that chicks reared in Treatment MO and SO spent 
out-of-sight of either the ball or the other chick at 10, 11 and 12 days of age. 
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Displacement test 

All chicks that moved past the screens approached an imprinting object within 5 
minutes. In contrast, all chicks that failed to approach either ball (recorded as an invalid 
test) failed to move past the screens within 5 minutes, so never moved within sight of 
either ball. In addition, all chicks that recorded invalid trials made localisation calls, 
suggesting that these chicks’ failure to approach a ball was not the result of a lower 
motivation to reach the imprinting object. 

There was a (non-significant) tendency for chicks reared with at least some 
informal experience of occlusion to reach the correct displaced imprinting stimulus 
(Figure 5, Chi-squared test, treatment vs. success rate, df=3, χ2=6.3, P=0.09).  (Is chi-
sqyare valid with such low numbers, particularly low expected numbers in some cells? - 
what happens if you combine invalid and incorrect responses into one category?) 
Additionally, chicks reared with at least some informal experience of occlusion were 
more likely to approach at least one of the two imprinting objects (Figure 5, Chi-squared 
test, treatment vs. valid outcome rate, df=3, χ2=7.0, P=0.07). As only  two chicks reared 
in Treatment E reached the correct ball, Treatment E was combined with Treatment C 
(since both provided no occlusion experience) for the purpose of analysing the latency to 
approach the correct imprinting object. The latency to reach the correct imprinting object 
did not differ significantly between treatments (mean for each treatment, 
MO=49.0±25.6s, SO=68.7±34.7s and C+E= 91.0±30.6s, ANOVA F2, 20= 1.2, NS). Thus 
no evidence was found that latency to reach the correct ball was influenced by rearing 
treatment. 
 
Figure 5: Outcome of displacement test for chicks reared in boxes providing maximum 
occlusion (MO), some occlusion (SO), control (C) or with no screens (E). The possible 
outcomes of the test were either correct ball approached, incorrect ball approached or 
neither ball approached (invalid). 
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Detour test 

Most chicks successfully completed 5 trials with only two from each of 
Treatments MO, SO and E and one from Treatment C failing to approach the imprinting 
object. All chicks that gained an unobstructed (i.e. not through the acrylic screen) view of 
the imprinting object approached it in all 5 trials. In contrast the seven chicks that did not 
complete the trials failed to obtain unobstructed view of imprinting object. The chicks 
that did not complete the trials gave localisation calls and showed some pacing while 
facing the acrylic screen, suggesting that they were motivated to reach the imprinting 
object. 

No difference in latency to approach the imprinting object was found between 
treatments (ANOVA, treatment F 3,37= 1.8, NS). Latency to approach the imprinting 
object was generally lower in subsequent trials, and particularly between the first 2 trials 
and the remainder (Figure 6, ANOVA, trial F4,148= 28.5, P<0.0001). No evidence was 
found that the general fall in latency in subsequent trials was differentially influenced by 
treatment (ANOVA, treatment/trial interaction F=12,148= 0.7, NS). Thus no evidence was 
found that rearing treatment influenced the latency to detour around a post to reach an 
imprinting object. 
 
Figure 6: Mean latency to approach the imprinting object in the detour test for chicks 
reared in maximum occlusion (MO), some occlusion (SO), control (C) and empty (E) 
boxes. 
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The number of orientation errors made in the first and subsequent trials was close 

to significance levels (P=0.070 and 0.050 respectively), with chicks reared in treatment 
MO making the least number of errors (Table 1). Furthermore, chicks that spent more 
time out-of-sight on day 11 made fewer orientation errors in the first trial (Figure 6, 
Spearman correlation coefficient, r=-0.58, P<0.01), though there was no significant 
correlation with the mean number of errors made in subsequent trials (Spearman 
correlation coefficient, r=0.03, NS). However, the correlation coefficient was probably 
strongly influenced by the two chicks that showed 2 and 4 orientation errors in the first 
trial (Figure 7). A further comparison was provided by comparing the time out-of-sight 
for chicks that showed no errors (N=12) with those that made at least one error (N=8). 
Chicks that showed no errors on the first detour trial spent more time-out-of-sight on day 
11 than chicks that made at least one error (mean percentage of time out-of-sight 
59.3±6.2 and 32.7±8.7 respectively, ANOVA F1,18= 6.5, P<0.05). 
 
