EFFECT OF BRAIN ASYMVETRY ON LEARNI NG
AND FEEDI NG I'N CH CKENS
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SUMVARY

Thi s paper suggests that asymetry of brain function may have
| mpor t ant inplications for display patterns and social organisation in
chickens. The functions known to be asymmetrically organised in the chicken
brain are discussed together with the techniques which have been used to
reveal these asymetries. Hem spheric and eye-eye asymetries have been
denonstrated. The latter are manifest in behaviour of the whole animal, such
that attack and copul ation responses are nore |likely to be elicited by stinuli
inthe left visual field, and the right eye is better in perform ng visual
discrimnation learning to feed. Suggestions aremade for nanagenent relating
to the use of polypeepers and position of feeders in the cage. The effects of
donestication, incubation conditions and hormonal treatment on asymetry are
di scussed.

|« | NTRODUCTI ON

The left and right hem spheres of the chicken brain have been shown
to have different functions in the control of many behaviours. Such asymetry
of brain function has now been reported for a number of species (Harnard et
al. 1977, Denenberg 1981), but in avian species it has special relevance to
t he behavi our of the whole animal. The reason for this is that the optic
nerve fibres decussate conmpletely in birds, and birds have no ngjor
i nterhem spheric connecting systemsuch as the corpus callosum of nmanmals.
Thus information received by one eye is processed largely by contralateral
side of the brain (Rogers 1985). In other words, information processing by
the left-eye-system LES, differs fromthat of the right-eye-system RES, and
therefore the left and right eyes |ook at different worlds and direct

different behavioural sequences. That is, 1in birds, asymetry of brain
function becomes manifest at the perceptual level and, for the visual system
at | east, it becomes an asymetrical tenplate inposed upon the space

surrounding the animal. As a consequence of this, asymmetry of brain function
may have becone nmanifest in social behaviour, and so play a role in the
managenent of commercial chicken flocks.

[l ASYMMETRY IN THE CH CKEN BRAIN

Asymetry of function in the chicken brain (australorp x | eghorn) was first
demonstrated by unilateral admnistration of cycloheximde (CXM), an inhibitor
of ribosomal protein synthesis, into either the right or left forebrain
hem sphere on day 2 of post-hatching |life (Rogers and Anson 1979). Treat nent
of both hemi spheres or of the left hem sphere alone was found to retard
learning of a visual discrimnation task, in which the chicken has to search
for grains of food mash scattered on a background of small pebbles (Rogers et
al. 1974). Treatment of the right hem sphere with CXM was found to have no
effect on this learning performance; these birds learnt as well - as
saline-treated controls. The learning deficit which follows treatment of the
| eft hem sphere can be detected long after the CXM has ceased to inbhibit
protein synthesis. Learning performance is usually neasured in the second
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week of life, but the deficits have been found to persist up to 20 weeks at
| east (Rogers et al. 1974). The CXM treatnent in early life nust disrupt
brai n devel opnent such that subsequent information processing is inpaired.
This disruption is now known to occur, not directly by CXM's inhibition of
protein synthesis,, but indirectly by its effect in causing the tenporary
accumul ation of the amno acids glutamate and aspartate in brain amno acid
pool s (Hambley and Rogers 1979). These am no acids, whi ch are neuronal
excitotoxins, cause the sanme effects as CXM when they are admnistered al one
to the left hem sphere (Rogers and Hanbl ey 1982).

As retardation of visual discrimnation learning occurs after
treatment of the left hem sphere irrespective of whether the right hem sphere
has been treated or not, the sinplest hypothesis to explain these results is
that the pathways involved in learning to discrimnate grain from pebbles are
located in the left hem sphere.

