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ABSTRACT 

Previous research has shown that the ability to orient using spatial cues is lateralized 

in three avian species: orientation using magnetic cues being possible when the bird is 

restricted to use of its right eye (left hemisphere) but not when it has to use its left eye 

(right hemisphere). This has been interpreted as a specialized ability to perceive 

magnetic cues when using the right eye and as evidence of a possible right retina-

located pigment that is used in detecting the magnetic field. Recent discovery of the 

domestic chicks ability to orient using magnetic cues, we has made available a model 

system in which to explore these lateralized processes more fully. This is because the 

most complete body of information about avian lateralization is known for the chick. 

Hence we tested chicks monocularly in the same test as used previously to 

demonstrate their ability to respond to magnetic cues. As in the other species, we 

found that chicks using their right eye oriented according to magnetic cues, whereas 

chicks using the left eye did not. However, detailed examination of our results showed 

that the chicks could detect the magnetic field when using the left eye although they 

preferred to orient using other cues (possibly auditory), unless the experimentally 

applied magnetic field was aligned with the earth’s and they had to go North to make 

a correct choice. Hence the lateralization is not a matter of a right eye-left hemisphere 

specialization for perceiving magnetic cues, as argued previously, but of hemispheric 

specialization for attending to magnetic cues relative to other cues. 

 

 

 

INTRODUCTION 

Lateralization of the brain has now been well documented for a wide range of 

vertebrate species (Rogers & Andrew, 2002; Vallortigara and Rogers, 2005) and it 

has been revealed using many different perceptual and motor tasks (Rogers, 2002). 

One of the species studied most extensively, particularly for lateralization of visual 

perception and processing, is the domestic chicken, Gallus gallus domesticus 

(Halpern et al., 2005; Vallortigara, 2000; Rogers et al., 2007). Lateralization of 

olfactory and auditory processing in the chick has been studied to a much lesser 

extent but it is known that the left and right forebrain hemispheres are specialized to 

process sensory inputs in these modalities to different degrees or in different ways 

(olfaction: Vallortigara & Andrew, 1994, Burne & Rogers, 2002; audition: Miklosi et 

al, 1996). When presented with both visual and olfactory cues, for example, the chick 

responds to the olfactory cues provided they are processed in the left hemisphere 

(input via the right nostril). When the right hemisphere is used, olfactory cues are 

ignored if the visual stimulus is attractive and hence distracts attention from the 

olfactory cues (Rogers et al, 1998).  

 

Since processing in several perceptual modalities is lateralized in the chick forebrain, 

we were interested to follow up our recent demonstration that domestic chicks can 

orient using magnetic cues (Freire et al., 2005) with tests to see whether processing of 

this sensory information is also lateralized, as is known to be the case in the Carrier 

Pigeon, Columba livia (Ulrich et al., 1999), European robin, Erithacus rubecula 

(Wiltschko et al., 2002) and silvereye, Zosterops lateralis (Wiltstchko et al 2003). 

The latter two species orient using magnetic cues when they are tested monocularly 

using the right eye (RE) but not when using the left eye (LE). The question therefore 

is whether the lack of ability to respond to magnetic cues when using the left eye 



(right hemisphere) is due to an inability to detect the magnetic field when the right 

eye is occluded or to overriding attention to other (visual) cues at the expense of 

attention to magnetic cues, which are, nevertheless, detected. Given the hypothesis of 

light-dependent magnetoreception in birds (Ritz et al, 2000), this distinction is 

particularly important because inability to detect magnetic cues when using one eye 

would indicate that the photo-pigment involved is not present in that eye. 

 

Since magnetic cues are used for spatial orientation, there was an added reason for 

investigating lateralization of response to them: it is known that the right hemisphere 

of the chick uses geometrical cues to direct spatial navigation and the left hemisphere 

uses landmark cues (Rashid & Andrew, 1989; Tommasi et al, 2003). The latter was 

revealed by testing the chicks monocularly in a task that required them to search for 

food hidden under sawdust. When using the RE (left hemisphere) the attended to 

landmark cues indicating the location of the hidden food and, when tested using the 

LE (right hemisphere), they attended to distal cues and geometric information 

(Tommasi & Vallortigara, 2001). This was lateralization for has been confirmed by 

Freire and Rogers (2005) and Regolin (XXX) in different searching paradigms. 