 
Table 1: Median (IQR) number of orientation errors made during the first and subsequent 
detour trials for chicks from different rearing treatments, and results of Kruskal-Wallis 
test. 
 
________________________________________________________________________ 
Treatment  Trial 1 errors   trials 2-5 errors N 
________________________________________________________________________ 



MO   0(0-0.3)   0(0-0.75)  10 
SO   1.0(0-1.3)   0.1(0-0.6)  10 
C   1.0(0-2.0)   0.3(0-0.5)  11 
E   1.0(0-1.0)   0.8(0.5-0.9)  10 
 
Kruskal-Wallis, χ2 7.0    7.6 
P   0.070    0.050 
________________________________________________________________________ 

 
 
Figure 7: The relationship between the percentage of time spent out-of-sight on day 11 
and the number of orientation errors made by chicks in the first detour trial. 
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Mini-discussion here, before leading into Expt 3. …. Up to now all experience of 
occlusion has been determined by the chicks' own behaviour. Lots of aspects to this 
experience e.g. movement, control over events, as well as experience of time out-of-sight 
of the object. Need to determine which aspects are relevant…. 
 

EXPERIMENT 3 
 
The aim of Experiment 3 was to investigate if one aspect of occlusion, the time that the 
imprinting stimulus is out of view (i.e. occlusion time), is a critical factor in the 
development of spatial skills. Chicks were restrained in a circular wire cage and 
occlusion time manipulated by either placing a wooden screen or a clear screen between 
the chicks and the imprinting stimulus. Displacement and detour tests were used to assess 
spatial cognition as in Experiment 2. 
 
MATERIALS AND METHODS 
 
The subjects were 36 unsexed broiler chicks, incubated and reared in isolation with a 
tennis ball until 7 days of age as in Experiment 2. At eight days of age, chicks were 
paired and placed in a box measuring 55 x 40 cm and 60cm high. The position of the 
imprinting stimulus and the conditions were as in Experiment 2. On days 9, 10, 11 and 12 



post-hatching, chicks were restrained in a circular wire cage for four 1h periods, starting 
at 0900h, 1200h, 1500h and 1800h (lights-on at 0800h). The circular cage with the chicks 
was placed in the box adjacent to one of the short sides. Twelve chicks were randomly 
assigned to one of three treatments. 1) A 20 x 20cm wooden screen was placed between 
the restrained chicks and the imprinting stimulus during the four restraining periods so 
that the imprinting stimulus was completely occluded from view of the chicks for four 
hours (Treatment F). 2) A wooden screen was placed between the chicks and the 
imprinting stimulus during 2 restraining periods, and a transparent acrylic screen (also 20 
x 20cm) during the other two restraining periods so that the imprinting stimulus was 
completely occluded for two hours (Treatment T). The choice of screen at each period 
was determined by a semi-random sequence, with the same type of screen applied to all 
Treatment T chicks at each restraining period. 3) Treatment C consisted of placing a 
transparent acrylic screen between the chicks and the ball during the four restraining 
periods (no-occlusion control). 

At 13 days of age chicks were presented with a visual displacement and a detour 
test in a balanced order as in Experiment 2. We again used a blind procedure to record 
behaviour by allocating each chick a random number (from 1 to 36) that was displayed 
on the video recording and the corresponding rearing treatment not disclosed until 
completion of the behavioural observations. 
 
