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The possibibility of complete functional,and even morphological,restoration of portiorls of the cortex re- 
moved at an early age from dogs and cats [5, 3, 8] raises theproblem of to what extent the same process may 
take place in animals in which the brainislesshighlyorganizedthan in mammals, Birds are an interesting group 
to study. 

The cerebral cortex of birds consists chiefly of tile well developed corpus striatum. The cerebral cortex 
is very poorly developed, and represented only by its evolutionarily old portions and occupies a small strip cover- 
ing the corpus striatum. Numerous experiments with complete excision of the cerebral hemispheres in adult birds 
have shown that the animals lose the power of detailed perception of the surroundings [1, 2, 4, 9, 10], However, 

Fig. 1. Diagram of portions of cere- 

bral cortex removed. Frontal section 
at boundary of middle and hind thirds; 
region removed in the first group shown 
by horizontal shading, that in the sec- 
ond group by vertical shading. 

if olfly the cortical layer is removed, leaving the corpus striatum 
on both sides intact, then pigeons retain previously elaborated con- 
ditioned reflexes [2]. 

The present work has been carried out to investigate the pos- 
sibility of restoration of the visual and auditory systems, and also 
to what extent morphological regeneration of the removed portions 
of the hemispheres may take place in young chickens. 

M E T H O D  

The experiments were carried out on "Russian White" chinks 

aged 6-12 days. The animals were divided into two groups. In 
the first group consisting of 17 birds, the posterior halves of the 
cerebral hemispheres, including the cortical rudiments in this re- 
gion and part of the corpora striata, were removed through holes 
trephined on both sides of the skull. In the second group consisting 
of 6 birds, only the cortical rudiments lying m the superficial por- 
tion of the hemisphere over the ventricles were removed (Fig. 1). 

In addition, the same operations were carried out on 5 adult birds. 

After 3-4 months from the time oI operation, the cvnditioned reflexes in 28 of the operated and 14 of the 

control birds were studied. Conditioned reflexes were established to the opening of the feeding trough, to the light 
stimulus from a 75 watt 120 volt lamp, and to 500 c/s sound stimulation from a generator, all these stimuli being 
reinforced by feeding. 
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Fig. 2. Diagram of the apparatus for studying visual and auditory 
reflexes in chicks. 1) Main supply, 2) rheostat , 3) voltmeter, 4) 
step-down transfomler, 5) time marker, 6) t ime marker, 7) common 
switch for markers, 8) switch for light signal, 9) switch for sound 
stimulation, t0) sound generator. 11) light signal lamps, 12) loud ~ 
speaker, 13) rheostat for controlling light intensity, 14) switch for 
time marker, 15) source of current pulses for time marker, 16) con- 
tacts of lid feeding trough, 17) switch for sound generator, 

TABLE 1 

Figures Showing the Formation of Conditioned Reflexes in Control and Ex~ 
perimental Chicks with Excised Posterior Halves of the Cerebral Hemispheres. 

Kind of conditioned reflexes 

Indication of formation of condi- visual 'auditory 

tioned reflexes 

Number of coincidences before the 
firstapDearance of the condt- 
tionefl~reflex 

Number of coincidences before cow 
solidation of the reflex 

Stability of the conditioned reflex 
(%of total number ofte~ts to which 
positive responses was obtainea) 

Regularity of the conditioned re flex 
(maximal number of successive 
positive responses) 

Latent period of the conditioned re -  
flex (in seconds) 

iexpeti- 
ment 

2.4 

1.4 

'0.7% 

2.6 

5.5 

control 

3.9 

8.2 

80.6% 

1 % 0  

3.0 

| . 

experi- 
m ent 

5.5 

6~8. 

9.9% 

0,7 

4,8 

control 

1.5 

2.3 

86~ 

15.4 

2.8 

The experiments were carried out in 5 compartments with identical conditioned stimulation (Fig. 2). Simul- 
taneous recordings with inkwriters were made of the application of the light or sound stimuli (conditioned stimuli) 
and of the opening of the lid of the feeding trough by the birds (conditioned reflex). 
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TABLE 2 

Figures Showing the Development of Differentiations in Control and Experimental Chicks 
in Whichthe Posterior Portions of the Cerebral Hemispheres were Removed 

. . . . . . . . . . . . . . . . .  L 

Differentiated sti- Kind of conditioned reflexes(dif- 
mull Indication of formationofeondi- fexelxziations) 

light (di- tioned reflexes(differentiations) ex- ex- feet volt- sound (fre. visual auditory .... 
a~eaDD- quencyin 
l~d f d  ' cps peri- control peri- I control 
lamp) ment I ment I 

1[500--300C Nt~mber~176 I 127--60 qevmopment ora statue anIeren- 
tlation t 25,5 16.9 8.4 I 5,4 

