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EXPERIMENTAL NEUROLOGY 25, 447-459 (1969) 

Effects of Unilateral Visual Deprivation on the 
Developing Avian Brain 

STEPHEN C. BONDY AND FRANK L. MARGOLIS 1 

Department of Biological Chemistry and the Brain Research Institute, 
Department of Medical Microbiology and Immunology, University of California 
School of Medicine Center for the Health Sciences, Los Angeles, California 90024 

Received July 14, 1969 

The effect of varying states of visual deprivation on the development of the 
optic lobes and cerebral hemispheres has been studied in the chick where the 
visual pathways are totally crossed over. Unilateral eye extirpation of the new 
hatched chick resulted in arrested development of the contralateral but not 
ipsi!ateral lobe, as measured by weight, protein content and acetylcholinesterase 
activity. Similar effects but of smaller magnitude were observed in the cerebral 
hemispheres. Histologic and enzymic evidence revealed the absence of significant 
degeneration in the optic lobe contralateral to an eye removed 17 days previously. 
These results were observed in the optic lobes of operated animals maintained 
either in light of in darkness between 3 and 17 days after hatch. However, in the 
inpaired cerebral hemispheres, differences could only be detected in birds kept 
the light. The effeets of unilateral eyelid suturing on the development of chick brain 
regions were also examined. In this group, all asymmetrical differences observed 
within paired brain regions were totally light dependent and confined to the 
cerebral hemispheres. The hemisphere contralateral to the sutured eye weighed 
less and had less acetylcholinesterase activity than its paired hemisphere. The 
cerebral hemispheres of monocularly treated birds manifested effects of similar 
magnitude whether the treatment was enucleation or suturing. This suggests 
that the complete development of the associative centers in avian cerebral hemi
spheres is dependent on both intact innervation and on the information content of 
the visual input. 

Introduction 

The determination of biochemical changes in the central nervous system, 
which are correlated with differential sensory input, is of primary interest 
in the study of the molecular basis of cerebral function. Experiments de-

1 We thank Dr. P. Cancilla for very generous help in the preparation and inter
pretation of the histological material. We also thank Dr. S. Roberts (grant from 
the United Cerebral Palsy Research and Educational Foundation) and Dr. S. Zamen
hof (NIH Grants HD01909 and NB-08723-01 and American Cancer Society Grant 
P-503A) for kind and generous support during the course of thi.s study and Mrs. B. 
Morelos for expert technical assistance. 
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signed to investigate these changes are complicated by the difficulty of 
choosing appropriate controls, so that only one parameter is varied. How
ever carefully conditions are selected, experimental and control animals re
main different individuals subject to unintended variations which could over
shadow subtle but significant differences in chemical composition. It 
would thus be desirable to be able to use each animal as its own simulta
neous control. An experimental system which seems to meet this criterion is 
the avian visual system. 

The complete decussation of the optic tract in many birds (10) suggests 
that unilateral manipulation of visual input could be expected to result in 
ciifferential effects in the two optic lobes of the avian brain. Since one optic 
lobe can be compared to its contralateral partner, each bird can serve as its 
own simultaneous internal control. The two optic lobes of the chick are ana
tomically distinct and constitute a considerable fraction of the total weight 
of the brain. Any differences detected between the two lobes would presum
ably be the result of experimental manipulation of sensory input and not 
due to any systemic or humoral variations which would affect both lobes 
equally. Long-term unilateral histological changes occuring in the adult avian 
visual system after removal of one eye in the young bird were described 
many years ago ( 30). Autoradiographic studies of the long-term effects of 
this operation on the optic lobes of adult birds have also been described 
( 1). However, little is known of the early, quantitative biochemical changes 
in various brain regions after unilateral eye removal in newly hatched birds 
(26). 

We have examined the differential effects of unilateral visual deprivation 
for comparatively short times on the paired optic lobes and cerebral hemi
spheres of newly hatched chicks. We have investigated two types of mono
cular visual deprivation resulting from enucleation or eyelid suture over an 
intact eye. The role of incident light was also tested. A portion of this work 
has been published as a preliminary report (28). 

