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ABSTRACT 

Previous studies demonstrated that layer strain domestic chicks bred for egg production can 

orient using directional cues from the magnetic field; here we report that chicks from a broiler 

strain bred for meat production do not use magnetic cues for orientation. We imprinted both 

strains of chicken on a red ball and subsequently trained them in a featureless testing arena. 

Between rewarded trials in the geomagnetic field, we inserted unrewarded tests under the 

following conditions: (1) in the geomagnetic field, (2) in a magnetic field with North shifted by 

90° and (3) in a magnetic field with the inclination inverted. The layer chicks made a correct 

axial response in 75 to 80 % of the tests, shifting their choices following a rotation of magnetic 

North. Chicks of the broiler strain, in contrast, performed at chance level with between 47 and 

60% of choices on the correct axis. This difference between the strains does not appear to be due 

to substantial strain differences in motivation to perform the task. It therefore appears possible 

that the selection of the broiler strain has led to the elimination of the specific ability to respond 

to magnetic cues in the test situation. 
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INTRODUCTION 

 The ability to use the magnetic field for compass orientation has been found in several 

avian species, mostly passerine migrant species (see Wiltschko and Wiltschko 1995) which show 

a reliable motivation to prefer certain directions. Recently, however, using the motivation of 

precocial birds to locate a hidden imprinting stimulus (see Vallortigara et al. 1998), we have been 

able to train domestic chickens to search in specific magnetic directions, thus demonstrating their 

ability to derive compass information from the geomagnetic field (Freire et al. 2005; Rogers et al. 

2008; Wiltschko et al. 2007). Domestic chickens have been shown to use several types of spatial 

cues to locate a hidden goal, and include local landmarks (Rashid and Andrew 1989) as well as 

geometric cues such as distances and angles from the walls etc. (Tommasi and Vallortigara 

2000). Our recent findings (Freire et al. 2005; Rogers et al. 2008; Wiltschko et al. 2007;) now 

add magnetic directional cues to this list. The chickens were a layer strain from a local hatchery. 

Generally, studies of spatial memory in chickens have used local commercial strains, either 

layer or broiler and no attempts have been made to compare spatial abilities of the different 

strains. Domestic chickens originate from the Red Jungle Fowl (Gallus gallus), and were 

domesticated possibly as early as 8000 years ago (Fumihito et al. 1996). Over the years, various 

lines have been selected, and from these modern farming has further selected two main strains of 

chickens; namely laying strains selected for egg production and broiler strains selected for meat 

production (see Moore et al. 2005, for review). Broiler strains of chickens show less fearfulness 

than layer chickens (Saito et al. 2004) and there are possibly other differences in behaviour, 

although there are no other differences documented in the literature. Preliminary observations 

suggested to us that chicks of a broiler strain might have problems with learning to orient using 

magnetic cues, under the same conditions in which layer chicks had no particular difficulties. 

Hence, we decided to investigate this further. 
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In the present study we tested the ability of two different strains of chickens to orient using 

directional cues from the magnetic field; a brown layer strain and a commercial broiler strain, the 

latter derived from the white leghorn strain. We used the same conditioning procedure that had, 

in previous studies, shown magnetic compass orientation in layer chicks (Freire et al. 2005; 

Rogers et al. 2008; Wiltschko et al. 2007). 

 

MATERIALS AND METHODS 

Subjects and Maintenance 

We used eight layer strain chicks derived from a Rhode Island Red (male) and a synthetic 

brown layer (female) cross from Nulkaba Hatchery, Cessnock, NSW, Australia, and eight chicks 

from the commercial Baiada meat chicken strain, a synthetic line of unknown origin but probably 

including Australorp, Sussex and White Leghorn, from Kootingal Hatchery, Kootingal, NSW, 

Australia. The layer strain was the same as used in previous studies (Freire et al. 2005; Rogers et 

al. 2008; Wiltschko et al. 2007). The broiler strain had not been tested previously for a magnetic 

response. Chickens from both strains were hatched in our laboratory. 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, 4 cm in diameter, was suspended by nylon string 10 cm above the floor in the 

centre of the pen to provide the imprinting stimulus.  