Stability of the differentiations el- l 
fected (in %) I 71.3 76.8 71,2 83.3 

Regularity (m aximal number of ' 
successive differentiations 
carried out) 6.5 8.5 6.8 10.9 

Numb er of coincidences before the 
127--80 500--200( developmentofa stablediffere~ 

tiation 4.4 6,6 3.0 2.4 
Stability of the differentiations ef- 

fected (in %) 67,5 85.0 85.0 86.0 
Regularity (max im al numb er of 

successive differentiations 
carried out) 5,2 7.9 5.9 6.8 

Number of coincidences before the 
127--90 500--150C developmentofastabledifferen- 

tiation 2.3 6,5 7,8 I ,I  
Stability of the differentiations ef- 

fected (in %) 68,8 84, I 66,9 81.9 
Regularity (maximal number of 

successive differentiations 
carried out) 4,9 6,5 5,1 7,5 

Numb er o f coinci, d enc.es before the 
127--100 500--10Or aevetopmentotastabledifferen- 

tiation 4,2 8.0 2.1 3.6 
Stability of the differentiations ef- 

fected (in %) 72.0 81.1 71.9 82,3 
Regularity (maxim al numb er of 

successive differentiations 
carried out) 5.0 6,7 5.0 7.1 

Nqmbe, r of coincidences before the ! 
127--115 500--900 aevelopmentofa stabledifferen- 

tiation' 4.3 4.8 2.5 3,0 
Stability of the differentiations ef- 

fected (in %) 65,4 82.9 71.0 84,5 
Regularity (m axim al numb er of 

successive differentiations carriec 
out) 3.8 5.0 3.8 7.1 

: . . : .  

Number of coincidences before the 
127--115 500--8001 developmentofastabledifferen 

tiation 6,2 2,2 2,5 
Stability of the differentiations el- 2.7 

fected (in o/~ 79.6 81.2 84.1 89.1 
Regularity (m aximal number of 

successive differentiations 
carried out) 4.5 6,4 5.3 7.0 

Number of coincidences before the 
127--I 17 Io0, --700 development of a stable differen- 

i tiation 2,1 2.8 1.2 I 2,5 
J Stability of the differentiations ef- I 

fected (in o/q) 74.1 83.5 81,9 81,6 
Regularity (maximal number of 

successive differentiation:; 
! . carried out) 6.9 5,9 6,7 t 7,3 
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T A B L E  3 

Figures Showing Formation of  Conditioned Reflexes in Control and Experi- 
mental  Chicks with Portions of  the Hemispheres Removed 

Indication of formation of condi- 
tioned reflexes(differentiations) 

Ngmber 0f coincJdences required 
before the first appearance of  a 
conditioned reflex 

Number of coincidences before 
stabilization of reflex 

Stability of the conditioned reflex 
(positive responses as %of the 
total) 

Regularity o f the c ond iti one d re flex 
( ~  axim um numb er of suc c essiv e 
positive responses) 

Latent period of the conditioned re- 
flex (in seconds) 

! Kind of conditional reflexes 
visual I auditory 

mente'xperi- central i experi" [ c ~ 1 7 6  

4.9 

97.9 

19.2 

1.9 

3.9 1 1.3 1 1.5 

8.2 1.3 2.3 

80.6 

17.0 

3,0 

96 

16.9 

2.0 

86.4 

15.4 

2.8 

Initially, for 2 days, all the chicks were taught to open the troughs and to obtain food from them in the 
illuminated compartment.  After this an association was developed between light stimulation and feeding. After 
forming and consolidating the conditioned reflex until 10 successive positive reactions were obtained, we then pro- 
ceeded to differentiate the reaction to changes in strength of the light signal (which was given at voltages of 60, 
80, 90, 100, 110, 115, and 117 volts). Differentiation of the sound stimuli was made in terms of pitch, using fre- 
quencies of 3000, 2000, 1500, 1000, 900, 800, and 700 c/s,  Thus, 7 light and 7 sound differentiations were made, 
beginning with the coarsest and ending with the finest. 

At the end of the experiments in which the conditioned reflexes and their differentiation were established, 

the animals were ldlled and the brains examined. 

R E S U L T S  

Table  1 shows the average times for the formation of the conditioned reflexes, their stability, and consis- 

tency, as measured in experiments on the 10 control chicks and in all the operated animals in which the whole 
of the posterior half  of the hemispheres was removed at an early age. 

It can be seen from Table i that the number ofcoincAdences required for the first manifestation of a con- 
ditioned reflex are quite different in the case of the visual and auditory stimuli. In all other tests, the experimen- 
tal animals differ from the controls; they differ in the required reinforcement of the conditioned reflexes, their 
stability, regularity, and also in the latent period of the motor reactions. Thus, removal of the posterior halves 
of the cerebral hemispheres in chicks, carried out so as to include the cortex and part of the striatum, leads to 
some disturbance in the ability of  the brains to form new pathways, a disability which is not compensated or re- 

stored as the animal develops. 

