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ROGERS, L. J. AND J. M. ANSON. Lateralisation o f  function in the chicken fore-brain. PHARMAC. BIOCHEM. 
BEHAV. 10(5)67%686, 1979.--There is lateralisation of function in the chicken fore-brain. This was revealed by examin- 
ing the behavioural modifications produced by administration of cycloheximide into the left or fight hemisphere on Day 2 of 
post-hatched life. Visual discrimination learning of a task requiting a search for food was found to be performed either 
entirely or, at least, to a greater extent by the left hemisphere. Visual habituation learning was not found to be lateralised. 
The left hemisphere is more involved in auditory habituation than is the right; administration of cycloheximide to the left 
hemisphere slowed auditory habituation, as did bilateral administration, but treatment of the right hemisphere was ineffec- 
tive. There are indications that the right hemisphere plays a more important role in response to novelty. A side-preference 
for response to stimuli seen by the left eye was demonstrated. These results are discussed with reference to head 
orientation during development in the egg. 

Hemispheric lateralisation Chickens Visual learning Auditory habituation Detection 
Response to novelty Cycloheximide 

HEMISPHERIC specialisation was thought to be a purely discrimination of food grain from a background of 
human attribute, associated with language [6,12]. But now pebbles is markedly slowed, as is visual habituatic 
there is clear evidence that it is also present in the avian auditory habituation learning [20]. Visual detection of 
brain. In canaries the left hemisphere has dominant control novel stimuli entering the peripheral field of vision is s 
of  song production [16]. This functional lateralisation has enhanced, and attention switching from one stimulus t 
been demonstrated at the hyperstriatal level of  the fore- another becomes less frequent [19]. 
brain, and it is also evident more peripherally in the hypo- Recent studies indicate that cycloheximide cause~, 
glossal nerves [15]. Indeed, Nottebohm has found left hypo- behavioural effects by altering amino acid pools, rath~ 
glossal dominance in a number of species of song birds directly by inhibiting protein synthesis. The putative 
[13,14]. acid transmitters, aspartate,  glutamate, GABA and t~ 

Glick et al. [8] have shown that there is asymmetry in the can mimic the action of  cycloheximide; and me; 
nigrostriatal region of the rat cortex both with respect to changes in amino acid pools after cycloheximide tre~ 
dopamine levels and side-preference in turning. Although have indicated that cycloheximide produces pern 
studies of non-human primates have not yet clearly revealed changes in behaviour, not directly by blocking protei 
hemispheric specialisation, it seems that it may have devel- thesis, but indirectly by altering amino acid pools [~ 
oped quite early in evolution. Lateralisation of  function may cloheximide's effect must be a subtle one, at least at the 
occur  more commonly than previously thought, and in a tural level, since no anatomical lesions have yet be 
given species it may be present for a number of different tected with either light or electron microscopy [20]. 
behavioural  functions. We therefore decided to investigate We therefore considered administering cyclohe: 
the possibility that functional lateralisation also occurred in into one or other of  the fore-brain hemispheres durinl 
the chicken fore-brain, development and looking to see which of  these beha 

Cycloheximide, an inhibitor of  ribosomal protein synthe- were subsequently affected. 
sis, was used as a tool in this study. Previous research has In visual learning tasks chickens can be tested m~ 
shown that bilateral injection of  20/.tg of  cycloheximide into larly, and, since the avian brain has complete decussa 
each side of  the chicken fore-brain in the first week after the optic nerve fibres, visual input through one eye 
hatching produces long-lasting changes in a range of be- stricted to the contralateral tectum [2]. The feed-fc 
haviours [20], provided that the chicken receives specific pathway from each tectum goes to its ipsilateral n 
types of  perceptual input for at least 3 hours after the drug's  rotundus [11] and the main efferent pathway fron 
administration [21]. Learning rate of a task requiting visual rotundus nucleus travels to the same side of the for~ 