Temperature was maintained at 35° C for the first week, and 30° C thereafter. Lighting was 

on a 12h light and 12h dark cycle. 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 wooden rod. Water was available ad libitum from a clear Perspex petri dish for the first 3 

days. On day 3, the white paper lining of the birds’ holding boxes was replaced with wood 

shavings and the birds were moved to a wooden building close by where training and testing took 
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place (see below). Wood-shavings and an externally placed bird drinker were added to their 

holding pens.  

 

Training phase 

Training and testing was undertaken when chicks were between 10 and 16 days of age. 

Chicks were trained to locate the red ball behind one of four screens in a testing arena in the local 

geomagnetic field of Armidale, NSW, Australia (56000 nT, - 62° inclination). The arena had a 

square bottom with sides of 80 cm, and was 70cm high; it was painted white. At each corner, 

corresponding to magnetic north, south, east an west, were 15 cm wide and 25cm high white 

screens positioned perpendicular to the centre and 15 cm from the side walls (see Freire et al. 

2005, Fig. 1). The upper 35 cm of the four walls could be opened to introduce and remove the 

chick. An overhead camera (Kobi DSP) was placed above the centre of the arena with the lens 

positioned through a 5 cm diameter hole, and was used to observe the chick’s behaviour on a 

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

and above a light diffuser. 

For training, a chick was placed in the centre of the arena in a clear plastic start cage (20 x 

15cm, 25cm high) for 20 s next to the red ball. The ball was then slowly moved behind one 

screen and the chick released and allowed to search for the ball - this was termed a 'visual 

displacement trial'. After approaching the ball behind the screen within 5 cm, the chick was 

allowed to stay with the ball for 1 min as a reward, then the chick was picked-up and returned to 

its holding pen. A chick that failed to approach the ball was returned to the holding pen after 3 

min. 

After completion of three visual displacement trials, the chick was placed in the start cage 

with the ball already behind a screen. It was then released and allowed to search for the ball - this 
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was termed a 'relocation trial'. One minute after the chick had moved behind the correct screen 

and approached to within 5 cm of the ball, it was returned to its home pen. If a chick failed to 

approach the ball within 3 min of release, it was returned to the start cage and received a visual 

displacement trial before being replaced in its home pen. 

Care was taken to make the arena as uniform as possible. In order to minimize the impact of 

other cues that chicks could use for relocating the ball, the arena was rotated by 90°, 180° or 270° 

between trials in a pseudorandom sequence. Additionally, the direction that the chick was facing 

when placed in the start cage and the side of the testing arena from which it was handled was also 

determined by a pseudorandom sequence, though the chick could only be handled from three 

sides of the arena as the north-west side was obstructed by the video equipment. 

Each chick continued to receive relocation trials until it reached criterion, which was defined 

as moving behind the screen and approaching to within 5 cm of the ball in less than 20s of release 

on three consecutive relocation trials. Trials in which a chick moved behind other screens not 

concealing the ball prior to locating the ball were scored as incorrect and not used to determine 

whether criterion was reached. Two chicks of each strain were trained to locate the ball in each of 

the North, West, South and East directions. 

 

Testing phase 

The testing phase consisted of unrewarded probe tests in three different test fields 

interspersed by relocation trials. These probe tests were similar to the relocation trials, but 

without a ball behind the correct screen. After a probe test, the chick was returned to the home 

pen and the ball for a few minutes before being placed in the start cage again and presented with 

a relocation trial as described above, i.e. in the local geomagnetic field with a ball placed behind 

the correct screen. When a chick had moved behind the screen and approached to within 5 cm of 
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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 as a reward. After this, it was returned to its home pen 

and then presented with another probe test. 

Chicks received five tests in each of three test conditions presented in a random sequence: 

(1) in the natural geomagnetic field (Control tests), (2) in an experimental field with magnetic 

North rotated by 90°. clockwise relative to geographic East (Shifted-north tests) and (3) in a 

magnetic field with the vertical component of the magnetic field inverted to provide an 

inclination of + 62° (Inclination tests). The latter was a second control condition in which, as the 

chickens' choices were axially, we expected the same response as in the geomagnetic field, but 

now in an experimental magnetic field with the power supply activated and the current running 

through the coils. 