Methods 

Fertile chicken eggs from white leghorn strain K137 were obtained from 
Kimbler Farms (Pomona, Calif.) and incubated at 37.5°C in a forced-draft 
incubator until hatched. The effect of unilateral visual deprivation was stud
ied in chicks anesthetized by an intramuscular injection of 1 mg Nembutal 
(Abbott) on the day after hatching. The eyelids of either the right or left 
eye were sutured with nylon monofilament and then painted with a collo
dion film to insure the eyelids remained sealed. Left or right enucleation 
was performed as described by Menaker (29). Mortality was less than 5%. 
Animals recovered from anesthesia and surgery in a warm chamber. They 
were then maintained in brooder cabinets with free access to food and wa-
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ter. Two days after operation one brooder cabinet was transferred to a com
pletely dark room. 

After an additional 2 weeks the chicks were weighed and killed by decap
itation. The brains were dissected into individual optic lobes and cerebral 
hemispheres as previously described (27), weighed, and frozen. The effects 
of light and dark before hatching and in the period immediately after hatch 
were investigated as follows. Eggs which had been incubated for 16 days 
were placed in an incubator in total darkness or subjected to continuous il
lumination from a 25-watt bulb at a distance of less than 30 cm. The em
bryos were not otherwise disturbed. One day before or 4 days after hatch 
the chicks were decapitated and brains dissected as described above. Butyr
ylcholinesterase activity at a substrate concentration of 4.4 X 10-3 M and 
acetylcholinesterase activity at a substrate concentration of 4.7 X 10-4 M 

were determined on homogenates of the frozen tissues ( 13). Enzyme activity 
is defined as µmoles substrate hydrolyzed/minute/brain region. Frac
tions of the homogenates were taken for estimation of protein (24) with 
bovine serum albumin as a standard. The DNA was measured by a modifi
cation of the diphenylamine procedure (7, 27); RNA, by hydrolysis in 0.3 
N KOH for 2 hours at 37C followed by neutralization with HCl04 ( 34) 
and precipitation of KC104 in the cold. The supernatant fluid was assayed 
for RNA by the orcinol method of Ceriotti (8) using cerebral ribosomal 
RN A ( 5) as a standard. 

Brains were removed from decapitated birds and fixed in 20 vol of phos
phate-buffered formalin for histological studies. They were transferred to 
fresh formalin after 24 hours and several days later were dehydrated in an 
ascending alcohol series ( 50-95 % ) terminating in dioxan~. The tissues 
were then embedded in low-melting paraffin ( 52°C) and were sectioned at 
8 µ. through a plane which included both optic lobes and cerebral hemi
spheres. Sections were stained with Weil' s method or hematoxylin and 
eosin. 

Statistical evaluations were performed using the Wilcoxon signed rank 
test for paired replicates ( 37). The ratios reported in the tables represent 
the average of the individual ratios calculated for each bird. 

Results 

Effects of Unilateral Enucleation on Weights of Optic Lobes and C ere
bral H emisphercs of Chick Brain. Chicks were enucleated 1 day after hatch 
and were then maintained under normal conditions of illumination ( 12 
hours light, 12 hours dark) for a further 17 days. The optic lobes and cere
bral hemispheres contralateral to the excised eye were referred to as the 
"blind" regions while those areas contralateral to the unoperated eye were 
referred to as "visual" regions 
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A. 

B. 

c. 

TABLE 1 

\\'EIGHTS OF CHICK BRAIN REGIONS AFTER VARIOUS 

fOR~iS OF VISUAL DEPRIVATION 

Visual 

17-day-old enucleated 
Optic lobes 

Birds in light 89.2 
Birds in dark 88.2 

Cerebral hemispheres 
Birds in light 344 
Birds in dark 342 

17-day-old controls Left 
Optic lobes 

Birds in light 87.1 
Birds in dark 86.9 

Cerebral hemispheres 
Birds in light • 335 
Birds in dark 33.J, 
1-day-old controls 

Optic lobes 
Birds in light 66.9 

Cerebral hemispheres 
Birds in light 205 

ay /B = Visual/Blind. 
bN.S. = p > 0.05. 

Region wt. 
(mg) 

Blind V/B• 

66.4 1.34 
68.5 1.29 

33.3 1.04 
343 1.00 
Right L/R 

85.0 1.02 
87.6 0.99 

337 0.99 
331 1.01 

67.6 0.99 

209 0.98 

p 

Mean body 
wt. (g) 

<0.005 93.6 
<0.005 62.2 

<0.005 
N.S.b 

N.S. 8-1.0 
N.S. 53.3 

N.S . 
N.S. 

N.S. 38.4 

N.S. 