 

Given the role of the LE-right hemisphere system in spatial orientation using 

geometric cues we might have expected it to have a specialized role in spatial 

navigation using magnetic cues, if the two types of information are integrated in the 

same hemisphere. However, the results with migrating species (above) suggest that 

this is not the case; magnetic cues appear to be processed by the left hemisphere, 

although this has not been investigated in a species, such as the chick, for which we 

have clear evidence that spatial processing using geometric information is lateralized 

to the right hemisphere.  

 

 

Materials and methods 

 

Imprinting procedure and housing 

 

The subjects were twelve (6 male and 6 female) brown-layer chicks (Nulkaba 

Hatchery, Cessnock, NSW, Australia), the layer strain shown previously to be able to 

orient using magnetic cues. The eggs had been exposed to light before hatching: 

important because exposure to light establishes some types of the visual lateralization 

(Rogers, 1997; Rogers et al., 2006). 

 

The chicks were reared in isolation from about 2 h after hatching in pens (35 x 40 x 

40 cm high) with opaque walls. A red, table-tennis ball (8cm diameter) was 

suspended by nylon string 10 cm above the floor in the centre of the pen to provide an 

imprinting stimulus. Temperature was maintained at 35
0
C for the first week, and 30

0
C 

thereafter. To encourage pecking and eating, the floor of the pen was lined with white 

paper and sprinkled with chick starter crumbs that were periodically tapped with a 

round dowel and water was available ad libitum from a drinker for the first 3 days. On 

day 3, the chicks and their cages were moved to a wooden building (which did not 

distort the natural magnetic field). Wood-shavings were provided on the floor of the 

cages and an externally placed drinker added. Training and testing was undertaken 

when chicks were between 12 and 23 days of age. 

 



Training phase 

 

The chicks were trained to locate the imprinting stimulus (red ball) behind one of four 

screens in a testing arena (described and depicted diagrammatically in Freire et al, 

2005; also see Fig. 1A). The testing arena was a square white pen (80cm and 70cm 

high) with wood shavings on the floor. At each corner, corresponding to magnetic 

north, south, east an west were 15cm wide (25cm high) white screens positioned 

perpendicular to the centre, and with the sides 15cm from the side walls or the arena. 

Lighting was provided by four incandescent lamps (40W) positioned above each 

screen and above a light diffuser. Care was taken to make the arena as uniform as 

possible. An overhead camera (Kobi DSP) was placed above the centre of the arena 

with the lens positioned through a 5cm diameter hole in the light diffuser, and was 

used to observe the chicks’ behaviour on a monitor. 

 

Training involved placing a chick in the centre of the arena in a ‘start container’, 

made of clear plastic walls (20 x 15cm, 25cm high) and without a roof or floor, for 

20s next to the imprinting stimulus. The ball was then slowly moved behind one 

screen and the chick released and allowed to search for it (this was termed a visual 

displacement trial). One minute after approaching to within 5cm of the ball, or after 3 

minutes, the chick was picked-up and returned to the home pen. 

 

After completion of three visual displacement trials, the chick was replaced in the 

start container with the ball already behind a screen. The chick was then released and 

allowed to search for the ball (this was termed a relocation trial). One minute after the 

chick had approached to within 5cm of the ball, it was put back into the home pen. If 

a chick failed to approach the ball within 3 minutes of release, it was returned to the 

start container and received a visual displacement trial before being put back in the 

home pen. In a few cases, after a chick had twice chosen the screen directly opposite 

the screen concealing the ball (axial correct choice), a second identical ball was 

placed behind this screen in subsequent relocation trials. This procedure was adopted 

in order to assist training because chicks make axially correct choices according to 

magnetic cues (Freire et al, 2005). 

 

In order to minimize use of other cues within the arena (particularly visual cues), the 

arena was rotated by 90
0
, 180

0
 or 270

0
 between trials according to a pseudorandom 

sequence. Additionally, the direction that the chick was facing when placed in the 

start container and the side of the arena from which it was handled were also varied 

according to a pseudorandom sequence. 

 

The chick continued to receive relocation trials until it approached to within 5cm of a 

ball in less than 20s of release on three consecutive relocation trials (criterion). Trials 

in which a chick moved behind other screens not concealing a ball prior to locating 

the ball were scored as incorrect and not used to determine whether criterion was 

reached. 

 

Once criterion had been reached, the chick was returned to the home pen and a 

conical piece of tape (2 x 2.5 cm) was placed over one eye for between 10-15 min. 

The cone was attached to the feathers around the eye and did not press on the eye. 