ANALYSIS 
 
The latencies to reach the imprinting object in the displacement and detour task were 
again Ln transformed to meet the requirements for parametric analysis, and were 
analysed as in Experiment 2. The order of presentation of the displacement and detour 
tests had no effect on the outcome in the displacement test (comparing first with second 
test, 10 and 11 chicks chose correctly with 7 and 6 invalid tests respectively, Chi-squared 
test, χ2 = 0.13, P>0.9). No evidence was found that order of presentation of the tests had 
an effect on the latency to approach the correct displaced imprinting object (mean first= 
88.4±22.6s, mean second= 72.8±33.4, ANOVA F1, 20 =3.4, P>0.5). Similarly, order of 
presentation of the tests had no effect on detour latency (mean first= 144.8±25.8s, mean 
second= 109.2±17.7s, ANOVA F1,29=0.5, P>0.5) or on the number of errors made 
(median first= 0.5(0.2-1.5), median second= 0.5(0.2-0.8), Mann-Whitney U=100.5, 
P>0.6). Since no evidence was found that order of presentation of the tests had a 
significant effect on any of the variables, order effect was omitted from further analysis. 
 
 
RESULTS 
 
Displacement test 

As in Experiment 2, all chicks that moved past the screens approached an 
imprinting object within 5 minutes. No evidence was found that treatment influenced 
success rate (Chi-squared, df= 2, χ2= 0, NS) or the rate of a valid outcome (Figure 8, Chi-
squared test, df= 2, χ2= 0.9, NS). (again, consider whether expected numbers are high 
enough for chi-square, consider combining categories). Latency to approach the correct 
imprinting object did not differ significantly between treatments (means (SE), Treatment 



F =72.1±29.5s, Treatment T= 115.6±41.7s, Treatment C= 53.0±33.2, ANOVA, F2, 18= 
1.2, NS).  
 
 
Figure 8: Outcome of displacement test for chicks provided with four (F), two (T) or no 
(C) hours per day away from view of the imprinting stimulus. The outcome of each test 
was either correct, incorrect or neither imprinting object approached (invalid). 
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Detour test 

All but two chicks approached the imprinting object within 25 minutes in the first 
trial and four chicks that approached the imprinting object in the first trial failed in 
subsequent trials. No evidence was found that treatment had an effect on the number of 
failures in approaching the imprinting object, with two, three and one failures for 
treatments F, T and C respectively (Chi-squared test, χ2= 1.9, df=2, NS). Chicks were 
generally faster in approaching the imprinting object in subsequent trials, with the biggest 
difference between the first and other trials (Figure 9, ANOVA, trial F 4,113= 34.5, 
P<0.0001). Treatment had no effect on the latency to approach the imprinting object 
(ANOVA, trial F2,34= 2.4, NS; treatment/trial interaction F8,113= 1.4, NS). The number of 
orientation errors made in the first trial did not vary significantly between Treatments F, 
T and C (median(IQR) 1.0(0-2.0), 1.0(1.0(0-2.0) and 2.0(1.0-3.0) respectively, Kruskal-
Wallis test, χ2= 2.5, NS). Similarly, treatment had no effect on the mean number of 
orientation errors made in trials 2-5 (median F=0.3(0-0.8), T=0.5(0-1.1), C=0.3(0.3-0.8), 
Kruskal-Wallis test, χ2= 0.9, NS). Thus no evidence was found that treatment had any 
significant effect on response in the detour test. 