~Present address: Department of Pharmacology, Monash University, Clayton, Victoria, Australia. 
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[10,18]. Although there are minor pathways from nucleus the left hemisphere of the fore-brain, one treated in th, 
rotundus to its contralaterai fore-brain, and visual informa- hemisphere,  and the other a control treated with salin~ 
tion could also cross from one side of the brain to the other in were sealed together with COAPT (Ethicon, Germar 
the commissures [26,28], experimental evidence suggests sue adhesive 11/2 hours before testing. The other thre 
that most visual information entering one eye is processed by groups, with similar drug treatments had the eyelids o 
the contralateral side of  the fore-brain. Bell and Gibbs [1] right eyes sealed. This method of occluding the eye 
have shown that chicks trained monocularly to avoid peck- remarkably little disturbance in the chickens. 
ing an anthranylate-coated bead form unilateral engrams in On Day 10 they were all tested for auditory habitc 
the contralateral hemisphere. The ipsilateral hemisphere An additional 3 treatment groups with 20 chicks eacl 
has access to this stored information, but the memory trace similarly halved to give 6 sub-groups and tested mono~ 
is contralateral.  Zeier [29] explained his results with pigeons for visual habituation on Day 10. 
trained by giving conflicting information to each eye in the It is only necessary to give a brief description of t 
same way; that is, by contralateral hemispheric processing of havioural tasks here, because they have all been re  
monocular information. The avian brain therefore offers cer- previously in detail; visual habituation, visual discrimi 
tain advantages in a study of lateralisation of  brain function, and auditory habituation [21,231, visual detection [2~ 

havioural testing was always done between noon and 

METHOD Visual Habituation 

Housing Conditions A novel visual stimulus, a torch battery,  is placed il 

Black australorp-white leghorn cross chickens were home cage four times at approximately 5 min interval 
hatched in the laboratory and housed in groups of four for time of silent visual fixation of the stimulus is score, 
the first two days of life. After this time they were isolated time. A control chicken shows significant waning 
visually by placing in separate cages. Chick starter crumbs orientation response by the fourth presentation. 

were always scattered over the cage floor. Constant warmth Visual Detection 
and light was provided by overhead bulbs (for further details 
see [20]). This task measures detection of a small red bead 

duced from behind into the peripheral visual field of 
Drug Administrution ing chicken. While the chicken is feeding from a sm~ 

fixed in one position in the cage the bead is advanced 
Drug treatment occurred on Day 2 of life, several hours and silently forward, until it is noticed by the chic~ 

before the chickens were visually isolated. In the major ex- which time feeding stops and the chick looks up, usual] 
periment 48 animals were divided into 3 groups. One group a trill, and turns towards the bead. At this time the pq 
received an intracranial injection of 20/xg of  cycloheximide of the bead is read from a scale, giving an estimation 
dissolved in 25/xl of  boiled 0.9% saline at 35-38°C into the anterioposterior distance from the chick's  eye. Bead: 
left side of  the fore-brain and 25 tzl of  boiled 0.9% saline into presented three times each to the right eye,  to the 1~ 
the right side of the fore-brain. In the other group the injec- and simultaneously to both eyes. The order of preset 
tions were transposed (i.e., cycloheximide into the right was left-right-together, repeated three times. When 
side), and the remaining control group received 25 ~1 of  were presented simultaneously on both sides, the s 
boiled saline into both sides of the fore-brain. The injections which the chicken turned was also scored. Seven horn 
were given free-hand with the animals conscious. A plastic deprivation preceded the test. 
stop on the needle prevented it from penetrating more than 3 
mm below the surface of the head. The entry point of the Visual Discrimination 
needle was approximately 2 mm from the mid-line and 
equidistant from the rostral and caudal poles of the hemi- This task requires search for chick starter crumb: 
spheres. The order of injecting saline and cycloheximide into tered randomly on a background of small pebbles 
either side of the fore-brain was randomised. The chickens down to a perspex floor. The pebbles overlap with the 
came from two separate hatchings, and equal representatives crumbs in their range of colours, shapes, and size~ 
of each group were tested each time. These 48 chickens were pebbles are, however,  more shiny than the grain 
tested on a number of  behavioural tasks, presumably for this reason, control animals commence 