Chicks initially attempted to remove the cone, but after about 10 min such activities 

were not observed and the chicks showed normal behaviour in the home pens. They 



were then given one visual displacement trial (with the eye patch) to familiarise them 

with being in the testing arena with the eye patch. Immediately after this visual 

displacement and all subsequent monocular tests the eye patches were removed with 

care. 

 

Testing phase 

 

The testing phase consisted of unrewarded probe tests interspersed by relocation 

trials. All chicks received five tests in each of the following conditions: 1) the natural 

magnetic field (control tests, 55400nt, -62
0
 inclination.), 2) an experimental magnetic 

field that was rotated by 90
0.

clockwise relative to the natural magnetic field 

(55400nT, -62
0
 inclination; shifted-north tests), 3) an experimental magnetic field as 

in (2) but with the right eye covered (LE tests) and 4) an experimental magnetic field 

as in (2) but with the left eye covered (RE tests). The order of presentation of these 

different tests was randomised. Four chicks were trained to locate the imprinting 

stimulus in each of the South and West directions, and two chicks were trained to 

locate the imprinting stimulus in each of the North and East directions (i.e. six chicks 

trained to make an axial correct choice in the North-South direction, and six in the 

East-West direction). 

 

The chick was returned to the home pen for a few minutes following a probe test 

before being placed in the start container and presented with a relocation trial (i.e. 

with both eyes uncovered, the magnetic field as in the training phase and a ball placed 

behind the correct screen and the opposite screen). When a chick approached to 

within 5cm of the ball in less than 20s of release (without prior walking behind other 

screens), it was allowed to remain in the arena for a further minute (reward) before 

being returned to the home pen prior to presentation of another probe test. If the chick 

failed to approach the ball within 3 minutes of release in the relocation trial it was 

placed in the start container and presented with a visual displacement trial, and then 

returned to the home pen. 

 

Analysis 

 

The data for proportion of correct choices (i.e. correct axis with respect to the 

magnetic field in shifted-north, LE and RE tests) were arcsine transformed 

(p'=asin(√p) * 52.298; Zar,1999), and analysed by a repeated measures ANOVA and 

post-hoc F tests. The latency scores were normalised by square-root transformation.  

 

Results 

 

Testing in the binocular condition 

 

The chicks needed 10.9±1.2 relocation trials to reach criterion, and on average 

1.5±0.08 relocation trials prior to presentation of subsequent tests. In probe tests in 

the control conditions (binocular, natural magnetic field), the chicks chose the screen 

in the correct magnetic position or the screen directly opposite it (i.e. an axial 

response) in 71.7±5.2% of tests (Fig. 1B). In tests with the field shifted by 900, and 

also in the binocular condition, the chicks chose the screen in the correct magnetic 

position or the screen directly opposite it in 78.3±3.9% of tests (Fig. 1C). Hence, in 

both cases the chicks were able to orient using magnetic cues.  



 

The same percentage of correct choices (as a percentage of the total choices) occurred 

in each geographic direction (i.e. independently of the direction of the magnetic field) 

in control tests (range of 68.4% to 76.1%) and shifted-field tests (range of 75.0% to 

81.8%). For the control tests, the expected number of axial correct choices in a 

particular geographic position, say North, could be determined by taking into account 

the number of chicks trained to the South or North (axial correct) and the potential 

correct choices they could make on this axis, and the potential random choice of 

North by the rest of the chicks trained to the other geographical directions. In no 

geographic direction did the percentage of correct axial choices differ from expected 

in trained chicks (North, 71.4%, 2=0.07, df=1, 0.70<p<0.80; South, 76.1%, 2=0.85, 

df=1, 0.30<p<0.50; East, 68.4%, 2=0.021, df=1, 0.80<p<0.90; West, 69.2%, 

2=0.028, df=1, 0.80< p<0.90). This shows that, during control tests, there was no 

bias to perform better in one geographical direction than in another. 

 

The same was the case for the shifted-field tests (North, 75.0%, 2=0.38, df=1, 

0.50<p<0.70; South, 78.9%, 2=1.25, df=1, 0.20<p<0.30; East, 77.8%, 2=0.99, 

df=1, 0.30<p<0.50; West, 81.8%, 2=1.17, df=1, 0.20<p<0.30). Performance level 

using magnetic cues was the same regardless of the geographical direction of testing. 

