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Early acoustic experience affects the structure of neurons in the brainstem of young chickens. In the binaurally innervated cells of 
the nucleurs laminaris the symmetry of the dorsal and ventral dendritic trees normally increases during the embryonic and early 
postnatal period. Unilateral ear plugs disrupt that development. This study shows that balanced stimulation plays an important role 
in the development of symmetrical neuronal structures in the central auditory pathway. 

Accumulating evidence leaves little doubt that 
experience affects the structure of neurons in the 
central nervous system 1-7,11-2°,2a-26. In particular, 

the shape of neurons is thought to be related to their 

stimulationl-a,6,9. 
The nucleus laminaris (NL) of birds is a group of 

neurons arranged in a plane. This sheet of cells, like 

the medial superior olive in mammals, receives 

binaural excitatory input from the cochlear nu- 
cleus 18. The cells of  NL send dendritic processes 

dorsally and ventrally, perpendicular to the plane of 

cellsZ0; the dorsal dendrites receive input from the 
ipsilateral ear while the ventral dendrites receive 
input from the contralateral ear 14. Thus, any mani- 

pulation of one ear can be expected to affect the 

dorsal dendrites on the same side of the head and the 
ventral dendrites of NL on the opposite side of the 

brain. 
We examined developmental changes in the 

symmetry of  the bipolar dendritic configuration 
and the roles of balanced stimulation of the two ears 
on the observed developmental changes. We as- 
sumed that normally occurring sound stimulation 
provides, over time, symmetrical signals to both ears 

which will result in an age-related increase in the 

symmetry of the dorsal and ventral dendrites. Con- 

ve~sely, unbalanced stimulation of the two ears, by 
plugging one external auditory meatus, would result 

in asymmetrical dendrites. 
The initial analysis of dendritic symmetries as a 

function of age involved 230 cells from 10 chickens 
of 3 different ages. Animals were sacrificed at em- 
bryonic days 15 and 19, and on postnatal day 2519 . 

After processing by a modification of the Golgi- 

Kopsch method 21 (see Fig. 2), fully impregnated 

cells were traced using a camera-lucida attachment 
on a conventional light microscope; at high magnifi- 
cation a line was drawn down the center of each 
dendritic arbor. Finally, the total lengths of the 
dorsal and of the ventral dendritic arborizations 

were determined using a digital planimeter 2°. All 
sections were coded to remove bias in tracing or 
measurement. 

Dendritic symmetries were quantified by a ratio of 
the total lengths of the dorsal and of the ventral 
dendritic arbors. That is, there were two total lengths 
from each cell, one from the dorsal dendrites and one 
from the ventral dendrites; the smaller length was 
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divided by the larger to form a ratio. Thus increa- 
sing ratios, up to the maximum of  1.0, indicate 
increasing dendritic symmetry. 

The normal development of  dendritic symmetry 
ratios is shown in Fig. 1 (solid points and lines). 
After 15 days of  incubation, NL  cells have bipolar 
dendrites but on the average the dorsal and ventral 
dendrites differed in length by about 27 ~ (ratio = 
0.73). After 31 more days of  development (postnatal 
day 25), this ratio increased to 0.80. Thus, a small 
but significant increase in cellular symmetry is seen 
between embryonic day 15 and postnatal day 25 
(Wilcoxon's S = 1218, P <0.025). 

At embryonic day 15 the auditory system has been 
functional for 4 days 8, but the embryo is still 
surrounded by fluid, and thresholds are high. The 
system has had little time for adjustments of struct- 
ure to function, and dendritic symmetries are rela- 
tively low and highly variable. By day 19, just before 
the embryos enter the air space of  the egg and first 
hear normal air-born sounds, the symmetries of the 
dorsal and ventral dendrites have increased and 
their variability has decreased. Chickens hatch on 
day 21. Following 25 days of posthatch acoustical 
experience the symmetries of the dorsal and ventral 
dendrites appear to have reached an asymptote. This 
normal age-related increase in dendritic symmetry 
suggests that as the organism is experiencing balan- 
ced sensory input to the two ears, the dendrites are 
also becoming progressively matched in terms of the 
amount of membrane devoted to input from each 
ear. 

