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One approach to the problem of the evolution of coordinated mechanisms is to study the role of external fac-
tors at the maturation of the afferent systems concerned in the formation of various kinds of motor activity, Theob-
ject of the present investigation was to determine the influence of light on the development of motor acts, from the
time 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 morphological data suggest that the visual organ of the chick embryo matures functionally
by the end of incubation. Thus, the motor response of embryos to light does not occur untilthe 17th-18th day of in-
cubation[7, 8]. Electrical responses of the retina to photic stimulation can be observed before the 18th day of
incubation [10]. Morphological and certain histo-chemical data also indicate that the specific differentiation of
the original elements takes place during the second half of incubation and is not complete before the 17th day {1,
11, 12]. Thus in the period investigated (4-9th day of incubation) the eye is in a rudimentary condition. Consequent-
ly our investigations were not carried out by removal of the relevant receptor apparatus; (the experiments of Tracy
[13] showed that no results could be obtained by this method at early developmental stages). In our experiment the
embryo was subjected to intense light stimulation.

EXPERIMENTAL METHOD

The experiments were carried out on 50 chick embryos incubated under laboratory conditions. The movements
were recorded by the mechanical and electrical device described by Voino-Yasenetskii and Moskalenko [2]. The
source of light was a 500w photographic lamp giving an intensity of illumination in the plane of the object of the
order of 17-20 klux. A heat-insulating filter was used, consisting of a 20 mm thickness of copper sulphate enclosed
between two glass plates. Light was applied for 10-20 sec at intervals of 1-2 min, according to the frequency of
movements. Records were made of these so-called "spontaneous” or non-stirnulated movements of the head (on the
4th and 5th days of incubation), and of the feet (on the 6th-9th days of incubation). We investigated the duration
and the nature of the separate movements, as well as their total duration in a period of 5 min.

EXPERIMENTAL RESULTS

Changes in the spontaneous motor activity under the influence of light could be elicited from the time that
these movements first occurred, on the 4th day. Under conditions of intermittent illumination the total 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 complicated. Without the illumination isolated flexion orex-
tension of the cervical region of the body was observed, and the record took the form of a single phase of oscillation,
whereas under the influence of light these movements merged into one, giving a biphasic oscillation on the trace
(Fig. 14),
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Fig. 1. Head movements of a 4-day-old (A) and a 5-day-old (B) em-
bryo. ‘Above, marker indicating light has been switched on, below time
marker (1 sec). )
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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 initially only solitary movements had been observed, when
the light was applied they became grouped into sets of two or three movements.

On the 5th day of incubation, under the influence of light, in all the embryos investigated the number of move-
ments increased considerably. The duration of the movements over a 5-min period increased correspondingly, on
average by 22%. The periods of movement and of rest became more clearly defined as a result of an increase in the
intervals between the sets of movements, and through a shortening of the time intervals between the grouped single
movements. The number of movements in a group increased sometimes by 2-3 times or more, In some cases, dur-
ing the illumination a continuous movement developed (Fig. 1B), one which normally would not be observed until
the 6th-7th day of incubation.

The influence of light on the 6th day of incubation was shown by a 36% increase in the total duration of the
movements. This effect was mainly due to an increase in the number of the groups of movements, and to a much
smaller extent to an increase of their duration. The most characteristic result of illumination of the embryoson 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, particularly 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 time in most cases
the amplitude and the number of contractions was somewhat increased (Fig. 24).
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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 com-
pactness of the groups of movements. By the 4-6th day of incubation we observed a tendency for the isolated move-
ments to approach each other and for the time intervals within a group to be shortened, whereas on the 7th, and par-
ticularly on the 8th and 9th days of incubation these intervals were often extended under the influence of light. Some-
times we observed short periods of arrested movement during or after the illumination (Fig. 2B).

By the 9th day of incubation, as a result of the action of the light, both the duration of a single group of move-
ments and the total duration of the movements over the 5-min 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 light on successive days it is easy to see that the greatest
activating influence was exerted at the early stages of the development of spontanecus motor activity. 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 activity of embryos elicited by light are not chance occurrences. Previously it has been
shown [3] that the normal development of motor activity 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 total duration of the movements; 2) Soli-
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 activ-
ity changes in the direction of normal development, i.e., features characteristic of normal later stages occur. Thus
it comes about that on the 4-7th days of incubation 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 parallelism is disturbed by the eighth, and particularly by the ninth day of incubation. During this peri-
od, instead of activation there is a suppression of motor activity. An apalysis of the results of the different experi-
ments shows that in this case the nature of the action of light may depend upon the initial condition. On the 5-Tth
day of incubation in almost 100% of the cases, and quite independently of the initial condition, the motor activity
was enhanced by light. On the 9th day in more than half the cases the total duration of the movements during illu-
mination were related inversely to the original activity: the duration of the movements before illumination was
lower than the statistical mean for this period, but under the influence of light it increased; if the initial activity
exceeded the mean level, under the action of light it was decreased (Fig. 3). In other words light tended to restore
motor activity to normal. In certain cases this relationship 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 it enables the levelof initial activity in individual cases to be evaluated.)

The facts we have presented lead us to conclude that despite the low level of organization and the absence of
the receptors in chick embryos at early stages, an external factor such as light is able to exert an influence on the
developing mechanisms of motor acts. At present it is not clear how such influences are mediated. From published
reports it is difficult to suppose that at this period the eye is involved by virtue of its photoreceptors. The results of

Influence of Light on CertainCharacteristics of the Motor Activity of Embryos
(as percentage of original values)

No. of iso- Totalduration . .

Day of in= |4.ted move- |ofmovements |Me€anR duration {Intervals with-
cubation ments in 5 min of groups in groups

4 141414 137+ 7,7

5 143414 122+ 7,8 156+ 1,6 70+8

6 13612 115413 5343,8

7 134+ 5,6 119+ 8,2

8 120+11,4 1024 5,7

9 92+ 6,2 774+ 4,6
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Fig. 8. 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 column represents the time of movement in sec during a 5-
min period. The dotted line is the statistical mean level of 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 light was
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 activ-
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.

SUMMARY

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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