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One approach to the problem of the evolution of coordinated mechanisms is to study the role of external  f ac -  
tors at the matura t ion  of the afferent systems concerned in the formation of various kinds of motor act ivi ty .  The ob-  

j ec t  of the present invest igat ion was to determine  the influence of l ight on the development  of motor acts, from the 
t ime of their first occurrence in the early embryo. For this purpose we used chick embryos taken between the end 
of the 4th day and the 9th day of incubation. 

Physiological  and morphologica l  data suggest that  the visual organ of the chick embryo matures funct ional ly 
by the end of incubation. Thus, the motor response of embryos to light does not occur un t i l the  17rh-18th day of in-  
cubat ion [7, 8]. Elect r ica l  responses of the ret ina to photic s t imulat ion can be observed before the 18th day of 
incubation [10]. Morphological  and cer ta in  h i s to - chemica l  data also indicate  that the specific different iat ion of  
the original  e lements  takes p lace  during the second half  of incubation and is not comple te  before the 17th day [1, 
11, 12]. Thus in the period invest igated (4-gth  day of incubation) the eye is in a rudimentary condition. Consequent-  
ly our investigations were not carried out by removal  of the re levant  receptor  apparatus; (the experiments  of Tracy 
[13] showed that no results could be obtained by this method at  early deve lopmenta l  stages). In our exper iment  the 
embryo was subjected to intense light st imulation.  

E X P E R I M E N T A L  M E T H O D  

The experiments  were carried out on 50 chick embryos incubated under laboratory conditions. The movements  
were recorded by the mechan ica l  and e l ec t r i c a l  device described by Voino-Yasenetskii  and Moskalenko [2]. The 
source of l ight  was a 500w photographic l amp giving an intensity of i l lumina t ion  in the plane of the objec t  of the 
order of 17-20 klux. A heat - insula t ing  fi l ter  was used, consisting of a 20 mm thickness of copper sulphate enclosed 
between two glass plates. Light was appl ied for 10-20 sec at intervals of 1-2 min, according to the frequency of  
movements.  Records were made of these so -ca l l ed  "spontaneous" or non-s t imulated movements  of the head (on the 

4th and 5th days of incubation), and of the feet  (on the 6th-9th days of incubation).  We invest igated the duration 
and the nature of the separate movements,  as wel l  as their to ta l  duration in a period of 5 min.  

E X P E R I M E N T A L  R E S U L T S  

Changes in the spontaneous motor ac t iv i ty  under the influence of light could be e l i c i t ed  from the t ime that 
these movements  first occurred, on the 4th day. Under conditions of in termi t tent  i l lumina t ion  the to ta l  duration of 
the movements  increased on average by 37%. The effect  was chiefly due to an increase in the number of the move-  
ments, but in many cases also to their becoming more compl ica ted .  Without the i l lumina t ion  isolated f lexion or ex -  
tension of the cerv ica l  region of the body was observed, and the record took the form of a single phase of oscil lat ion,  
whereas under the influence of light these movements  merged into one, giving a biphasic osci l la t ion on the trace 
(Fig. 1A). 
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Fig. 1. Head movements  of a 4 -day -o ld  (A) and a 5 -day -o ld  (B) e m -  

bryo. 'Above, marker indicat ing l ight  has been switched on, below t ime 
marker  (1 see). 

Fig. 2. Movements of the leg of a 7-day (A) and of a 9 -day  (B) embryo.  

A) Increase of the rapid component  of the movements;  B) Arrest of the 
movement  after the light had been switched off. Remaining indications 
as inFig.  1. 

Somewhat later  by the end of the 4th or 5th day of incubation the inference of light on  the grouping of the 
solitary movements  became more marked.  In cases where in i t ia l ly  only soli tary movements  had been observed, when 
the light was appl ied they became grouped into sets of two or three movements.  

On the 5th day of incubation, under the influence of light, in a l l  the embryos invest igated the number of m o v e -  
ments increased considerably.  The duration of the movements  over a 5 - m i n  period increased correspondingly, on 
average by 22%. The periods of movement  and of rest became more c lear ly  defined as a result of an increase in the 
intervals between the sets of movements,  and through a shortening of the t ime intervals between the grouped single 
movements.  The number of movements  in a group increased sometimes by 2-3 t imes or more. In some cases, dur-  
ing the i l luminat ion  a continuous movement  developed (Fig. 1B), one which normal ly  would not be observed unti l  
the 6th-7th day of incubation.  

The influence of l ight on the 6th day of incubation was shown by a 36% increase in the to ta l  duration of the 
movements .  This ef fec t  was main ly  due to an increase in the number of the groups of movements,  and to a much 
smal ler  extent  to an increase of their duration. The most character is t ic  result of i l luminat ion  of the embryos on the 
6th day was a closer grouping of the movements,  due to a reduction of the short intervals of rest between them which 
are always present in these complexes,  par t icular ly  towards the end of a group. Under the influence of light these 
intervals were reduced on average by 47%. 

On the 7th day of incubation, under the influence of light there was also an increase in the duration of the 
movements  brought about by an increase in the number and the duration of every complex movement .  However in 
some cases the duration of a group was shortened through a reduction in the number of slow (tonic) contractions of a 
limb. As far as the rapid (phasic) component  of the movements  was concerned appearing at this t ime in most cases 
the ampl i tude  and the number of contractions was somewhat increased (Fig. 2A). 
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From the 7th day of incubation onwards there was a change in the nature of the influence of light on the co in -  
pactness of the groups of movements .  By the 4-6th day of incubation we observed a tendency for the isolated m o v e -  
ments to approach each other and for the t ime intervals within a group to be shortened, whereas on the 7th, and par-  

t icular ly  on the 8th and 9th days of incubation these intervals were often extended under the influence of light. Some-  

t imes we observed short periods of arrested movement  during or after the i l lumina t ion  (Fig. 213). 