An additional 60 chicks were tested for monocular visual ing with a slight preference for pebbles. But since p 
habituation only, and these were divided into 3 groups and cannot be manipulated or swallowed, control animal: 
injected similarly, learn to peck almost exclusively at grain. Learning is 

ent within 60 pecks. Pecking choices are scored by ey~ 
Behavioural Testing a manual keyboard attached to an event-recorder.  Onl 

choices are scored and not repeated pecks to the sam~ 
Every chicken in the first three groups was tested on one or pebble. Since chickens were tested monocularly 

behavioural test per day from Day 7 to Day 10 of  life. On Day task and this tends to slow pecking slightly, the usual 
7 they were all tested binocularly on a visual habituation period of food deprivation given prior to testing w 
task. tended to 41/2 hours. The time taken for the 60 pecks,  s 

On Day 8 they were tested for visual detection, from the first peck, was also measured. 
On Day 9, each group was divided into two sub-groups each 

containing eight animals to make a total of  six sub-groups. Auditory Habituation 
These were tested monocularly on a visual discrimination task 
of search for food. The eyelids of the left eyes of chickens in Chickens are deprived of  food for 3 hours, an~ 
three sub-groups (one group treated with cycloheximide in allowed one minute pecking at food before habituatio~ 
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FIG. 2. Visual habituation tested monocularly. The symb( 
values are the same as those in Fig. 1. 'Left Side" refers to 1 

occlusion. 'Right Side' refers to right eye occlusion. 
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FIG. 1. Visual habituation tested binocularly. The seconds spent 
fixating the naval visual stimulus on each of four successive presen- 
tations is plotted. Mean valaes are given - standard errors for the 1 ~ 1 
first and last presentations. • controls treated with saline in both 8 
hemispheres, [] treated with saline in the left hemisphere and cy- 
cloheximide in the right, © treated with cycloheximide in the left 
hemisphere and saline in the right. The larger standard error in the 
first presentation of the group treated with cycloheximide in the left 4 
hemisphere results from skewed data with 50% of the chicks scoring 
higher values than the other two groups; a standard error is not 
strictly valid for this data, but it is used as a means of visual expres- 

sion. 0 ~ ~ ~ 

IIO ~ C~ C~ O( 

auditory stimulus is scored by noting whether the chick stops FIG. 3. Visual detection with one stimulus presented at a ti~ 
mean distance ( ± standard error) of the object from the fro1 

feeding to attend to a sound made by striking a piece of metal cage, and the chick, is presented for each eye. The circles 
with a metal spoon. The sound is presented every 10 to 20 the treatment given to each side of the fore-brain; a blac 
seconds, and only while the chicken is pecking, until no indicates the side treated with cycloheximide, and an ape 
orientation is seen for three successive presentations. Rate indicates the side treated with saline. An arrow to the left sid 
of auditory habituation learning is indicated by the number of sents use of the right eye or introduction of the novel object 
presentations necessary, right peripheral field of vision. An arrow to the right side re I 

introduction of the object into the left peripheral field visio~ 
are three presentations on each side to each animal, and 

RESULTS value of these is calculated for each animal. The means pr 
are overall group means. The differences between the left a 