Table lA shows a considerable difference in the weights of blind and visual 
optic lobes from unilaterally enucleated birds exposed to normal illumina
tion. A large difference was also found in birds that were maintained in to
tal darkness from the third to the seventeenth clay after surgery. Thus, re
moval of an eye with concomitant severance of the optic nerve rather than 
the presence or absence of light was the major factor determining lobe 
weight. The optic lobes innervated by the severed optic nerve gained no ad
ditional weight after enucleation (compare with Table 1 C), while the lobes 
innervated by an intact optic nerve increased in weight to the same extent 
as optic lobes from control unoperated birds (Table lB). 

Unoperated birds were maintained in total darkness from the third to the 
seventeenth day after hatch. The optic lobes from these birds did not differ 
in weight from those of birds maintained under normal conditions of illumi
nation, although the body weights of these two groups of chicks did differ 
greatly (Table 1B). This finding again suggested that major effects on the 
weight of the optic lobe did not occur merely in the absence of light but re
quired severance of afferent innervation. 
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The paired weights of cerebral hemispheres from the enucleated birds 
were also compared internally with one another (Table IA). A small but 
significant weight difference was found between the blind and visual hemi
spheres in the enucleated animals maintained under normal illumination. 
However, no difference was found between the hemispheres of the dark
maintained enucleated birds. This observation suggested that the difference 
observed in the light-maintained chicks was not directly related to removal 
of the eye but was secondarily derived from the differential activity of the 
two optic lobes. After unilateral visual stimulation in very young birds, po
tentials were observed in both the optic lobe and cerebral hemisphere on the 
contralateral side only (9). The absence of major functional interhemis
pheric connections in the immature avian brain, coupled with the absence 
of a corpus callosum, presumably reduces the degree of transfer of neural 
information between hemispheres (23). These phenomena may be the basis 
for the differential development of the two cerebral hemispheres in unilater
ally enucleated birds. This concept of a qualitatively different effect of enu
cleation on cerebral hemispheres compared to that produced in the optic 
lobes is strengthened by the data on unilateral eyelid suturing (see follow
ing sections). 

Unoperated control animals never manifested statistically significant dif
ferences in weight between regions dissected from the left and right sides of 
the brain. 

Chemical and Enzynzic Studies on Optic Lobes from Unilaterally Enu
cleated Chicks. The levels of protein, RNA, and cholinesterase were 
determined in the blind and visual optic lobes of chicks enucleated and 
maintained under conditions of normal illumination as described in the pre
vious section. 

The RN A and protein levels in the visual lobes were the same as those of 
17-day-old unoperated controls. The blind lobes showed no accretion of to
tal RNA or protein over the levels observed in 1-day controls correspond
ing to the age at which the eye was extirpated (Table 2). However, no 
difference in the DNA content of the visual and blind lobes was observed. 
Since the DNA content of the normal chick optic lobe increases only very 
slightly in the first 2 weeks after hatch (27), one would expect any inter
lobe difference in operated animals to be minor. The implication of this find
ing is that enucleation arrested cell growth in the optic lobe rather than al
tered total cell number. Maturation of the normal optic lobe between 1 and 
17 days after hatch is largely characterized by increased cell volume and 
only a slight cellular proliferation. 

Maturation has also been reported to result in an increase in the specific 
activity of certain enzymes related to nervous activity, such as specific ace
tylcholinesterase ( 36). The amount of this enzyme in the optic lobes of un
operated control birds rose between 1 and 17 days after hatch (Table 2). 
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TABLE 2 

TOTAL AMOUNTS OF Nt:cLEIC Acm AKD PROTEIN" Cm1PoNENTS 

IN THE OPTIC LOBES OF CHICKS 

Unoperated controls 
17-Day light-maintained enucleated chicb ----------------
-~----------~----~ 1 day 17 day 17 day 

p Visual Blind V/B0 light light dark 

DNA (mg) N.S.b .0672 .0673 0.99 .0722 .0801 
RNA (mg) 0.162 0.111 1.40 0.117 0.147 
Protein (mg) <(J.005 7.80 5.60 1.41 5.25 7.24 6.85 
AChE' <0.005 3.84 2.65 1.42 1. 74 3.84 3.84 
ButChE' 0. 171 0.124 1.43 

•v /B = Visual/Blind. 
"N.S. = p > 0.05. 
'Micromoles substrate hydrolyzed/min/lobe. 