By the 9th day of incubation, as a result of the act ion of the light, both the duration of a single group of move-  
ments and the total  duration of the movements  over the 5- ra in  period were reduced. The duration was reduced less, 
because the reduction in the duration of each group was to some extent  compensated (in 30% of the cases) by an in-  
crease in their number. The table below gives the figures corresponding to these facts. 

From a comparison of the results of the action of l ight on successive days i t  is easy to see that the greatest  
act ivat ing influence was exerted at the early stages of the development  of spontaneous motor act ivi ty.  By the 8th 
day this influence had weakened, and by the ninth, according to some of the indices, the effect  had reversed. 

Changes in the motor ac t iv i ty  of embryos e l i c i t ed  by light are not chance occurrences. Previously i t  has been 
shown [3] that the normal  development  of motor ac t iv i ty  in chick embryos occurs in the first half  of the period of 
incubation, and in the following directions; 1) There is an increase in the to ta l  duration of the movements;  2) Sol i -  
tary movements  are arranged in groups; 3) Superimposed on the slow movements,  from the 7th day onwards a rapid 
(phasic) component appears, which subsequently increases in strength. Under the influence of light the motor ac t iv -  

ity changes in the direct ion of normal  developmant ,  i .e . ,  features character is t ic  of normal  later  stages occur. Thus 
i t  comes about that on the 4-qth days of incubat ion the influence of light is shown by an increase in the duration of 
the movements,  by an increased tendency to grouping of the movements,  a closer packing of the groups of movements,  
and an increase in their duration. The influence of light was also shown, though more weakly, in an increase of the 
phasic component .  

This para l le l i sm is disturbed by the eighth, and par t icular ly  by the ninth day of incubation.  During this per i -  

od, instead of ac t ivat ion there is a suppression of motor act ivi ty .  An analysis of the results of the different exper i -  
ments shows that in this case the nature of the action of l ight may depend upon the in i t ia l  condit ion.  On the 5-7th 
day of incubat ion in almost 100% of the cases, and quite independently of the in i t ia l  condition, the motor  ac t iv i ty  
was enhanced by light. On the 9th day in more than half  the cases the total  duration of the movements  during i l lu -  
minat ion  were re la ted  inversely to the original  act ivi ty :  the duration of the movements  before i l luminat ion  was 

lower than the s ta t is t ical  mean for this period, but under the influence of light it increased; if the in i t ia l  ac t iv i ty  
exceeded the mean level ,  under the ac t ion of light i t  was decreased (Fig. 3). In other words l ight tended to restore 
motor ac t iv i ty  to normal.  In cer ta in  cases this relat ionship was shown also on the 8th day. (Naturally,  in this case 
there is some lack of precision, because the established "mean  level" cannot be a single normal  for each  embryo, 
but nevertheless i t  enables the l eve lo f  ini t ia l  ac t iv i ty  in individual  cases to be evaluated.)  

The facts we have presented l ead  us to conclude that despite the low leve l  of organizat ion and the absence of 
the receptors in chick embryos at early stages, an external  factor such as l ight is able to exert  an influence on the 
developing mechanisms of motor acts, At present it  is not clear  how such influences are media ted .  From publ ished 
reports it  is diff icult  to suppose that at this period the eye is involved by virtue of its photoreeeptors. The results of 

Influence of Light on Certain Characterist ics of the Motor Act ivi ty  of Embryos 
(as percentage of original  values) 

Day of in-  
cubat ion 

No. of iso-  
la ted m o v e -  
ments 

141-+14 
143-+14 

Tota l  duration 
of movements 

in 5 min  

137-+ 7,7 
122-+ 7,8 
136-+ 12 
134-+ 5,6 
120-+11,4 
92-+ 6,2 

Mean duration 
of groups 

156--+ 1,6 
115-+13 
119--+ 8,2 
i02-+ 5,7 
77-+ 4,6 

Intervals with-  
in groups 

70+8 
53+3,8  
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Fig. 3. Relationship between the total durationof the movements 
of 9 day embryos exposed to periods of illumination (light col -  
umns) as compared with the initial activity (dark columns). Each 
pair of columns is the result of separate experiments. The height 
of the colunqn represents the time of movement  in sec during a 5-  
rain period. The dotted line is the statist icalmean levelof  activity. 

phylogenetic studies [5, 6] in this direction indicate the possibility of responses by organisms to light in the absence 
of any specialized receptor structure. Possibly during the period investigated the response of the embryos to lightwas 
due to such primitive forms of photoreception as, for example, cutaneous or muscular receptors. Also, we must not 
exclude the possibility of a direct influence of light on the motor centres of the spinal cord. Indirect evidence of the 
possibility of cutaneous photoreception is afforded by changes in the nature of the influence of light on motor act iv-  
ity after the seventh day of incubation, because it is just at this period that a functional connection of the cutaneous 
receptors with the spinal cord and with the motor neurone has been established. 

S U M M A R Y  

In experiments on chick embryos made between the 4th and 9th day of incubation it was found that the light 
influenced motor activity as soon as it set in. Initially the effect was activation, but after seven days of incubation 
it became inhibitory. A characteristic feature was that the effect of light was inversely related to the initial level 
of activity. 
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