 
Figure 9: Mean latency to approach the imprinting object in the detour test for chicks 
provided with four (F), two (T) or no (C) hours per day out of view of the imprinting 
stimulus. 
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DISCUSSION 
 

IN Expt ??  chicks in environments providing experience of occlusion showed a peak in 
the amount of time spent out-of-sight of the imprinting stimuli and the other chick, at day 
11 compared with day 10 and day 12 supporting work showing a similarly timed peak in 
moving out-of-sight of the mother in various environments (Workman and Andrew, 
1989; Vallortigara et al, 1997). Since the present study used an imprinting object, we can 
rule out the possibility that out-of-sight behaviour is dependent on the mother. It is worth 
stressing that out-of-sight behaviour may not arise from a motivation to experience visual 
occlusion but could arise from a different motivation such as to explore unseen areas of 
the pen so that visual occlusion is an incidental effect The remainder of the discussion 
will, however, consider the role  that performing out-of-sight behaviour plays in the 
development of spatial memory.  
 Experiment 2 showed that occlusion-experienced chicks tended to perform 
better at the displacement test than occlusion-naive, as indicated by relatively more 
chicks gaining sight of the imprinting objects (P=0.07) and correctly approaching the 
displaced object (P=0.09). Domestic chicks have previously been found to succeed in 
similar displacement tests suggesting memory for the displaced object’s location (e.g. 
Vallortigara et al, 1998), though attempts to rule out alternative non-mentalistic 
explanations have not been successful (Freire and Nicol, 1999; Haskell et al, 2001). 
Although the above findings are consistent with the idea that experience of occlusion 
improves spatial memory,  enrichment-induced improvements in the displacement test 
may have arisen due to some characteristic other than improved spatial memory. It may 
be that occlusion-naive chicks were more fearful of the wooden screens in the 
displacement test, because the screens were seen for the first time, and that fearfulness 



interfered with performance in the test (as has been found in chicks in other tests; 
Candland et al, 1963). Several findings presented here contradict the hypothesis that 
increased fear levels in occlusion-naive chicks impaired performance in the displacement 
test: 1) Treatment SO chicks in Experiment 1 had some experience of the wooden screens 
but did not perform as well as Treatment MO chicks in the displacement test. 2) Chicks 
without experience of the clear screens (Treatment MO and E) did not perform worse in 
the detour test even though these chicks saw the clear screens for the first time during the 
detour test. To complicate matters further, explanations for impaired performance in 
occlusion-naive chicks in the displacement test based on impaired spatial memory or 
increased fear arising from seeing the wooden screen for the first time are not necessarily 
mutually exclusive. It may be that fear in occlusion-naive chicks was elicited by the 
imprinting object moving out-of-sight behind the wooden screen since this would have 
been the first experience of occlusion of the imprinting stimulus. To clarify, it could be 
that occlusion of the imprinting object (which would have been a new event), rather than 
the occluding screen, increased fear in chicks reared in pens without wooden screens and 
impaired performance in the displacement test. 

Experiment 2 also showed that occlusion-experienced chicks tended to make 
fewer orientation errors in the first (P=0.07) and subsequent (P=0.05) detour trials than 
occlusion-naive chicks, suggesting that occlusion-experience lead to improvements in 
egocentric movement while navigating towards an unseen goal. In rats, egocentric 
movement appears to be encoded by cells in the hippocampus that respond to the 
animal’s direction of movement (direction cells; Taube, 1998). Given the avian and 
mammalian similarities in the involvement of the hippocampus in spatial cognition 
(Fremouw et al, 1997), it is possible that similar responding direction cells are present in 
the chick brain. Considering that moving towards an out-of-sight imprinting stimulus in 
the rearing pens and detour test presumably involves similar egocentric orientation 
processes, it may be that the performing the former lead to improvements in the latter. 
The importance of occlusion-experience on egocentric orientation is supported by our 
finding that chicks with more (as opposed to less) experience of occlusion on day 11 
made fewer orientation errors in the first detour trial. Additionally, the failure to find an 
enrichment-induced improvement in the displacement and detour tests after placing the 
imprinting stimulus out-of-sight of the chicks on days 8-12 (Experiment 3) suggests that 
active rather than passive experience of occlusion is critical in the development of spatial 
memory. (But occlusion may not even be the relevant part of this active experience - 
active experience of moving out of sight of object involves many things e.g. additional 
movement, frequent re-uniting with imprinting object, control over events compared with 
lack of control, etc etc, AND time spent out-of-sight of the imprinting object. Experiment 
3 provided a good control that showed that this last feature was not the relevant feature 
involved (at least by itself - it might still be relevant in combination with one of the other 
experiences) but further experiments would be needed to see which experience or 
combination of experiences associated with the out-of-sight behaviour really was the 
important one. - hope this makes sense, it will need a bit of re-writing to get included in 
the discussion somewhere). Combined, these findings suggest that the action of moving 
towards on out-of-sight stimulus, rather than merely viewing the stimulus being moved 
out-of-sight, is instrumental in the development of egocentric orientation. The above 
findings are in agreement with the hypothesis that interaction with objects gives rise to 