In the visual lobes of enucleated birds, a normal rise was noted. However. 
in the blind lobes, enucleation (which totally suppressed the developmental 
rise in cell volume, protein and RN A in the blind lobe) also prevented the 
normal increase in the activity of acetylcholinesterase. The acetylcholin
esterase content of specific cerebral regions may be related to the amount 
of acetylcholine in these regions ( 6). Since acetykholine is thought to be a 
major neurotransmitter ( 12), this finding suggests that the number of syn
apses per unit area may increase during maturation of the optic lobe and 
that this increase is incomplete in the blind optic lobe. 

The level of nonspecific cholinesterase was also examined in the optic 
lobes of operated animals (Table 2). This enzyme is thought to be confined 
to neuroglia cells in brain ( 15). I ts activity was similar in both visual and 
blind lobes suggesting that enucleation did not result in significant gliosis in 
the blind lobe. The activity of butyrykholinesterase was very low relative to 
acetylcholinesterase. To determine whether these activities were due to two 
different enzymes in chicken brain, we examind the effect of 284 CS 1 
(Burroughs Vv ellcome). a specific acetykholinesterase inhibitor ( 2). At 6.9 
X 10- 5 M acetykholinesterase was inhibited 71 % and butyrylcho
linesterase 20%, while at 6.2 X 10- 0 M acetykholinesterase was inhibited 
95% and butyrykholinesterase 28%. This indicated that two different en
zymes were being assayed and that acetylcholinesterase was not interfering 
with the cholinesterase assay by hydrolysis of butyryl choline. 

Histological Studies. Histological examination of the optic lobes con
tralateral to the enucleated eye. showed the absence of normal myelination 
at the surface of the optic tectum. The superficial layers of the tectum 
were somewhat thinner than those of the partner lobe which appeared to 
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be indistinguishable in histological appearance from the optic lobes of 
control birds of the same age. 

The blind optic lobes had less superficial myelin and slightly thinner mar
ginal layers than the optic lobes of one day old chicks. This finding sug
gested that, in addition to a failure of normal development, the blind lobes 
might have undergone some transneuronal degeneration. No microscopic 
evidence for glial infiltration was obtained. 

Studies of the Effect of Visual Deprivation by Procedures Not Involving 
Enucleation. Control animals maintained in total darkness from the third to 
the seventeenth day after hatch had brain weights and acetylcholinesterase 
levels identical to those in light-maintained chicks (Table 2). Since the in
crease in acetylcholinesterase levels of chick brain optic lobes is most rapid 
around hatch ( 36), a series of experiments on unoperated animals main
tained in light or darkness at this period were performed one day before 
hatch, the acetylcholinesterase level of the optic lobes of chicks maintained 
in darkness continually from Day 16 of incubation was identical to the level 
of acetylcholinesterase from similar eggs maintained under continuous illu
mination for the same period (unpublished results, Bondy and Margolis). 
However, when chicks were maintained either in total darkness or in con
stant illumination from 16 days of incubation until Day 4 after hatch, the 
total activity of acetylcholinesterase in brain regions of the dark-maintained 
chicks was significantly lower than that in light-maintained chicks (Table 
3). In contrast to the results of enucleation experiments, this difference was 
of similiar magnitude in both cerebral hemispheres and optic lobes. There
fore, the level of acetylcholinesterase in the chick brain was in part deter
mined by the state of illumination of the chick over this period. The absence 
of a specific anatomical locus for this effect suggested that it had a different 
basis from the differential effects of unilateral enucleation on optic lobe and 
cerebral hemisphere. 

TABLE 3 

EFFECT ON PROTEIN AND ACETYLCHOLINESTERASE LEVELS OF BRAIN REGIONS 

OF BIRDS YIAINTAINED IN LIGHT OR DARK FROM 16 DAYS OF 

INCUBATION TO 4 DAYS AFTER HATCH 

Light-maintained Dark-maintained Light/dark p 

Protein/region (mg) 
Optic lobes 5. 69 
Cerebral hemispheres 20. 7 

Acetylcholinesterase activity /region 1' 
Optic lobes 2 . SS 
Cerebral hemispheres 4 .13 

•N.S. p > 0.05. 
bMicromoles substrate hydrolyzed/region/min. 

5 .47 
21.1 

2.28 
3.66 

1.04 
0.98 

1.12 
1.13 

N.S.4 

N.S. 