These results lead to the obvious question of 
whether the developmental changes in dendritic 
symmetry are related to symmetrical stimulation of 
the two ears, and thereby to matching afferent 
activity impinging on the dorsal and ventral dendri- 
tes of  the NL cells. A test of  this hypothesis is to 
unbalance the stimulation to the two ears and 
determine if a corresponding asymmetry of  the den- 
drites occurs. This manipulation was performed by 
inserting a plastic ear plug in one ear on embryonic 
day 19 and measuring dendritic symmetries on 
postnatal day 25. This experiment was replicated 
under two rearing conditions described below. 

The method of ear plugging has been previously 
described as has its sound attenuating characteris- 
tics 10. A small hole was made in the shell and the 
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Fig. 1. The development of dendriti symmetry in n. laminaris 
in embryonic and hatchling chickens. Means and standard 
errors of the smaller ratio of total dendritic lengths on the 
dorsal and ventral sides of each cell are plotted. Increasing 
ratios indicate increasing symmetries. The solid lines and points 
show normal development. Sample sizes were 39 cells at 
embryonic day 15 (El5), 61 at embryonic day 19 (El9) and 
130 at postnatal day 25 (P25). The open triangle and square 
indicate the first and second replications of the unilateral 
plug treatment. Sample sizes were 46 and 241 cells respectively. 

embryo's head was pulled through the membranes 
far enough to dry one ear canal. The external audi- 
tory meatus was then filled down to the tympanum 
with silicone plastic. These embryos hatch a few 
hours earlier than expected but otherwise appear 
and behave normally. The ear plugs produce a 40 dB 
conductive hearing loss which is nearly flat across 
the frequency range of the chicken and appears fully 
reversible at least out to 10 days posthatching 10. 
Earplugs were checked daily and replaced when 
loose or at least every 5 days. The impression of the 
tympanic membrane could be seen on the end of  the 
removed plugs. Therefore in each animal one ear 
was subjected to 40 dB of conductive deficit from 
prior to hatching until 25 days after hatching, at 
which time the animal was sacrificed and the brain 
was processed as described above. 

In the first experiment, unilaterally ear-plugged 
animals were raised in a normal laboratory environ- 
ment. Thus, after ear plugging on embryonic day 19 
these animals were returned to a standard labora- 
tory incubator. Twenty-four hours after hatching 
they were moved to a commercial brooder where 
they lived with other chicks until being sacrificed. 
Calibrations of the noise in the brooder revealed a 
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broad sprectrum of sounds dominated by low fre- 

quencies. Two chickens with plugs in their right ears 

and two with plugs in their left ears were used. Forty- 

six cells were drawn and measured. These cells were 

sampled equally from the middle region of NL on 
both sides of the brains. 

As shown in Fig. 1 by the open triangle, the uni- 

lateral ear plugs significantly altered dendritic struc- 

ture by decreasing the symmetries of cells in the 

nucleus laminaris (S ---- 1308, P <0.02). The ratio of 

0.74 shows that dendritic length of one side of these 

cells averaged 26 ~ less than the length on the other 

side. These results are consistent with a similar effect 
in mammals 6. 

To more thoroughly examine this effect, the uni- 
lateral deprivation was replicated under more con- 

trolled conditions. Two chickens had their right ears 

plugged and two had the left ears plugged at 19 days 

of incubation. These birds were incubated, hatched, 

and reared in pairs for 27 days in 305 × 336 × 254 

mm double-walled chambers which attenuate out- 

side sounds 45 dB at 100 Hz, 65 dB at 300 Hz and 
75 dB at higher frequencies. Speakers inside the 

boxes broadcast pulsing pure tones from 200 to 4600 

Hz at 50 dB SPL for 36 min out of each hour for 12 

h per day. The animals were sacrificed 25 days after 

hatching and the brains were processed as described 
above. Measurements of the dorsal and ventral 

dendrites were made on 241 ceils sampled from 

throughout the nucleus, about half from each side of 

the brain. 