Visual Habituation sides for both the cycloheximide treated groups are signific 

Binocular testing. In this test there were three groups each text). 
containing 16 animals, one group treated with cycloheximide 
in the left side of the fore-brain, another group treated with 
cycloheximide in the right side and the third a control group. 
All showed significant waning of the orientation response 
over the four presentations of the novel visual stimulus (Fig. presentation of the novel visual stimulus to the group 
1). Since there was no significant difference between the in the left side of the brain and tested with the ri 
groups in time of fixation on the fourth presentation, all three occluded. Otherwise no differences were observed t 
groups habituated at the same rate. Indeed, no significant any of the groups, regardless of side treated or the e 
differences between the groups were found for any one of the in testing (Fig. 2). Monocular testing for visual hab 
presentations. However, the group treated in the left side by this method was more difficult than binocular 
appeared to behave differently on the first presentation; the denced by the greater variability and duration of 
time of fixation was more variable and it tended to be longer, times for the fourth presentation), because it was no1 
Monocular testing. A similar tendency for the time of fixa- possible to ensure that the stimulus was in the visual 
tion to be longer and more variable was seen for the first the open eye throughout each presentation. 
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T A B L E  1 

VISUAL DETECTION WHEN STIMULI PRESENTED 
SIMULTANEOUSLY TO BOTH EYES 

Side Treated Percentage Ratio of Number of Preferred Eye 
With Detections Animals with all 
Cycloheximide With Left 3 Detections with 

Eye Right Eye To Those 
With All 3 Detections 
With Left Eye 

Left 40 6:1 Right 

Right 60 0:3 Left 

Control 60 1:2 Left 

Visual Detection when the small novel stimuli are presented simultaneously to both 
eyes. The side to which the animal turns is recorded for 3 such presentations. The 
number of detections made with the left eye (i.e. responses of turning to the left side) 
are expressed as a percentage of the total for each group. The other column gives data 
for those animals with exclusive use of the left or right eye, expressed as a ratio. This 
data is taken as an indication of eye preference in this task. 

Visual Detection Errors lost 

After  cyc loheximide  t rea tment  of  ei ther  the left or  right 2o pecks 

side of  the fore-brain,  an inequali ty in detect ion dis tance was t6 16 
found be tween  each eye  (Fig. 3). The eye  contralateral  to the 
side of the brain t reated with saline required c loser  proximity  LEF-" T SIDE RIGHT SIDE 
of the novel  object  before  it was detected;  whereas  the eye  
contralateral  to the side t reated with cyc lohex imide  retained 
a detect ion distance which was the same as that for controls  12 IZ 
treated with saline in both sides. Within each t reated group 
the difference in detect ion distance be tween  eyes  was sig- 
nificant at the level of  O.Ol<p<O.02 for the group injected in 
the left side and 0 .02<p<0 .05  for the group injected in the ] 
right side (2-tailed Wilcoxon Matched Pairs tests). There  
were  no differences be tween  eyes  in the groups treated with 
saline in both the left and right sides. 

In control  animals and in those t reated with cy- 4 ] "  
c loheximide  in the right side there was a slight p re fe rence  to 
use the left eye  to detect  novel  stimuli, as indicated by the ~-n 
side to which the animals turned when stimuli were  pre- 
sented s imultaneously to both eyes.  In those t reated in the 
left side this preference  was reversed.  This is shown by the o ~ ~ o ¼ 
percentage of  detect ions  with the left eye,  and the ratio of  the O9 o 36 ~ Oe L 00  o,5 O0 
number  of  chickens  which make all three of  their detect ions  ~ oh2 ~ , ooos 
with the right eye  to the number  which make all three to the FIG. 4. Visual discrimination learning. Rate of learning is in 
left eye  (see Table  1). by the number of errors in the last 20 pecks of testing. SIowe 

ing gives higher values. Means and standard errors are plol 
Visual Discrimination each group. The circles underneath represent the treatmen 

each group, as in Fig. 3. 'Left side' means that the left e 
A group of  chickens  is said to have learnt to discr iminate  occluded, and 'Right side' means that the right eye was oc, 

grains of  food from pebbles,  if the mean number  o f  pecks at Mann-Whitney U tests have been applied between each gro 
pebbles  (i.e., errors) in the last 20 pecks is in the region of  2 every other group. Significant p values are given at the botton 
or  3. Since there are on average  3 grains and 8 pebbles  per  figure. 
square  inch of  floor,  random pecking would score  about  14.5 
errors in 20 pecks.  Control  per formance  on this task has 
been repor ted  in detail previously.  