<0.005 
<0.005 
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TABLE 4 

EFFECT OF UNILATERAL EYE SUTURE AT 1 DAY ON \VEI(;HTS 

OF RH;JOJ\S OF 17-DAY-OLD CHICKS 

Region weight (mg) 

:\1ean 
body Contra lateral Contralateral Non-

weight to nonsu tured to sutured eye sutured 
(g) eye sutured 

Light-maiutained 84 
Optic lobes 88.3 85.2 1.04 
Cerebral hemispheres 353 340 1.04 

Dark-maintained 53 
Optic lobes 85.6 85.4 1.00 
Cerebral hemispheres 314 316 0.99 

•N.S. p > 0.05. 

p 

N.S.• 
<0.005 

N.S. 
N.S. 

A further series of experiments was carried out to determine whether the 
specific informational content of the visual input affected cerebral acetyl
cholinesterase levels. The eyelids of 1-day-old chicks from normally main
tained eggs were unilaterally sutured. The birds were then kept under 
normal illumination until they were 3 days old, when half of them were 
transferred to total darkness. Seventeen days after hatch, the brains were 
assayed for protein and acetylcholinesterase. The cerebral hemispheres con
tralateral to the sutured eyes of the light-maintained chicks were signifi
cantly smaller than the hemispheres contralateral to the nonsutured eyes 
(Table 4). Surprisingly, no significant differences could be found in the 
corresponding pairs of optic lobes. Furthermore, this effect on cerebral 
hemispheres was totally light-dependent, since it was absent in the dark
maintained set of birds. Acetylcholinesterase values were always in propor
tion to lobe weights and significant differences were found only in the 
amount of this enzyme in the cerebral hemispheres from the light-main
tained birds. These findings suggested that the major locus of the action of 
light on the brains of sutured birds was different from that in enucleated 
chicks. 

Discussion 

The anatomical arrangement of the avian brain permits the exploration of 
asymmetrical changes after unilateral modification of visual input. Marked 
metabolic differences between two symmetrically equivalent regions within 
a single animal may result, in the absence of procedures which involve intra
cranial surgery. No direct projections from the retina to the cerebral hemi
spheres exist. The principal site of termination of retinal fibers is in the op-
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tic tectum ( 10). These characteristics, coupled with the complete 
decussation of the optic tract at the chiasma ( 10), resulted in the localiza
tion of major histological changes after enucleation within a single optic
lobe. Furthermore, since a structure corresponding to the mammalian cor
pus callosum is absent, there is consequently a low degree of interhemisph
eric communication, in young birds especially (9). It would appear that ef
fects of unilateral visual deprivation on the cerebral hemispheres may he 
predominantly confined to a single hemisphere. Moreover, in the present 
studies the paired cerebral hemispheres and optic lobes were bilaterally 
identical in control birds with regard to several chemical parameters. Lev
ine (23) found that neither avian eye is dominant in learning various tasks. 

The chicks used for these studies were at an age when the brains were 
maturing rapidly. At this period, the young brain is actively forming new 
synapses and is considerably more responsive to modification than the ma
ture brain ( 19) . However, cellular proliferation of the optic lobes and cere
bral hemispheres (27) are largely completed at this time. This is also true 
for myelination (16, 35). The profound differences between the two optic 
lobes of a unilaterally enucleated bird appeared to be the result of at least 
two processes. The major mechanism was probably the localized failure of 
lobe development due to the elimination of retinotectal connections. Another 
mechanism was transneuronal degeneration. Pronounced differences be
tween paired optic lobes occur as early as 7 days after enucleation (28) 
without histological or enzymatic evidence of gliosis. The present results 
appear to be primarily attributable to arrested development. 

The major differences in the paired optic lobes after unilateral eye extir
pation may have resulted from cessation of afferent nervous impulses and, 
thus, of electric activity of a. large fraction of the optic lobe ( 31). Another 
causative factor may have been lack of substances normally secreted at the 
synaptic junctions by axons constituting the optic nerve. Axoplasmic flow 
in this nerve has been shown to have a fast-moving component (17, 20). 
Thus the absence of an essential neurohormone at the synapse could rapidly 
occur after nerve section. Development of the optic lobe after severance of 
the optic tract resembles the retarded maturation of the brain in the absence 
of thyroid hormone. Thyroid deficiency in the immature rat results in ar
rested cerebral development, which involves reduced cell size (3) and dim
inished dendritic growth (22). Similarly, our data on the enucleated chick 
demonstrate failure of normal attainment of cell size and acetykholin
esterase content. Long-term effects of unilateral eye removal on the devel
opment of the optic lobes in the frog were similar to our findings in the 
chick but were also accompanied by hypoplasia and degeneration ( 4). 