This asymmetry can al so be denonstrated by testing untreated chicks
monocul arly on the sane task. If untreated male chickens in their second week
of life are tested nonocularly on the visual discrimnation task, those wth
occlusion of the left eye, and therefore using their right eye and left
hem sphere (RES), learn significantly nore slowy than those with occlusion of
the right eye, and therefore using their left eye and right henm sphere (LES)
(Andrew et al. 1982; Rogers 1985). This asymretry is consistent with that
reveal ed by intracranial admnistration of drugs. However, while it is
present in nmonocularly tested males, females chickens tested sinilarly in the
second week of life show no eye-eye asymetry for this task (Rogers 1985;
Andrew and Brennan 1984), Gven that females do show the asymetry reveal ed
by unilateral drug treatment of the hem spheres, this suggests sex differences
in the organisation of visual pathways fromeye to brain in the chicken.

Rogers and Anson (1979) found that, irrespective of whether they
learnt to discrimnate grain from pebbles in the task, chicks tested using the
RES i n general pecked nore rapidly than those tested using the LES.
Consequently, they proposed that the right-eye-left-hem sphere system may
drive pecking to feed. In a different task which exam ned pecking rates at a
novel, bead stimulus, Andrew et al. (1982) found that pecking performance of
the RES was the same as that of birds tested using their binocular field, but
that of the LES was different. This led themto deducte that right-eye
mechani sns domi nate control of pecking in the binocular field. The RES has
al so been found to domnate for recall of nmenory of an operant, visual
discrimnation task for food reward (Gaston and Gaston 1984)., All three of
these paradigms inplicate the right-eye-left hem sphere system as dominant for
control of pecking and feeding behaviour.

Chickens treated with CXM or glutamate in both hem spheres, or the
| eft hem sphere only, also show slowed auditory habituation |earning and
attentional pertsistence (Anson and Rogers, 1979; Howard et al. 1980; Rogers,
1985). Treatnment of the right hem sphere has no effect on these behaviours.
An attentional ly persistent animal switches attention fromone stinulus type
to another less frequently (Andrew and Rogers 1972; Rogers 1985). Attentional
persi stence has been' studied on visual tasks for choice of food grains.
Chicks treated with drug in the left hem sphere or both hem spheres swtch
search fromred to yellow coloured food grains |ess frequently. Si nce
attentional persistence is nmanifest in the visual system (it may be present in
other nodalities as well), it is likely to be present as an eye-eye asymetry
with inplications for feeding and social behaviour, It should be noted that
attentional persistence is distinct fromretarded |earning, since the two



behaviours can be clearly separated (Rogers and Anson 1978). It is not yet
possible to say whether the asymetries in auditory habituation are likely to
be manifest as asymetries in behaviour of the whole animal, because less is
known about the organisation of the auditory pathways from receptor to brain.

The forebrain also plays an asynmmetrical role in the control of
attack and copulation behaviour in the chicken. Treatment of the left
henmi sphere of male or female ckicks with CXM orglutamate |leads to el evation
of attack and copulation scores, just as if the chicken had received treatnent
with an androgenic steroid (Howard et al., 1980). No such elevation of these
behaviours occurs after treatnent of both hemi spheres or of just the right.
Gven that treatment of both hem spheres has no effect in this case and
el evated scores only occur after treatment of the left, the left hem sphere
nust know the state of the right, and vice versa. In this respect asymetry
for attack and copulation differs from visual discrimnation |earning as
reveal ed by treatment on day 2 of life. Asymmetry for control of attack and
copul ation is present, but it requires interhemi spheric coupling.

The asymmetrical control of copulation is also evident as asymmetry
between the eyes. |f birds treated with testosterone are nade nonocul ar from
day 5, before copulation testing commences, those using their LES show
el evated scores equivalent to the levels reached by binocularly tested birds,
but those using their RES do not (Rogers et al. 1985). This occurs in both
male and femal e chicks, although different steroid doses are needed to reveal
the effect in each sex (Bullock 1985). These data suggest that the right
hem sphere  activates copulation while the left hem sphere suppresses it
(Attack could not be accurately investigated in nonocular tests since
monocul ar  chicks show variable attack scores depending on whether the chicken
has caught sight of the stimulus or not. However, the asymmetry for attack
was simlar to that obtained for copulation.)