 

The chicks chose a screen after a latency of 15.6±3.2s in control tests and 21.4±5.5s 

in shifted-field tests (no significant difference: F1,33=0.04, P=0.84). A comparison of 

the latency to choose a screen in correct choices (correct according to the magnetic 

field) and incorrect choices (not taking into account the magnetic field) revealed that 

the latency was the same for correct and incorrect choices in the control tests (2-tailed 

t-test, unequal variances, t=-0.734, df=58, p=0.466; Figure 2) but not in the shifted-

field tests. In the shifted-field tests the latency was significantly longer when the 

chick made an incorrect choice than when it made a correct choice (2-tailed t-test, 

equal variance not assumed, t=-2.117, df=13.13, p=0.054; Figure 1A).  

 

Testing in the monocular condition 

 

Chicks tested using the RE predominantly chose the correct magnetic axis and their 

performance was not significantly different from that in the shifted-field when tested 

binocularly (F1,33=2.4, P=0.080). This comparison is the important one since the 

monocular tests were performed in the shifted field. By contrast, the chicks chose the 

correct magnetic axis less often in LE tests than in shifted-field, binocular tests 

(F1,33=29.9. P=0.0001). 

 

The choice of the correct magnetic axis was significantly different between LE and 

RE tests (F1,33=15.2, P=0.001). When chicks were tested in the shifted field and using 

the left eye (LE) only, they chose the screen in the correct magnetic position or the 

screen at 1800 to it (i.e. an axial response) in only 28.3±6.3% of tests (one-sample t-

test of divergence from random 0.50% choice, t=-3.46, df=11, 2-tailed p=0.005; Fig. 

1D). In other words, they continued to choose the axis to which they had been trained 

instead of shifting with the shift in magnetic field. By contrast, when they were tested 

in the shifted field using the right eye (RE) only, they chose the screen in the correct 

magnetic position or at 1800 to it in 63.3±5.9% of tests (i.e. they shifted with the 

magnetic field; Fig. 1E).  

 



Chicks tested using their LE must have oriented by using cues extraneous to the 

apparatus (e.g. auditory cues) since they did not choose the compass directions at 

random but continued to choose the axis on which they had been trained (Fig. 2). 

Interestingly, when the LE chicks chose the screen located in the North direction, they 

did so predominantly when it was correct (axial) with respect to the magnetic field 

(i.e. after being trained to go West and then tested with the field shifted to North, or 

trained to go East and tested with the field shifted to the South): 73% of North choices 

were correct according to the magnetic cues. The expected number of North correct 

choices could be determined as explained above for the binocular tests. Using this 

calculation, it was found that the 73% correct in the North direction did not differ 

significantly from expected for trained chicks responding to magnetic cues 

( 2=0.866, df=1, 0.30<p<0.50). The accuracy of choice, equivalent to that in 

binocular tests (73%), in the North direction shows that performance of LE chicks is 

accurate when they go to the North geographical position. 

 

By contrast, on no occasion did the chicks choose South when it was the correct 

direction according to the magnetic cues: all of the 17 choices to go South were 

incorrect. This differs significantly from expected, based on number of chicks trained 

to East or West, as above ( 2=34.50, df=1, p<0.001). Hence, correct choices on the 

North-South axis were always made in the North direction, in cases when North is 

directionally correct as well as when North is axial correct (i.e. South would have 

been directionally correct). 

 

East choices by chicks using the LE were 23.1% correct and this differed significantly 

from expected ( 2=11.28, df=1, p<0.001): fewer than expected axially correct choices 

are made to the East (after training to the North or South). West choices were 30.0% 

correct, and this also differed significantly from expected ( 2=12.07, df=1, p<0.001): 

fewer than expect correct choices were made to the West.  

 

In summary, chicks using the LE followed the magnetic cues provided they indicated 

the North as axially correct but they did not follow the magnetic cues in any other 

direction.  

 

Chicks tested using their RE followed the magnetic cues accurately when they 

indicated correct (axial) choices to the North (84.6% correct choices) and this was not 

significantly different from expected ( 2=1.83, df=1, 0.10<p<0.20). To the South 

they made fewer than expected correct choices ( 2=4.14, df=1, 0.02<p<0.05). 

Although less extreme than for South choices with the LE, the RE South choices were 

also more commonly incorrect than axially correct.  

 

Correct choices to the East  (78.6%) were not significantly different from expected 

( 2=0.92, df=1, 0.30<p<0.50) and the same was true for the West (50.0%; 2=1.50, 

df=1, 0.20<p<0.30). Hence, using the RE, chicks made accurate choices using 

magnetic cues and did so in all four geographical directions, except for the South. 