Unlike enucleation, maintenance of birds in total darkness at various 
stages of development had no effect on weight or protein content of cerebral 
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hemispheres or optic lobes. However, in chicks maintained in darkness from 
16 clays of incubation to 4 days after hatch, acetylcholinesterase levels rose 
significantly less than in light-maintained birds. In contrast to the region
specific effects of eye removal, this effect was equally marked in the hemi
spheres and lobes. 

Several laboratories have reported differences in acetylcholinesterase lev
els in dark- and light-maintained animals (18, 21, 25). Some of these 
long-term effects have been found to be anatomically widespread ( 21) and 
to vary with the state of maturity of the animal (25). However, these stud
ies, as well as those reported here comparing unoperated light- and dark
maintained animals, were not internally paired. Therefore, it may be that 
the effects of varying illumination were mediated by systemic hormones. 

The reduction in activity of acetylcholinesterase implies reduction in the 
level of acetylcholine ( 6) and thus a reduction in the number of synaptic 
junctions in dark-maintained animals. Histological evidence suggests that 
the number of synapses in some areas of such animals may be reduced 
( 11). The absence of any effect of rearing unoperated birds in the dark for 
2 weeks ( 3-17 days after hatch) may be ascribed to the development of 
spontaneous retinal discharges in the chick at around 3 days after hatch, 
which were sufficient to maintain the optic lobe in a normal state. It is at 
this time that the electroencephalogram becomes identical to that of an adult 
bird (9). 

It has been reported that when adult birds were blindfolded less dramatic 
changes occurred than those after enucleation ( 1). However, long-term ex
periments involving eye suture in the rat have been found to have an effect 
histologically identical to that resulting from enucleation ( 14). In the pres
ent studies, unilateral eye suture resulted in effects which differed from 
those of enucleation. After 17 days of the former treatment, differences in 
weight and acetykholinesterase content between the internally-paired cere
bral hemispheres were identical to those resulting from enucleation for the 
same period. This unilateral effect was never seen in dark-maintained ani
mals. Astonishingly, no significant differences in weight, protein, or acetyl
cholinesterase activities could be found between the paired optic lobes. 
Thus, the major result was in the cerebral hemispheres, a region with little 
or no direct innervation from the optic tract (10, 33). Unilateral eyelid su
ture has advantages over enucleation in that it is reversible and offers 
greater versatility in studies of recovery after visual deprivation. 

Visual stimuli received by the two optic lobes of monocularly sutured 
chicks differ not only in light intensity but also in the information content 
of impulses reaching each lobe. Visual correlation and control of activity 
can be accomplished only with the unsutured eye, almost exclusively via the 
contralateral optic lobe and cerebral hemisphere. It may be that monocular 
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suturing still allows the contralateral optic lobe to receive sufficient stimula
tion albeit unpatterned to develop normally. However, the cerebral hemi
sphere, which contains the major associative area for visual information of 
the avian brain (32) and receives considerable innervation from the ipsilat
eral optic lobe (9), may be more dependent on the information content of 
afferent input. 

Our data suggest the existence of several parameters which determine 
the final size and composition attained by a brain region. Some of these fac
tors are endogenous to the developing chick and cannot be manipulated by 
varying sensory input to the brain. Thus, the development of adult acetyl
cholinesterase levels may be in large part independent of afferent nervous 
stimulation. Other factors may be indirectly dependent on sensory input 
and mediated by systemic hormones. The effects observed in dark-main
tained unoperated chicks shortly after hatch may be of this nature. Other 
factors which influence the development of a brain region may be more pre
cisely localized and more directly related to the innervation of a specific 
brain region. The normal development of the optic lobe is dependent on the 
integrity of the optic nerve. If this nerve is sectioned, normal growth cannot 
take place under any circumstance. Thus, a systemic hormone cannot com
pensate for this effect. Finally, the complete development of certain brain 
regions may not only require nervous input, but this input may have to be 
encoded in a meaningful pattern. The complete development of the cerebral 
hemisphere of the chick may require that afferent stimulation is informa
tion-rich. The necessity for complex sensory input to permit full cerebral 
maturation has been suggested previously ( 21). The system described in 
the present investigations may permit the mechanisms whereby this is 
achieved to be separated and their individual contributions determined. 
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