The experimental magnetic fields were generated by sets of Helmholtz coils with a diameter 

of 2 m and a clearance of 1 m. One pair of coils was positioned around the test arena in a way 

that its axis was horizontally oriented towards 135° so that magnetic North could be shifted by 

90° without affecting total intensity and inclination. Another pair was positioned horizontally 

around the test arena, inverting the vertical component without altering magnetic North and total 

intensity. 

 

Analysis 

The proportion of correct choices in probe tests was arcsine transformed (p' = asin(√p) * 

57.298; Zar 1999) and analysed in a 2x2 General Linear Model with strain as a between-subject 

factor and test condition as a within-subject factor. Furthermore the orientation data were 

analysed in a 2nd order statistic (one-sample t-test) using the percentage of correct choices for 

each chick in each condition and testing these data against chance level of 50%. 
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RESULTS 

The directional choices of the chicks were axially bimodal, i.e. they chose the screen in the 

correct magnetic position or the screen directly opposite it (see Freire et al. 2005). Table 1 gives 

the individual choices of the 16 chicks tested. Fig. 1 shows the distribution of the choices on the 

two axes, with the training directions pooled upward. 

The layer chicks preferred the magnetically correct axis in all three test conditions (Table 2): 

they preferred the original training axis in the control tests and in the inclination tests, and shifted 

their preferences accordingly when magnetic North was turned to the East (Fig. 1, upper 

diagrams). The broiler chicks, in contrast, did not show a preference for any axis in any of the test 

conditions (Fig. 1, lower diagrams, and Table 2). With an average 77% in the layers and 53% in 

the broilers, the proportion of correct axial responses of the two strains differed significantly 

(ANOVA: F1,14  = 18.0, P = 0.001), and this proportion was not influenced by the test condition 

(ANOVA: F2,28 = 0.85, P = 0.44). The difference between the two strains was significant in the 

control tests and in the shifted North tests (Table 2). 

However, the choices of the broiler chicks were not entirely random. This became evident 

when the choices were pooled with respect to the geographic directions (Fig. 2): the broiler 

chicks preferred geographic south and seemed to avoid geographic west (ANOVA: F3,21  = 4.5, P 

= 0.014). The layer chicks, in contrast, did not show such a preference (ANOVA: F3,21 = 0.19, P = 

0.90), each geographic position being chosen in 20% to 30% of all tests. 

Table 3 compares the number of relocation trials before reaching criterion and the time taken 

to score by chicks of the two different strains. It is interesting that there was no difference 

between the layers and broilers during the training phase. Only in control tests were the latencies 

higher in the broilers than in the layers (see Table 3). 
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DISCUSSION 

We found that the layer chicks trained to locate the hidden ball in specific directions showed an 

axial response along the correct axis and, crucially, when the magnetic field was experimentally 

rotated by 90°, they shifted their choices to the new magnetic axis. Broiler chicks trained in the 

same way, by contrast, did not show such axial preferences. These results show that the chicks of 

the layer strain responded to magnetic cues and used them to locate the hidden ball, but there was 

no such evidence in the chicks from the broiler strain. We explore several possible reasons for 

this difference in behaviour. 

Both strains performed similarly and took similar amounts of time to locate the hidden ball 

in visual displacement trials and in training trials before the tests. The similarity in reaching 

criterion between the two strains was unexpected - if broiler chicks were unable to use magnetic 

cues, then their search should have been less accurate, and should perhaps have taken longer. 

Observing the chicks on the video screen, too, did not reveal any obvious differences between 

layers and broilers. One possibility is that our task was not difficult enough for any difference in 

orientation ability between the two strains to translate to differences in making a choice. Our 

apparatus was also reasonably small, possibly allowing any differences in orientation ability to be 

masked by the relatively larger individual difference in the time taken to locate the ball.  