Figures showing the development of differentiations, and their stability and consistency,are shown in Table  

2. 

It can be seen from Table 2 that in developing differentiations, apart from the first, the rate in the operated 
animals is not only not lower than in the controls, but may even be higher, though the reflex is less stable and 

less regular. 

Thus, removal of brain substance including portions of the corpora striata causes a marked interference with 

the action of the visual and auditory stimuli. There is no recovery from this perceptual disturbance, even after 

long training. 
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TABLE 4 

Figures Showing the Development of Differentiation in Animals with Portions of the Hemis- 
pheres Removed, as Compared with Controls 

muliDifferentiated sti- I IiKindferentiati~176 conditioned reflexes (dif- 

"i'ight C~t~antittesindicatingformationof [ visual '" ~ a ' ~ ~  
(direct ~and Iconditioned reflexes(differentia- lex- 
appli~dv~ tane in [tions) IPeri- control pert- control 
to lam~ :ps) linear ment 

127--60 

127--80 

127--90 

500--1000 

500--900 

500--3000 

500--200C 

500-- 15~ 

127--100 

127--110 

Number of coincidences before the 
d&~.clopment of a stable ditferen" 
nat~on 

Stability ofth~ differentiations ef- 
fected (in a/~ 

Regularity (m aximalnumb er of 
,successive di ff~rentiations 
carried out) 

Number of coincidences befo~e the 
development of a stable differen- 
nanon 

Stabilityofthe differentiations el- 
fected (in o/~ 

Regularity (maximal number of 
:successive diffferentiatiom 
carried out) 

Num bet of coincidences before the 
development of a stable differen- 
tiatioii 

Stability of the differentiations el- 
footed (in %) 

R~gularity (maximal numbe, r of 
l~ccessive differentiations 
carried out) 

Number o~" coincidences before the 
development ufa  stable di fferem- 
tiation 

~tability of the differe~iations af- 
fe,~ed (in 0/~ 

Re~u'tarity (maximal number of 
s,ac cessive differentiations 
carried ou0 

Number of coincidences before the 
d evelopmea-/t of a stable differen,, 
tiation 

~tability of the differentiations ef- 
footed (in ~ 

Re~larity (m axim al number of 
~ccesslve differentiations 
carried out) 

4,1 

78,8 

5.0 

2.4 

86.6 

5.6 

1,9 

90.0 

5,1 

4.8 

78.5 

4,7 

4.1 

80.1 

5..4 

16.9 

76.8 

8.5 

6.6 

85,0 

7.9 

7.8 

84.1 

6.5 

8.0 

81.1 

6.7 

4.8 

82.9 

5.0 

3.6 

83.2 

4.9 

3.4 

87,6 

5,5 

2,8 

87,3 

5.0 

3.1 

84,0 

4,1 

2.9 

86.6 

5,5 

5.4 

83.3 

10.9 

2.4 

86.0 

6.8 

2.3 

81,9 

7.5 

3.1 

82.3 

7.1 

3.0 

84,5 

7.1 

Table:3 shows the results of the average values of the formation, stability, and regularity of the conditioned 
reflexes developed in chickens in which the cortical rudiments were removed at an early age. 

As can be seen from Table 3, the operated chicks perform every bit as well as the controls, and may even 
surpass them. 

Table 4 shows the results of experiments in which a differentiation was made between light stimuh and be- 
tween sound stimuli. At first large differences were used (127 and 80 votts applied to the lamp, and tones of 500 
and 3000 c/s), after which the differentiation was refined. 
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TABLE 5 

Measurement of Conditioned Reflex Activity in Chickens in Whom the Poste- 

rio~ Halves of the Hemispheres had been Removed when Fully Grown 

Kind of, conditioned ~xeflexes 
In~maUon of formation of conda- 
tioned re flex es (differentiaUons) 

Stability; of the conditioned reflexes 
(as %otpositiverespon~es) " 

Stabklity of the differentiations(as 
of total numb er of tests) 

Latent pexiods of the conditioned re- 
flexes (in seconds) 

v~sual auditory 

9efore op- 
eration 

94.4 
94.6 
93.6 
97.5 
98.0 
85.0 

2,8 
3.8 
3.9 

I before op-[after op- 
eration leration 

89.1 85.7 
75,4 77.7 
81. I 100 
! O0 87.5 
1 O0 7 9 . 1  
83.3 33.3 

2 . 5  1.9 
6.4 3.2 
5.0 2,7 

after op- 
eration 

100 
77.7 
100 
100 
66,6 
16,6 
2.6 
3.4 
5.3 

TABLE 6 

Change in Conditioned Reflex Activity of Chickens in Whom the 
Cortical Structures had been Removed in the Adults 