The  data  for the mean number  of  errors in the last 20 occluded the the left side of  the fore-brain had als( 
pecks is presented in Fig. 4. When  the left eye  was occ luded,  t reated with cycloheximide ,  significantly less learni~ 
learning occurred  if the left side of  the fore-brain was treated curred.  The  probabili ty values for Mann-Whi tney U-t, 
with saline regardless o f  whe ther  the right side was treated significance be tween  these groups are given at the bo t  
with saline or  cyc ioheximide .  When  the left eye  was the figure. 
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FIG. 6. Visual discrimination learning. The time taken from 
I peck to the last peck of the test is plotted as means _+ s 
I errors for each group. The symbols are as in Fig. 4. o ~ ~ 

OO 0 0  OlD OO C~ ~O Number of 
I ..O!2 I 1 .006 I presentations to 

L 036 I reach habituation 

FIG. 5. Visual discrimination. The data is in the same form as that 2o 
presented in Fig. 4, the only difference being that the values are for 

the first 20 pecks of testing. 

16 

When the right eye was occluded learning occurred if 
both sides of the brain had been treated with saline. But, 
when the right eye was occluded after cycloheximide treat- ,z 
ment of either the right side or the left side of the fore-brain, -[ 
learning was significantly slower or absent. There was a 
tendency for the group treated with cycloheximide in the left 
side and tested with the right eye occluded to make more 8 
errors than the group treated with cycloheximide in the right 
side and tested with the right eye occluded, but this was not 
significant. In addition, although only new choices of grain 4 
or pebbles were scored in this test, chickens in the group 
treated with the drug in the left side and tested with the right 
eye occluded were often observed to peck repeatedly in 
rapid bursts at the same pebble, o 

Figure 5 presents data for the number of pecks at pebbles c~ oo c~ 
in the first 20 pecks of the visual discrimination test. Given FIG. 7. Auditory habituation. The mean number of presenta 
the ratio of grains to pebbles on the floor, a chicken pecking the auditory stimulus necessary for the chick to habituate ( _~ 
at random would score in the region of 14.5 errors in 20 ard error)is plotted for each group. The symbols underneatl 
pecks. When the right side had been treated with cy- sent the treatment given each group, as in Fig. 4. 
cioheximide and left eye was occluded, the number of errors 
in the first 20 pecks was depressed below that expected for 
random choice. The number of errors in the first 20 pecks for 
this group was significantly lower than the same scores for with cycloheximide in the left side and with the 1( 
both the other groups tested with the right eye occluded, occluded and the group treated with cycloheximide in 

The group treated with cycloheximide in the right side side and tested with the right occluded. 
and tested with the right eye occluded made significantly Therefore, although the group treated with cyclohe 
more errors in the first 20 pecks than did its control group, in the right side and tested with the right eye occlud, 
treated with saline on both sides and tested with the right eye pecked a large number of pebbles in the last 20 pecks 
occluded. For this reason another parameter must be as- show a drop in errors over the period of testing. 
sessed in order to determine whether any learning has pc- Figure 6 gives the times for each group to complel 
curred, even if the criterion of 2 or 3 errors was not reached 60 pecks. In general, the chicks with their righ 
in the last 20 pecks. That parameter is the fall in errors be- occluded pecked more slowly than those with their le 
tween the first and last 20 pecks, tested by a 2-tailed Wilcox- occluded (p =0.036, 2-tailed Mann-Whitney U test for 
on Matched Pairs test. The fall was significant at the chicks with their left eyes occluded versus all thos 
p<0.02 level for all groups except two, the group treated their right eyes occluded). 
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Auditory Habituation In summary, three groups learnt the visual discrimi 
task well (to a criterion of 2 or 3 errors in the last 20 p 

