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The work of L. A. Orbeli [3, 4] showed that the maturing afferent systems play an important role in in the de- 
veIopment of the motor coordination of the organism. However, the information in the literature on the effect of 
acoustic stimulation on the motor activity of animals in general and of chick embryos in particular, is extremely 
limited. There are reports [6] that the motor reaction to sound does not appear in chick embryos until after the 19th 
or 20th day of incubation. This is the time of morphological differentiation of the organ of hearing [5, 7]. Accord- 
ing to other observations [1], conditioned reflexes to acoustic stimulation may be formed from the 14th-15th day of 
development. The effect of sound at still earlier stages on development of chick embryos remains unknown. 

The object of the present investigation was to study the effect of sound on the motor activity of chick embryos 
from the 5th until the 18th day of incubation. 

EXPERIMENTAL METHOD 

Experiments were carried out on White Leghorn chick embryos. The egg was opened on the side of the air 

chamber, the membranes over the embryo were incised, and the egg was then placed in a soundproof chamber with 

a temperature of 38 ~ containing the source of sound. Observations of the embryos in the egg were carried out until 
the 12th day of incubation. The embryos were later placed in a special vessel with warm physiological saline, also 

kept in a soundproof chamber. The connection was preserved between the embryo and the allantois remaining in the 

egg, which was fixed to the wall of the vessel. The action of a sound of frequency I000 cps and intensity of the 

order of 95 dB, produced by a type ZG-10 generator, was studied in the experiments. An intermittent sound was 

used: the stimulns was switched on for 8 sec every 28 sec with a frequency of 2 signals/sec. The motor activity was 

recorded on a loop oscillograph by converting the mechanical movements into electrical as in the method of 

A. V. Voino-Yasnetskii and Yu. E. Moskalenko [2]. The experiment lasted 80 rain. During the first I0 rain move- 

ments in normal conditions were recorded, during the second I0 rain -- movements during the action of sound, and 

during the last I0 rain -- again in the absence of the acoustic stimulus. 

In the analysis of the data, the combined activity of the spontaneous movements in normal conditions and under 
the influence of sound was determined and qualitative variations in the character of the spontaneous movements were 
also scrutin/zed. The data were analyzed by statical methods. Altogether 116 embryos were investigated. 

E X P E R I M E N T A L  RESULTS 

In normal conditions the spontaneous motor activity of chick embryos appears on the 4th day in the form of 
occasional dorso-ventral and lateral movements of the head. On the gth day, these are joined by lateral flexions 
of the trunk. If these movements are recorded graphically, they can be seen on the film as mono- or biphasic peaks. 
The duration of each movement is 1.5-2 sec and the intervals between them vary from 40 to 100 sec. In some of 
the embryos investigated in these experiments single movements were aggregated into small groups; the movements 
of the group followed one another at intervals of 1-5 sec (Fig. 1, la). 

At this age the influence of sound on the motor activity of the embryo could be detected, in 60% of embryos, 
for instance, in response to acoustic stimulation the number of movements in the goups increased (Fig. 1, lb). Dur- 
the action of the sound the total duration of the spontaneous movement also varied. For example, in one of the 
experiments (Fig. 2a) the embryo spent 48 see of the first 10 min in movement, but during application of the sound 
the time spent was 68 sec. After switching off the sound the total duration of the spontaneous movements reverted 
to the original (46 sec). An increase in motor activity was found in 34% of embryos; conversely, in 55% of embryos 
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Fig. 1. Spontaneous movements of a chick embryo on 
the 5th (1) and 6th (2) days of incubation in normal  

conditions (a) and during the ac t ion of sound (b). Top 

marker of acoustic st imulation; b o t t o m - - t i m e  marker.  
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Fig. 2. Changes in the to ta l  duration of spontaneous 

movements of a chick embryo during the act ion of 
sound on the 5th (a and b) and 8th (c and d) days of 
incubation. Along the axis of ordinates - -  motor ac -  

t ivi ty  ( in sec); along the axis of abscissas: I - - i n  
normal  conditions; I I - -  during the act ion of sound; 

I I I - -  after the action of sotmd. The arrow indicates 
the beginning of the act ion of sound. 

act ivi ty  was reduced (Fig. 2b; the table);  The to ta l  dur- 
a t ion of the movements during appl ica t ion  of the sound 
on the 5th day was 38 .6 i5 .3sec ,  and in the absence of 
sound 40.5~:4.7 see. 

On the 6th day of incubation in normal  conditions 
a further increase in the frequency of the movements and 

in their aggregation into groups took place,  so that  short 
continuous movements were formed (Fig. 1, 2a). In 40~ 

of embryos during the action of sound the groups became 
longer; one such case is i l lustrated in Fig. 1, 2b. In other 
embryos, however, the character  of the movements was 

unchanged. The to ta l  duration of the movements during 
the act ion of sound was also increased in 40% of embryos, 
whereas in 60% it either remained unchanged or was re-  

duced (see the table) .  

On the 7th-10th day of incubation the movements  
of the chick embryos in normal  conditions became more 
complex,  After the 7th day, movements of the limbs be -  
gan to be combined with the dorso-ventral  and la te ra l  
flexions of the head and trunk. Slow and fast components,  

in the form of  pointed waves, were c lea r ly  seen duringthe 
graphic recording of these movements of general ized char- 
acter.  The duration of the continuous movements in- 
creased. On the 8th day they lasted 17-25 sec, and on the 

10th day 30-4O sec. The periods of movement  of the e m -  

bryo were c lear ly  separated by the periods of rest. 