 

The latency to choose a screen was much longer in monocular tests (LE 220.9±36.9s 

and RE 183.0±27.8s) than in control/binocular (15.6±3.2s) and shifted-

north/binocular (21.4±5.5s) tests: ANOVA, F3,33=25.5, P=0.0001). This difference 

between monocular and binocular tests was most likely due to the effect of wearing 

an eye patch, as it has been noted previously in other monocular testing.  



 

Latencies scores were analysed by ANOVA, after square root transformation, using 

the factors Correct (according to the shifted magnetic field)/Incorrect (in the direction 

of training and not the shifted magnetic field) and LE/RE. There was a significant 

main effect of Correct/Incorrect (F1,116=4.037, p=0.047), correct choices being made 

after longer latency (209.12+21.47s) than incorrect choices (165.81+22.32s).  The 

effect of LE/RE was almost significant (F1,116=3.451, p=0.066), indicating that LE 

latency (203.50+24.39s) tends be longer than the RE latency (167.90+24.01). The 

interaction between these factors was not significant (F1,116=0.911, p=0.342). The 

trend for a longer latency when using the LE results largely from a significantly 

longer latency when correct choices (263.8+38.5s) are made than when incorrect 

choices (179.6+29.8) are made (2-tailed t-test, t=2.033, df=58, p=0.047); Figure 2B.  

 

 

 

Discussion 

 

Binocular performance 

 

First we were able to repeat our earlier results (Freire et al., 2005) by testing chicks 

binocularly using the same procedure as before. In the control tests, without the 

presence of the imprinting stimulus (ball), the chicks chose the screen in the same 

direction to which they had been trained or directly opposite it (termed ‘axially 

correct choice’) and, when the magnetic field was shifted 90
0
 to the right, they shifted 

to make axially choices in this direction. Hence, they were able to orient using 

magnetic cues, and this ability was not influenced by the geographical direction of 

training or testing. 

 

Comparison of latency scores (i.e. to choose a screen) in these binocular tests revealed 

that correct choices in the control tests and shifted-field tests were made after the 

same brief period of delay, and incorrect choices (not according to the direction 

indicated by the magnetic field) in the control tests were also made after the same 

latency as in these tests. However, incorrect choices in the shifted-field tests were 

made after a significantly longer latency (about three times longer) than in all other 

binocular tests. This would suggest that these incorrect choices are made after 

processing of conflicting cues; viz. the shifted direction of the magnetic field 

conflicting with other cues that indicate the geographical location in which the chick 

had been trained. Cue conflict is known to delay choice (Palmers 1972; Zeier, 1975).  

 

We do not know what non-magnetic cues the chicks might have used to determine 

geographical location. They could not be visual cues since the testing apparatus was 

rotated between each training and probe test, and the chick could not see outside the 

apparatus. However, since the room and the apparatus were not sound proof, auditory 

cues could well have been available for use. Although chicks respond to olfactory 

cues (Burne and Rogers, 2002;Vallortigara and Andrew, 1994), it is not likely that 

they used them to orient, also because the apparatus was entirely enclosed and rotated 

between tests. We will refer to these, as yet unknown, cues as ‘geographical cues’. 

 

Monocular performance 

 



The same chicks were also tested with an occluding patch over either the LE or RE 

and their performance differed according to which eye was in use. When using the RE 

the chicks shifted choice along with the shift in the magnetic field. When using the 

LE they chose according to the axis on which they had been trained and did not shift 

the direction of choice with the shift in the magnetic field.  

 

Looking at the orientation of choices alone may have led us to interpret these results 

as showing an inability to perceive magnetic cues when the LE is used but closer 

examination of the data suggests that this is not so. First, latency to make a correct 

choice (i.e. using magnetic cues) was significantly longer in the LE condition than in 

any other monocular condition (LE incorrect choice, RE correct and RE incorrect 

choice). As reasoned above, this might suggest that the chick is processing conflicting 

cues before it makes a choice to shift with the magnetic field. In other words, a 

correct choice may not simply be a mistaken geographical choice but a result of 

detecting both geographic and magnetic cues and weighing them up against each 

other.  