As shown in Fig. 1 by the open square, the 

symmetry of the treated cells is clearly less than that 

of normal cells of the same age (S ---- 8062, P 

<0.00005). Again the ratio of longest to shortest 

dendrite averaged 0.73 indicating an average 27 

difference in size between the two sides of the cell. 

The two replications of the ear-plugging manipul- 

ation therefore yielded similar results; a manipula- 
tion that unbalanced the stimulation to the two ears 

led to unbalanced dendritic structures. Fig. 2 shows 

examples of asymmetrical cells from this experiment 
and a normal cell for comparison. 

As another way of looking at these same data, the 
correlation of the dorsal and ventral dendrites was 

computed across all the cells in each group. The 

correlation coefficient measures the strength of the 

relationship between dendritic length on the two 

Fig. 2. Normal and asymmetrical cells in nucleus laminaris. A: a normal cell from the middle of the nucleus at 25 days posthatch. 
Two other cell bodies in the lamina are counterstained with thionin. B: a cell representative of the average asymmetry in the treated 
groups. Its ratio is 0.70; the dorsal dendrites (on top) total 456/tm, the ventral dendrites total 319/tm. C: an extremely asym- 
metrical cell from the second replication of the unilateral ear-plugging treatment. Its ratio is 0.45, 97/216/~m. Both abnormal cells, 
B and C are contralateral to the ear plug. Cells were treated by the Stensaas modification of the Golgi-Kopsch method which fully 
impregnates 10 % of the cells throughout the nucleus. The calibration bar is 20 #m. Dorsal is up. 
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sides o f  a cell. Cor re la t ions  no rma l ly  increase f rom 

0.57 to  0.71 between embryon ic  day  15 and  post -  
:! ! 

hatch  day  2519 . The cor re la t ion  o f  the uni la te ra l ly  

ear -p lugged an imals  a t  25 days  pos tha tch  was 0.57. 

Thus,  as in the analysis  o f  symmetr ies ,  the unba-  

lanced inpu t  makes  the cells o f  25-day-old  chickens 

resemble  much  younger  cells, in tha t  there  is a weak 

re la t ionship  between the lengths o f  dendr i tes  on the 

two sides o f  the cells. 

The analysis  o f  dendr i t ic  symmet ry  simplifies 

wha t  appears  to  be a much more  compl ica ted  pic- 

ture o f  the effects o f  man ipu la t ions  o f  the acoust ic  

env i ronment  on the absolu te  sizes o f  dendri tes .  Such 

analyses  are  compl ica ted  by the fact  tha t  at  this t ime 

it is no t  poss ible  to direct ly  relate  changes in conduc-  

tive hear ing  to act ivi ty  in nerve fibers across  the fre- 

quency range o f  an organism.  F o r  example ,  our  ear  

p lugging p rocedure  p r o b a b l y  mass- loads  the tymp-  

anic m e m b r a n e  23 and m a y  therefore  increase the 

t ransmiss ion  o f  low-frequency bone  conduc ted  and 

in ternal  noises while decreasing air  conduc ted  sounds  

o f  the same frequenciesZL Pre l iminary  analyses  o f  

these da ta  p rov ide  some suppor t  for  this  hypothesis ,  

and  differential  effects o f  ear  plugging on  cells in 

var ious  f requency regions o f  the n. magnocel lu la r i s  

o f  the chick have been repor ted  5. Fu r the r  analyses  

are in progress  to examine such interact ions .  The 

advan tage  o f  the analysis  o f  symmet ry  is tha t  re- 

gardless  o f  how the ear  plugs affected the  electr ical  

or  chemical  act ivi ty  impinging  on the dendr i tes  o f  

NL,  the  monaura l  occlusion was l ikely to have 

unba lanced  tha t  act ivi ty  to the two sides o f  the cells. 

In  conclusion,  dendr i t ic  symmetr ies  increased 

with age, suggest ing a cor re la t ion  between ba lanced  

s t imula t ion  and  the on togeny  o f  dendri t ic  structure.  

Suppor t ing  this hypothesis ,  unba lanced  s t imula t ion  

arres ted the deve lopment  o f  dendr i t ic  symmet ry  in 

nucleus laminaris .  
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