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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!—7,11-20,24-26_ I particular,
the shape of neurons is thought to be related to their
stimulationl—4.6.9,

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!8, The cells of NL send dendritic processes
dorsally and ventrally, perpendicular to the plane of
cells20; the dorsal dendrites receive input from the
ipsilateral ear while the ventral dendrites receive
input from the contralateral earl4. 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-
versely, 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?! (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 planimeter20. 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
dendriticarbors. That is, there were two total lengths
fromeach cell, one from thedorsal 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 279 (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 days8, 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!0. 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 (E15), 61 at embryonic day 19 (E19) 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 posthatchingl®.
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 middie 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 9/ less than the length on the other
side. These results are consistent with a similar effect
in mammals$,

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 x 336 x 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 cells 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 um, the ventral dendrites total 319 um. C: an extremely asym-
metrical cell from the second replication of the unilateral ear-plugging treatment. Its ratio is 0.45, 97/216 um. 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 um, Dorsal is up.



sides of a cell. Correlations normally increase from
0.57 to 0.71 between embryonic day 15 and post-
hatch day 2519, The correlation of the unilaterally
ear-plugged animals at 25 days posthatch was 0.57.
Thus, as in the analysis of symmetries, the unba-
lanced input makes the cells of 25-day-old chickens
resemble much younger cells, in that there is a weak
relationship between the lengths of dendrites on the
two sides of the cells.

The analysis of dendritic symmetry simplifies
what appears to be a much more complicated pic-
ture of the effects of manipulations of the acoustic
environment on the absolute sizes of dendrites. Such
analyses are complicated by the fact that at this time
it is not possible to directly relate changes in conduc-
tive hearing to activity in nerve fibers across the fre-
quency range of an organism. For example, our ear
plugging procedure probably mass-loads the tymp-
anic membrane2? and may therefore increase the
transmission of low-frequency bone conducted and
internal noises while decreasing air conducted sounds
of the same frequencies22. Preliminary analyses of

1 Bergstrom, R. M., Entropy and information in fetal beha-
vior. In G. Gottlieb (Ed.). Studies on the Development of
Behavior and the Nervous System, Vol. 2. Aspects of Neuro-
genesis, Academic, New York, 1974 pp. 205-217.

2 Borges, S. and Berry, M., Preferential orientation of stel-
late cell dendrites in the visual cortex of the dark reared
rat, Brain Research, 112 (1976) 141-147.

3 Coleman, J. R. and O’Connor, P. O., Effects of monaural
and binaural sound deprivation on cell development in the
anteroventral cochlear nucleus of rats, Exp. Neurol., 64
(1979) 533-566.

4 Coleman, P. D. and Riesen, A. H., Environmental effects
on cortical dendritic fields. I. Rearing in the dark, J. Anat.,
102 (1968) 363-374.

5 Conlee, J. W. and Parks, T. N., Age- and position-de-
pendent effects of monaural acoustic deprivation in
nucleus magnocellularis of the chicken, J. comp. Neurol.,
202 (1981) 373-384.

6 Feng, A.S. and Rogowski, B. A., Effects of monaural and
binaural occlusion on the morphology of neurons in the
medial superior olivary nucleus of the rat. Brain Research,
189 (1980) 530-534.

7 Gottlieb, G., The roles of experience in the development
of behavior and the nervous system. In G. Gottlieb (Ed.),
Studies on the Development of Behavior and the Nervous
System, Vol. 3. Neural and Behavioral Specificity, Acad-
emic, New York, 1976, pp. 25-54.

8 Jackson, H., Hackett, J. T. and Rubel, E. W, In vitro
electrophysiological analysis of n. magnocellularis and
n. laminaris of the chicken, Neurosci. Abstr., 4 (1978) 7.

9 Jacobson, M., Developmental Neurobiology, Plenum, New
York, 1978, 562 pp.

363

these data provide some support for this hypothesis,
and differential effects of ear plugging on cells in
various frequency regions of the n. magnocellularis
of the chick have been reported. Further analyses
are in progress to examine such interactions. The
advantage of the analysis of symmetry is that re-
gardless of how the ear plugs affected the electrical
or chemical activity impinging on the dendrites of
NL, the monaural occlusion was likely to have
unbalanced that activity to the two sides of the cells.

In conclusion, dendritic symmetries increased
with age, suggesting a correlation between balanced
stimulation and the ontogeny of dendritic structure.
Supporting this hypothesis, unbalanced stimulation
arrested the development of dendritic symmetry in
nucleus laminaris.
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