 

Secondly, although LE chicks made about the same number of axial choices in each 

geographical direction, the ratio of correct (using magnetic cues) to incorrect (not 

using magnetic cues) choices in each geographical direction varied. If North was the 

correct direction indicated by magnetic cues (and based on axial choice), the chicks 

made the correct choice as often as did the binocular chicks (more than 70% correct) 

but, if South was the correct magnetic direction, they avoided it entirely (0% correct), 

even though they had no hesitation in choosing South when it was incorrect. This 

choice of North when it was correct and avoidance of South when it was correct, 

suggests that experience of the earth’s magnetic field during rearing and over the 

period of testing when they were not actually being trained or tested in the apparatus 

may influence performance when the LE is used. The result also suggests that the 

chick may, when using the LE, respond to the direction of the magnetic field rather 

than making a simpler axial choice. In other words, the chicks may be able to use a 

directional compass, as do migrating avian species (Wiltschko, and Wiltschko, 1995). 

To demonstrate this one would, it seems, need to design a test that makes use of the 

chick’s prior experience in a particular magnetic field. 

 

Going South when that was the direction signalled by the magnetic field was avoided, 

although South was often chosen when it was not the direction indicated by the 

magnetic field. This result suggests that the LE chicks might follow a rule about 

choice, determined by previous experience in the magnetic field. 

 

Using the RE, chicks also preferred to make more correct choices in the direction 

North compared to South, but their North preference was not as strong as it was when 

they used the LE. Overall the RE chicks shifted their choices with the magnetic field, 

regardless of its geographical direction, but were most accurate when the shift was to 

North.   

 

In summary, the chick detects the magnetic field regardless of whether it is using its 

LE or RE but adopts a different strategy according to the eye, and hemisphere, in use. 

The same conclusion was reached in a recent paper by Rogers et al. (2007), who 

found that different strategies of visual search are conducted according to use of the 

LE or RE. They found that with use of the RE the chick is able to withhold 



responding until a decision has been reached about the appropriate response. Other 

research has shown that use of the RE allows chicks to attend to categories and ignore 

small differences in detail between stimuli (Vallortigara and Andrew, 1991). Both of 

these aspects of RE (left hemisphere) function might allow the chick to ignore cues of 

geographical direction to attend to the magnetic cues.  

 

The LE, as Vallortigara and Andrew (1991) have shown, attends to details of and 

small changes in stimuli. It may well be this strategy that explains why chicks using 

their LE sometimes choose according to geographical position and sometimes 

according to magnetic cues. Moreover, the LE (right hemisphere) is specialized to 

attend to distal spatial cues (Tommasi and Vallortigara, 2001; Tommasi et al, 2003; 

Freire and Rogers, 2005) and might find it more difficult to ignore geographical 

information to shift to a new magnetic direction.   

 

In summary, both eye systems can detect the magnetic field but each analyses their 

relevance to different degrees and adopts a different strategy of response. Our finding 

is supported by a recent study on pigeons trained to orient to magnetic cues in the 

laboratory (Wilzeck et la., submitted). In chicks, in the binocular condition, it seems, 

the RE system dominates since RE performance in the shifted magnetic field is very 

similar to binocular performance. Our findings with chicks raise the possibility that 

the same explanation applies to the earlier reports of lateralization of magnetic 

compass orientation in European Robins (Wiltschko et al., 2002), Carrier Pigeons 

(Ulrich et al., 1999) and Silvereyes (Wiltschko et al 2003). In other words, the 

lateralization may not be a matter of the postulated magneto-reception compass being 

in the RE only but a difference in processing and response strategy.  
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FOOTNOTES TO FIGURES 

 

Figure 1: A, a simplified, overhead view of the apparatus (see Freire et al., 1995, for 

details). B-E, the number of choices of screen of the chicks in control, binocular (B), 

shifted-north, binocular (C), monocular LE (D) and monocular RE (E) tests. The 

correct screen in the training trials is presented towards the top of the page. The 

axially correct choice according to the magnetic cues is represented by the line of 

broader width. The total number of choices per test condition was 60 (5 tests for each 

of 12 chicks).  

 

 

Figure 2: Latencies to make a choice (i.e. choose a screen). A. In binocular tests, 

control (PC) and shift-field tests (PS). B, in monocular tests. Means and standard 

errors are plotted. ‘Correct’ means choice of the screen according to the magnetic 

cues. ‘Incorrect’ means choice not according to the magnetic cues. The results are 

presented so that the correct screen (C) in training trials is towards the top of the page. 

The total number of choices was 60 (5 tests per condition for 12 chicks). 

 

Figure 3: The percentage of axially choices in each geographical direction (i.e. in the 

direction indicated by the magnetic cues or the direction exactly opposite it). A, 

control, binocular tests. B, shifted-field, binocular tests. C, monocular LE tests. D, 

monocular RE, tests. 

 