enrichment-induced changes (Renner and Rosenzweig, 1986; Renner, 1987; 
Wemelsfelder et al, 2000). However the failure to obtain a positive result in Experiment 3 
could of course be due to other factors, such as insufficient passive experience of 
occlusion of the imprinting object (Experiment 3 presented a maximum of four hours of 
occlusion per day). 

Surprisingly, no difference was found between occlusion-naive and occlusion-
experienced chicks in the latencies to reach the imprinting stimulus, despite occlusion-
experienced chicks making comparatively fewer orientation errors. It may be that the 
distance of the detour was too short for orientation errors  significantly to delay the 
chick’s approach to the imprinting stimulus. Latencies to reach the imprinting stimulus 
did however decrease in subsequent trials for all rearing treatments, as also reported in 
other studies and considered to indicate learning of the route required to reach the 
imprinting stimulus (Vallortigara et al 1999). However, in the present study chicks 
continued to show a similar number of orientation errors in subsequent trials suggesting 
that chicks were not learning the route, but instead may have shown reduced fear or 
learning of the futility of pushing against the clear screen in subsequent trials (Regolin et 
al 1995). 
 In Experiment 1, prior experience of occlusion was found to lead to greater 
movement in a large, novel pen relative to occlusion-naive controls. Insertion of two 
wooden screens into the chicks’ pen as in Treatment MO is a form of enrichment 
(relative to an identical environment without wooden screens), and similar enrichment-
induced increases in activity following release into a novel environment have been found 
in other animals such as rats (Zimmermann et al, 2001) and pigs (Wemelsfelder, 2000). 
The latter study concluded that enrichment affected the pig’s propensity to explore and 
interact with their environment. In the present study, differences in activity between 
occlusion-experienced and occlusion-naive chicks persisted for at least 7 days, suggesting 
that the effects of enrichment were reasonably persistent, though ultimately activity of 
occlusion-experienced and occlusion-naive reared chicks became more similar. Increased 
dispersal arising from an increase in the use of high perches has been reported in 
chickens provided with early access to perches, attributable to more complete 
development of spatial cognition relative to birds without early access to perches 
(Gunnarsson et al, 2000). In the present study, we did not find any enrichment-induced 
effects on the use of the centre of the pen and inter-bird distance, suggesting that 
dispersal is not simply related to spatial memory, but is likely to incorporate other factors 
such as perceived levels of concealment (Newberry and Shackleton 1997). Thus practical 
measures to encourage more even dispersal in birds in large groups should employ a 
multi-pronged approach that addresses several contributing factors. 

In conclusion, the series of experiments presented here provided behavioural 
evidence that the domestic chick is a useful model for investigating developmental 
plasticity. In particular, the apparent sensitive phases for development and the possibility 
of rearing chicks in isolation allow, to our knowledge, unprecedented subtleness in the 
types of manipulations that can be applied for identifying critical environmental factors in 
development. Results presented here suggest that active experience of occlusion around 
day 11 improves egocentric orientation, supporting the hypothesis that enrichment-
induced behavioural changes are dependent on the interaction with objects. 
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