Treatment of the right side of the fore-brain with cy- They were both the control groups treated with saline i 
cloheximide was without effect on auditory habituation; the sides of the fore-brain, and the group treated wi  
number of presentations to reach habituation was not signifi- cloheximide in the right side and tested with the le 
cantly different from that for the control group. Treatment of occluded. Two groups showed no learning at all. The~ 
the left side of the fore-brain slowed the rate of auditory those treated with cycloheximide in the left side and 
habituation two-fold (0.002<p <0.02 for the difference be- with either the right eye or the left eye occluded. The r~ 
tween the groups treated on the left and right sides; 2-tailed ing group, treated with cycloheximide in the right and 
Mann-Whitney U tests, Fig. 7). with the right eye occluded showed a shift from pebl 

grain, which could indicate learning but at a much : 
DISCUSSION rate. Therefore, assuming that most input from one ey 

to the contralateral hemisphere, the left side of the cl 
By administering cycloheximide to either the right or the fore-brain appears to play a more important role in 

left hemispheres of the chicken fore-brain on Day 2 of post- discrimination learning than does the right. In our '. 
hatched life, it has been possible to demonstrate that there is there is also a slight, but not significant, tendency f, 
lateralisation of a number of fore-brain functions, lateralisation of visual discrimination learning to be r 

The left and the right sides of the fore-brain are not equal in the control, saline-treated animals, and this has bee 
in their ability to learn a visual discrimination task. Rate of firmed by R. J. Andrew (personal communication),  w 
learning the visual discrimination task, which requires repeated these tests on untreated chicks. 
search for food grains scattered on a background of small Possibly connected to its capacity for visual disc~ 
pebbles,  can be measured by the number of  errors in the last tion learning, the left hemisphere appears to "d r ive"  p 
20 pecks of the task. Performance of chicks tested with the at a slightly faster rate than does the right. Faster  pecki 
left eye occluded was found to be independent of the treat- scored in those groups tested with left-eye occlusio 
ment given to the right side of the fore-brain. As long as the spective of whether learning did or did not occur. Sinc~ 
left hemisphere had not been injected with cycloheximide,  ing rate is not associated with learning rate, cyclohe 
learning occurred when testing was done with the left eye treatment does not cause slowed learning on this task 
occluded, regardless of whether the right hemisphere had by altering the motivation to feed. 
been treated with cycloheximide or the saline vehicle. In In contrast  to the visual discrimination learning, 
contrast,  with the right eye occluded learning performance habituation learning was not found to be funct  
was not independent of treatment of the left side of the fore- lateralised in the chicken fore-brain. If either the left 
brain with cycloheximide. When the left hemisphere had right side of the fore-brain was treated with cyclohex 
been treated with cycloheximide and the chicken was tested visual habituation occurred at the same rate as in co 
with the right eye occluded, no discrimination was made treated on both sides with saline, no matter whether 1 
between grains and pebbles in the last 20 pecks of the task, or the right eye was occluded during the test. This rest 
even when the right hemisphere was free of cycloheximide, contrast to the slowing of visual habituation learning 