Conprehensive accounts of the asymmetry present in the chicken brain
have been given in two reviews (Rogers 1980; Rogers 1985). To summarise
briefly, the right eye-left hem sphere system contains the pathways necessary
for visual discrimnation learning, it domnates control of pecking in the
bi nocular field, is involved with switching attention from one stinulus type
to another, and it suppresses the performance of attack and copul ati on. Al
of the functions of the RES taken together, indicate that it may have a
dom nant role in feeding behaviour, involving choice of food type and search
for  food. The left eye-right hem sphere system activates attack and
copulation, and, as Andrew and Brennan (1983) have shown, it is also the
system which has increased responsiveness to novelty and fear. Andrew (1982)
has therefore suggested that the right hem sphere is active during the intense
performance of species-specific responses, and he suggests a parallel to the
right hem sphere's involvenent in enotional responses in humans.

[, CONSEQUENCES OF ASYMMVETRY ON BEHAVI OUR OF THE CHI CKEN

As a consequence of the asymmetrical organisation of the brain and
the completely decussating eye-to-brain visual pathways, the position of a
stimulus in the visual space surrounding a bird would be expected to influence
not only the likelihood of response to that stimulus but also the nature of
the response. Stimuli received in the left visual field may be nore likely to
elicit attack or copulation responses. O course, the bird may well overone
any such initial bias on responding by always turning its head to use both
fields of vision, at least to use the snmall area of binocular overlap, before
it responds. If so, this should be ewvident in the head novements made before



respondi ng. No measurenents of these have yet been nade, It remains quite
possible that in situations requiring rapid responses, possibly attack pecks,
there is a left-side bias for increased |ikelihood of a response being
elicited.

Wien chickens nust discrimnate fine differences between grains or
seeds and the background they usually use their binocular, frontal field of
vision. Although the RES dom nates the biocular field for pecking to feed, a
side-bias in discrimnating grain and pecking would only be evident when
perpheral vision is used, such as when grains pecked at bounce either left or
right. Performance of this kind should be best is the right visual field.

Certainly, when a chicken is feeding and discrimating grain or seed
inthe frontal field, it would be nmuch nore likely to be distracted by
stinuli, possibly predators or other birds, nmoving into the left peripheral
field of vision, rather than the right. The response to novelty in the |eft
visual field is greatest; thus feeding is more likely to be distrupted by a
response of fear, attack or even copul ation.

Recognition of these side-biases may be inportant for care of
commercially raised chickens, If, for example, the food trough is placed so
that new animals approaching it are likely to approach a feedingani mal from
the latter's left side, nore disruption of feeding, and possibly increased
aggression, may occur.

The order of a group standing at the feeding dish may have a
consi derable amount to do with these side-biases. Mwvenent of feeders which
di srupts such orders may increase aggression and disrupt the peck-order. Al
of these predictions are directly testable.

In the case of copulation, the directing of circling of the cock
during courtship waltzing may determ ne whether nounting will occur or not (a
greater chance of mounting if circling is in the anticlockw se direction).
Alternatively, the cock may choose to waltz in one direction or the other
depending on its notivational state, whether it intends to copulate or not.
Either way, the visual field asymetry would be incorporated into the
courtship display (Rogers 1985).

Pol ypeepers are used to reduce aggression in large flocks of
intensively reared chickens. They would seem to achieve this by occlusion of
the binocular field of vision. However, it may be necessary to occlude only
the left eye in order to reduce aggression, This is provided, of course, that
occlusion of the left binocular field only will suffice, a factor which needs
to be tested since the experinments to date have used monocul ar occl usion of
the conplete visual field on one or the other side. The occlusion of the |eft
eye should also occur early enough. 1In the experinments denonstrating LES- RES
asymetry for attack and copul ation the nonocul ar occlusion was mnade by
pl aci ng the eye patches over the eyes before testing commenced and these
pat ches remained in place throughout the next 10 days or so of testing. Wth
this paradigm chicks using the LES showed elevated scores but those using
their RES remained |ow (at control |evels) throughout the entire testing
period. I n another experiment the chicks were tested binocularly for attack
and copulation wuntil the second week of Ilife. The eye-patches were then
applied, at which time the LES performance dropped to base-line levels while
the RES renained high, as predicted (Zappia & Rogers, 1985). However, this
asynmmetry was only tenporary; subsequently*, the RES scores increased to those
of the LES For  this reason, it would seem necessary to put the