There is some evidence that the strain difference may have been motivational - in the control 

condition, layers chose a screen after shorter latency than did broilers, and a similar tendency, 

although not significant, was observed in the relocation trials between tests. Fully-grown broiler 

chickens are often less active than layer chickens, partly because they have larger breast muscles 

and, relative to their weight, short legs which impede locomotion (Corr et al. 2003). It seems 

unlikely that such morphological differences accounted for these small differences observed in 

response latency, since the absence of a consistent difference between layers and broilers in the 
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time to make a choice during training and in the other test conditions suggests that any such 

differences in mobility or motivation were negligible. 

The broiler chicks choose the south direction, irrespective of the magnetic field, suggesting 

that they may have been responding to some other spatial cue. One possibility is that the broiler 

chicks may have found the geographic south direction more appealing due to some unknown 

extra-apparatus cue. It should be noted that the apparatus was rotated according to a random 

sequence between trials, so this tendency to prefer the geographic south direction cannot be 

attributed to a preference for a particular corner of the apparatus or any intra-apparatus cues. One 

possibility is that the broiler chicks showed a preference to move back towards their holding pen, 

as has been reported in European Robins (Erithacus rubecula) in a 1m diameter orientation cage 

(Wiltschko and Höck, 1972). In our set-up the chicks entered the room containing the apparatus 

via a door at the south-south-east side of the room. Sensorimotor responses in animals usually 

rely on the animal using its own motion to provide spatial information (e.g. Etienne and Jeffery 

2004), though the mechanism proposed here would imply that the chicks were sensitive to the 

direction in which they were moved by the experimenter. 

We cannot eliminate the possibility that broilers chose not to respond to magnetic 

information when these cues are in conflict with other spatial cues; however, in the absence of 

any substantial evidence of a motivation difference between the two strains tested here, our 

findings appear to suggest that the broiler strain may lack the perceptual ability to detect the 

direction of the magnetic field. Details about how birds do this are not yet known. The currently 

dicussed hypothesis assumes a radical pairs mechanism based on spin-correlated chemical 

reactions that are sensitive to magnetic fields (Ritz et al. 2000), which is supported by 

experimental evidence in passerine birds (Ritz et al. 2004; Thalau et al. 2005) and recently also in 

domestic chicken (Wiltschko et al. 2007). Cryptochrome, a blue light-absorbing photopigment, 
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has been proposed to form the crucial radical pairs (Ritz et al. 2000). Cryptochromes have been 

found in the retina of the chickens and migratory passerines (Bailey et al. 2002; Haque et al. 

2002; Liedvogel et al. 2007), where a novel type of cryptochrome 1, eCry1b has been identified 

(Möller et al. 2004). Preliminary data indicate that there may be a difference in the 

cryptochromes between the two strains of chickens, with both types of cryptochrome 1 in the 

layers similar to that of robins, whereas it is different in broilers. This suggests that, although the 

ability to detect magnetic direction cues was presumably present in the wild ancestor of domestic 

chickens (as discussed by Freire et al. 2005 and Wiltschko et al. 2007), it may have been 

preserved in some strains of chicken, but lost in others through domestication and subsequent 

selection for production traits. 

It is not clear, however, whether the difference between the two strains is generally true for 

layers and broilers – it may be just a particular characteristic of the specific strains of layers and 

broilers we happened to use in this study. More strains of domestic chickens need to be tested to 

learn whether the difference between layers and broilers observed here is typical. In any case, it 

should be noted that the strain of chickens should be carefully considered when undertaking 

magnetic orientation experiments with this species. 
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Table 1: Directional choices of the individual chicks. tr. dir., training direction (N, n, north; E, e, 

east; S, s, south; W, w, west) and the choices in the five tests each in the three experimental 

conditions of individual chicks. The choices along the magnetically correct axis are indicated by 

capital letters, those along the incorrect axis in small letters; the column 'correct' gives the 

percentage of choices on the correct axis. 