No changes in the character  of the spontanteous movements would be detected during the act ion of sound on 

the chick embryos of this age. As in normal conditions, complex generalized movements were observed, clearly 

separated by periods of rest. The duration of the individual continuous movements varied on the 8th day from 15 

to 38 sec, and on the 10th day from 30-50 sec. As on all the preceding days of incubation, the action of sound on 
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Fig. 3. Variations in the to ta l  duration of spontaneous movements in 
normal  conditions and during the action of sound. The to ta l  duration 
of the movements  in the first 10 rain in normal  conditions is taken as 
100. Along the axis of ordinates - -  change (in %o) in motor ac t iv i ty  
during the second 10 rain in normal  conditions (shaded area) and dur- 
ing the action of sound; along the axis of abscissas - -  days of incubation. 

the spontaneous movements was not always the same. On the 8th day weakening of the motor ac t iv i ty  was observed 

in 58% of embryos and an increase in its intensity in 42%. A similar  ratio between intensifying and inhibitory in- 

fluences was also found on the 10th day (see the table) .  

The ac t iva t ing  action of sound may be demonstrated by the following example .  In an 8-day embryo the to ta l  
duration of the movements  during the first 10 rain was 138 sec, during the second 10 rain m 130 sec, and druing the 

third 10 rain - -  125 sec. Prolonged observations on the background motor ac t iv i ty  thus revealed  a slight decrease in 
its intensity. During the act ion of sound, however, the duration of motor ac t iv i ty  increased to 152 sec, and i m m e d i -  
a te ly  after the sound was switched off it fe l l  again to 135 sec (Fig. 2c). Meanwhile,  in other embryos the action of 
sound was opposite, for the motor act ivi ty  diminished (Fig. 2d). The to ta l  motor act ivi ty  during the act ion of sound 
on the 8th day was 103.0~:22.4 sec, and on the 10th day 190.24-29.3 see. In normal  conditions, however, i t  was 

77,4:~16.8 and 201.0:k24.6 sec respect ively.  

After the 12th day in normal  conditions new changes began to appear in the character  of the spontaneous 
movements  of the chick embryos. The motor ac t iv i ty  of the embryos increased, and the dist inct  pat tern of a l te r -  
nation of periods of movement  and rest disappeared.  The movements  became less compac t  and in the intervals be-  
tween the lung movements,  irregular,  short or single movements began to appear.  The re la t ive  importance of the 
fast component increased.  These changes also continued on the subsequent days (14th-18th days). Meanwhile,  the 
to ta l  duration of the movements also changes. On the 14th day i t  was 316.74-29.2 sec, but by the 16th day showed 

a considerable decrease - - t o  236.04- 35.0 sec. No qual i ta t ive changes could be found in the course of the spontane- 
ous movements during the act ion of sound, for in normal  conditions at  this period the character  of the movements  
was ex t remely  variable.  

As on the preceding days of development  at  this age sound could either s t imula te  or inhibit  the motor ac t iv-  

ity, but at this period (from the 14th to the 18th day) the inhibitory action was predominant  and was found in 66- 
100% of embryos (see the table) .  

The to ta l  motor act ivi ty during the act ion of sound on the 14th day was 308.04-27.8 see, and on the 16th day 
185.0~42.0 see. 

It was thus found that  under the influence of sound the motor ac t iv i ty  could be either s t imulated or inhibited.  
Analysis of the influence of sound on chick embryos is made  difficult  by the fact  that  in normal  conditions va r ia -  
tions in the duration of the spontaneous ac t iv i ty  are also observed, for in some cases it is stronger and in other, 
weaker. On some days of incubation these variations are of considerable extent.  However, as is clear from Fig. 3, 

355 



the limits of these variations were modified by the action of sound. In the first half of incubation they were widened 
and exceeded the limits of the normal variations. In the subsequent periods (10th-12th day) the difference was less 
marked, and starting from the 14th day, both the upper and lower limits of the variations of total motor activity were 
distinctly lowered. Hence, as is clear from Fig. 3, despite the marked lability of the motor activity innormal con- 
ditions, the changes during the action of sound were considerable, and on some days of incubation they attained a 
high degree of significance. 

The results obtained may be summarized as follews. The observations show that during the action of sound 
changes occur in the motor activity of the chick embryos as early as on the 5th day. During the first day of incuba- 
tion the action of the acoustic stimulus produced both inhibition and stimulation, but after the 14th day of develop- 
ment the inhibitory action of the sound began to predominate. During the action of sound at this period the total 
duration of the spontaneous movements was shortened and the period of rest lengthened. This suggests that the em- 
bryos are not indifferent to the action of sound in the early stages of their development. At present, however, it is 
impossible to say exactly by What means this reaction to sound takes place. In the later periods of incubation, 
starting with the 14th day, it may be postulated that the specific acoustic pathways participate in the reaction, be- 
cause by this time the first cells have appeared in the organ of Corti. The lagaena - -  the organ which in birds evi- 
dently also performs an acoustic function - -  matures somewhat earlier. In the first half of embryonic development, 
however, the influence of sound is probably nonspecific in character, and the acoustic stimulns may act on the skin, 
the muscles, or directly on the neural elements of the spinal cord. Further investigation in this direction will help 
to clarify the phenomena described. 
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