nonocul ar - pol ypeeper on the chicken before attack and copul ation performnce
levels increase under the influence of testosterone's action. In the
experinents reported here juvenile attack and copul atory behaviours were
stinulated in early life by testosterone treatnent. In the normal course of
devel opnent these  hornonal and behavioural changes do not occur until
puberty. This would be the age at which to apply the nonocul ar occluder,

Application of a monocul ar pol ypeeper to the left eye would not only
be expected to be sufficient to reduce aggression, but it would leave an
unobstructed RES available for discrimnation of grain for feeding. The
pol ypeepers whi ch occlude the binocular field of both eyes nmust either cause
deficits in visual discrimnation of food grains, since unobstructed visual
discrimnation learning primarily uses the binocular field, or it must require
behavi oural adjustnents to overcone the loss of visual field. The nonocul ar,
occluder of the |eft eye may obviate any need for such adjustnents.

V. ASYMMETRY AND DOMESTI CATI ON

Prelimnary evidence 'suggests that asymetry of brain function is
present in the feral strain collected fromNorth Wst Island, and now breeding
at the University of New England. Asymetry of brain function in the chicken
has therefore not sinply been selected for by domestication.

(a) Methods
Eggs of the feral chickens were incubated in dark, force draft

incubators wuntil day 19 of incubation, at which time they were placed into a
lighted incubator until hatching. After hatching they were held in groups of

4 for the first 3 days of life. Hal f of the animals were injected with
glutamate (5 L 100 mM) into the left hem sphere and 5L of 0.9% pyrogen-free
saline into the right hem sphere. The other half received glutamate in the

right hem sphere and saline in the left.

On day 3, each chicken was placed in an individual cage (9 cm square
by 12 cm high) which isolated it visually, but not auditorally, fromthe other
chickens. Testing for attack and copul ati on comrenced on day 7 of life and
continued daily until day 15. These behaviours were scored using standard
hand-thrust tests (Zappia and Rogers 1983).

For attack testing the hand is thrust with arched fingers at the
| evel of the chicken's beak. Responses range from avert gaze to active
sparring and attack |eaping, and the score is nade according to a ranking
order fromO to 10. For copulation testing the flattened hand is thrust at
the level of the chicken's chest and then held stationary. Responses range
fromno mounting of the hand (zero score) to nounting the hand with crouching,
treading and pelvic thrusting (maxinum score of 10). Each of these tests were
repeated three tines daily and a mean score taken.

(b) Results

After being isolated, 70%w of feral chicks treated with glutamate in
the left hemi sphere failed to eat enough to naintain a normal rate of body
growth rate, and possibly also to drink enough. My of these animals died
before testing commenced on day 7. By comparison only 30% of the chicks
treated with glutamate in the right hem sphere showed the sane effects. It
should be noted that no such lack of ability to maintain body weight is
evident in the australorp x leghorn strain.