 tr. Control Tests  Shifted North Tests  Inclination Tests 

Chick dir. Choices correct  Choice correct  Choices correct 

Layers         

1 ♀ N NNeNw 60 %  WnWWW 80 %  SSSNN 100 % 

2 ♂ N NNwNS 80 %  EEEEE 100 %  NNNeS 80 % 

3 ♀ E EWnEs 60 %  SwNNe 60 %  nWEWW 80 % 

4 ♂ E EEEEW 100 %  wNSSS 80 %  EsWEE 80 % 

5 ♀ S NwNSS 80 %  WWnWW 80 %  wwSSS 60 % 

6 ♂ S wSwwN 40 %  EsEEW 80 %  SeSSS 80 % 

7 ♀ W WEWEW 100 %  weSSN 60 %  nEWEE 80 % 

8 ♂ W EEEWn 80 %  SeNeS 60 %  sEEsE 60 % 

Broilers         

9 ♀ N SSwee 40 %  EEnnn 40 %  NSNNN 100 % 

10 ♀ N NeSSS 80 %  EEsss 40 %  SSSwe 60 % 

11 ♀ E WEsnn 40 %  SweNS 60 %  EEsss 40 % 

12 ♂ E EnEWn 60 %  wSSeS 60 %  nsEWn 40 % 

13 ♂ S eeNSw 40 %  nWEsE 60 %  SSNSN 100 % 

14 ♂ S SeSSe 60 %  WWsss 40 %  wSeee 20 % 

15 ♀ W Ennns 20 %  eSSew 40 %  sEEWW 80 % 

16 ♂ W WsEns 40 %  NeSSw 60 %  snWEs 40 % 
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Table 2: Directional choices of the two strains in the three test condition. The columns “correct 

axis” give mean and standard error of the percentage of choices on the magnetically correct axis; 

the columns T7 give the test statistic and degrees of freedom of the one sample t-test. Statistical 

significance indicates oriented searching behaviour marked in bold. The last two columns give 

the test statistic of the ANOVA test indicating the differences between the two strains. 

Test 
condition 

Layer chicks  Broiler chicks  Difference 

Correct axis T7 P  Correct axis T7 P  F1,14 P 

Control 75 ± 7 % 3.4 0.01  47 ± 6 % -0.4 0.70  7.28 0.017 
Shifted North 75 ± 5 % 5.0 0.02  50 ± 10 % 0 1.00  11.27 0.005 
Inclination 80 ± 10 % 7.9 < 0.001  60 ± 30 % 0.9 0.40  1.22 0.29 
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Table 3: Comparison of number of relocation trials and the time taken to make a choice.  

Parameter  Layer chicks          
mean ± SE 

Broiler chicks          
mean ± SE F 1, 14  P  

time taken to locate ball in 
visual displacement trials  86 ± 19 s 80 ± 18 s 0.06 0.80 

number of relocations required 
to reach criterion  14.0 ± 1.6 12.9 ± 1.4 0.27 0.61 

time taken to locate ball in 
relocation trials to reach 
criterion 

 32 ± 7 s 37 ± 8 s 0.23 0.64 

number of relocations between 
tests  2.0 ± 0.2 2.0 ± 0.2 0.01 0.93 

time taken to locate ball in 
relocation trials between tests  20 ± 5 s 32 ± 5 s 3.50 0.08 

time taken to score in the 
geomagnetic field   15 ± 6 s 42 ± 10 s  5.35 0.037 

time taken to score in tests with 
magnetic North in East  18 ± 4 s 26 ± 9 s 0.61 0.45 

time taken to score in tests with 
inclination inverted  25 ± 8 s 33 ± 8 s 0.46 0.51 
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Figure 1: The number of choices of the layers strain chicks (upper diagrams) and broiler chicks 

(lower diagrams) in each of the three test conditions. Arrow heads indicate samples with a 

significant preference of an axis, rounded endings and a ring around the centre indicate random 

choices.The correct screen in the training trials was towards the top of the page (CS). The total 

number of choices per test condition was 40 for each strain; for the individual choices, see Table 

1. 

 

Figure 2: The percentage of choices for the four screens in different geographic directions by 

chicks from the layer strain (open columns) and chicks from the broiler strain (dark columns). 

CS, correct screen. The dashed line marks the chance level of 25%; asterisks indicate significant 

differences by pairwise ANOVA F- tests. Significance levels: *, P < 0.05; ** P < 0.01. 
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Fig. 1 
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Fig. 2 

 


	Materials and Methods
	Control Tests
	Choice
	Layers

	correct
	WnWWW
	60 %
	EEEEE
	Broilers

	80 %
	SweNS
	P 

	40 %