A comparison between the number of pecks at pebbles in occurs after both sides of the brain have been treate 
the first 20 pecks and in the last 20 pecks of the task can be cycloheximide [20]. The failure of unilateral adminis 
taken as another criterion for learning, or shift of preference, to produce slowed visual habituation cannot be explai 
When the right side of the fore-brain had been treated with this being an effectively lower dose than the bilaten 
cycloheximide and left eye was occluded in the test,  the since bilateral administration of 10/xg in 5 ~1 of salir 
number of errors in the first 20 pecks was significantly lower duces a significant slowing of visual habituation [19]. / 
than that for the other two groups tested with their left eyes as one hemisphere is free of cycloheximide, visual h; 
occluded. This probably indicates that for this group some tion can occur and for this function each eye has ac~ 
learning was already apparent in the first 20 pecks. Indeed both the right and left sides of the fore-brain. 
this group did learn well as seen by the mean of less than 2 This is not so for auditory habituation. Cyclohe 
errors in the last 20 pecks and a significant fall in errors treatment of the left hemisphere slows auditory habi~ 
between the first and last 20 pecks. The group appears to be to the same extent that bilateral treatment also slows 
learning at a slightly enhanced rate compared to its control However ,  treatment of the right hemisphere is corn 
test with left eye occlusion and treated with saline on both without effect on auditory habituation. Therefore, it 
sides of the fore-brain, which could be taken to suggest that parent that auditory habituation learning occurs,  
normal operation of the right hemisphere can slightly slow entirely or to a greater extent,  in the left side of th 
visual discrimination learning, brain. 

The other anomalous result in the first 20 pecks is that of The function of the right side of the fore-brain is, 
the group treated with cycloheximide in the right hemisphere less clear. However,  our results do indicate that it 
and tested with the right eye occluded. This group made somewhat more involved with response to novelty 
significantly more pecks at pebbles than did its control group the left hemisphere. In the visual habituation task 
treated with saline in both hemispheres and also tested with chicks treated with cycloheximide in the left side 
the right eye occluded. Consequently, even though this fore-brain and tested either binocularly or with the ril 
group was still making a high number of errors in the last 20 occluded tended to respond to the novel stimulus for a 
pecks,  and on this criterion alone would seem not to have time on its first presentation than did any of the other 
learnt, there was a significant fall in errors between the first Also, in the visual detection task control animals wer~ 
and last 20 pecks. This means that there was a significant to be more likely to respond to the novel visual s! 
shift in preference away from pebbles towards grain, and when it was in the left peripheral field of vision; that i 
some learning could be said to have occurred, objects were presented simultaneously in both fi~ 
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vision, the chicks turned more frequently towards the object presents itself as an evolutionary precedent foJ 
presented on the left side. This greater response to novel hemispheric dominance control as found in canarie 
objects in the left peripheral field of  vision may not result However ,  there is a 50% chance of  this coincidence 
from the left eye being better  at detection, because,  when the circuits involved are completely unrelated. Funq 
only one object was presented at a time in either the left or lateralisation in the brain may be more widespread th~ 
the right visual field, the distance at which control animals viously thought, and it is certainly not an attribute pecl 
detected it was the same for both eyes. It therefore appears humans and their ability for language. 
that the observed difference in side preference is generated Lateralisation of hemispheric function in the chick~ 
at the level of decision making, not require complex genetic programming for develol 

The detection test failed to reveal any lateralisation of since it could result secondarily from the position 
detection ability in those animals which had received unilat- chicken in the egg. At all times during embryonic de 
eral treatment with cycloheximide. Cycloheximide treatment ment the left eye and ear of the chick are shielded by tt 
caused an imbalance in the distance of detection in favour of  sac or the chicken's  body [4]. From Days 3 to 14 of i~ 
the eye contralaterai to the treated hemisphere, regardless of tion the chick is lying on its left side on the yolk sac v 
which hemisphere this was. We have previously reported eye facing outwards to the shell. For  the next two 
defects in behaviour which occur after cycloheximide treat- while the embryo is migrating inside the egg, the yc 
ment [20], and it is therefore worth mentioning in passing comes to cover the entire head, and then from Day 
that this is the first example of better performance in those hatching the head is re-exposed but it is now turned 
areas of  the brain treated with cycloheximide during their the left eye and ear are pressed against the body and th 
development,  eye and ear are exposed to inputs through the shell 