In this prelimnary experinment only 6 feral chicks (male and fenale)
remained in each group to be tested for attack and copulation. Unlike the
previous findings for australorp x leghorn chickens, there was no difference
in attack performance between the groups of feral chicks treated in the left
or right hem spheres. Both groups scored very high levels of attack, a result
which we have also found in untreated feral chickens. However, the group
treated with glutamate in the left hem sphere showed el evated copulation
scores while that treated in the right did not (e.g. P =0.002 for a |-tailed
U-test comparison of the scores on day 15).
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Figure 1: Copulation performance plotted as a mean daily score together
with standard error, from days 7 to 15 of post-hatch life (n =
6 per group). represents the groups treated with
glutamate in the left hemisphere on day 2, and the group

treated with glutamate in the right hemisphere.
(c) Discussion

The same asymmetry for control of copulation found previously in the
australorp x leghorn strain is present in the feral strain. (Note that the
intracranial injection technique reveals asymetry in both males and females
of the commercial strain, and we also found no sex difference in the feral
strain when using this technique). As attack scores were so high in all the
feral chickens no '"asymmetry for this behaviour could be revealed using a
pharmacol ogi cal nethod which unmasks attack behaviour. Perhaps asymetry for
control of attack can be denmonstrated by nonocul ar testing, but, as nentioned
earlier, this too has problems for attack scoring.

The high nunmber of feral chicks which failed to feed adequately after
glutamate treatnent of the left hemi sphere is interesting given previous
suggestion from experinments wth comercial strains that it is the left



hem sphere which directs pecking to feed. The effect in ferals is nore
dramati c. It is also the left hem sphere which processes learning to visually
discrimnate food grains, and these data for feral chicks may suggest that
disruption of its devel opment by glutamate can beconme |ife threatening.

Further experiments need to be conducted using the feral strain, but
it can already be seen that asymmetry of brain function is present in this
strain.

V. FACTORS AFFECTI NG ASYMVETRY

Wil e domestication has apparently mnot selected for the presence of
brain asymetry in the chicken, incubation conditions can have significant
effects on it. Rogers and Anson (1979) suggested that the asymmetry of brain
function in chickens may. at least in part, be generated by unequal growth of
the left and right hem spheres, which occurs as a result of unequal |ight
input into the left and right eyes before hatching.

In the last days of incubation, when the visual pathways fromeye to
brain are nmaking functional connections, the chick: enbryo is oriented in the'
egg such that the body and wing occlude the |eft eye, |eaving the right eye
exposed to |light entering through the egg shell and nmenbranes. The greater
amount of light received by the right eye, they argued, may stinulated growth
of the left hemi sphere. in advance of the right and so lay the basis for
asymmetry.  Thi s hypothesis gai ned support from experiments in which eggs were
i ncubated in darkness during the last 3 days of incubation (Rogers 1982;
Zappia and Rogers 1983). The chicks hatched from these eggs were still
asymmetrical in brain function, but half the population had the orientation in
one direction and half in the other so that no over-all population asymetry
or bias was present. Further studies showed that as little as 2 to 3 hours of
l'ight exposure on day 19 of incubation is sufficient to orient the direction
of brain asymetry so that all individuals are asymetrical in the sanme
direction and a population bias is present.

Testosterone, 5 -dihydrotestosterone and oestrogen treatment can al so
alter the direction of brain asymetry in chickens (Zappia and Rogers 1985;
Bul | ock 1985). These hornones reverse the direction of LES-RES asymetry for
visual discrimnation |earning, and shift hem spheric dom nance for control of
copul ation.

Brain asymretry in the chicken can therefore be affected by factors
under farm managenent control; wviz., light exposure during incubation and
hornmonal exposure during post-hatching devel opnent. Various procedures used
in raising chickens commerically may be inadvertently nmanipul ati ng asymetry
either to advantage or disadvantage for productivity or for welfare of the
chi ckens. | believe that we need to understand these factors. Wether the
chicks are hatched from eggs incubated under |ight or darkness may have
| mpor t ant effects on behaviour in flocks, since one mght expect the
behavi oural organisation of a flock of birds with a consistent bias in the
direction of individual brain asymetries to differ froma flock in which
there is no bias in the direction of individual brain asymetries. Whet her
these differences would be manifest in, say, different l[evels of aggression,
which is feasible, can now be determ ned.

O course, the nonocul ar pol ypeeper suggested here could oniy be
successfully applied, if at all, to chicks with a flock bias in the direction
of asymetry.
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