Indication of forma- 
tion of conditioned re- 
flexes (differentia- 
tiom) 

Kind of conditioned reflex es 

visual audl~ory 

before op- after op- 
eration eration 

before op- after op- 
era~ion eration 

Stability of the condi- 
t.toned reflexes {as % 
ofpositive responses) 

Stability of the differ- 

entiations (as %of 

total tests) 

Latent perioos of con- 

itioned reflexes (in 
seconds) 

83.5 
89.3 

100 
100 

3.0 
1.7 

54.0 
!00 

100 
I00 

5,0 
2.2 

69.0 
94.1 

93.7 
68.7 

4.0 
1.3 

47.2 
100 

100 
100 

2.8 
2,7 

It can be seen that the operated animals perform as well as the controls, and in some cases even better. 
Thus, removal at an early age of the superficial portions of the hemispheres with their cortical rudiments causes 
no noticeable disturbance of conditioned reflex activity, such as occurs in the 8-12 month animals. 

R e m o v a l  o f  P o r t i o n s  o f  t h e  H e m i s p h e r e s  in A d u l t  C h i c k e n s  

The experiments on these birds were arranged so that at first conditioned reflexes and differentiations were 
elaborated, after which portions of the hemispheres were extirpated. After recovering from the operation, tests were 

made of the state of the positive and differentiated conditioned reflexes. 
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In 3 adult birds, the posterior halves of the hemispheres including portions of the corpora striata had been 

removed. The results of the conditioned reflex study are shown in Table G. 

From Table 8 it can be seen that after the operation not only was there no reduction in the stability of the 
conditioned reflexes already elaborated, but that in most cases they became even more stable when the reflex was 
reinforced; there was a noticeable reduction in the latent period of the reactions. However, removal of the pos- 
terior portions of the hemispheres, including the corpora striata, caused a profound disturbance of the negative 
conditioned reflexes. This was shown by a marked reduction in the stability of previously elaborated differentia- 
tions. 

The superficial layers of the hemispheres including the cortical rudiments were removed from 2 adult birds 
in whom conditioned reflexes and differentiations had been elaborated. The results obtained in these experiments 
are shown in Table 6, from which it can be seen that removal of the cortex caused a deterioration in one case 
and an improvement in the other of the stability of the positive conditioned reflexes. In most cases the latent 
periods were increased. However, the stability of the differentiations was not only not reduced by the operation, 
but, as can be seen from the example of the differentiated response to the auditory stimuli, it was actually increas- 
ed. It is not possible to draw any further ooncluslons from the results on this group of adult operated birds, because 
of the scatter in the results and the small number of animals concerned. 

As a result of these observations it was established that conditioned reflex activity was maintained in chick- 
ens in which the occipital portions of the cortex were removed at an early age, and that perceptual function was 
damaged in birds in which, in addition, there was damage to the corpora striata. This result confirms the impor- 
tance of the corpora striata in forming circuits in a brain in which the cortex is phylogenetieally immature [4, 6, 
7]. It is not unexpected that the disturbance of the conditioned reflex activity is such that responses to positively 
conditioned stimuli are as a rule preserved, but there is a reduced ability to differentiate between stimuli. This 
may indicate that simple temporary connections may be formed in the portions of the corpora striata remaining, 
and that the whole striatal system (or, in any case, of its posterior portions) maypart icipate in the more complex 
analytical acts. 

Morphological studies of the brain of the operated animals showed that extirpation at an early age which 
includes the corpora striata in most cases causes irreversible damage, but that when only part of the occipital cor- 
tex is removed, no visible damage can be discerned after 6-7 months. 

It has been shown that in mammals, regeneration of portions of the cerebral hemispheres removed at an 

early age may take place [3, G, 8]; this occurs only in birds for the cortical region, and does not apply to the 
corpora striata which form the main mass of the cerebral hemispheres. 

SUMMARY 

Removal of the cerebral hemispheres, including the corpora striata, in young chicks has a marked effect on 
their subsequent conditioned reflex activity. The stability and regularity of the conditioned reflexes is reduced, 
and differentiation of the visual and of the afiditozy conditioned signals deteriorates. Removal of the rudimentary 
cortical areas in young chicks has little effect on their subsequent reflex activity, and does not affect accurate 
visual or auditory differentiation. Disturbances of visual and auditory analysis caused by injury to the corpora stria.. 
ta are found also in adult hens, but do not occur when only the rudimentary cortical areas are destroyed. Cortical 
areas removed from young chicks regenerate, while there is no recovery from damage to the corpora striata. 
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