In summary,  while both sides of  the brain can perform the sac. The last 3 days before hatching may be critical 
learning required for visual habituation, visual discrimina- termining lateralisation of  function in the fore-brai 
tion learning and auditory habituation learning are either 1o- Days 18 and 19 retinal activity can be detected,  an 
cated in or performed better  by the left hemisphere,  and the evoked potentials can be recorded on the surface 
left hemisphere is slightly more motivated to peck in the fore-brain [25]. Also, Saunders et  al. [24] have demon.' 
visual discrimination task. The right hemisphere appears to a sudden marked lowering of the threshold for auditc 
be more responsive to novel visual stimuli, tection between Days 18 and 20, which they attribute 

Although visual habituation may be lateralised in regions clearing of fluids from the middle ear. During these 1~ 
other than those effected by the present injections, a possible days of  incubation it is conceivable that the right eye a 
explanation why it may not be functionally lateralised in the are receiving more input and these are relayed to tl 
fore-brain, while visual discrimination and auditory habitua- hemisphere. The left hemisphere of the brain may th~ 
tion are, can be based on differences between the tasks in the be making memories in advance of the right. Memori 
way in which the receptors receive information and pass it be made at this age, since it is possible to imprint chi 
on to the fore-brain. Considering chickens tested binocularly both auditory and visual stimuli before hatching [3,7]. 
and binaurally, in both the visual discrimination and the Bell and Gibbs [1] have shown that day old chick~ 
auditory habituation tasks information would be received unilateral engrams of a one-shot, avoidance learnin! 
jointly by both sides of the fore-brain. In the visual discrimi- monocular training and testing demonstrated that the 
nation task pecking is in the binocular field of  vision, and in ory was laid down in the hemisphere contralateral to t 
the auditory habituation task both ears receive the auditory used in training. It is therefore possible that at hatchi 
stimulus. It may therefore have been unnecessary to dupli- left hemisphere already contains engrams which are 
cate in each hemisphere the neural circuits used in learning from the right, and that this forms the basis for subs, 
these tasks. However,  visual habituation is performed al- differentiation between the hemispheres,  such that t 
most exclusively with use of  the peripheral field of vision hemisphere is concerned with complex processing o! 
(the chicken examines the novel visual stimulus with only mation connected with attention switching and requi~ 
one eye), and consequently each side of the fore-brain may learning, while the right side is more concerned with 
need to contain the capacity for visual habituation learning, term response to novelty. It is possible that the right 
It was found that animals tested monocularly habituated at sphere scans the environment selecting inputs which 
the same rate as controls regardless of  whether the hemi- further processed by the left hemisphere. 
sphere ipsilateral or contralateral to the eye being tested had The ability of cycloheximide to reveal this hemis 
been treated with cycloheximide. This implies that each eye lateralisation may not be paralleled by biochemical est 
has access to the circuits for visual habituation in both sides of  the amount of protein synthesis block in each side 
of  the fore-brain, which contrasts to the results for visual fore-brain after unilateral administration of this dose 
discrimination learning in the binocular field, and suggests drug, since Woolston et al. [27] report that as early a~, 
that these two visual tasks may use different neural path- after unilateral administration of the drug there is a 
ways. As Nye [17] has suggested for pigeons and Friedman block of protein synthesis on both sides of the fore 
[5] for doves,  information from the frontal and peripheral However,  M. E. Gibbs (see addendum) has found 
areas of  the visual field may be processed by different path- cantly different degrees of protein synthesis inhibil 
ways. Access  to both hemispheres by pathways which re- each hemisphere 30 min after unilateral administral 
ceive input from the peripheral field of vision could be im- cycloheximide. Irrespective of which of these findings 
portant to survival in the natural environment,  since these rect, there must be a molecular substrate which cot  
pathways are likely to be the ones used to detect predators with the behavioural differences resulting from left e 
and they would allow decisions and responses to be made side administration, and this could be localised char 
without turning the head. amino acid pools occurring within minutes of tl 

The left-sided Iocalisation of auditory habituation learning cloheximide treatment [9]. 
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